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CARRIER TELEGRAPH SYSTEM 

John E. Boughtwood, Brooklyn, N. Y., and Alfred 
E. Michon, Summit, N. J., assignors to The 
Western Union Telegraph Company, New York, 
N.Y., a corporation of New York 
Application April 22, 1947, Seria No. 743,102 

(C. 178-66) Claims. 
1. 

This invention relates to systems of trans 
mission in which carrier currents are employed 
for the transmission of telegraph signals, and 
more particularly to improvements in polar car 
rier frequency systems in which separate fre 
quencies respectively are utilized for the mark 
ing and spacing units of the permutation Code 
telegraph signals. The term “polar carrier fre 
quency system' is employed as a convenient ex 
pression for this type of carrier current telegraph 
transmission; such type of transmission is also 
often called frequency modulation or frequency 
shift modulation. 
When the earlier Morse methods of handling 

and distributing telegraph services became in 
adequate, the demand for more channels was met 
by the application of multi-channel multiplex 
terminal sets of the time division type to the 
existing line wires. Messages handled over these 
channels Were usually received at the multiplex 
terminal positions and were forwarded to de 
livery desks, or if destined for distant cities or 
for private wire patrons were manually retrans 
mitted. The characteristics of Single conductor 
ground return circuits soon fixed a limit to the 
Speed and hence to the number of multiplex 
channels Which the telegraph lines could acCOm 
modate. Additional increase in transmission 
capacity was obtained through the adoption of 
carrier current methods, but the carrier chan 
nels Were at first designed to accommodate the 
high-Speed multi-channel multiplex terminal 
sets then in general use. However, it is often pre 
ferred to handle telegraph services on a single 
channel basis, but the assignment of potential 
high-speed channels to slow-speed services was 
an inefficient use of the line capacity, and the 
devices for automatic retransmission of separate 
multiplex channels were costly and subject to 
operating difficulties. In addition, both the car 
rier and multiplex methods were subject to limi 
tations and complications because of the neces 
sity for accommodating the variety of patrons' 
circuits which were found in the Wire plant, all 
necessitating somewhat different methods of 
Operation. 
The telegraph system disclosed herein pro 

vides for efficient utilization of each carrier 
channel, and the convenient establishment of 
individual circuits between ultimate operating 

10 

20 

25 

30 

35 

40 

45 

50 

2 
positions or patrons. This is accomplished along 
With substantial economies in initial and operat 
ing costS, improvement in circuit margins, and 
prompt and efficient switching, testing and regu 
lating service. 
To efficiently utilize the line capacity, carrier 

Systems are used in which the available fre 
quency spectrum is first divided into two direc 
tional bands and these are further divided into 
Smaller bands or “blocks' of suitable width, for 
example, of a width of 3000 cycles. Blocks of 
this Width are of unique utility in that they will 
accommodate a single telephone circuit, a single 
high speed facsimile system circuit or two or 
more slow-Speed facsimile circuits, or a multi 
plicity of telegraph circuits. Further, the tele 
graph channels may vary in band width depend 
ing upon the circuit speed to be handled; for 
example, channels for the high-speed multiplex 
Circuits may be Spaced at 300 cycle intervals, 
While channels for the slower speed teleprinters 
may be placed at 150 cycle intervals. Transmis 
sion over the telegraph channels is improved 
through the adoption of carrier terminal equip 
ment as discussed herein. These carrier termi 
nals embody frequency modulation, or polar car 
rier transmission, and transmission is direct 
thereby avoiding the use of relays at either the 
transmitter or receiver. Such terminals permit 
Savings in initial cost and escape the relay main 
tenance costs. 

Frequency modulation of the transmitter car 
rier is accomplished by raising the channel fre 
quency, for example, 35 cycles above its mid 
channel value to send a spacing signal and by 
depressing the frequency 35 cycles below its 
nominal Value for the marking signal. The in 
dividual channels are given a band Width of 80 
cycles and are spaced at 150 cycle intervals in 
the spectrum. In practice, as many as 18 chan 
nels can be operated over a voice frequency 
transmission band approximately 3000 cycles 
Wide. 
With the number of channels thus greatly in 

creased, a Concentration of the positions for 
Supervision of channel leg facilities, i. e., the 
connections to operating positions located in the 
main telegraph center or in the branch or 
patron's office, results in improved service and 
effects economies over the previous more Or leSS 
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individual handling of these facilities. As a 
means of simplifying this equipment and proce 
dure, the different types of leg facilities which 
must be accommodated have been reduced to a 
minimum. Transmission quality over the main 
line carrier circuit is supervised by Specialized 
attendants stationed at the main line terminals 
where they are aided by auxiliary communica 
tion circuits, automatic level regulators, Wire 
trouble alarms, and the like, all directed to 
maintenance of a uniform continuous circuit 
quality for all channel groups of the main line 
circuits. Relieved of the necessity to Supervise 
the main line circuits, an attendant then can 
supervise a large number of local leg circuits. 
Therefore, the sending and receiving legs for 
each channel preferably are carried through 
individual control panels which are grouped, or 
concentrated, in a carrier channel test board. 
At this test board the attendant may Supervise 
the operation of each channel by means of Con 
mon monitoring setS. 
Each carrier terminal may be operated either 

as a duplex or a half duplex terminal, or by con 
nection to the similar iegs of another channel of 
circuit may serve as a repeater. In half duplex, 
transmission is obtained in either direction, but 
not in both directions simultaneously. The ap 
propriate circuits for any of these three services 
may be selected either by switch means or by 
-plug and jack connections which may be located 
either at the channel terminal or at the control 
panel. 
The objects of the invention are as follows: To 

enable concentration of the leg circuits of a mull 
tiplicity of carrier telegraph circuits in a single 
non-operating supervisory position where nor 
mal testing and regulating functions may be per 
formed, including the correction of bias in re 
ceived signals and regulation of leg currents; to 
provide a carrier telegraph System which op 
erates as a continuous electrical circuit between 
a primary sending instrument to a primary re 
ceiving instrument, without requiring relays; to 
provide a telegraph sending and receiving leg 
arrangement alternatively Suitable for duplex, 
half duplex and repeater operation; to enable 
carrier telegraph circuits to be lined up between 
terminals and then cut through to operating 
positions while still under complete Supervision 
and Without any change in circuit margin; to 
provide carrier telegraph channels operated by 
Single current sending and receiving legs and 
free of bias fron operating position to operating 
position, and to enable repeater circuits to oper 
ate in this manner; to provide a leg circuit for 
an electronic telegraph transmitter which has 
low impedance to ground on open key to permit 
the discharge of induced interference currents; 
to provide a remotely controlled electronic key 
ing circuit for an oscillator which is associated 
With the frequency determining circuit of the 
Oscillator in Such manner that all spurious effects 
are voided; to provide a telegraph sending leg 
and keying circuit which is substantially free of 
reactance in its terminal circuit, and which has 
Only a Small amount of resistance; to provide a 
more Suitable method of remote control of signal 
bias in a telegraph receiving circuit; to suppress 
interchannel telegraph interference more effi 
ciently by means of rejector circuits; to provide an 
improved method of coupling a frequency modu 
lation discriminator to a direct current telegraph 
transmitter; to provide more efficient amplifica 
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4. 
improved method of modulation for carrier cur 
rent telegraph Systems. 

Further objects and advantages of the inven 
tion will be apparent from the following detailed 
description, taken in connection with the accom 
panying drawings showing one illustrative emi 
bodiment of the invention, in Which: 

Fig. 1 is a diagrammatic representation of 
main line terminal equipment of a frequency 
modulation carrier telegraph System embodying 
the features of the present invention; 

Fig. 2 shows a sending and receiving circuit 
which is embodied in the terminal equipment of 
Fig. 1; 

Fig. 3 shows a circuit arrangement used with 
the circuit of Fig. 2 when full duplex operation 
is desired; 

Fig. 4 shows a circuit arrangement used with 
Fig.2 when half duplex operation is desired; 

Fig. 5 shows a circuit arrangement used with 
Fig. 2 when employed as a repeater; 

Figs. 6, 7 and 8 explain the theory of operation 
of the Sending leg circuit arrangements of FigS. 
3, 4 and 5, respectively; 

Fig. 9 shows the grid voltage-plate current 
characteristic of the output tube in conjunction 
With the translating characteristic of the fre 
quency discriminator employed in the receiving 
circuit of Fig. 2; 

Fig. 10 diagrammatically illustrates test panel 
and associated control panel circuits and equip 
ment; and 

Fig. 11 shows the circuit arrangement of one 
of the monitoring amplifiers diagrammatically 
depicted in Fig. 10, 
The general features of a telegraph System 

embodying the principles of the present inven 
tion are diagrammatically illustrated in Fig. 1, 
which represents one terminal of such a system, 
the distant terminals being exactly or approxi 
imately similar thereto. For brevity only two of 
a possibly large number of main line circuits ML 
and ML2 entering a main office are shown, it be 
iing understood that the distant terminals of 
these circuits each lies in different cities. Each 
main line circuit may comprise one or more 
blocks or groups, each accommodating a mull 
tiplicity of channels, of which three are shown 
Complete for circuit. MiT, and one for ML2. The 
rectangles 28 and 2 respectively represent the 
carrier main line sending and receiving terminals 
and are designated “Send' and "Rec' to indi 
cate this. Such multi-channel terminals may 
be any of the conventional types known in the 
art, one of which is described in detail in papers 
by F. G. Bramhall and J. E. Boughtwood, pub 
lished in the "Telegraph and Telephone Age' for 
the months of October and November 1942. The 
rectangles 28 and 2? contain the necessary equip 
ment for Sending and receiving blocks of carrier 
channels over a main line circuit and include 
Such level regulating and supervisory equipment 
as is neceSSary or desirable to maintain the chan 
nels in Satisfactory operating condition. 
From the common buses at the carrier main 

line terminal, the carrier channels are connected 
through Sending and receiving filters to the chan 
nel transmitting and receiving apparatus where 
the conversion from nodulated carrier signals 
to direct current signals takes place and vice 
Versa. As shown in Fig. 1, from the main line 
terminals 29 and 2?, the various sending and re 
ceiving channel pairs extend to channel terminai 
equipment which includes the vertical row of 

tion for direct current telegraph signals; and an 5 sending and receiving tuners or filters 22, 23 and 
a 
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sending and receiving equipment diagrammat 
ically indicated by the vertical row of rectangles 
24. From the channel terminal equipment the 
sending and receiving leg circuits S and R extend 
through control panels CP diagrammatically 
shown by the vertical row of rectangles 26, to the 
loop switchboard which is indicated by various 
jacks 27 interconnected by conductors 28. At the 
loop switchboard the various leg circuit pairs 
may be connected over grounded circuits to op 
erating positions either within the main office or 
at a distance therefrom, or they may be inter 
connected to form a channel repeater, for ex 
ample, as shown for channels Ch9 and Ch'. The 
channels Chi, Ch3 and Ch' are shown as duplex 
circuits, while channel Ch2 is a half duplex cir 
cuit. A bias control conductor 40, the function 
of which will be described later, extends from 
each of the channel terminal sending and re 
ceiving devices 24 to the control panels 26. 
From the loop Switchboard comprising jacks 

27, 28 and other equipment, the leg circuit pair 
of channel Ch. is connected by means of con 
ductors 39 and 3 to sending and receiving de 
vices 33 and 34 respectively which may be located 
at a branch office Or a patron's Office. The ele 
ment 33 is diagrammatically represented as a 
keying device for sending the code signals, but 
it will be understood that such a device may and 
usually will comprise the sending contacts in a 
telegraph printer, or the contacts in a trans 
mitting distributor or other suitable means for 
Sending the direct. current marking and spacing 
code pulses comprising telegraph signals. Simi 
larly, the element 34 is diagrammatically shown 
as a receiving magnet, but it will be understood 
that it may represent the receiving magnet of 
a telegraph receiving printer or other device suit 
able for receiving permutation code telegraph 
Signals. The leg circuit Ch2 is connected by a 
conductor 32 to a receiving element 34' and a 
keying device 33' in series for half duplex op 
eration. 
The channel terminal of Fig. 2 is of the fre 

quency modulated or polar carrier type disclosed 
in the patent to J. E. Boughtwood, No. 2,291.369, 
issued July 28, 1942, and possesses the advan 
tages described in the patent, although the trans 
mitter-receiver, or “transceiver,' circuit of Fig. 
2 differs from the patent in a number of in 
portant respects. In Fig. 2 the sending appara 
tus is shown in the upper half of the figure and 
the receiving apparatus in the lower half of the 
figure. The sending and receiving legs and two 
other conductors of the circuit have terminals 36 
to 39, inclusive, which may be connected to cor 
responding terminals 36a to 39a of Fig. 3, 36b to 
39b of Fig. 4, or 36c to 39c of Fig. 5, depending 
upon. Whether the circuit is to operate duplex, 
half duplex or as a repeater. The connections 
between these sets of terminals whereby the dif 
ferent modes of operation are established may 
comprise a multi-pole, multi-position switch, or 
plug and jack connections or other suitable cross 
connection means known in the art. The control 
panel, which will be described in detail later, in 
cludes current regulating leg resistances, such as 
resistances 45 shown in Figs. 3 to 5, and a vari 
able source of negative potential, such as is pro 
vided by a potentiometer 4, which is used for 
regulating, over the bias control conductor 40, 
the operation of the output tube 95 of the receiv 
ing side of Fig. 2. For convenience in under 
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standing the action of the channel terminal, 
Figs. 3, 4 and 5 show simplified circuit diagrams 

6 - 
of the leg connections when in the duplex, half 
duplex and repeater positions, respectively. 

Referring to Figs. 2 and 3, the basic operation 
of the channel terminal will be described with 
particular reference to the conditions of duplex 
operation, i. e., the sending and receiving legs 
30 and 3 extend Separately to ground at the Op 
erating position. Considering first the upper 
half of the drawing of Fig. 2, the transmitter 
essentially comprises an oscillator triode directly 
coupled to an amplifying tube both of which con 
veniently may be provided by the two halves of 
a twin triode tube 50. For example, and by way 
of illustration only, a twin triode commonly des 
ignated in the art as a 12SN7 tube is suitable for 
this purpose. The oscillator, located at the left 
hand side of the twin triode, is of the conven 
tional feed-back type but possesses certain im 
portant features designed to permit frequency 
modulation of its output by the telegraph signals. 
The tuning or frequency control circuit comprises 
in combination the parallel resonant circuit com 
posed of the inductance of a transformer 5 and 
a condenser 52 which together are shunted by a 
coupled Series resonant circuit comprising in 
ductances 54 and a condenser 55. The con 
denser 55 is arranged to be short-circuited by the 
two halves in series of a double wave rectifier 
tube 56 under control of the sending leg. The 
tube 56 preferably, although not necessarily, is 
of the type known in the art as a 25Z6 rectifier. 
When condenser 55 is short-circuited by the 
rectifier tube 56, the inductances 54 and 5 com 
bine to tune with condenser 52 to cause the os 
cillator to generate the frequency for a spacing 
signal S. For a marking signal M the rectifier 
56 is Open-circuited to introduce condenser 55 
in circuit and to So shunt the parallel resonant 
circuit 5, 52 by the series resonant circuit 54, 
55 as to cause the oscillator to generate a some 
what lower frequency. This combination of re 
actance elements also possesses a second and 
Somewhat higher resonant frequency, but by de 
signing the coils to have a more favorable re 
actance-resistance ratio at the designated mark 
ing and spacing frequencies, the tendency for 
the tube 50 to oscillate at a higher frequency is 
Suppressed. 
It will be appreciated that telegraphic modul 

lation of the carrier Oscillator may be obtained 
by Swinging the oscillator frequency between two 
limiting values corresponding to the spacing and 
marking conditions, the frequency swing of the 
oscillator preferably being such as to give a modul 
lation index of the order of 1. On circuits in 
tended for start-stop printer operation, this swing 
between spacing and marking frequencies may, 
for example, be of the order of 70 cycles per sec 
ond and for high speed 4 channel multiplex cir 
cuits may be twice that value. The oscillator 
output, after being amplified to the desired level 
by the directly coupled amplifier Section of tube 
50, passes through a transformer 72 and a resist 
ance pad 73, and thence through a jack 4 and 
Sending filter 22 to the sending bus of the main 
carrier terminal. 
The manner in which the impedance of the 

rectifier 56 is varied by the telegraph signals in 
the Sending leg to act as an Open circuit or a 
closed circuit around the condenser 55 Will be de 
scribed with reference to Fig. 6. This figure dis 
closes the essentials of the Sending leg circuit for 
the duplex case, and the following table indi 
cates the potentials which will be applied to the 
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elements of the rectifier during the marking and 
spacing conditions of the key. 

Signal Frequency Rectifier 56 
-- 5 

M (marking)-------------------------- lower-------- Operl. 
S (spacing)---------------------------- lef------- closed. 

Duplex Operation O 

Sent Sig Key E Ilal 

Volts 
M--------------------------------------------- -70 M 5 
S---------------------------------------------- -100 S 

The anodes of rectifier 56 are connected to a 
source of negative potential (indicated by the 
potentiometer 4 in Fig. 6) having a value of ap- 20 
proximately 88 volts, and the cathodes of the rec 
tifier are connected through a resistance 42 to a 
source of negative potential of approximately 110 
volts, the leg circuit being connected between the 
cathodes and ground through a resistance 452 
having a value such as to give a leg current of 
approxiinately 60 mils. With the transmitting 
key 33 closed to send a marking signal, the cath 
ode potential stands at approximately -70 volts, 
thus making the anodes of the rectifier 56 more 30 
negative than the cathodes and imparting a high 
impedance to the rectifier to leave the condenser 
55 effectively in circuit. The combination of ele 
ments 5 , 52, 54 and 55 will now cause the oscil 
lator to oscillate at the lower or marking fre- 35 
quency. When the key 33 is opened to send a 
spacing signal, the rectifier cathode potential will 
drop to approximately -100 volts to render the 
anodes less negative than the cathodes, at Which 
time the rectifier will act as a low resistance shunt 40 
around the condenser 55. ihis new tuning of the 
circuit will cause the oscillator to send the higher 
or spacing frequency. The amplitude of the OS 
cillations generated under this condition is Some 
what less than for the condition when the recti 
fier was effectively open; to equalize the two val 
ues, a resistance 57 of approximately 100,000 
ohms is connected in shunt to the condenser 55. 

Fig. 7 discloses the circuit essentials, and the 
controlling potentials for the half duplex oper- 50 
ation, the various values of Which are shown in 
the following table: 

Half duplea 

45 

5 5 Local 
Key 

Distant 
Key 

60 

In a half duplex operation the sending leg 32 
serves for both sending and receiving from the 
operating position and is connected to both the 65 
sending and receiving sides of the carrier ter 
minal, which connection is made at the rectifier 
Cathodes. While the distant key (not shown) is 
closed to send a marking signal, tube 95 of the 
receiving side, which tube preferably is of the 70 
type known in the art as 25L6, presents a low 
resistance and the sending leg potentials then 
correspond closely to those for the duplex Oper 
ation previously described for both the marking 
and spacing positions of the key. However, when 75 

8 
the distant key is opened to Send a Spacing or a 
"break' signal, tube 95 presents a Substantially 
infinite resistance and no current can flow in 
the sending leg from either source since the neg 
ative potential on the anodes of the diodes gives 
these tubes infinite resistance also. A Spacing 
Signal will now be received on the receiving leg, 
but the local oscillator continues to generate and 
send the frequency for marking. 

If the local key is opened for the purpose of 
sending a spacing signal, a marking signal will 
still be sent since the key cannot Secure control of 
the leg circuit which now in effect is standing 
open at the terminal in response to the open con 
dition of the distant key. This inability to modu 
late the local OScillator when receiving a “break.' 
signal corresponds to the usual half duplex prac 
tice. No lockup can occur since as Soon as either 
key is closed, the distant end regains the power 
to send a marking signal. 

Fig. 8 illustrates the condition which obtains 
when a receiving leg of a channel of one System, 
for example, Ch.3 of ML in Fig. 1, is connected 
to a sending leg of a channel of another system, 
such as Ch' of ML2, to provide direct repeat 
ing. In this case it is necessary to reverse the 
anode-cathode connections of the rectifier tube 
56, as shown in Fig. 8, and to provide a relatively 
low signal potential for the cathodes. The follow 
ing table shows the various values of E in the 
figure, as follows: 

Repeater 

Sent Sig 
na 

Received Signal E. 

M -38 
S -10 

For an incoming marking signal, the tube 95 
will have low impedance and Will cause the anodes 
of the rectifier 56 to be more negative than the 
cathodes, thus causing a marking Signal to be 
generated and retransmitted. Conversely, an in 
coming spacing signal will inpart a high imped 
ance to tube 95 to cause the rectifier anodes to 
be less negative than the cathodes and hence 
generate a spacing signal. 
The various potentials given in the foregoing 

three tables are representative of typical cases 
and are not critical but instead may vary over a, 
considerable range. However, the relative po 
tentials or polarities, as established between the 
anodes and cathodes of the rectifier 56 for the 
various circuit conditions, must be maintained 
as shown in order that the frequencies generated 
will correspond always to the marking and spac 
ing conditions of the local key. The choice of 
the lower frequency for marking and the higher 
frequency for spacing corresponds to the con 
ventional use in established Systems but is other 
wise entirely arbitrary; by a different choice of 
potentials and with the necessary circuit rear 
rangement, this allocation could be reversed. 
The values of various of the condensers and 

resistors in the circuits of the twin triode tube 50 
of Fig. 2 may be varied within reasonable limits. 
By way of example, Suitable Values are approxi 
mately as follows for the illustrative circuit 
shown: condensers 63 and if respectively are 0.1 
and 20 mid.; resistances 64 and 65 respectively 
are 27,000 and 39,000 ohms; resistor 67 is one 
megohm; resistor 68 is 240,000 ohms; resistance 
69 is 1000 ohms; and resistance 70 is 300 ohms. 
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An important advantage of the frequency 

modulation circuit described above lies in the 
fact that the control or keying circuits, while ef 
fective to shift the frequency of the oscillator, 
are otherwise isolated therefrom. The two 
windings of the tuning and coupling transformer 
5 are arcuately center-tapped and connected 
to different grounded circuits. Because of the 
differential connection of the left hand trans 
former windings along with the placement of 
the two windings of the inductance 5 on a con 
mon core, the sending leg encounters no in 
ductance which would produce distortion. An 
other important advantage results from the fact 
that the circuit carrying the amplitude modul 
lated signals is associated differentially with re 
spect to the frequency-determining elements of 
the oscillator and so have no effect on these cir 
cuits other than the desired one of controlling 
the resistance across the pair of Series connected 
rectifier elements. If this differential feature 
were lacking, the direct current telegraph Sig 
nals would tend to cause Spurious variations in 
the inductance of coils and transformers which 
Would produce distortion in the generated Sig 
nals, and such distortion would have to be cor 
rected or avoided by a choice of oversized and 
expensive designs. Also, in non-differential ar 
rangements, sharply modulated direct cur 
rent signals passing over the sending leg would 
tend to cause transients in the OScillator tuning 
circuits which would be superimposed upon the 
marking and spacing frequencies in the form of 
an objectionable amplitude modulation. 
The sending leg circuit above described also 

possesses a further advantage over the custom 
airy types of vacuum tube keying circuits. It 
will be noted that when Sending a Spacing Sig 
nal, the rectifier 56 is conductive in all cases So 
that a relatively low resistance exists from the 
leg to ground through the rectifier and aSSociated 
circuits. The differential connection, plus the 
low resistance, permit rapid discharge of the line 
capacity when the key is opened to Send a Spac 
ing signal, and so avoid distortion from this 
cause. Also, induced charges picked up from 
other circuits, unless very large, flow to ground 
harmlessly. In vacuum tube keying circuits of 
the usual type, the keying circuit terminates in 
a high impedance grid circuit and so is Subject to : 
the development of high potentials from the 
charged line capacity, and from inductive inter 
ference, during the period when the key is open. 
Such stray potentials tend to Send false signals, 
and are particularly troublesome on half duplex 
circuitS. 

Referring now to the receiving side of the Cir 
cuit shown in the lower half of Fig. 2, the in 
coming frequency modulated carrier Signals 
after being selected by the receiving filter 23 pass, 
through jacks 75 and a transformer 78, to the 
limiting amplifier embodied in a twin triode tube 
79 and to a tube 80. This amplifier in its essen 
tials is similar in some respects to that of Fig. 7 
of the aforesaid Boughtwood Patent 2,291,369. 
Preferably, although not necessarily, tube 79 is 
of the type known in the art as 6SL7, and tube 80 
is of the type known as 6SG7. The first section 
of the twin triode 9 amplifies the weak incoming 
signal to such an amplitude that continuous 
limiting can occur in the Second Section. Limit 
ing here occurs on the negative half Waves of the 
carrier current by virtue of the resistance 8 
located in series with the grid of the Second Sec 
tion of the twin triode, the value of the resist 
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10 
ance preferably being of the order of 270,000 
ohms. At the same time, by virtue of a com 
mon self-biasing resistance 82, Which may have 
a value of approximately 68 ohms, the Second 
stage of the triode feeds back in phase to the 
first stage so that by regeneration a consider 
ably enhanced gain is Secured from the two 
stages in combination. The output of the Second 
stage of tube 79 is applied to the third stage tube 
80, through a second 270,000 ohm grid resist 
ance 8' so that further imiting occurs, but on 
the half waves opposite from those cut off in the 
second stage. The signals are therefore Sym 
metrically limited on both half, WaVeS. The 
three stage resistance-coupled regenerative 
amplifier now presents a greatly enlarged Slgnal, 
Symmetricaily inited to COInStaill level, to the 
output transformer 83. While the first two 
stages employ an appreciable amount or regen 
eration, no instabililty resultS because in the fre 
quency modulated signal, a positive signal either 
marking or Spacing. Sufficient to maintain con 
trol is always impressed upon the linput circuit. 
ihe inlcling action helps to reduce the Ortul Cous 
Signal distortion caused by noise and renderS. the 
received Signal immune to the iniluence of Wali 
ations in received level. The output of the lim 
iter is made constant for input levels between 
-50 and -- i) Cigin. 
From the output of the final amplifier stage 

8, the high voltage Signals are impressed upon 
a balanced discrimlinator circuit which comprises 
transformers 83 and 8. With their associated 
capacities 9 and 38, and a double diode tupe 83. 
The two branches of the network have amplitude 
frequency characteristics of opposite slopes. 
Their outputS are individually rectified in the 
diode and then differentially recombined, 'ihis 
discriminator is of the general type described in 
Seeley Patent No. 2,121,103, issued June 21, 
1938, and serves to convert the incoming marking 
and Spacing frequencies Spaced apart, ior ex 
ample, 70 cycles, into D. C. potential reversals im 
preSSed acroSS the terminals 86a and 86c. These 
potentials correspond to the Single current sig 
nals Originally transmitted Over the distant send 
ing leg circuit. The received signals as they ap 
pear at the terminal 86d. are in polar form with 
respect to the terminal 86c and are so applied to 
the input circuit of the output pentode tube 95, 
but after amplification they appear as Single cur 
rent Signals in the receiving leg circuit. 
The D. C. telegraph Signals at terminal 86d 

carry a Superimposed carrier ripple, and in addi 
tion they may be subject to interchannel inter 
ference at frequencies of 80 and 150 cycles whose 
origin will be explained below. Interference 
Suppression devices have therefore been included. 
The inductance 88 serves to Suppress interfering 
frequencies of 150 cycles, and this inductance in 
conjunction. With a condenser 89, which prefer 
ably has a Value of .02 Infg., further acts as a 
section of low-pass filter to provide some sup 
pression for the 80 cycle and other high frequency 
interference. In view of the proximity of this 
latter region to the signal frequency, the inter 
ference Suppression can not be complete, but if 
the channel band-pass receiving filters are of a 
Sufficiently effective design the 150 cycles and 
higher frequency interference generally will be 
negligible. 
In addition to removing the carrier, the low 

pass filter is useful in minimizing the effect of 
the noise components Whose frequencies lie out 
side the band assigned to the channel, and thus 
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performs a function somewhat similar to that of 
the band-pass receiving filter, and consequently 
minimizes any interference from an adjacent 
channel which Succeeds in getting through the 
band-pass filter and into the receiver. For a 
steady marking or spacing tone on the adjacent 
channel, the interference component in the re 
ceived Signal will either range between 80 and 150 
cycles or between 150 and 220 cycles. These fre 
quencies are Sufficiently far above the 35 cycle 
maximum signaling Speed that the low-pass filter 
can be designed to reduce the interference and 
Still not introduce characteristic distortion. 
The output. tube 95 is one of a class which is 

particularly Suited for operation in the position 
indicated. Its impedance is relatively low; mod 
erate plate voltages are Satisfactory; and a com 
plete excursion from near zero plate current to 
predetermined maximum plate current can be ob 
tained by a variation in grid potential of approxi 
mately 12 voltS. Since the output voltage of the 
discriminator may be of the order of plus or 
minus 60 V., this voltage applied to the grid of 
the output tube serves to sharply swing its output 
Current from Zero (spacing) for negative-grid to 
the desired maximum current value (marking) 
for positive grid. The tube is caused to limit or 
cut off at the desired marking current by means 
of the Series grid resistance 9 which is of the 
order of one megohm. 

It will be noted that the output tube 95 re 
ceives its Space current from a -110 v. Source 
Connected to the cathode so that the plate may 
be connected directly to the grounded leg. 
Should any marking or spacing bias appear in 
the signals sent to the grounded leg, it may be 
corrected by adjustment of the grid bias of the 
Output tube, using the bias control circuit 40 
which extends to the control panel previously 
mentioned. At the control panel conductor 43 
terminates in a potentiometer 4 which provides 
an adjustable potential ranging from -90 to 
-130 W. So that the mean grid bias value may be 
So adjusted as to equalize the Spacing and mark 
ing lengths of the received signals. 

For the convenience of maintenance men, there 
is provided a means for adjusting the bias on tube 
95 at the amplifier position. This may comprise 
a jack 70, Fig. 2, into which may be inserted a 
plug having the tip thereof connected to the ad 
justable slider arm of a potentiometer 7. One 
end of the potentiometer is connected through a 
resistance T2 to a source of 160 v. negative poten 
tial; the other end of the potentiometer is con 
nected through a resistance 3 to ground. he 
potentiometer affords an adjustment of the grid 
potential Over a range of -130 v. to -90 w. A 
Source of 110 v. negative potential is connected at 
74 to the potentiometer, so that in effect the 

cathode of tube 95 is brought nearly to this point. 
The cathode of tube 95 is normally connected to 
a grounded 10 v. potential. Under certain op 
erating conditions it will be necessary to make the 
grid of this tube considerably more negative 
than the cathode, and for this purpose the po 
tentiometer T is connected to a grounded 160 v. 
telegraph battery. It is apparent however that 
that portion of the noise present in the 160 v. 
battery as represented by the IR drop across the 
potentiometer 7 between the point 5 and 
ground, in addition to the noise in the 110 W, cath 
ode battery are all impressed on the grid of tube 
95, and this can be a cause of considerable signal 
distortion. As a means of substantially eliminat 
ing this noise a connection is made from the cath 
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2 
Ode battery to point T4 of the potentiometer T. 
Under this condition the only noise potential im 
pressed upon the grid of the tube is that which 
occurs between points f 14 and 75 of the poten 
tiometer which as a practical matter will be neg 
ligible. It is to be understood that the poten 
tioneter fill performs the same function of elimi 
nating signal bias as the potentiometers 41 of 
FigS. 3, 4 and 5, and preferably the poten 
tiometers 4 are arranged in the same manner as 
potentiometer T and have the same potentials 
applied thereto, to minimize noise on the grids 
of the output tubes. 
To further explain the operation of the receiv 

ing side of the system, including the high gain 
preamplifier, the discriminator and the high 
gain, low-impedance output tube, reference is 
had to Fig. 9. This figure reproduces in some 
What idealized form the grid voltage-plate cur 
rent characteristic of the output tube 95 in con 
junction with the translating characteristic of 
the frequency discriminator. The high ampli 
tude carrier signal changing rapidly in frequency 
between the Spacing and marking values, when 
impressed upon the discriminator having a char 
acteristic as shown in the figure, will produce out 
put voltage reversals of as much as plus or minus 
60 V. for application to the grid circuit of the out 
put tube. As previously mentioned, and as indi 
cated in the figure, the 25L6 tube requires a volt 
age of only about 12 v. to swing the grid from 
near cut-off on the negative side to positive cut 
off, that is, a 12 v. input signal would suffice to 
change the plate or receiving leg current from 

Consequently, an input 
Wave whose voltage is of the order of ten times 
the tube cut-off voltage will produce an output 
Wave of positive shape rising sharply from zero 
to a virtually square top. This signal-shape is 
free from the transit time interval which is al 
Ways present in circuits operated from the con 
tacts of polar relays. As is well known, in Single 
current circuits operated from such contacts a 
Spacing bias arises since as the key is Opened and 
closed, two transit time intervals are always 
added to each spacing signal but none to the 
marking signal. The fixed grid bias, provided 
that the incoming signals are free of bias, should 
be adjusted to be approximately centered on the 
tube characteristic, and in the present case would 
be about -6 v. with respect to the cathode. 

In the foregoing description reference is made 
to various specific types of vacuum tubes serving 
various functions, and while these tubes are the 
preferred types of those presently available, the 
function of the circuits is not dependent on them; 
other tubes of somewhat similar characteristics 
may be Satisfactorily substituted. 
The values of the various condensers and resis 

tors not heretofore specifically referred to, em. 
ployed in the circuits of the receiving side of the 
System of Fig. 2 may be varied within reason 
able limits. By way of example, suitable values 
are approximately as follows: condenser 8 is 
1 mi?d.; resistance 90 is 4000 ohms; resistance 92 
is 270,000 ohms; resistance 93 is 47,000 ohms; 
condensers 94 are each .05 mfcd.; resistances 96 
are each 180,000 ohms; condenser 99 is .005 mfcd.; 
resistance 90 is 1500 ohms; resistance Of is 1000 
ohms; condenser E2 is 1 mfd.; condenser 03 is 
.001 mfcd.; resistance 04 is 270,000 ohms; resist 
ance G5 is 220,000 ohms; condenser 06 is .01 
mfc.; condensers Ol and Ola are each 20 m?d.; 
resistance 08 is 220,000 ohms; resistance O9 is. 
470,000 ohms; resistances i? are each 1000 ohms; 
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condensers 2 are each 1 mfd.; resistance 3 is 
10,000 ohms; condenser 5 is 1 mfd.; and resist 
ances 6 are each 300 ohms. 
The combination of the transmitting and re 

ceiving circuits disclosed possesses important ad 
vantages, especially when used for duplex opera 
tion. It Will be seen that in the Sending circuit 
of Fig. 6 no relays are required and in fact the 
circuit is entirely resistive, except for the line 
capacity to ground. The signal distortion which 
would be caused by the inductance of relay wind 
ings, and the bias which would result from the 
use of relay type carrier modulators, are both 
absent. The frequency modulated carrier signals 
sent to line, therefore, are a perfect replica of the 
primary signals produced by the sending instru 
ment, and since no dissymmetry is introduced by 
the receiving equipment, they will be so trans 
mitted into the receiving leg. The normal signals 
are thus free of bias at all points in their transit 
and at no place does the circuit introduce a Sys 
tematic bias which, if present, would Subsequently 
have to be compensated by a systematic correc 
tion. This is of particular advantage on repeater 
circuits since it is not necessary for the attend 
ant at any point on the circuit to allow a certain 
amount of bias to pass for the purpose of correct 
ing a bias to be subsequently introduced as, for 
example, in receiving relayS. 
The remarks heretofore relative to distortion 

applied to a Somewhat idealized case, but the 
situation is not substantially changed by the 
variations encountered in practice. For example, 
in the half duplex case, the inductance of the 
printer magnets in the Sending leg will tend to 
introduce spacing bias in a manner well under 
stood, and this bias will be further aggravated 
if two or more printers are included in the cir 
cuit. Bias may also arise should the leg circuit 
be long and composed of cable conductors With 
high capacity to ground, or of open wire with high 
leakage to ground. Such bias may be corrected 
at the transmitter by adjustment of the operating 
potentials applied to the rectifier 56, or a fixed 
adjustment which will give a mean minimum bias 
may be used. 
Although the System regulating devices previ 

ously mentioned hold levels, frequencies and po 
tentials within very close limits an individual 
control for each channel is provided to care for 
Over-all adjustments. In addition to the cases 
already mentioned, signal bias may arise from 
slight Variations in frequency of sending channel 
oscillators and of the oscillators which provide 
the translating frequencies in multi-channel 
systems. Some drift may occur in the discrimi 
nator tuning, or the grid or other tube operating 
potentials may Vary. Also, regulating resistances 
for adjusting the current in the leg circuits are 
necessary. 

Carrier channel test bOord, 

As hereinbefore stated, the control panels for 
observing the Signals and adjusting the operation 
of the leg circuit.S of a large number of channels 
can be concentrated into small space, where they 
can be observed by one or two attendants, 
equipped With test and monitoring equipment. 
Fig. 10 indicates Schematically the circuits of the 
control panel and the test panel. The control 
panel 26 contains certain of the equipment here 
before described in connection. With Figs. 2 to 8, 
but with added provisions for the connection of 
Selectors 2, which may comprise Gill Selectors 
into the leg circuits, Such Selectors and their 
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method of Operation are well-known in the art 
and hence are not disclosed here in detail. Nor 
mally the S and R. leg circuits traverse the con 
trol panel with no means for indicating the qual 
ity of transmission, except as the attendant may 
make a routine observation or as he may be called 
in, over external facilities, by the operator at the 
channel operating positions. For this reason, 
where needed, selectors optionally may be con 
nected into the circuits to permit convenient 
calling in of the test attendant from either the 
near or distant end of the circuit, the selectors 
having a Signal lamp 22 and a push button 23. 
The Selectors are particularly useful at the junc 
tion point Where two channels are joined for re 
peating into each other, since they facilitate con 
tacting the repeater attendant by means of the 
SWitching connections A and B, which connec 
tions may comprise either Switches or plug and 
jack connections; the legs may be terminated 
in each direction at the control panel so that 
the attendant may converse in either direction 
independently of the other. This arrangement is 
particularly useful When lining up channels be 
tween terminals before the legs to operating posi 
tions are connected. 
By means of the test panel equipment 20, 

Which may readily be connected to any channel 
by means of the twin plugs 26 and jacks 27, 
the attendant may observe, by means of meters 
28, the circuit bias and other signal character 

istics on both the S and R. legs. Also, he may 
Communicate Over the channel to the local oper 
atting positions or to the distant operating posi 
tions or test attendants by means of Morse keys 
3 and Sounders 3 or by means of the portable 
monitoring telegraph printers 32, which, by 
means of tWin plugs 33 and jacks 34 may be 
connected into the circuit. In the telegraph 
printers the magnet 36 represents the receiving 
magnet of the printer, and the contacts 35 rep 
resent the transmitting contacts of the printer. 
The SWichboard assembly may be embodied in 

a cabinet structure designed to accommodate in 
its face as many as 16 or more control panels 
(32 channels) and two or more test panels within 
a Space that can comfortably be covered by one 
or tWO attendantS. Such a cabinet SWitchboard 
may be of the general type disclosed in Wood 
et al. Patent No. 2,009,978, issued July 30, 1935, 
but varied as needed to mount the present panels. 
The tWin plugs, the telegraph instruments, and 
certain of the jacks previously mentioned are 
mounted in the key shelf, along With any other 
needed facilities. If warranted, the key shelf 
may be arranged to accommodate one or two 
teleprinters 32 or these machines may be 
mounted on a Suitable. Wheeled table Whereby 
they can be moved along a row of such switch 
board Sections as needed. Obviously, several Such 
SWitchboard Sections may be mounted contigul 
Ously So that a considerable number of channels 
may be handled by a small number of attendants, 
using a minimum amount of testing equipment. 

Monitoring amplifier 

Monitoring Sounders or teleprinters possess ap 
preciable resistance, and ordinarily their randon 
insertion into critically adjusted leg circuits Will 
reduce the current and introduce bias. This ob 
jection is overcome in the test panel herein de 
Scribed, through the use of a novel monitoring, 
amplifier. Requirements of this amplifier are 
quite rigorous in that it must not only amplify. 

75 D.C. telegraph signals, irrespective of the direc 
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tion of current flow, so faithfully that printing 
ranges as measured on the monitoring teleprinter 
will correspond substantially exactly to the 
ranges measured on the patron's machine, but 
introduction of the monitoring teleprinter into 5 
the leg circuit will not alter or impair the trans 
mission properties of the circuit. This latter re 
quirement is particularly important where a 
number of monitoring teleprinters are used in 
a single circuit and which tend to cause a Con- 10 
siderable cumulative loss. The amplifier dis 
closed herein meets the above requirements in 
that the signals are amplified virtually Without 
distortion and the input resistance is very low. 
At the same time, the device is simple and ineX- 5 
pensive and is free of the critical adjustments 
which usually characterize direct current ampli 
fiers. Another advantage is that this amplifier 
may be operated with grounded batteries al 
though the input connectS. to an ungrounded 20 
point in the D. C. leg circuit. 
The monitoring aimplifier, whose circuit is 

shown in Fig. 11, comprises three units: a linear 
modulator, a linear amplifier and a lineair de 
tector. The modulator, shown in the left-hand 25 
portion of the figure, comprises an iron core 50 
having two outer balanced legs and a central 
leg. An input winding 5, which may have a 
resistance of the order of 5 ohms, is Wound upon 
the central leg of the core, while upon the two 30. 
outer legs a D. C. biasing winding 52 and a 
carrier Winding 53 are each Symmetrically dis 
posed. This coil, along with an associated cen 
ter tapped resistance 54, constitutes a Wheat 
stone bridge which in the absence of current in 35 
the input winding 5 is perfectly balanced So 
that no voltage is impressed upon the input of 
the amplifier stage. However, the two coils of 
the bias winding 52, are in series aiding of the 
two outer legs of the core to produce a fixed. 40 
magnetic flux passing in Series around the Outer 
legs of the core. The bias current is adjusted 
to cause approximate saturation of this path 
through the outer legs so that the two bridge 
windings are substantially non-inductive. When 45 
signal current flows through the input Winding, 
a flux originating in the central leg of the core 
will pass in parallel direction through the two 
outer legs to add to the bias flux in. One leg and 
to oppose it in the other leg. In the leg where 50 
the fluxes add, the signal will have only the 
negligible effect of slightly extending the degree 
of saturation, so that the bridge winding on this 
leg continues to be non-inductive. In the other 
leg, however, the signal flux, which approximates 55 
the bias flux, will reduce the residual flux to 
zero and the bridge Winding on this leg Will be 
highly inductive. Under this condition, the 
bridge bears a maximum of unbalance, and a 
maximum carrier voltage will be impressed upon 60 
the amplifier stage. It should be noted that 
the bridge coil functions to produce an unbal 
ance current whatever the direction of signal 
flow in the input circuit, although the unbal 
ance is in a different sense. Since the sense of 65 
the unbalance is immaterial in this case, the 
operation of the amplifier and its aSSociated 
teleprinter are independent of the direction of 
current flow just as if the teleprinter were in 
serted directly into the leg circuit. Since the i? 
saturated coil is a source of abundant har 
monics, a low-pass filter S6 is inserted to Sup 
press these and to limit the bridge operation: to?. 
the fundamental carrier frequency. 
The signal modulated carrier : from the un- -7s, 

6 
balanced bridge, bearing an envelope which is a 
close replica of the original D. C. signal, is ap 
plied through a transformer 58 to the ampli 
fier stage 60 and thence through transformer 
ES5 to the detector 62. Both the amplifier and 
detector tubes and associated circuits are chosen 
to be substantially distortionless and to apply a 
final Signal to the teleprinter which will produce 
the same printing range as is obtained on the 
patron's teleprinter even in the absence of the 
monitoring teleprinter. It is, of course, assumed 
that there is no substantial distortion introduced 
into the leg circuit by line capacity or other 
line. characteristics intermediate the nonitor 
and patron's teleprinter. 
The resistance of ordinary teleprinter mag 

nets, such as the magnet indicated at 36, is 
usually about 250 ohms, with an inductance of 
about 3 henries. If but one monitoring tele 
printer is inserted in any One leg circuit, usu 
ally the effect upon the circuit will be within 
tolerable limits, but if several receiving magnets 
are inserted into a leg circuit they would ob 
viously have a profound effect upon the signal 
ing properties of the circuit particularly where 
the leg circuits are electronically operated as 
in the terminal herein described, and telegraph 
SoldierS have a similar effect. By means of the 
monitoring amplifiers having input resistances 
of only 5 ohms and inductances of 0.1 henry, 
Several teleprinters or Sounders may be inserted 
in series in the leg circuits with no discernible 
effect upon the signal quality. 
As indicated in Fig. 1, the S and R. legs of 

the carrier channels follow the standard prac 
tice of terminating at a loop Switchboard, where 
also are terminated the leg circuits to Operating 
positions located either in the local office or 
branch or patron's offices. At this point, the 
channels may be either permanently assigned 
or temporarily connected to any particular op 
erating position, or channels of one circuit may 
be connected to channels of other circuits for 
repeating purposes. It is sometimes desirable 
or necessary to insert monitoring teleprinters 
or Sounders in circuit at this point, and these 
preferably should be provided with monitoring 
amplifiers of the type described above. 
The improved system disclosed herein has been 

described in connection with a frequency modu 
lated carrier telegraph channel which has the 
advantage of completely electronic leg or loop 
circuits, that is, the leg circuits contain no elec 
tromechanical devices other than the subscribers' 
or operators' sending and receiving instruments, 
which instruments may comprise facsimile or 
other types of cooperating sending and receiving 
devices used in the communication and signaling 
art for various purposes. Since these electronic 
circuits are Substantially free of inertia, or other 
factors which would cause distortion they may 
be used for handling signals of much higher pri 
mary frequency than those illustrated. For ex 
ample, the channels may handle facsimile signals 
having an interruption rate of 1000 per Second 
or higher to swing the frequency of the oscillator 
between two frequencies Spaced 2000 cycles apart 
to give a Suitable deviation ratio. Various other 
transmission Speeds, of course, may be employed. 
The rectifiers 58 are illustrated as of the thermi 
onic type, but any other suitabie type of rectifier 
or equivalent device may be used, for example, 
copper oxide, selenium, silicon and germanium 
types. 

For brevity in the specification and claims, the . 
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term "rectifier' is employed in a generic sense to 
define a device which readily permits current to 
flow in One direction but which exhibits a very 
high resistance or an open-circuit condition to 
Current flow in the opposite direction; the term 
"telegraph' is employed generically to define all 
Systems for electrically transmitting, receiving 
Or reproducing information by coded signals and 
also includes facsimile; and the terms “marking' 
and 'Spacing' signals include those differentiated 
by different electrical signaling conditions such as 
different Signal levels, current and non-current 
flow, polar signals and different frequencies. 
Various modifications of the apparatus and 

circuit arrangements shown, and various equiv 
alents or Substitutes for the devices illustrated, 
readily will occur to those versed in the art With 
out departing from the spirit or scope of the pres 
ent invention. The disclosure, therefore, is for 
the purpose of illustrating the principles of the 
invention which is not to be regarded as limited 
except as indicated by the scope of the appended 
Clains. 
We cairn: 
1. In a carrier current telegraph transmitting 

System, an oscillator having a frequency-de 
termining circuit, means for shifting the oscil 
lator frequency comprising a resonant circuit 
Operatively included in said frequency-determin 
ing circuit and including two impedances selec 
tively effective to tune said frequency-determin 
ing circuit to at least two different frequencies, 
a potential-controlled rectifier connected in 
Shunt to one of said impedances whereby the said 
impedance is short-circuited by the rectifier when 
it is conducting thereby to tune said circuit to 
One of Said frequencies but is effectively in circuit 
when the rectifier is not conducting thereby to 
tune said circuit to another of said frequencies, 
and Signal generating means for applying differ 
ent control potentials to the electrodes of said 
rectifier to cause it to be conducting and non 
Conducting alternately to produce spacing and 
marking carrier telegraph signals by increasing 
and decreasing the oscillator frequency to cause 
the Oscillator to generate said two different fre 
quencies respectively. 

2. In a carrier current telegraph transmitting 
System, an oscillator having a frequency-de 
termining circuit, means for shifting the oscil 
lator frequency comprising a resonant circuit 
Operatively included in said frequency-determin 

18 
cuit comprising a condenser operatively coni 
nected to the said frequency-determining cir 
cuit, a potential-controlled rectifier connected in 
shunt to said condenser whereby the condenser 
is short-circuited by the rectifier when it is con 
ducting thereby to tune said circuit to one of 
Said frequencies but is effectively in circuit when 
the rectifier is not conducting thereby to tune 
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ing circuit and including two impedances selec 
tively effective to tune said frequency-determin 
ing circuit to at leaset two different frequencies, 
a potential-controlled rectifier connected in 
shunt to one of said impedances and in series 
With the other impedance whereby the one in 
pedance is short-circuited by the rectifier when 
it is conducting thereby to tune said circuit, to 
one of said frequencies but is effectively in cir 
cuit when the rectifier is not conducting thereby 
to tune said circuit to another of said frequencies, 
and signal generating means for applying differ 
ent Control potentials to the electrodes of said 
rectifier to cause it to be conducting and non 
Conducting alternately to produce spacing and 
marking carrier telegraph signals by increasing 
and decreasing the OScillator frequency to cause: 
the Oscillator to generate said two different fre 
quencies respectively. 

3. In a carrier current telegraph transmitting 
system, an oscillator having a natural frequency 
determined by a frequency-determining circuit, 
means for shifting the oscillator frequency cir 
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said circuit to another of said frequencies, and 
Signal generating means for applying different 
control potentials to the electrodes of said recti 
fier to cause it to be conducting and non-con 
ducting - alternately to produce spacing, and 
marking carrier telegraph signals by changing 
the OScillator frequency to cause the oscillator to 
generate said two different frequencies respec 
tively. - 

4. In a telegraph carrier wave transmission 
channel, an oscillator adapted to generate a car 
rier current of a frequency as determined by a 
frequency-determining circuit potential-con 
trolled rectifier means having anode and cathode 
elements collectively comprising two main elec 
trodes of the Same polarity and at least one main 
electrode of the opposite polarity thereby to form. 
tWO current paths through the rectifier means. 
When conducting, an auxiliary circuit including. 
a reactance arranged to be selectively associated. 
With Said frequency-determining circuit in ac 
Cordance With the conducting or non-conducting 
condition of the potential-controlled rectifier. 
means for the purpose of shifting the frequency 
of Said oscillator upward or downward to produce. 
Spacing or marking polar carrier signals, a source 
of potential for applying a biasing voltage to at 
least one side of said rectifier means, a source of 
direct current marking and spacing signals, said 
Source of direct current marking and spacing 
Signals being connected to one side of Said recti 
fier means in series-parallel circuit with said two 
current paths through the rectifier means and in 
shunt With the Source of biasing potential there 
for and providing direct control of the rectifier: 
means by said direct current marking and spac-, 
ing Signals. - - - M . . . . . 

5. In a telegraph carrier wave transmission. 
channel, an oscillator adapted to generate a car 
rier current of a frequency as determined by a 
frequency-determining circuit potential-con 
trolled rectifier means having anode and cathode 
elements collectively comprising two main elec 
trodes of the same polarity and at least one main . 
electrode of the opposite polarity thereby to form 
two current paths through the rectifier means 
When conducting, an auxiliary circuit including 
a reactance arranged to be selectively associated 
With Said frequency-determining circuit in ac 
cordance With the conducting or non-conducting: 
Condition of the ... potential-controlled rectifier . 
means for the purpose of shifting the frequency. 
of Said OScillator upward or downward to produce 
Spacing or marking polar carrier signals, the two. 
Sides of Said auxiliary circuit being connected re 
Spectively to Said two main electrodes of the 
Same polarity, two Sources of potential for apply 
ing different biasing voltages respectively to op 
posite sides of Said rectifier means, a source of 
direct current marking and spacing signals, said : 
Source of direct current marking and spacing : 
Signals being connected to one side of said recti: 
fier means and in shunt, with the source of bias- . 
ing potential therefor and providing direct con 
trol of the rectifier means by said direct current 
marking and Spacing signals. . . . : ..., 

6. In a telegraph carrier wave transmission : 
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channel an oscillator adapted to generate a car 
rier current of a frequency as determined by a 
frequency - determining circuit potential-con 
trolled rectifier means having anode and cathode 
elements collectively comprising two main elec 
trodes of the same polarity and at least one main 
electrode of the opposite polarity thereby to form 
tWO Current paths through the rectifier means 
When conducting, an auxiliary circuit including 
a reactance arranged to be selectively associated 
With Said frequency-determining circuit in ac 
Cordance With the conducting or non-conducting 
eondition of the potential-controlled rectifier 
means for the purpose of shifting the frequency 
of Said oscillator upward or downward to produce 
Spacing or marking polar carrier signals, the two 
sides of said auxiliary circuit being connected 
respectively to said two main electrodes of the 
Same polarity, two sources of potential for apply 
ing negative biasing voltages of different values 
respectively to the anode and cathode structures 
of said rectifier means, a Source of direct cur 
rent marking and Spacing signals, said Source of 
direct current marking and Spacing signals being 
Connected to the Cathode structure of said recti 
fier means in Series-parallel circuit with said tWO 
current paths through the rectifier means and in 
shunt with the source of negative biasing po 
tential for said cathodestructure and providing 
direct control of the rectifier means by said direct 
current marking and Spacing Signals. 

7. A network including a plurality of reactance 
elements for tuning the network to at least tWO 
different frequencies, a potential-Controlled Wari 
able resistance element in circuit. With said re 
actances for selectively controlling their tuning 
characteristics, means for applying to said net 
Work a Source of control potential for said re 
sistance element, said reactance elements each 
being connected differentially with respect to the 
circuit for said control potential substantially to 
prevent any direct influence on the reactance 
elements by the current which flows in response 
to the control potential. 

8. A netWork including a plurality of reactance 
elements for turning the network to at least two 
different frequencies, a potential-controlled vari 
able resistance element in circuit with said re 
actances for Selectively controlling their tuning 
characteristics, said network having an electrical 
midpoint, and means for applying a source of 
control potential for said resistance element to 
said electrical mid-point Substantially to prevent 
any direct infillence. On the reactance elements by 
the current which flows in response to the control 
potential. 

9. A network including a plurality of reactance 
elements including an inductance element in 
which the inductance of the element is variable 
depending upon the flow of current therethrough, 
for tuning the network to at least two different 
frequencies, a potential-controlled variable re 
sistance element in circuit with said reactance 
elements for selectively controlling their tuning 
characteristics, means for applying to said net 
work a source of control potential for said re 
sistance element, said inductance element being 
connected differentially with respect to the cir 
cuit for said control potential substantially to 
prevent any direct influence on the inductance 
element by the current which flows in response 
to the control potential. 

10. In a carrier current telegraph transmission 
system in which the frequency of an oscillator is 
shifted between two initing values to produce 
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Spacing or marking polar carrier signals by 
means of a resonant circuit whose reactive chair 
acteristic is determined by a potential-controlled 
rectifier in accordance with direct current space 
ing and marking signals, means for preventing 
the amplitude-modulated direct current signals 
from detrimentally affecting the oscillator tuning 
circuit, which comprises circuit connections for 
causing any direct current flowing through the 
rectifier when it is conducting to flow differ-. 
entially in both sides of said resonant circuit be 
tween the electrical mid-point of the circuit and 
said rectifier thereby to neutralize any spurious 
inductive effects of said direct current upon said 
resonant circuit, 

11. In a carrier current telegraph transmission. 
channel, an oscillator adapted to generate a cars 
rier current of a frequency as determined by a 
frequency-determining circuit, means for shifts 
ing the oscillator frequency comprising a reso 
nant circuit including inductive reactance, ca 
pacitive reactance and a potential-controlled 
rectifier for determining the reactive character 
istics of the circuit in accordance with the con 
ductive or non-conductive condition of said recti 
fier, impedance coupling means included in Said 
frequency-determining circuit, a source of direct 
current spacing and marking signals for con 
trolling said rectifier to cause it to be conducting 
and non-conducting alternately to produce Space 
ing and marking polar carrier telegraph signals, 
and means to prevent the amplitude-modulated 
direct current signals from detrimentally affect 
ing the oscillator tuning circuit comprising a 
source of rectifier control potential connected to 
the electrical mid-point of said impedance coil 
pling means to cause any direct current flowing 
through the rectifier when it is conducting to 
fioW differentially with respect to said inductive 
reactance. 

12. In a carrier current telegraph transmission 
channel, an oscillator adapted to generate a car 
rier current of a frequency as determined by a 
frequency-determining circuit, means for shifting 
the oscillator frequency comprising a resonant 
circuit including inductive reactance, capacitive 
reactance and a potential-controlled rectifier for 
determining the reactive characteristic of the cir 
cuit in accordance with the conductive or non 
conductive condition of said rectifier, impedance 
coupling means included in said frequency-de 
termining circuit, a source of direct current Spac 
ing and marking signals for controlling said rec 
tifier to cause it to be conducting and non-Con 
ducting alternately to produce Spacing and mark 
ing carrier telegraphi signals, and means to pre 
went the amplitude-modulated direct current sigs 
nais from detrimentally affecting the oscillator 
tuning circuit comprising a source of rectifier 
control potential connected to the electrical mid 
point of said impedance coupling means to cause 
any direct current flowing through the rectifier 
when it is conducting to flow differentially with 
respect to said inductive reactance, and another 
impedance, bridged across said resonant circuit 
to equalize substantially the amplitudes of the 
spacing andmarking carrier signals. 

13. In a carrier wave transmission channel, an 
oscillator adapted to generate a carrier current 
of a frequency as determined by a frequency 
determining circuit, means for shifting the os 
cillator frequency comprising a resonant circuit 
including two reactances, coupled by an imped 
ance to the remainder of Said frequency-deter 
mining circuit, a potential-controlled rectifier 
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having electrode structures respectively of oppo 
site polarity, one of said structures comprising 
a pair of electrode elements differentially con 
nected across one of said reactances and coact 
ing with the other electrode structure to cause 
the reactance to be short-circuited by the rectifier 
when it is conducting and effectively in circuit 
when the rectifier is not conducting, a source of 
direct current marking and spacing signals for 
controlling said rectifier to cause it to be conduct 
ing and non-conducting alternately to produce 
spacing and marking carrier telegraph signals, 
and means to prevent the amplitude modulated 
direct current signals from detrimentally affect 
ing the oscillator tuning circuit comprising a 
Source of lectifier control potential connected to 
the electrical mid-point of said impedance to 
cause any direct current flowing through the 
rectifier when it is conducting to flow differen 
tially in both sides of said resonant circuit, an 
other Source of control potential connected to 
Said other electrode structure of the rectifier, 
said source of direct current marking and spacing 
signals being connected to Said other electrode 
structure of the rectifier and in shunt With Said 
Source of control potential therefor. 

14. In a carrier wave transmission channel, an 
oscillator adapted to generate a carrier current 
of median frequency as determined by a fre 
quency-determining circuit, means for shifting 
the oscillator frequency comprising a series reso 
nant circuit including tWo reactances coupled by 
a transformer to the remainder of said frequency 
determining circuit and including a winding of 
said transformer, a potential-controlled rectifier 
having electrode structures respectively of oppo 
site polarity, one of said structures comprising a 
pair of electrode elements differentially connected 
across one of Said reactances and coacting with 
the other electrode structure to cause the react 
ance to be short-circuited by the rectifier when 
it is conducting and unaffected thereby when the 
rectifier is not conducting, a source of direct cur 
rent marking and spacing signals for controlling 
said rectifier to cause it to be conducting and 
non-conducting alternately to produce spacing 
and marking carrier telegraph signals, and means 
to prevent the amplitude-modulated direct cur 
rent signals from detrimentally affecting the os 
cillator tuning circuit comprising a source of rec- ; 
tifier control potential connected to the electrical 
mid-point of said transformer winding to cause 
any direct current flowing through the rectifier 
when it is conducting to flow differentially in 
both Sides of said Series resonant circuit, another 
Source of control potential connected to said other 
electrode structure of the rectifier, said source of 
direct current marking and spacing signals being 
Connected to Said other electrode structure of the 
rectifier and in shunt with said source of control 
potential therefor. 

15. In a signaling system, a thermionic device 
having an anode, a control grid and a cathode, a 
first grounded negative battery and means for 
connecting Said cathode to ground through said 
battery, a second grounded negative battery of 
higher potential than said first battery, a poten 
tiometer having one end thereof connected to 
ground and the other end thereof connected to 
Said Second negative battery, a connection ad 
justable along Said potentiometer for applying a 
variable negative bias to said grid, and means for 
Substantially preventing noise potentials present 
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in both grounded batteries from affecting the 
grid circuit comprising a conductive connection 
between said cathode and a point on said po 
tentiometer spaced from said adjustable connec 
tion. On the potentiometer a distance selected to 
produce said negative grid bias potential applied 
to the tube, Said conductive connection provid 
ing a short-circuit path around the major portion 
of the grid biasing circuit. 

16. In a signaling System, a thermionic device 
having an anode, a control grid and a cathode, 
a first grounded negative battery and means for 
connecting said cathode to ground through said 
battery, a second grounded negative battery of 
higher potential than said first battery, a poten 
tioneter having one end thereof connected 
to ground and the other end thereof con 
nected to said second negative battery, a con 
nection adjustable along said potentiometer for 
applying a variable negative grid bias to said 
grid, and means for minimizing the noise poten 
tials present in both grounded batteries which 
Would affect the grid circuit comprising a con 
ductive connection between said cathode and a 
Substantially equi-potential point on said poten 
tioneter, Said conductive connection providing a 
Short-circuit path around the major portion of 
the grid biasing circuit. 

17. In a signaling system, a telegraph leg cir 
cuit, a thermionic device having an anode, a con 
trol grid and a cathode for generating telegraph 
Signals, said anode being connected to said leg 
circuit, said cathode being connected to the nega 
tive terminal of a first grounded battery thereby 
to Supply current to the telegraph leg circuit, a 
Second grounded negative battery of higher po 
tential than said first battery, means for correct 
ing signal bias in Said leg circuit comprising a 
potentiometer having one end thereof connected 
to ground and the other end thereof connected 
to the negative terminal of Said Second grounded 
battery, a connection adjustable along said po 
tentiometer for applying a variable negative bias 
to said grid, and means for substantially prevent 
ing noise potentials present in both grounded 
batteries from affecting the grid circuit compris 
ing a conductive connection between said cathode 
and a substantially equi-potential point on said 
potentiometer, said conductive connection pro 
viding a short-circuit path around the major 
portion of the grid biasing circuit. 

JOHN E. BOUGHTWOOD. 
ALFRED E. MICHON. 
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