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UNITED STATES PATENT OFFICE 
2,466,891 

UNHVERSAEL TELEGRAPH REPREATER, 

Richard B. Hearn, Hollis, N.Y., and Carleton B. 
Statliff, East Orange, N. J., assignors to Bell 
Telephone Laboratories, Incorporated, New 
York, N. Y., a corporation of New York 
Application July 4, 1945, Serial No. 603,208 

(C. 178-70) 20 Claims. 

, This invention relates to telegraph repeaters 
and particularly to an improved repeater for 
quickly furnishing service at a terminal or at an 
intermediate point, under a wide variety of condi 
tions Such as may be encountered in military serv 
.168. 

An object of this invention is the improvement 
- of telegraph repeater systems. A more particular 
object of the invention is the provision of a re 
peater, which is adaptable to a wide variety of 
service conditions with a minimum of adjustment. 
*:Another object of the invention is the provision 
of a repeater which will function on a longer span 

- or on a line of higher capacity than any hereto 
fore devised without "kickoff' of the repeater 
relay. 
The repeater herein is designed to be controlled 

'by manually operable SWitches on its line Side and 
on its local side so that it can be instantly con 
'nected to function in a number of different man 
ners and with a number of different connecting 
facilities at different times to meet different field 

: conditions. 
The repeater herein is designed to provide satis 

factory. Service over simplexed field Wire over a 
span of seventy-five miles when connected to Such 
(a repeater as is disclosed in R. B. Hearn, C. B. 
'Sutliff Patent 2,422,677, issued June 24, 1947. 
When two repeaters such as are disclosed herein 

are connected together back to back and operat 
ing over simplexed field wire, the system will pro 

* vide satisfactory service over two forty-milie Spans. 
The repeater herein is arranged to perform the 

following functions. 
1. It will operate as a type B. polar sending 

polarential repeater to a simplexed field wire line 
or to a composited open wire line; 

2. It will operate as a type B polar receiving 
repeater on simplexed field, wire lines or com 
posited open wire lines; 
13. It will Operate as a two-path polar repeater 

ton field telegraph circuits; 
is 4. It may be terminated directly in a printer; 
5. It may be terminated in a switchboard; 
6. It may be terminated in a carrier terminal; 
7. Two repeaters. Such as are disclosed herein 

may be directly interconnected for operation as 
a through type repeater with provision for con 
necting to a printer at the through point; 

8. It may be connected to an electronic regen 
erative repeater such as is disclosed in copending 
application, Serial No. 556,352, R. B. Hearn, J. A., 
*Krecek, filed September 29, 1944. 
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GENERAL PRELIMINARY DESCRIPTION 

the 1repeater herein is designated to facilitate 
rapid installation and line up for service. This 
is especially desirable when the repeater.is used 
for nilitary service in the field. To promote 
rapid installation and line up, the adjustable 
features have been reduced to a minimum. This 
is achieved in part through the provision of means 
which insure satisfactory operation over a rela 
tively wide range without the necessity for ad 
justiment. 
The transmission system may be either type B 

polarential or two-path polar. Type B polaren 
tial operation is described in W. W. Cramer Patent 
2,131,870, October 4, 1938, and more particularly 
in the drawing per Fig. 2 thereof and the associ 
ated description; also in Smith Patent 2,136,984, 
November 15, 1938. Two-path polar operation 
In 3y be understood from a reference to Patent 
2,211,176, F. J. Singer, August 13, 1940, and more 
particularly to the lines interconnecting the sta 
tions in Fig. 1 thereof, and the associated de 
Scription. Both of these portions of these patents 
are made part of this disclosure as though fully 
set forth herein. In general, the term “Polaren 
tial” Will be used hereinafter assignifying “type 
B polarential.” 
When the repeater herein is arranged for type 

B polarential operation, polar sending, the trans 
mission from the polar sending end is polar, that 
is, the marking signal and spacing signal condi 
tions are effected through reversals of polarity 
of voltages of equal magnitudes. Positive. and 
negative. 75 volts have been found desirable for 
use in this particular embodiment. Negative 75 
volt potential is applied to the line for marking 
and positive 75 volts for spacing. The operation 
in the opposite direction is differential. c. Ground 
is connected to the line for marking and in: this 
embodiment positive 115 volts are applied for 
spacing. In this particular embodiment the cir 
cuit is adjusted to obtain an 18-milliampere line 
curent during the marking period When signaling 
in either direction. When transmitting from the 
polar sending end, the line current, during: the 
spacing interval, is of like magnitudebuts re 
versed in direction. When transmitting from the 
differential sending end, the line current for the 
spacing interval is in the same direction as that 
for the marking interval but the line current is 
increased. In this particular embodiment it is 
increased to approximately 46 milliamperes. 



2,466,891 
3. 

EEATURES OF THE INVENTION 

One of the important features of the invention 
herein is the line switching arrangement. The 
line switching is performed by a line switch. The 
line switch is connected between the repeater and 
the line. It is arranged so that it may be actu 
ated to three different positions depending upon 
the type of service which the repeater is to pro 
vide, as follows: 

1. When the line switch is in position 1, the 
repeater herein is arranged to function as the 
polar sending end of a type B polarential re 
peater; 

2. When the line switch is in position 2, the re 
peater herein is arranged to function as the polar 
receiving end of a type B polarential repeater; 

3. When the line switch is in position 3, the re 
peater herein is arranged to function as a two 
path polar repeater. 
Another important feature of the invention 

herein is the local switching arrangement. The 
local switching is performed by a local Switch. 
The local switch is provided for conditioning the 
local side of the repeater for connection to the 
circuits. With which the repeater herein is required 
to operate. The local switch may be actuated to 
five different positions to provide five different 
connections for the local side of the repeater, as 
foLOWS 

1. When the local Switch is in position 1, the 
local side of the repeater herein is arranged for 
termination in a printer; 

2. When the local switch is in position 2, the 
local side of the repeater herein is arranged for 
termination in any one of three different facili 
ties as follows: 1, a line circuit of a SWitchboard; 
2, a line unit comprising a line relay Which is a 
receiving relay and the sending contacts of a 
printer; 3, a printer station; 

3. When the local Switch is in position 3, the 
repeater herein is arranged for termination in 
the local side of a carrier terminal; 

4. When the local Switch is in position 4, the 
repeater herein is arranged for service as the first 
half of an intermediate repeater. A Second re 
peater such as the repeater herein is required to 
function as the second half of the intermediate 
repeater; 

5. When the local Switch is in position 5, the 
repeater herein is arranged for service as the sec 
Ond half of an intermediate repeater. The re 
peater herein may then cooperate with a second 
repeater, such as the repeater herein, having its 
local switch actuated to its position 4. 
When the local switch is in position 5, the re 

peater herein, instead of being connected to an 
Other repeater Such as the repeater herein, may 
be connected instead to an electronic regenerative 
repeater disclosed in the copending application, 
Serial No. 556,352, R. B. Hearn, J. A. Krecek, filed 
September 29, 1944. 
A third important feature of the invention 

herein is an oscillator circuit which provides 1000 
cycle tone for use when the system is operated by 
manual Morse operation. The oscillator consists 
of a neon lamp, a condenser, a variable resistance 
and a fixed resistance. A jack is provided for 
patching a receiver to the Oscillator circuit. 
When the receiver is not connected to the jack, 
contacts on the jack disconnect the oscillator cir 
cuit. A telegraph key is provided for manual 
Sending. 

Another important feature of the invention 
herein is the combination of a special power sup 
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4 
ply circuit with the repeater equipment. In the 
present embodiment a rectifier in the power Sup 
ply circuit rectifies 115 or 230 volts, 50- to 60 
cycle power, to direct current power. An auto 
transformer is included in the power Supply cir 
cuit to reduce the voltage to 115 volts for the Op 
eration of the printer when the primary Source is 
230 volts. A 115-volt-230-volt Switch is included 
in the power unit to switch the internal connec 
tion for 115 volts or 230 vots as required. A 
gang switch is provided external to the power unit 
for making the proper connection when the power 
source is 115 volts direct current or 115 VoltS or 
230 volts alternating current. Two fuSeS, One 
in the power unit and one external to the power 
unit, protect the primary side of the power unit. 
Two other fuses external to the power Unit pro 
tect the secondary side of the power unit. Two 
switches are provided for adjusting the output 
voltage from the power unit. One of these Volt 
age adjustment switches is for changing the volt 
age in coarse steps and the other for fine StepS. 
The repeater is equipped with a socket to facili 
tate connection of the power supply to the printer. 
A further feature of the invention herein is a 

special arrangement of Switching for adjusting 
the line current and capacity. 
A Switch for adjusting the line current in coarse 

steps is provided for maintaining an approximate 
adjustment of the line current. This SWitch also 
performs the function of connecting capacity 
across line current regulating resistances, thus 
providing low terminating impedance for the re 
peater. A continuously variable resistance for 
adjusting the line current is provided to obtain 
an accurate adjustment of line current. The ad 
justment which can be obtained. With the variable 
resistance is limited, so that the SWitch for ad 
justing the line current in coarse steps must be 
used to obtain the full range of permissible ad 
justiment. 
A further feature of the invention is an im 

proved anti-kick off arrangement for preventing 
the receiving relay from kicking off When the re 
peater herein transmits into a line of high capac 
ity. A number of anti-kick off arrangements are 
known in the art but none of the presently known 
arrangements is suitable for application in the 
present repeater. This is attributable in part to 
the fact that the capacities of the lines On. Which 
the present repeater is designed to function are 
greater than the capacities of lines for Which the 
presently known anti-kick off arrangements are 
intended to function. The anti-kick off feature 
comprises a two-unit varistor and a condenser, 
and the Specially arranged manner of connec 
tion of these units to the receiving relay SO as to 
prevent kick-off of the relay due to the inordi 
nately heavy current Surges from the lines on 
which the repeater will function especially in 
military service. 
The foregoing and other features will become 

apparent from the following description when 
read with reference to the drawings herein show 
ing a preferred embodiment of the invention, in 
which: 

Fig. 1 is the left-hand portion and Fig. 2 the 
right-hand portion of a circuit schematic show 
ing the combined repeater of the invention, which 
combined repeater can be controlled through the 
operation of the line SWitch to provide three dif 
ferent optional arrangements of the internal con 
nections of the line side of the repeater to oper 
ate in three different manners and through the 
Operation of the local SWitch to provide five dif 
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ferent optional è arrangements of internal con 
inections of the local side of the repeater to oper 
ate with eight different external facilities, all of a which optional arrangements are separately 
shown on other drawing figures herein for con" . 
Venience; 1: . - . r. 

Fig. 3 is a simplified circuit schematic show.7- 
ing the line-side of the repeater per Figs. 1- and 2 
operating polarential, polar sending: 

Fig. 4 is a-simplified schematic showing the 
line-side of the repeater per Figs. 1 arid 2 oper 
ating type B polarential, differential sending; 
iFig. 5 is a simplified schematic showing the 

line side of the repeater per Figs. 1 and 2 operat 
ing two-path polar; 
slig. 6 is a simplified schematic showing the 

: repeater azhd power circuit with the line side of 
the repeater per Figs. 1 arid 2 arranged for po 

- larential, polar. sending and the local side con 
nected to a printer; 

Fig. 7 is a simplified schematic showing the 
local side of the repeater per Figs. 1 and 2 operat 
ing with a printer; 
2 Fig. 8 is a simplified schematic showing the 

local side of the repeater per Figs. 1 and 2 operat 
; ing with a switchboard; 

Fig. 9- is a simplified schematic showing the 
local side of the repeater per Figs. 1 and 2 operat 
'ing with a line unit; 

Fig. 10; is a simplified schematic showing the 
local side of the repeater per Figs. 1 and 2 operat" 
ing with a printer station; 

Fig.11. is a simplified schematic showing the 
local side of the repeater per Figs. 1" and 2 operat 
ing with a carrier telegraph terminal; 

Fig. 12 is a simplified schematic showing the 
slocal side of two repeaters per Figs. land 2 2 
ranged to function as an intermediate repeater 

i with a local printer connected at the intermediate 
point, 

Fig. 13 is a simplified schematic showing the 
repeateri per Figs. i 1 and 2 cooperating. with an 
electronic regenerative repeater, the two con 
bined to serve as an intermediate repeater; 

Fig.14 is a simplifid schematic of the manual 
telegraph set which is part of the repeater per 
"Fig. 1: 

Fig.15 is a simplified schematic showing both 
ends of a circuit arranged for type B polarential 
operation. 
polarential operation; - 

: Fig. 15A. is an explanatory diagram Showing 
the signaal current received at the differential 

; end from signals transmitted from the polar 
tra S: 

Fig. 15B is an explanatory diagrain showing the 
signal current received at the polar end from Sig 
nals, transmitted from the differential sending 

i end of a type B polarential circuit; 
{Fig.16 is a simplifier schematic showing the 

: two channels of a circuit arranged for two-path 
polar operation; 

Fig. 6A is an explanatory diagram showing the 
signal current received at one terminal of a two 
-path polar circuit; and 

Fig. 16B is an explanatory diagram showing the 
signal current received at the second terminal 
of a two-path polar circuit. 

Refer now to the drawings Figs. 1 and 2. 
Before proceeding with a detailed description 

of the...Operation. Of... the circuit certain prelimi 
nary. matters will. first bedescribed. 
Conductors extending to the right-hand margin 

of Fig, 1 connect to conductors in corresponding 

It is used in explaining the type B 

tting end of a type B polarential circuit; 

5 

) 

5 5 

positions' exteriding to the left-hand margins of 
'Fig. 2. w 

iAt the upper left of the drawing, Fig. 31, two 
lines, and 2, are shown connected to two ter 
minals, 3 and;ß, respectively. Line ?º is used for 
sending and receiving when the repeater: is in 
condition (for polar sending or polar receiving 
polarential operation. Line, is used also as: the 
sending line in two-path polar operation. Line.2 
is used only in two-path polar operation canid 
Serves as the receiving line in Such operation. 

Terlaivas iš 8, 9 i and , , iirespectively, åt :: the 
lower right of Fig. 2, are: used in 2 establishing 
connections on the local side of the repeater. 
The various line and local options are obtained 

by manually adjusting line switch . . . and local 
switch 5. The manually operable line switch 
comprises four separate unit switches 2, 3,34 
and 5. The manually operable local switch: 15 

' comprises four separate unit switches: 6, 7,248 
and S. Switches and 5 are: shown in their 
first positions. Which are the extreme clockwise 
positions for each Switch. When either the line 
switch or the local switch. 5 is actuated, all 

5 of the unit switches associated; with the partic 
llar SWitch are Operated in tinison as each Unit 
-switch is rigidly attached to the same single ro 
tatable shaft on the particular switch. That is 
to say, When switchi is operated, for instance, 
by turning its rotatable shaft in a counter-cloek 
Wise direction, as indicated by the arrows, each 
of units 2, 3, 4, and 5 is actuated counter 
clockwise in unison. Arranged about the par 
'ticular switch units at points in the circumfer 
ence of circles concentric With the rotatable Shaft, 
are twelve studs, extending: radially from each 
gf which is a contact. Certain of these contacts 
will engage certain arcuate segments of the Switch 
in each of the segment's possible positions. Cer. 
tain other contacts will engage the arcuate seg 
ments only in a particular: position. Reference 
to switch' unit 2 will illustrate the general man 
ner of operation for all switch units. Switch unit 
{2 has three arcuate segments 28, 2 and 22. Each 
Of the arcuate. Segments aas a projection such 
as 3. In the position shown, which is the first 
position for the switch, a contact connected to stud 
of the twelve switch studs associated With unit 

switch 2, engages projection 3 and a circuit is 
established through segment 2 to the contact 
associated with stud 3. In the description to 
follow the contact associated with each of the 
twelve studs associated with a particular switch 
unit will be designated by the number of the stud. 
For the first position of .switch unit 2, its con 
tact& 5. Will engage projection.33 and a circuit 
is established from contact 5 through segment 
2 to contact 3. Similarly another circuit is estab 
lished from contact 9 through projections 39 and 
segrinent 22 to contact 2. "Three corresponding 
circuits are established simultaneously through 

: the Corresponding circuits of : each of switch 
units, 3, 4 and 5. "When switch is: rotated 
counter-clockwise to the second of its three posi 
tions eachi. One of the nine, projections on the 
inine arcuate segments of the three switch: units 
will disengage from the contact With which it is 
shown ini engagement On theidrawing and Will 
engage. With the next higher numbered contact 
in each instance. This projections: 3,333.3 and 
3 will disengage from contacts. 5; and 4.8 re 
spectively, and Will engage contacts 2, 6 and 
respectively. Contacts 4, 8 and 2 respectively, 
however, will remain in engagement' with seg 
"ments: 20, 2 and 22 respectively. Under this 
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condition contacts 2, 6 and will be connected 
through segments 20, 2 and 22 respectively, to 
contacts 4, 8 and 2 respectively. No connections 
are made to certain switch unit studs, as to studs 
2, 3 and 4 for instance, of Switch unit 5. When 
the switch units engage such studs, it should be 
obvious that no circuit is established through 
the corresponding segment for that particular 
position. It may be mentioned in passing that 
each of Switch units 6 to 9 of local SWitch 5 
has but two arcuate segments. The Operation 
of the switch, however, should be apparent from 
the foregoing. Attention is called particularly 
to Segment (? of Switch unit 3. From the Wir 
ing of the studs associated with switch unit 9, 
it should be apparent that no circuit is established 
through segment A2 until Switch unit 9 of local 
switch 5 has been rotated counter-clockwise into 
its fifth or final position, at which time projec 
tion 59 Will engage its contact to provide a 
circuit through segment 42 to contact 2. 

Before proceeding with the detailed descrip 
tion of the circuit the operation of the line cur 
rent coarse adjustment SWitch 6) Will be ex 
plained. Line current coarse adjustment switch 
6 has only one switch unit. The One switch 
unit has two arcuate Segments 6 í and 62. Seg 
ment 6 i has a projection 63. Segment 62 has a 
projection 64 which subtends a larger angle 
than the normal projection. Such as projection 
63. The SWitch unit is shown in its first position 
which is the extreme clockwise position. The 
Switch unit is manually operable and is rotat 
able counter-clockwise from its position as shown 
on the drawing to succeeding positions. Atten 
tion is called to the fact that When SWitch 68 is 
in its first position, as shown on the dra Wing, no 
circuit is established through either segment. 
Attention is also called to the fact that contacts 
and 6 are both long contacts and remain in 

engagement with segments 6 and 62 respec 
tively, when switch 6 is rotated counter-clock 
wise into all of the succeeding switch positions. 
When switch 6 is actuated counter-clockwise 

to position 2, a circuit will be established from 
contact through projection 63 and segment, S. 
to contact 6. Since no conductor is COnected 
to stud 2 no operating circuit will be established 
from contact through segment 62 from contact, 
2. When Switch 6) is actuated to position 3 a. 
circuit is established from contact 8 through pro 
jection 63, segment 6 and contact 6. Another 
circuit is established from contact I through Seg 
ment 4 to contact 3. When Switch 6) is actiU 
atted clockwise to its fourth position a circuit 
is extended from contact 9 through projection 
83 and segment 6 to contact 6. At the same 
time the circuit heretofore traced from contact, 

to contact 3 will be maintained, while Switch 
60 is in its fourth position. Coarse line current 
adjustment Switch 6, as its name implies, is 
used in adjusting the line current in coarse stepS 
when the circuit is being adjusted for Service 
on the various line options. Switch 63 is Sup 
plemental by fine line current adjustment Switch 
78 which may be, as indicated in Fig. 1, an ordi 
nary resistance divisible into Sections 5 and 
by means of a sliding arm 7. Switch 8 is also 
manually adjustable. The manner in which 
Switches , 5, 60 and 8 function in the circuit, 
will become clear from the description hereinafter. 

Power supply 
It is pointed out that the circuit described 

herein may function with a Wide variety of power 
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services. It is contemplated that under Certain 
circumstances power will be supplied in the field 
from a gas engine driven generator. The power 
circuit is arranged so that it may be connected 
directly to a 115-volt or 230-volt alternating cur 
rent supply, or to a 115-volt direct current sup 
ply, as a regular procedure. 
The power circuit is shown in the lower left 

hand corner of Fig. 1. Woltage from the power 
Service is impressed acroSS conductors 22 and 
23 through filter 26 comprising series induct 
ance and shunt capacitance. The condensers 209 
and 2 are connected across conductors 22 and 
23. The inner plates of the condensers are con 
nected together and to ground 29. Inductance 
2E is connected in Series with conductor 22 and 
a corresponding inductance 228 is connected in 
Series with conductor 2:3. One side of the power 
supply circuit may be traced from conductor 22 
through inductance 2, contact 59 of Switch 
f5 and conductor .69 which connects to the bot 
tom terminal of the autotransformer 65. The 
opposite Side of the power supply circuit extends 
from conductor 23, through inductance 298, con 
tact 5 of SWitch 5áto conductor 70 Which con 
nects to the right-hand or fixed terlininai of switch 
68. The left-hand terminal of Switch 68 is 
shown connected to Stud 6 which connects to 
the lower of the two alternate input terminals of 
autotransformer 5. Svitch S3 is set in this 
position when power is supplied from a 115-volt 
alternating current supply. When 230-volt al 
ternating current is impressed a Cross conductors 
3:2 and 23, Switch 38 is operated to engage ter 
minal 68 which connects to the upper of the 
tWo alternate input terminals on autotransformer 

65. Various terminais on the output side of 
autotransformer 65 are connected by means of 
taps to various Studs arranged in a semicircle on 
Switch : which studs are arranged to be en 
gaged by rotatable SWitch arm 2. From the 
center point of SWitch 2 the circuit extends 
through fuse 73, upper terminal of the primary 
winding 76 of transformer 74 through the pri 
nary Winding 76 to the bottom terminal of auto 
transformer 65. The secondary 5 of trans 
former A4 has various terminais connected by 
means of taps to various studs arranged in a semi 
circle on SWitch 82. The studs are engaged by 
rotatable arm í 33 which connects to the left 
hand terminal of the full Wave rectifier . The 
rectifying Units in the rectifier may, for instance, 
be Copper oxide or other units. Rectifier is 
composed of four arms each having individual 
rectifier units 8, 9, 80 and 8. The lower 
terminal of the secondary 5 connects to the 
right-hand terminal of rectifier f7. The top 
terminal of rectifier it is connected through in 
ductance 84, conductor 88, contact 6 of switch 
;54 through fuse 52 to conductor SO. The bot 
ton terminal of rectifier 7 is connected through 
Conductor 89, contact 33 of switch is and fuse 
A53 to conductor E58. Condensel's 35 and 86 
are bridged across conductors i 88 and 89 to pro 
Vide a filtering action which reduces the ripple. 
Resistance 87 serves as an artificial load and as 
sists in Voltage regulation. The polarity of the 
circuit is fixed so that negative battery is sup 
plied to the various apparatus units in the re 
peater circuit from conductor 59 and positive 
battery is supplied from conductor 5. Switches 

and 82 provide means for regulating the volt 
age in pressed on the output of the power circuit. 
Switch i? adjusts in fine steps and switch 82 
in coarse steps. 
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When the power service is supplied from a 
115-volt alternating current source, power is Sup 
plied to the motor which drives the printer over 
a circuit one side of which may be traced from 
conductor 2 2 through inductance 28, conductor 
90 and through inductance 193 of filter 92 to 
one terminal of the motor. The opposite Side of 
this path may be traced from conductor 2 3 
through inductance 283, contact is of Switch 
f54, switch arm 68, stud 52, contact 35 of 
switch 54, conductor 9 and inductance 94 of 
filter 92 to the printer motor. When the power 
service is supplied from a 230-volt alternating 
current source and switch arm of SWitch A38 en 
gages stud 68, the path extends through the 
upper of the two input terminals of autotrans 
former 865 through the lower turns of the trans 
former to the lower of the two input terminals of 
autotransformer is to Studi f 67. From this point 
the circuit folloWS a pati heretofore traced. 
When the power service is direct current, 

switch 56 is operated to its alternate position. 
For this condition the 15-volt direct current Sup 
ply is connected directly to conductors 59 and 
5 in the following manner: From conductor 
22 through inductance 22 through contacts 68 
and 62 of Switch 53 in series and fuse 32 to 
conductor 53. The other side of this circuit may 
betraced from conductor 23 through inductance 
298, contacts 58 and 64 of switch 54 in series 
and through fuse 53 to conductor 5. Under 
this condition 115-volt direct current is supplied to 
the printer motor over a circuit, which extends 
from conductor 22 through inductance 237, con 
ductor 99 and inductance 93 to one side of the 
motor. The opposite side of the motor is sup 
plied from conductor 23 through inductance 
28, contact, 56 of switch 54, conductor 9 and 
inductance 3. 

Fig. 6 shows the manner in which power from 
an alternating current source is furnished to a 
teletypewriter notor as well as to a repeater air 
ranged in accordance With one of the options 
herein. The power circuit connections may be 
understood from the foregoing description. The 
internal connections from the power supply to the 
Jrepeater and of the repeater Will be described in 
detail below for each particular option. 

General 
It is particularly pointed out that, because of 

the Complexity introduced into the circuit of the 
repeater herein, due to the provision of the 
numerous options, first the paths constituting the 
branches of the circuits for each of the various 
Options in FigS. 1 and 2 will be traced under sepa 
rate headings and thereafter the operation of 
the circuit for each of the options will be de 
scribed with reference to individual simplified 
figures corresponding to each option under 
another individual heading for each option. 
CIRCUIT FOR IINE SIDE OF REPEATER OPERATING 

POLARENTIAL, POLAR SENDING 
The first line option which will be described 

is that for the line side of the repeater operating 
polarential, polar sending. In order to arrange 
the circuit per Figs. 1 and 2 to function for this 
condition, it is necessary to establish a circuit 
in FigS. 1 and 2 which corresponds to the ar 
rangement shown in Fig. 3. How this is per 
formed Will now be explained, 

For this condition line , which connects to 
terminal 3 in the upper left-hand corner of the 
drawing, is used and line 2, which connects to 
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terminal 4, is not used. Line connects to a 
distant polarential repeater arranged for polar 
receiving. Such repeaters are well known in the 
art and are described in the patent to Cramer 
mentioned above. For this option switches 
and 5 are both in position which is the position 
in which both are shown in the drawing. It 
Was mentioned above that line 2 is not used on 
this option. Line 2 is, therefore, open for this 
condition. This may be seen by tracing the cir 
cuit which extends from terminal 4 through line 
2, inductance 6S of filter 65 and conductor 08 
which connects to terminal of unit 2 of Switch 

. Terminal is open as projection 39 is in 
the condition indicated in the drawing. 
As the Various branches of the circuits are 

traced it may be desirable to refer to the corre 
sponding branch in the electrically equivalent 
figure. In this case comparison Would be made 
with corresponding branches in Fig. 3. It is 
pointed out that the paths may not pass through 
Windings on the relays located in the Same 
physical position in each instance and there may 
not be exact correspondence in other minor 
particulars, but the circuits functionally are 
exactly the same. The individual separated 
figures will be used in explaining the operation 
for the various options hereinafter. 
The circuit from line f is closed. This circuit 

may be traced from terminal 3 through line , 
inductance 67, inductance 7, conductor (2, 
variable resistance 79, resistance 85, conductor 
I0, variable resistance 76, SWitch arm 77, con 
ductor 05, contact 9 of unit 2, projection 39, 
segment 22, contact 2, conductor 222, winding 
92a of the receiving polar relay 92, conductor 
220, contact 4 of unit 2, segment 20, projection 
37, contact , conductor d99, conductor 200, con 
ductor 227 Which extends into Fig. 2, and con 
ductor 33 f which connects to the armature of 
sending polar relay 26. A first branch extends 
from line , through the protector blocks to 
ground. A second branch extends from line 
through filter condenser 69 to ground 70. A 
third branch extends through resistance 2 and 
condenser 73 to terminal f of switch 60 and to 
the top terminal of variable resistance 18 in 
parallel by way of conductor 04. A fourth 
branch extends through condenser 74 which may 
be cut into the circuit. When SWitch 60 is in 
various positions. Variable resistance 79 is 
divisible into three units which may be connected 
into the circuit in various manners for various 
positions of switch 60 which should be under 
stood from the foregoing. When switch 60 is 
in its fourth position all three resistance units 
79A, 79B and 79C are short-circuited. Milliam 
meter 24 is connected across resistance 85 over 
a circuit which may be traced from the top 
terminal of resistance 85, conductor 2, resist 
ance 83, contact 88 of key 86, milliammeter 24, 
contact 89 of key 86 and conductor 3 to the 
bottom terminal of resistance 85. Another 
branch circuit extends from conductor 200, 
rectifier 96, rectifier 95, winding 92c of relay 92, 
conductor f 28, contact 8 of switch Unit í 5, seg 
ment 30, projection 50, contact 5, conductor 22, 
resistance 20, conductor 2 f, conductor 36 and 
conductor 26 which connects to negative battery 
supplied through conductor 50. From the junc 
tion between rectifiers 95 and 96 a circuit may 
be traced through condenser 9, conductor 42, 
conductor 45, contact 5 of unit 4, projection 
47, segment 27, contact 8 and conductor 25 which 
connects to ground. A circuit may be traced 
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through the biasing winding 92b of relay 92. 
which extends from negative battery supplied 
through conductor 50, conductor 26, con 
ductor.f33, contact 8 of unit 3, segment 24, pro 
jection 44, contact 5, resistance 34, conductor 
f29, resistance 25, conductor 225, winding 92b 
of relay. 92, conductor 30, contact 4 of switch 
unit, f4, segment 26, projection 46, contact f, 
conductor f23, conductor 5 and conductor 5: 
which connects to positive battery. There is 
another branch circuit which may be traced 
from conductor 99 at the top right of Fig. 1, 
through conductor 223, contact 8 of unit 2, 
segment 2 , projection 38, contact 5, conductor 
?t 6 and resistance 9 to the left-hand terminal 
of resistance 20. Still another branch path may 
betraced from terminal 5 of unit 2 through 
resistance. iO2, terminal 9 of unit 3, projection 
45, segment 25, contact 2, conductor 202, which 
extends into Fig. 2, to conductors 335 and 333 in 
parallel. Contact 335 connects to open Spacing 
contact, 277 of relay 276 and conductor 333, 
connects. to closed marking... contact 274 of relay 
275. The armature of relay, 275 is connected 
over a path through conductor 44, which ex 
tends into Fig. 1, contact 2 of unit 5, segment 
3, projection 5 and contact 9 to ground. Posi 
tive battery is connected to contact 24 of relay 
275 and to contact 277 of relay 276. The circuit 
may be traced from positive battery in Fig. i. 
through conductor 15, which extends into Fig. 
2, conductor 256, resistance 365 and conductors 
333 and 335.in parallel to contacts 274 and 277. 
Negative battery is connected to contact 23 of 
relay, 275 and to contact 278 of relay 276. The 
circuit, extends from conductor 50 in Fig. 1, 
through conductor 27 which extends into Fig. 2, 
conductor. 257 and conductor 374 to terminal 
273 of relay, 275; and to contact 278 of relay 276. 
Contact:273 of relay 275 and contact 278 of relay 
216 are connected to contact 277 of relay 276 
and to contact. 274 of relay 275 respectively, over 
a path which may be traced from contact 273 
and contact 278, through conductor 375 through 
resistance 272, conductor 204 which extends into 
Fig. 1, contact 9. of unit 13, projection 45, seg 
ment 25, contact. 2 and conductor 202, which 
extends into Fig. 2, where it connects to contacts 
274 and 277 through conductors 335 and 333. 

It is particularly pointed out that in a number 
of the local option arrangements to be described 
hereinafter the line side of the repeater will be 
assumed to be in the condition traced under, this 
heading and the battery connections to the con 
tacts of relays 275 and 276 will be the same as 
traced herein. This is the condition which ob 
tains when the line switch is in position for 
polarential operation, with polar sending. The 
manner in which the circuit functions when ar 
ranged in this condition and for each of the other 
optional conditions will be explained hereinafter 
after the circuits are first traced for all options. 

It is once more particularly pointed out that 
in order for the reader to understand the ar 
rangement of the circuit per Figs. 1 and 2 ob 
tained as a result of each one of the optional ad 
justments, it will probably be necessary to refer 
to the corresponding individual circuit per Figs. 
3 to 14 herein. 

CIRCUIT FORLINESIDE of REPEATER OPERATING 
PoLARENTIAL, DIFFERENTIAL SENDING 

The circuit for the line Side of the repeater op 
erating polarential, differential sending, wil now 
betraced. Comparison may be made with the 
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circuit per Fig. 4 which is: functionally identical. 

For this condition line is used and line. 2 is: 
not used. The line Switch d. is operated to its 
Second position. In this position, aS may be un 
derstood from the foregoing, each of the projec 
tions on each of the three segments of each-of-the 
four switch units is disengaged from the contact 
With which it is in engagement, as shown on the 
drawing, and it is rotated clockwise to engage the 
next higher nunbered contact in each insiance. 
Local SWitch 5 will be aSSunned to remain in its 
first position as ShoWn. On the diaWing. 

Refer now to Figs. 1 and 2. A circuit may be 
traced from terminal 3 through line , inductance 
6, inductance 7, conductor 2, conductor f3, 
terminal of unit 2 of switch , projection 39, 
Segment 22, contact. 2, conductor 222, relay. 
winding $2a, conductor 22, terminal is of switch 
unit 2, Segment 2), projection , contact. 2, con 
ductor 99, conductor 2), conducitor ?, which 
extends into Fig. 2, and conductor 33 vhich con 
nects to the armature of reiay 2:3. Froin this 
circuit just traced, branches extend through the 
protector blocks and through cordense", 69 to. 
ground in each instance. A circuit may be traced 
from conductor 2 through rectifiers 36 and 95 
in Series, relay winding 32c, conductor 28, con 
tact 8 of switch unit 5, segment, 33, projection 
5, contact 5 and conductor 2 which reconnects. 
aSO O conductor 28 G. From conductor - í 39 i a 
circuit may also be traced through conductor 223; 
contact 6 of SWitch unit 2, segment 2, projection 
38, contact 6, conductor 228, conductor, 225, relay 
Winding 92b, conductor 30, contact 3 of switch 
unit ?å, segment 26, projection $; contact 2 -andº 
conductor 43 Which connects to the junction be-, 
tween the top terminal of rectifier 95 and the 
right-hand terminal of relay winding 92c. A 
branch may also be traced from the junction be 
tween rectifiers 95 and 98 through condenser 
97, conductor if2, conductor í á6, resistance í f'; 
contact 3 of unit 5, projection 5 , segment 3 
contact 2 and conductor 44, which extends into 
Fig. 2 and connects to the armature of relay 275; 

Positive battery is connected to terminal 2 of 
relay 275 and terminal 27 of relay 26: The 
circuit may be traced through conductors 333. 
and 335 in parallel to conductor 22 which ex 
tends into Fig. 1, through contact 2 of unit 3, 
Segment 25, projection 45, contact 3, conductor 
5 and conductor 15 to positive battery. Con 

tact 273 of relay 25 and contact 2:8 of relay: 26. 
are connected in parallel and through conductors 
375, 257 and 27, which extends into Fig. 1, to.. 
conductor 5 which connects to negative bat 
tery. For this condition, however, ground is 
connected to this side of the power supply circuit' 
Over a path which may be traced from conductor. 
56 through conductor 26 in Fig. 1, conductor: 
f33, contact 3 of unit 3, Segment 24, projection, 
44 and contact 6 and ground. 
CIRCUIT FOR LINE SIDE OF REPEATER OPERATING 

WO-PATH POLAR 

The circuit for the line side of the repeater. 
operating two-path polar will now be traced. 
Comparison may be made with the circuit, per, 
Fig. 5 which is functionally the same. 
For this condition, lines and 2 are both used. 

The line switch is operated to its third position. 
Local SWitch 5 remains in its first position, as 
shown on the drawing. A circuit may be traced 
from terminal 3 through line , inductance -67, 
inductance. T., conductor iO2, conductor: 07, 
variable resistances 79a, 79b and 79c, resistances 
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85, conductor 10, variable resistance 8, sliding 
arm 77, conductor 105, contact 7 of unit 2, pro 
jection 38, segment 2 f, contact 8, conductor 223, 
conductor 200, conductor 22, which extends into 
Fig. 2, and conductor 33 which connects to the 
armature of relay 26. Branches extend fron 
this path through the protector blocks and con 
denser 69 to ground as heretofore traced. 
Branches also extend through resistance 72 and 
condenser 73 in series and through condenser 4, 
shunting resistances 9, 85 and 8 as indicated 
in Fig. 5. Milliammeter 24 is connected across 
resistance 85. These paths have heretofore been 
traced. A circuit may also be traced from ter 
minal 4 through line 2, inductance 66, conductor 
08, contact of unit 2, projection 39, Seg 
ment 22, contact f2, conductor 222, relay Wind 
ing 92a, conductor 229, contact 4 of unit 2, 
segment 20, projection 37 and contact 3 to ground 
9. A branch may also be traced from conductor 
200 through rectifiers 96 and 95 in series, relay 
winding 92c, conductor 28, contact 8 of unit 5, 
segment 30, projection 50, contact , conductor 
f39, conductor 32, resistance 3A, contact of 
unit 3, projection 44, segment 24, contact 8, 
conductor 33 and conductor 26 to conductor 
50 which connects to negative battery. Another 

branch of the circuit may be traced from the 
junction between conductors 33 and 2: 6 through 
conductor 2, resistances 20 and 9, conductor 

il 6, resistance 02, contact of unit 3, pro 
jection 45, segment 25, contact 2 and conductor 
202, which extend into Fig. 2, to conductors 333 
and 335 in parallel which connect to contact 24 
of relay 275, and contact 27 of relay 2:6, re 
spectively. Contact 24 of relay 275 and con 
tact 277 of relay 276 connect through conductors 
333 and 335 in parallel through resistance 365 
and conductor 256 to conductor 5 which con 
nects to positive battery. Contact 273 of relay 
275 and contact 28 of relay 26 are intercon 
nected by conductor 33 which connects through 
375 to conductor 374 and through conductors 25: 
and 27 to conductor 5 which connects to nega 
tive battery. A circuit may also be traced from 
contact 278 of relay 276 and contact 273 of relay 
275 which are interconnected through conductors 
373, 375 through resistance 272, conductor 224, 
which extends into Fig. 1, contact of switch 
unit f3, projection 45, segment 25, contact 2, 
conductor 202, which extends into Fig. 2, to 
conductors 333 and 335 in parallel which connect, 
to contact 24 of relay 275 and contact 27 of 
relay 26, respectively. 
CIRCUIT FOR LOCAL SIDE of REPEATER OF ERATING 

WITH PRINTER 

The circuit for the local side of the repeater 
Operating with a printer will now be traced. 
Comparison may be made with the circuit per 
Fig. 7 which is functionally the same. The line 
side of the repeater may be arranged in any of 
a number of conditions. It will be assumed, 
however, that the line side is arranged for polar 
ential, polar sending. For this condition, the 
line switch will be in position . To arrange 
the local side of the repeater for connection to 
the local printer, the local switch 5 will also be 
in position 1. Both switches and 5 will, 
therefore, be in the conditions shown on the 
drawing. 

Line f only is used for this condition, as here 
tofore explained, and the circuit for the line side 
of the repeater, including the battery connections 
to the contacts of relays 275 and 276 are the 
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same as heretofore traced for the polarential 
polar sending condition and will not, therefore, 
be retraced, 
On the local side of the repeater no external 

connections to contacts 8, 9 and 0 are required. 
The plugs of the receiving printer magnet and 
of the printer transmitter are inserted in their 
respective jacks. Contact, 292 is opened. 
A circuit may be traced from positive battery 

through conductor 5?, conductor 236, conductor 
248, conductor 25, conductor 25, projection 57, 
segment 48, contact 2, conductor 259, resistance 
342, which is shunted by condenser 343, in 
ductance 3, sleeve 392 of the receiving magnet 
jack, sleeve of the receiving magnet plug, winding 
of the receiving magnet, tip of the receiving 
magnet plug, tip 383 of the receiving magnet jack, 
conductor 344, conductor 345, sleeve 290 of the 
printer transmitter jack, sleeve of the printer 
transmitter plug, printer transmitting contacts, 
tip of printer transmitting plug, tip 29 of printer 
transmitter jack, inductance 294, conductor 330, 
conductor 32, conductor 328, projection 53 of 
unit 3, segment 33, contact 2, conductor 20, 
which extends into Fig. 1, marking contact 94 
and arnature of receiving relay 92, conductor 
(98, conductor 226 which extends into Fig. 2, 
contact, 6 of unit 6, segment 32, projection 52, 
contact , conductor 358, conductor 354, con 
ductor 25i, Conductor 2, which extends into 
Fig. 1, and conductor 50 which connects to 
negative battery. From the sleeve of jack 290 
a circuit also extends through inductance 295, 
conductor 338, conductor 334, conductor 350, 
contact of unit 7, projection 54, segment 34, 
contact 6, conductor 352, relay winding 276a, 
conductor 356, relay winding 275a, conductor 
324, contact 6 of unit í 9, segment 4 l, projection 
58, contact and resistance 248 which joins con 
ductor 268 from which point the circuit has 
been traced to positive battery. A circuit may 
also be traced from positive battery through con 
ductor 5 which extends into Fig. 2, conductor 
256, relay Winding 276c, conductor 355, relay 
Winding 275c, conductor 258, contact 6 of unit 
i8, Segment 36, projection 56, contact , re 
sistance 233, resistance 234, resistance 235, con 
ductor 242, conductor 2:7, which extends into Fig. 
1, and conductor 50 to negative battery. 
A circuit may also be traced from open space 

contact 93 of relay 92 in Fig. 1 through resistance 
:26, conductor f3?, conductor 203, which extends 
into Fig. 2, contact 7 of unit 7, projection 55, seg 
ment 35, contact 2, conductor 35A, relay winding 
26b, conductor 357, relay winding 275b and con 
ductor 34 to conductor 259 which connects over 
a path heretofore traced to positive battery. 
CIRCUIT FOR LOCAL SIDS, cF REPEATER OPERATING 

WITH SWITCHBOARD 

The circuit for the local side of the repeater 
operating with a switchboard will now be traced. 
Comparison may be made with the circuit per Fig. 
8 Which is functionally the same. It Will once 
Inore be assumed that the line side of the repeater 
is connected So as to operate polarential with 
polar sending. For this condition, as described 
heretofore, line i is used and line 2 is not used. 
Line Switch remains in position 1. The local 
Switch 5 is in position 2 but the local terminal 8 
shown at the lower right of Fig. 2 is connected 
externally to terminal 804 of a switchboard as 
iIndicated in Fig. 8. The connections from ter 
iminal 3 for line are the same as heretofore 
traced to the armature of relay 26. The positive 
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and negative battery connections to the contacts 
of relays 275 and 27 are also the same as here 
tofore traced. Reference to Fig. 8 shows that in 
the switchboard a connection is made to negative 
115-volt battery from which point a circuit is 
traced through the winding of West relay 8, 
make contact of east relay 82, sliding contact of 
variable resistance 83, switchboard terminal 34 
and external conductor 895 which extends to 
local terminal 3 as shown in Fig. 2 through in 
ductance 38, conductor 25 and conductor 328 to 
the junction between resistance .329 and 3. It 
is pointed out that local terminal 8 and the 
switchboard terminal 366 may be separated by a 
distance not exceeding five miles. The circuit 
Which extends through resistance 329 continues 
through contact 8 of unit 3, projection 33, Seg 
ment 33, contact 2, conductor. 23 which extends 
into Fig. 1, marking contact 94 of relay 92, con 
ductor 98, conductor 22, which extends into Fig. 
2, contact 6 of switch unit S, segment 32, pro 
jection 52 and contact 2 to ground. The path 
which extends through resistance 386 continues 
through contact 2 of unit i, projection 54, seg 
ment 34, contact 6, conductor 352, relay winding 
276a, conductor 356, relay Winding 25a, con 
ductor. 324, contact 6 of unit 9, segment & , pro 
jection 58, contact 2 and conductor is, which ex 
tends into Fig. 1 and connects to the junction be 
tween contact 94 of relay 92 and conductor 2ð í. 
A circuit may also be traced from the Open Con 
tact. 93 of relay 92 through resistance 25, con 
ductor i 3 , conductor 8, contact I of Unit 3, 
projection 33, segment 23, contact , conductor 
17, which extends into Fig. 2, contact 8 of unit 
8, projection 57, segment 4, contact 2, con 
ductor 259, conductor 35 , relay winding 36, 
conductor 35, reiay winding 276t, conductor 35 , 
contact 2 of unit 7, segment 35, projection 55, 
contact 8, conductor 25, which extends into Fig. 
1, contact 2 of unit is, Segment 28, projection 
48, contact 9, conductor 2:6 and conductor 56 to 
negative battery. 

For this option a biasing circuit is also estab 
lished which extends through biasing Winding : 
275c and 26c. This circuit is the Same as WaS 
traced through the same WindingS for the con 
dition where the local side of the repeater is CO2 
nected to a printer under the last preceding head 
ing. Comparison may be made between Fig. 7 “ 
and Fig. 8 which show that the biasing circuits 
are the Same. 

CIRCUITS FOR LOCAL SIDE OF REPEATER OPERATING 
WTTH INE UNTT 

The circuit for the local side of the repeater 
operating with a line unit will now be traced. 
Comparison may be made with the circuit per Fig. 
9 which is functionally the same. For this con 
dition it will be assumed that the line side of the 
repeater is operating polarential, polar Sending. 
The line switch Will, therefore, be in position . 
The local SWitch is in position 2. The condition 
Within the repeater circuit per Fig. 1 and Fig. 2 
is, therefore, identical with that described under 
the last preceding heading wherein the local Side 
of the repeater was connected to a SWiicini)0ard. 
The internal connections of the repeater, theire 
fore, remain unchanged and are the same as 
shown in Fig. 8. Local terminal 8, however, in 
stead of being connected to a SWitchboard is con 
nected as shown in Fig. 9 to a line unit. The 
circuit may be traced from negative 5-volt bat 
tery through transmitting terminals 9 , wind 
ing of receiving relay 902, variable resistance 93, 
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terminal 964 on the line unit and through ex 
ternal conductor 95 to local terminal 8 shown 
in Fig. 2. 
CIRCUIT FOR LOCAL SIDE OF REPEATER OPERATING 
WITH PRINTER STATION EQUIPPED WITH A LINE 
RELAY 

The circuit for the local side of the repeater 
operating with a printer equipped with a line 
relay will now be traced. See Fig. 10. For this 
condition, also, the internal connections of the 
repeater per Fig. 1 and Fig.2 are the same as de 
Scribed under the last two preceding headingS. 
Local terminal 8, however, is connected to a 
printer station for this condition. At the printer 
station a power supply 2 is connected to a rec 
tifier . . . . From the negative terminal of the 
rectifiera circuit extends through conductor í0 í á, 
conductor of 5, conductor 6, sending printer 
contacts. Si, top Winding of polar receiving relay 
EE2, variabie resistance 325, through terminal 
828 of the printer station and external conductor 

or line 2 to local terminal 8 of Fig. 2. A Sec 
ond branch extends from negative battery 
through conductors 2.4 and fil8, resistance 
19, bottom winding of relay 2, resistance 

4, conductor of 9 and conductor 020 to the 
positive terminal of rectifieri Which is con 
nected to ground (). A circuit may also be 
traced from the negative terminal of the rectifier 
through conductor 5, conductor, 0, resist 
ance 23, armature of relay G32, contact 2, 
resistance 08, resistance 7, Winding of re 
ceiving magnet º 3, conductor El 9 and con 
ductor 2 to the positive side of rectifier lif. 
From open contact 22 of relay 0.02 a circuit 
Inay be traced through resistances and 5 
which connects also through conductor 9 and 
conductor 2 to the grounded positive side of 

-}i rectifier of. 
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CIRCUIT FOR THE LOCAL SIDE OF THE REPEATER 
OPERATING WITH A CARRIER TELEGRAPH TERMINAL 

The circuit for the local side of the repeater 
operating with a carrier telegraph terminal Will 
now be traced. Comparison may be made with 
the circuit per Fig. 11 which is functionally the 
same. It Will again be assumed that the line 
side of the repeater is connected for polarential, 
polar sending operation in accordance with Fig. 3 
herein. The line Switch will be in position 1. 
The local switch is operated to position 3. Local 
terminals 8 and 9 in the lower right-hand portion 
of Fig.2 are connected externally as shown in 

5 Fig. 11 by means of conductors or lines 5 and 
to the carrier telegraph terminal. The car 

rier telegraph terminal with which the repeater 
herein cooperates is well known in the art as the 
CEF2 or CF2B i carrier telegraph - terminal manu 
factured by the Western Electric Company, In 
corporated. It is described in the “Bell Labora 
tories Record” for May 1944, volume XXIII, Num 
ber IX, pages 404 to 408, published by the Bell 
Telephone Laboratories, Incorporated. The cir 
cuit to which the repeater herein connectS is 
shown on Fig. 3 on page 406 thereof. The Send 
ing and receiving relays of that figure correspond 
to relays 97 and G5 respectively. Of Fig. 11 
herein. The loop is modified as shown in Fig. 1 
herein, 

Refer now to Fig. 1. A circuit may be traced 
from positive battery at the telegraph car 
rier terminal through contact I i 93 and the arma 
ture of the receiving relay 05 through the top 
winding of break relay 06 and the top winding 
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net plug, tip 303 of receiving magnet jack, con 
ductor 344, and conductor 345 which joins the 
path last traced at jack sleeve 290. A circuit 
may also be traced from the open contact 93 of 
relay 92 through resistance 26, conductor 3, 
conductor 203, which extends into Fig. 2, contact 
to of unit i T, projection 55, segment 35, contact 
2, conductor 35, relay winding 276b, conductor 

357, relay winding 275b and conductor 34 which 
connects to the left-hand terminals of resistance 
342 and condenser 343. From this point the cir 
cuit has been traced to local terminal 0. An 
other circuit may be traced from negative bat 
tery in Fig. 1 through conductors 50 and 27 
which extend into Fig. 2 through resistances 235, 
234 and 236 to terminal 4 of unit 18, projection 56, 
segment 36, contact 6, conductor 258, relay wind 
ing 275c, conductor 355, relay winding 276c, con 
ductor 256 and conductor 5 to positive battery. 

CIRCUIT FOR LOCAL OPERATION WITH ELECTRONIC 
REGENERATIVE REPEATER 

The circuit for the local side of the repeater 
herein connected to an electronic regenerative 
repeater will now be traced. The electronic re 
generative repeater with which the repeater 
herein cooperates for this option is disclosed in 
copending application, Serial No. 556,352, R. B. 
Hearn, J. A. Krecek, filed September 29, 1944, 
which is incorporated herein by reference as 
though fully set forth herein. 
Comparison may be made with the circuit per 

Fig. 13 which is functionally the same. It is again 
assumed that line only is used and that it is 
arranged for polarential operation with polar 
sending. For this condition, the line switch is in 
position 1. The local switch is operated to posi 
tion 5. The internal connections of the repeater 
per Fig. 1 and Fig. 2 for this option are the same 
as described above for the right-hand repeater in 
Fig. 12 except that the connection from terminal 
O to relay winding 275a is not used. Local ter 

minal 8 and local terminal 9 of the repeater per 
Fig. 2 herein are connected to a pair of ter 
minals for a particular line such as line A in the 
electronic regenerative repeater. It is partic 
ularly pointed out that the electronic regen 
erative repeater is arranged to serve two re 
peaters such as the repeater per combined Fig. 1 
and Fig. 2 herein, simultaneously. Reference 
to Fig. 13 indicates the manner in which other 
repeaters may be connected to the single elec 
tronic regenerative repeater. The circuit in the 
electronic regenerative repeater extends from a 
particular terminal associated with a particul 
lar line through variable resistance 30, the 
armature and marking contact of relay 302, 
winding of relay 303 and conductor f304 to the 
corresponding line terminal 2 from which point 
it is connected by means of conductor 305 to 
local terminal 8 of the repeater herein, Ter 
minal is connected to local terminal 9 of the 
repeater herein by means of external conductor 
306. Relays 302 and 303 of Fig. 13 herein 
correspond to relays 3 and 4 of Fig. 1 of the ap 
plication, per Serial No. 556,352 mentioned above. 
The corresponding relays to which the second 
repeater Would be connected are relays 33 and 
34 of the electronic regenerative repeater. Con 
nections from positive and negative battery to 
the marking and spacing contacts of relays 275 
and 276 are the same as have been traced here 
tOfore. 
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CIRCUIT, FoR MANUAL TELEGRAPH SET OPERATION 
The circuit for manual telegraph set opera 

tion of the repeater herein will now be traced. 
Comparison may be made with the circuit per 
Fig. 14 which is functionally the same. For this 
condition, it will be again assumed that line 
only is used and that it is arranged for polaren 
tial operation with polar sending. The local 
switch is operated to position 1. The printer 
transmitter plug and the printer receiver plug 
are disconnected from their corresponding jacks. 
The plug associated with head Set 289 is in 
serted in the head set jack closing the nor 
mally open contact 285. 

For this condition, a circuit may be traced from 
the head set 289 at the upper right of Fig. 2, 
through sleeve 288 of the associated plug, sleeve 
282 of the head set jack, condenser 283, con 
ductor 340, inductance 295, conductor 345, con 
tact. 30 of manual telegraph key 300, closed con 
tact 292 of the printer transmitter jack, in 
ductance 294, conductor 330, conductor 327, con 
ductor 328, contact T of unit 6, projection 53, 
segment 33, contact 2, conductor 20?, which ex 
tends into Fig. 1, contact 94 and armature of relay 
92, conductor 98, conductor 226, which extends 
into Fig. 2, contact 6 of unit 6, segment 32, pro 
jection 52, contact (, conductor 358, conductor 
354, conductor 257, conductor 27, which extends 
into Fig. 1, and conductor 50 to negative bat 
tery. From the opposite terminal of the head 
set 289 a circuit may be traced through the tip 
287 of the head set plug, tip 286 of the head Set 
jack, resistance 28, variable resistance 280, con 
ductor 36 f, conductor 375, which connects in 
parallel to open spacing contact 273 of relay 
275, and marking contact 278 of relay 276, through 
contact 278 and armature of relay 26, conduc 
tor 33, conductor 227, which extends into Fig. 1, 
conductor 200, conductor f 99, contact of unit 
2, projection 37, segment 20, contact 4, con 
ductor 220, relay winding 92a, conductor 222, con 
tact 2 of unit f2, segment 22, projection 39, 
contact 9, conductor 05, variable resistance 73, 
conductor O, resistance 85, conductor , vari 
able resistance 79, conductor 07, conductor 02, 
inductances T i and 67 and conductor i to ter 
minal 3 associated with line . Another circuit 
extends from the tip conductor of the head Set 
jack through closed make contact 285, and neon 
lamp 284, to the left-hand terminal of con 
denser 283. A circuit may also be traced from 
positive battery in Fig. 1 through conductor 5, 
Which extends into Fig. 2, conductor 246, con 
ductor 248, resistance 249, contact f of unit 9, 
projection 58, segment 4, contact 6 of unit 9, 
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conductor 324, relay winding 275a, conductor 356, 
relay winding 276a, conductor 352, contact 6 of 
unit 7, segment 34, projection 54, contact , con 
ductor 350 and conductor 334 to the left-hand 
terminal of condenser 283. 
The contacts of key 300 are shunted by con 

denser 299. 
Positive and negative battery are connected to 

the marking and Spacing contacts of relays 275 
and 276 as heretofore traced. 

Radio suppression filters 293,306 and 32 which 
have inductance in series with the printer leads 
and external conductor leads 8, 9 and 0 and 
capacitance shunted between the leads and ground 
suppress radio frequency currents generated in 
the repeater from being radiated by the leads 
to the printer and other external connections. 



INTRoDucToRY DEscRIPTIoN oF THEoRETICAL OPER 
ATION oF IT SINE SIDE OF REPEATER 

Introductory description of polarential operation 
Although polarential Operation is Well known 

in the art, and may be understood from refer 
ence to the Cramer patent mentioned above, it 
will be described in a general Way preliminary 
to a description of the operation of the polaren 
tial line options of the present repeater. It is 
particularly pointed out that the polarential cir 
cuits for the Cramer patent and of the explana 
tory Figure 15 herein have been modified in ac 
cordance with the invention herein to permit their 
application to lines of longer span than has here 
tofore been possible. 

Fundamentally, a circuit operating on a. polar 
ential basis uses polar transmission in one di 
rection and differential tiransmission in the other 
direction. These two terms have been combined 
to form the word “polarential.' Fig. 15 is a theo 
retical schematic of polarential Operation. In a 
polar transmission system, the marking and spac 
ing line currents transmitted from One station 
are of the same magnitude and flow in opposite 
directions and hence, the receiving relay at the 
other station, Operates. On reversals of line cur 
rent and requires no local bias circuit. In a dif 
ferential transmission system, the marking and 
spacing line currents, are in the same direction 
but different in magnitude and this difference as 
applied to the polarential method of operation 
requires a spacing current about 2% times the 
marking current. Since the spacing current is 
in the same direction as the marking, current a 
repeater receiving marking and spacing currents 
flowing in the same direction requires a local 
biasing circuit on the receiving relay. By fixing 
this local biasing circuit in a marking direction 
at half the sum of the received marking and 
spacing line currents, and poling the line wind 
ing of the receiving relay spacing, the net effect 
on the armature of the receiving relay is equiva 
lent to polar transmission. To get this equiva 
lent of polar transmission in both directions on 
One telegraph channel, the opposite ends of a 
polarential circuit are made dissimilar as regards 
the connections of the sending and receiving 
relay circuits and the operating voltages applied 
to the line. One end of the circuit applies, nega 
tive and positive polarity of the same value. while 
sending for the marking and spacing conditions 
respectively and this is known as the polar send 
ing end of the circuit. The other end of the 
circuit applies ground for marking and positive 
polarity for spacing and is known as the differen 
tial sending end of the circuit. For the trans 
mission of a spacing signal from the differential 
sending end the positive battery at the differen 
tial sending end is in series with negative battery 
connected normally to the line, at the polar end. 
Thus the magnitude of the voltage is approxi 
mately 2A times the value of the negative, bat 
tery at the polar end. Assuming. a direction of 
flow of current from positive to negative it will 
be observed that in transmitting from the dif 
ferential, sending end the direction of the flow 
of current for marking signals is from the differ 
ential end to the opposite end. For the trans 
mission of a spacing signal from the differential 
end to the opposite end, the direction of the flow 
of current, is the same as that for the marking 
signal but the magnitude of the current for the 
spacing signal is greater. 
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Reference to Fig. 15 shows.the-arrangementofa. 

type B polarential line, for a particular embodie 
ment. In Fig. 15, the polar sending station, is at 
the left. Batteries of equal potential and oppos 
site polarity, positive and negative 75 volts, are 
connected to... the line through the operation of 
relay 59 for transmission from the polar send 
ing end. At the opposite end of the circuit the 
armature of sending relay 504 is connected to 
ground, For the transmission from the differen 
tial sending, end, ground is connected to the line 
for marking and the current is assumed to flow 
from ground to negative battery at the distant 
end. When relay. 504 is operated for a spacing 
signal, positive 115-volt battery is connected to 
the polarential end of the line in series with 
negative battery at the distant end. The sum of 
the battery voltage...is about 2% times the voltage 
impressed on the line for the marking condition. 
For transmission from the polar transmitting 

end, Fig. 15A represents, the magnitude of the 
marking and spacing, signals. received from relay 
50 by relay. 503 for dry and Wet conditions. 
For a dry line the magnitude of the: currents...for 
marking and spacing are greatest and they are 
of course equal. 
The magnitudes of the receiving marking, and 

spacing currents are decreased for different de 
grees of wetness but they remain equal and un 
biased signals are, received by relay. 503. No 
biasing winding is required therefore on receiv 
ing relay, i 503. 

Eor transmission from the differential trans 
mitting end, Fig. 15B represents the magnitudes 
of the current received by relay 1502 from relay 
504. It indicates. that the magnitude: of the 
marking and spacing signals are affected equally 
for different degrees of wetness. The magnitude 
of the Spacing, current is greatest, and the mag 
nitude of the marking current is least for the dry 
condition. The magnitude of the marking, cur 
rent is decreased by the same amount that the 
magnitude of the spacing, current is increased for 
wet conditions. The biasing current, in the re 
ceiving relay. 502 is fixed at half the sum of the 
marking, and spacing currents for the dry condi 
tion. As the values of the current received by re 
lay 502 change for different degrees. of wetness 
the difference between the biasing current and 
the marking and spacing currents remains equal 
one to another. 
Thus, for values of 46 milliamperes markin 

current and 18 milliamperes spacing current ob 
tained for the dry condition for the voltage em 
ployed in the particular embodiment of Fig. 15 
and for a particular line impedance, the biasing 
current may be permanently established at 32 
milliamperes and the received signals will be ef 
fectively polar signals not withstanding changes 
in current. magnitudes due to varying leakance 
for different degrees of wetness. 

Introductory description of two-path 
polar operation 

Refer now to Figs, 16, 16A and 16B which show 
the theoretical operation of the line side of the 
circuit for the two-path polar line option. This 
system, of operation is also well known in the 
art. It is: particularly pointed out that in the 
present invention: the: theoretical two-path polar 
System has been modified in a manner to bei de 
scribed hereinafter. - 

In two-path polar operation a separate chan 
nel is required for transmitting in each direction. 
Reference to Fig. 16 shows that voltages of equal 
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magnitudes, in this embodiment 75 volts, and of 
opposite polarities are impressed on the line at 
the transmitting end for marking and Spacing 
signals. Fig 16A indicates that, when the trans 
mission is from relay 60, relay 602 receives 
signal currents of equal magnitudes for mark 
ing and spacing whether the line is Wet or dry. 
When transmission is in the opposite direction, 

or from relay 603 to relay 604, over the second 
channel, the signals received by relay 604 are, 
of course, the same as shown in Fig. 16A for the 
opposite direction since the voltages are the 
Sae. 

Effect of long spans 
Reference to Fig. 15 shows that there is a re 

ceiving relay having a winding in series with the 
single line at each terminal. If the line has a 
high capacity to ground the receiving relays are 
affected by a phenomenon well known in the art 
as “kick off.' By this is meant the false opera 
tion of the receiving relay due to current surges 
caused by the discharge of the line capacity back 
through the winding of the receiving relay when 
the transmitting relay at the same station is 
Sending. 
The longer the line the greater its total capac 

ity and the greater the magnitude of the current 
surge through the winding of the receiving re 
lay. The repeater of the invention herein is de 
signed to function on 50 to 75-mile lines of high 
capacity. This is considerably longer than the 
spans on which direct current repeaters subject 
to kick off effect have heretofore been satisfac 
torily operated. Various anti-kick off features 
are presently known in the art but none of the 
presently known arrangements is effective to pre 
vent kick off on lines having spans of such length 
as those on which it is contemplated the present 
repeater will be applied. The anti-kick of fea 
ture of the present invention makes possible the 
effective operation of direct current repeaters 
such as those shown in Fig. 15 on spans up to 75 
miles in length as a normal procedure and under 
favorable conditions where the distributed capac 
ity is less it is effective on spans of considerably 
greater length. This is important particularly in 
military Service, where, due to many Well under 
stood circumstances, satisfactory operation on 
lines of long span is of paramount importance. 
DETAILED DESCRIPTION OF OPERATION OF REPEATER 

Repeater line circuit Operation-General 
In the case of polarential, polar sending, and 

two path polar operation, the transmission branch 
of the present repeater is arranged for double 
commutation to permit sending negative and 
positive battery from a single non-grounded 
pOWer Supply. Two sending relays 275 and 26 
in FigS. 1 and 2 are needed for this type of trans 
mitting branch. The reversal of polarity takes 
place across a potentiometer circuit comprising 
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resistances 272 and 365 which in the present em 
bodiment provides 75 volts for marking and 75 
volts for Spacing in polarential polar sending and 
two-path polar transmission. 
The protector blocks serve to protect the equip 

ment from surges inducted into the line by light 
ning or nearby power lines. Filter 65 is a radio 
suppression filter. Retard coil 7 is a telephone 
noise killer coil. 
Line side of repeater operating polarential, polar 

sending 
Refer to Fig. 3. 
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The adjust line current course SWitch 60 in 

Fig. controls series resistance and shunted car 
pacity to provide wave shaping and at the Sane 
time an approximate adjustment of the line Cul 
rent. The final value of line current is obtained 
by turning the adjust line current fine poten 
tionetter 8. 
The circuit is shown in the marking condition, 

The armatures of relays S1 and S2 are operated, 
either to the right or left, in unison under Con 
trol of a circuit assumed to be connected to the 
right-hand side of the repeater. The line is 
terminated at the distant office in a repeatei' al 
ranged as per Fig. 4 for differential sending. The 
circuit is arranged for half duplex operation, that 
is, Communication is possible in only one direc 
tion or the other at a particular time. t the 
distant end, Fig. 4, line is terminated in ground. 
The line circuit per Fig. 3 has been traced in the 
foregoing from terminal 3 to the armature of 
relay 26. When in the idle or marking condi 
tion the armatures or relays 25 and 25 are both 
actuated to the left, under the influence of the 
local side of the circuit, to engage with their 
marking contacts as shown. The two resistances 
365 and 272 are connected across the positive and 
negative terminals of the 115-volt power circuit 
SO as to cut down the voltage connected to the line 
in this embodiment to 75 volts. The operation of 
relays 25 and 276 in unison reverses the ground 
connection to one side or other of the output cir 
cuit of the power supply so as to change the 
polarity while maintaining the voltage constant 
at 75 Wolts. Thus, for the marking condition in 
dicated, ground is connected to the junction be 
tween resistances 272 and 365 and a circuit may 
be traced from ground through the armature and 
left-hand contact 274 of relay 275, resistance 272 
and the armature and left-hand contact 277 of 
relay 276, connecting negative 75-volt battery to 
the path which has been traced through the top 
Winding of receiving relay 92 through conductor 
to terminal 3, from which point it extends through 
a line to a polarential repeater arranged as in 
Fig. 4: herein, to ground connected to the mark 
ing contact of a relay corresponding to relay 27 S 
in Fig. 4. For the spacing condition, the arma 
tures of relays 275 and 276 are operated to their 
right-hand contacts. For this condition ground 
is connected to the negative terminal of the power 
circuit and the circuit may be traced from ground 
through the armature and right-hand or spacing 
contact 273 of relay 275. The positive side of the 
pOWer Supply may be traced through resistance 
365, resistance 272 to spacing contact 278 of relay 
276. This connects positive 75-volt battery in this 
embodiment to the line. 
The circuit through line winding 92a for the 

marking condition for signaling over the circuit 
is in Such a direction as to tend to operate the 
arnature of relay 92 in Fig. 3 to engage with its 
Spacing contact 94. The effect of the current in 
the biasing winding 92b, which remains fixed in 
direction, tends to operate the armature of relay 
92 to its marking contact and this latter effect is 
greater than the opposite effect of the line wind 
ing. The armature of receiving relay 92 is, there 
fore, maintained in engagement with its mark 
ing contact. 
When a spacing signal is transmitted from the 

polar sending end, the direction of the current 
in line Winding 92a is changed so that the effect 
augments the effect of the bias current in the 
Winding 92b and the armature of relay 92 is held 
more firmly to its marking contact. 
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The rectifier units 95 and 96, which may for 

instance be selenium or other rectifier units, to 
gether with condenser 9 and winding 92c con 
stitute an anti-kickoff circuit. The rectifier unit 
86 is poled so that it does not pass current due 
to the negative 75-volt potential impressed on the 
line for the marking condition. Rectifier unit:95 
is so poled that it passes current when condenser 
9 is charged positively with respect to ground. 
While this current is flowing, its direction is such 
that its effect assists in holding the armature of 
relay 92 on its marking contact. 

During the marking interval line is negatively 
charged. After the transmission of the marking 
signal, when the line is connected to positive: bat 
tery for the transmission of a spacing signal, "the 
line which was negatively charged idischarges 
through winding 92a, but its direction is now such 
as to tend to maintain the armature of relay 92 
On its marking contact. When a spacing signal 
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is transmitted, however, the line is positively 
charged. Rectifier units 95 and 96 pass the cur 
rent from positive battery in series through wind 
ing 92c. Condenser 9 is charged to positive 75 
Volts. The direction of the current from positive 
battery is from right to left through winding 92b 
and its effect is such that it tends to maintain 
the arnature of relay 92 in its marking contact. 
When the armatures of relays 25 and 26 return 
to their spacing contacts the positively charged 
line discharges through Winding 82a in a direc 
tion from left to right. This time the effect of 
the discharge current tends to operate the air 
mature of relay 92 to its spacing contact. How 
ever, condenser 97 discharges through winding 
92c to the junction of resistances f9 and 20 
and maintains the armature of relay 92 on its 
marking Contact. When-condenser 97 starts to 
discharge it has 75 volts positive potential im 
pressed acroSS it and it discharges to 115 volts 
negative potential through resistances --9 and 
20 connected in parallel. Condenser 97 cannot 
discharge through rectifier 96 because its polarity 
now opposes Such discharge. The effect of the 
varistor 95 is to prevent the large capacity 97 
from appearing across the winding 92c-and-acting 
as a shunt which would cause relay 92 to be too 
Sluggish to follow the line signal accurately. The 
arrangement of the anti-kickoff circuit and the 
values of the constants of the aparatus units 
make possible a current of relatively large value 
for a sufficient period through winding 9.2c to 
compensate for the effect of a heavy discharge 
from a relatively long spain. With such an iar 
rangement it is possible to use longer spans than 
heretofore possible without kick-off. 

In receiving apparatus signals from the distant 
terminal arranged in accordance with Fig. 4, the 
receiving line current is increased. This over 
comes the effect of the biasing current in wind 
ing 92b which was holding the armature of relay 
92 on its marking contact. The biasing current 
is, as explained formerly, equal to half the sum 
of the combined marking and spacing currents. 
While the magnitude of the received marking and 
Spacing currents varies due to weather conditions, 
the marking current is increased by the same 
amount that the Spacing current is decreased. 
The biasing current supplied from the local source 
remains unchanged. The effect of the signaling 
is therefore the same as though polar signals are 
being received. 

Attention is particularly called to the fact that 
since the armatures of relays 275 and 276 in Fig. 3 
remain in engagement with their marking con 

.25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

26 
tacts while signals are being received from the 
distant end and since the polarity of the received 
(marking and Spacing Signals remains unchanged, 
the anti-kick officircuit remains substantially in 
the Same condition aiS for the trainSmiSSiOn, "of", a 
marking signal from the polar transmitting end. 
Line Iside of 'repeater operating polarential, dif 

ferential sending 
Refer to Fig. 4. 
The operation of the line-side of the repeater 

arranged for polarential differential sending will 
Jnow be explained. Attention is called to the fact, 
as shown in Fig. 4, that the line Switches for 
-adjusting the line current are not included in 
the circuit for this condition. Since Fig. 4, con 
inects to a Fig. 3 at the distant station the line 
current is adjusted by the switches in Fig. 3. 
The circuit per Fig. 4 is shown in the marking 

condition. For this condition the line is con 
nected to ground at the armature of relay 26. 
The effect of the line current in winding 92a for 
the marking condition maintains its armature 
in engagement with its marking contact. When 
the polarity of the current at the distant ter 
minal per Fig. 3 is changed the armature of relay 
92 is operated to its Spacing contact. 
When transmitting from Fig. 4 to Fig. 3 it has 

been explained that the direction of the current 
remains the same for both marking and spacing 
signals while its magnitude is increased for spac 
ing. This holds the -armature of relay 92 more 
firmly on its marking contact when a spacing 
Signal is transmitted from Fig. 4 to Fig. 3. 

In the arrangement perFig. 4 rectifiers.95 and 
-96, condenser 91, resistance 47 and windings 92b 
and 92c constitute an anti-kick off-circuit. This 
-circuit is necessarily arranged differently from 
that that described for Fig. 3 since the polarity 
and magnitude of the potentials applied to the 
line for the signaling conditions are -different 
from those in Fig. 3. The function of the anti 
kick off circuit, however, is the same; namely, to 
prevent the kick off of the receiving relay 92 on 
current surges from the lines of very long Spain. 
The manner in which the anti-kick off circuit 

of Fig. 4 functions will now be explained. 
, For the marking condition shown, ground is 

connected through contact 2 and the airmature 
-ef relay 276 to parallel branches. One branch 
extends through rectifier 96 to the left-hand ter 
minal of condenser -97. A second branch extends 
through rectifier 96, rectifier '95, and windings 
92b , and 92c in parallel. The right-hand ter 
minal of the condenser 97 is connected through 
resistance f4 and the armature and contact 
274 of relay 275 to positive 115-volt battery. 
Since the line in Fig. 4 is connected to ground 
for this condition, the line is charged from nega 
tive 5-volt battery at the distant end. Any dis 
charge through winding 92d from the line On 
transition to positive 115-volt battery for spacing 
is relatively Small and tends to raintain the 
armature of relay 92 on its marking contact. 

For the spacing condition positive 115-volt 
battery is connected through contact 278 to the 
line and through rectifier 96 to condenser 97. 
The right-hand terminal of condenser 97is con 
nected through resistance 47 to the armature of 
relay 275, thence through contact 273 to ground. 
No current flows through winding 95b and 95c 
as the return path is to -11.5 volt. This repre 
sents a swing of 230 volts on the terminals of 
condenser 97 since it is charged to positive --115 
Ivolts and discharges to the negative side of the 
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115-volt rectifier. The line f is charged positively 
by the 115-volt potential. For the reason pre 
viously mentioned there is no flow of current in 
windings 92b and 92c until the armatures of 
relays 275 and 276 return to their marking con 
tacts. At this time the positively charged line 
discharges through winding 92a in a direction to 
operate its armature towards its spacing contact. 
The anti-kick of circuit prevents this, however, 
for when the armatures of relays 275 and 276 
reengage their respective marking contacts posi 
tive 115-volt battery is again connected to the 
right-hand terminal of condenser 97. The left 
hand terminal, of the condenser is at positive 
115 volts also due to the charging during the 
spacing interval. There is, therefore, approxi 
mately 230 volts applied across windings 92b and 
92c in parallel. This provides a high current to 
prevent kick off. The constants of the apparatus 
units of the circuit are chosen so that the high 
current persists during the interval while the 
line is discharging. The effect of the flow of 
the current through the 92b and 92c windings in 
parallel from right to left is to maintain the arma 
ture of relay 92 in engagement with its marking 
contact. 

It is particularly pointed out that on transmis 
sion from Fig. 4 to Fig. 3 although the direction 
of the flow of current is the same for both mark 
ing and spacing signals and the effect of both 
the steady state marking and spacing currents 
is to maintain the armature of relay 92 on its 
marking contact, before the steady state condi 
tion becomes effective, immediately after a tran 
sition from a spacing to a marking signal, a very 
heavy Surge of current passes through winding 
92a, in Fig. 4 in a direction to operation the arma 
ture of relay 92 to spacing. The anti-kick off 
circuit of this invention is effective to prevent this 
notWithstanding the magnitude of the kick off 
effect due to the long span. V 
Line side of repeater operating two-path polar 
The operation of the repeater herein when the 

line side of the repeater is arranged for the two 
path polar option will now be described. 
Refer to Fig. 5. 
The circuit per Fig. 5 is assumed to be con 

nected by means of two conductors to a distant 
repeater such as Fig. 5. Line is connected at 
the distant end to line 2 or the receiving side of 
the repeater, thence through the winding of re 
ceiving relay Such as 92. Line 2 is connected at 
the distant terminal to line or to the sending 
end of the circuit through a termination such as 
is connected to line in Fig. 5. Attention is 
called to the fact that the line current adjusting 
apparatus appears in the sending line only at 
each station. Therefore, the line current for 
each line is adjusted by means of the adjusting 
apparatus aSSociated with the sending end of 
each line. 
The power connections to the contacts of relays 

275 and 276 are through resistances 365 and 272 
as heretofore described to provide, for the present 
embodiment, negative 75-volt and positive 75-volt 
potentials for marking and spacing respectively 
upon the operation of relays S1 and S2. At the 
distant end the armature of the receiving relay 
Such as 92 is held in engagement with its mark 
ing contact by the effect of negative battery con 
nected to line i in Fig. 5 for marking. The arma 
ture of the distant relay 92 is actuated to its spac 
ing contact When positive 75-volt battery is con 
nected to the line in Fig. 5. The second line op 
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erates in the same manner in the opposite direc 
tion. Attention is called to the fact that there is 
but one receiving relay in each line for this Op 
tion. There is no kick off problem when the line 
is thus arranged. Attention is called also to the 
fact that notwithstanding there is no kick off 
problem the rectifiers 95 and 96 are effectively 
connected in the circuit although the condenser 
97 is disconnected. The rectifiers 95 and 96 per 
form another function. When the circuit is ar 
ranged for two path polar operation. The recti 
fiers provide a holding circuit and a break fea 
ture for this option. When the armatures of re 
lays 275 and 276 are on their respective mark 
ing contacts, no current flows through the lower 
winding of relay 92 in Fig. 5. When the arma 
tures of relays 275 and 276 are on their spacing 
contacts, current from positive battery flows 
through rectifiers 96 and 95, bottom winding of 
relay 92 in Fig. 5 and through resistance 34 to 
negative battery. The effect of this current is 
to maintain the armature of relay 92 in engage 
ment with its marking contact when signals are 
being sent from the repeater. Thus it can be 
seen that a break signal from the distant repeater 
can be received only when the repeater is mark 
ing. 

REPEATER LOCAL CIRCUIT OPERATION 
General 

It is particularly pointed out that for each re 
peater, such as Figs. 1 and 2, an individual recti 
fier is required. The relays such as 275 and 276 
when Operated ground one side or the other of 
the rectifier. Therefore, one rectifier cannot 
Serve more than one repeater. 

Local side of repeater operating with printer 
Fig. 6 is a complete functional schematic, show 

ing the repeater and rectifier power circuit with 
the line side of the repeater arranged for polar 
ential polar sending and the local side connected 
to a printer. Both the line and local switches in 
Fig. 1 and Fig. 2 are in position 1 for this condi 

45tion. The line side for this condition corresponds 
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to the arrangement in Fig. 3 and its operation has 
been explained in the foregoing. The local side 
of the repeater corresponds to the arrangement 
in Fig. 7 and its operation will now be explained. 
Refer to Fig. 7. When the printer transmitter 

and receiver are connected to their respective 
jacks, and the receiving relay 92 is on its marking 
contact as shown, negative battery is connected 
through the armature of receiving relay 92 and 
the contacts of the transmitter through relay 
Windings 276a and 275a and resistance 249 to 
positive battery, as well as through the winding 
of the receiving magnet and resistance 342 to 
positive battery. The effect of the current in the 
top Windings a, of relays 276 and 275 tending to 
Operate their armatures to the left to engage their 
respective marking contacts is dominant over the 
effect of the current through their biasing wind 
ings 276c and 275c tending to operate the arma 
tures to Spacing and the armatures are main 
tained in engagement with their marking con 
tacts for this condition. The receiving magnet 
is simultaneously energized. The operation of 
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the transmitting contacts deemergizes windings 
276a and 275a and the armatures of relays 276 
and 275 are actuated to their spacing contacts 
under the influence of their biasing windings. 
Simultaneously the receiving magnet is deemer 
gized to produce a local copy of the message. 
When receiving relay 92 is actuated to spacing 
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in response to signals incoming from the line, 
the receiving magnet is also deemergized. The 
arnatures of relays 276 and 275 are held in en 
gagement with their marking contact hewever, 
due to the effect of current from negative bat 
tery through the armature and spacing contact 
of relay 92, resistance 26, windings 276b and 
256 and resistance 249 to positive battery. The 
voltage-applied to this circuit is the full 115 volts 
of the power circuit. This hold circuit for relays 
276 and 275 provides a communication break 
feature. If the line is opened at the distant end 
to transmit a break signal, the armature of the 
receiving relay 92 remains on its spacing contact 
and the effect of the current in windings 2.6b 
and 275b is dominant so that signals cannot be 
transmitted from the printer in Fig. 7 while the 
break signal persists. Resistance 249 limits the 
currentine operating windings 275a, and 276d. and 
resistances 233,234 and 235 limit the current 
in the biasing windings 275c and 276c to their 
proper values. Resistor 342 limits the current 
in the receiving magnet and as shunted by the 
capacitor 343 constitutes a wave shaper. 
Attention is called to the fact that when the 

repeater is arranged as per Figs. 3 and 7 com 
bined, it functions as a terminal repeater with the 
printer Serving to transmit and receive messages 
at the terminal through the repeater over a line, 
which may be of very long span, to a distant tele-- 
graph repeater which may be a terminating re 
peater or at intermediate repeater. 

Local operation with a switchboard 
the repeater herein when its local side is ar 

iranged as shown in Fig. 8 may be connected to 
a manual telegraph Switchboard. The switch 
board may be of any of a number of types. but 
preferably the switchboard designed for military 
Service by the United States Signal Corps and 
known in the art as the “BED100 switchboard.' 

Refer now to Fig. 8. In the idle condition the 
arnatures of the sending relays 275 and 276 are 
held in engagement with their marking contacts 
by the effect of current flowing through wind 
ings 215a, and 276a, which is dominant over the 
Opposing effect of current in biasing Windings 
27.5c and 276c. The current in the local circuit 
between the repeater and the switchboard is fur 
nished from negative 115-volt battery in the 
Switchboard in the present embodiment. The 
current Supplied from the switchboard is ad 
justed to approximately 60 milliamperes by 
means of potentiometer 803 and it divides about 
equally through resistances 329 and 346. When 
the east relay 802 in the switchboard is released, 
Current is removed from windings 2.75d and 276a. 
The current in the biasing windings 275c and 
26c becomes effective to actuate the armatures 
of these relays to spacing and a spacing signal 
is transmitted through line as heretofore de 
Scribed to the distant station. 
On incoming signals the relay of arrnature 92 

is actuated. When the armature of relay 92 is 
disconnected from its marking contact, west re 
lay 80 in the Switchboard is deenergized and a 
Spacing signal is transmitted through the switch 

: board. When the armature of relay 92 engages 
its Spacing contact, windings. 27.5b and 27.6b are 
connected in a circuit between negative 115 volts 
and ground. The effect of current in this circuit 
holds the armatures of sending relays 275 and 
26 on their marking contacts while signals are 
being received by relay 92. ? 
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; v Local operation with line unit 
The repeater herein, when its iocal side is ar 

ranged as shown in Fig. 9, nay be connected to 
what is known in the art as a line unit. The line 
unit may be any of a number of types but prefer 
ably the line unit designed for military service 
by the United States Signal Corps and known 
in the art as a “BE77” or 'BE77A' line unit, 
the operating features and local current adjust 
gents are identical with those for the operation 
with the Switchboard described under, the pre 
ceding heading. The relay in the line unit re 
sponds to inconing signals repeated by receiving 
relay 92 and the sending contacts of the printer 
connected to the line unit open and close the cir 
cuit through windings 275a and .276a of the send 
ing relay to transmit the signals out over the 
connected line. 

Local operation pith a printer equipped 
awith a time relay 

The repeater herein, when the local side is 
arranged as shown in Fig. 10, may be connected 
to a printer equipped with a line relay. Refer 
to Fig. 10, which shows the local side of the 
repeater connected to a station in which the 
repeater is equipped with line relay .002. The 
fine relay foo2 is provided with a biasing cir 
cuit; the biasing current in this embodiment is 
preferably 30 milliamperes. The printer station 
is equipped with an adjustable resistance O25 
arranged in series with the conductor intercon 
necting the printer to the local side of the re 
peater. The line current is preferably adjusted 
to 60 milliamperes. The rectifier at the printer 
station is preferably adjusted to provide 120 volts 
when the line is cle)sed and the printer magnet 
is confected. Operation of receiving relay 92 in 
response to incoming signals from the distant 
repeater opens and closes the line through the 
upper winding of relay foo2. When the line is 
closed the effect of the line current operates the 
armature of relay 002 to engage its marking 
contact fo2f energizing its printer magnet f O03. 
When the line is open the effect of the current in 
the lower or biasing winding of relay 002 actu 
ates the armature of relay .002 to its spacing 
contact 022. When the transmitting contacts 
of the printer f00 are opened and closed the 
armatures of relays 275 and 276 are actuated to 
traiSenit Signals to the distant repeater. The 
line relay 0.02 associated with the printer re 
sponds to signals transmitted from contact 00 
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to a carrier telegraph terminal. 

thereby controlling printer magnet if 003 to pro 
vide a local copy of the outgoing message. 
Local operation with a carrier telegraph terminal 
The repeater herein, when its local side is 

arranged as shown in Fig.11, may be connected 
The carrier 

telegraph terminal may be any of a number of 
types but preferably a carrier telegraph terminal 
designed for military service and known in the 
art as a "CF-2-B' carrier telegraph terminal, 
manufactured by the Western Electric Company, 
Incorporated. The local current is preferably 
adjusted to 60 milliamperes by the potentiometer 
f008 at the carrier terminal. In the idle condi 
tion, the 60 milliampere local current flows from 
positive 130-volt battery, connected to marking 
contact 103 of receiving relay 05, through 
the windings of break relay if 06 and of sending 
relay fol. in the carrier equipment, through 

75 wiridings 27.5a and 276a of the sending relays, 
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m?ans of the potentiometer such, ás 1301. In the 
present embodiment the current is adjusted pref 
erably to approximately 30 milliamperes. The 
loop interconnecting the present repeater to 
the preferred electronic regenerative repeater 
extends from negative battery through the ar- . 
mature and marking contact 94 of receiving relay 
92 in the present repeater, conductor 306, 
potentiometer 30 , armature and marking con 
tact of relay 302, Winding of Irelay 303, con 
ductors 304 and 305, resistances 347 and 346 
and windings 276a and 275a to positive battery. 
Signals incoming from the distant repeater con 
nected to line actuate the armature of relay 
92. When the armature of relay 92 is actuated 
to its spacing contact the loop circuit is opened 
and relay 303 is operated to spacing. Simul 
taneously the relay 92 establishes a holding cir 
cuit through windings 2.6b and 275b as here 
tofore described. Relay 303 
signals on the regenerative repeater. The re 
generative repeater retimes and regenerates the 
signals in a manner fully explained in the above 
identified application Serial No. 556,352, which 
application is a part of the present disclosure. 
The regenerative repeater retransmits the re 
generated and retimed signals through a second 
repeater such as the present repeater. These 
signals actuate a relay corresponding to relay 
322 connected to the second repeater. This in 
turn opens and closes the loop circuit connected 
to the second repeater operating the relays cor 
responding to relays 275 and 276 in the second 
repeater. This in turn transmits the signals 
over a line such as line to the distant repeater 
connected to the Second repeater. 

Operation of manual telegraph set 
The local side of the repeater herein may be 

arranged for manual telegraph set operation in 
accordance with Fig. 14. 

Refer to Fig. 14. 
The incoming line extends through the wind 

ing of receiving relay 92 to the armature and 
marking contact of relay 276 to which negative 
battery, preferably of 115 volts, is applied and 
ground through the armature and marking con 
tact of relay 275. For this condition, relay 92 
is energized and the armature of relay 92 is 
held on marking. Negative battery is connected 
to both terminals of the neon lamp 284 for this 
condition. The circuits may be traced from neg 
ative battery through the armature and mark 
ing contact 94 of relay 92 through the closed con 
tacts of the elegraph key to the left-hand ter 
minal of neon lamp 284. The circuit to the op 
posite terminal of the lamp extends through the 
jack contact 285, resistance 28, potentiometer 
28 thence to negative battery. Shunting the 
neon lamp 284 are the condenser 283 and the 
receiver 289 in series. No oscillations occur for 
this condition. When the telegraph key 300 is 
operated negative battery is disconnected from 
the left-hand terminal of neon lamp 284 and 
the sending relays 275 and 276 operate and 
transmit a spacing signal over line í. The posi 
tive battery connected through the windings of 
relays 275 and 26 to the left-hand terminal of 
neon lamp 284 becomes effective in cooperation 
With the negative battery which remains con 
nected to the right hand terminal to set up oscil 
lations in the neon lamp circuit. These oscilla 
tions may be heard in the headset. 
When a spacing signal is received from the 

distant repeater connected to line f, receiving 

impresses the 
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relay 92 actuates its armature to its spacing con 
tact. This again disconnects negative battery 
from the left-hand terminal of neon lamp 284. 
The positive battery connected to this terminal 
again becomes effective to set up oscillations in 
the lamp circuit which may be heard in the 
receiver. 
What is claimed is: 
1. In a telegraph system, a telegraph signal 

receiving relay, a first Winding on said relay, a 
telegraph line connected in Series with said wind 
ing, a second Winding on said relay, tWO recti 
fiers connected in series between said first wind 
ing and said second Winding, and a circuit ex 
tending from ground directly through a con 
den Ser to the junction between said rectifiers, for 
preventing kick-off of said relay due to line surges 
On telegraph signal reversals. 

2. In a telegraph system, a telegraph signal 
receiving relay at a first station, a first Winding 
om said relay, a telegraph line connected in series 
With said Winding, means at said first station 
for transmitting polar signals through said wind 
ing Over Said line to a distant station, a second 
winding on said relay, a condenser having a 
first terminal connected directly to ground, a first 
rectifier connected from a terminal on said first 
Winding to a second terminal on said condenser, 
a second rectifier Connected from said second 
terminal to a terminal on said second winding, 
means for charging said condenser with current 
of a first polarity through said second rectifier 
during the marking interval, means for passing 
Current of a second polarity through said recti 
fiers in series, and simultaneously charging said 
Condenser With current of said second polarity 
during the Spacing interval, and means for dis 
charging said condenser through said second 
Winding at the beginning of the succeeding mark 
ing interval to prevent kick-off of said relay 
due to the discharge of said line through said 
first Winding. 

3. In a telegraph System, a telegraph line, a 
telegraph signal receiving relay, a line winding 
connected in series with said line and an anti 
kick-off Winding both on said relay, two recti 
fiers and a condenser connected to said Windings, 
means connected to said relay for charging said 
condenser with current of a particular polarity 
and to a potential substantially equal to the sig 
naling potential for a particular signaling con 
dition at a first time, and means for discharging 
said condenser through said antikick-off wind 
ing to a source of potential of opposite polarity 
and of higher value than said signaling potential 
at a second time to prevent the kick-off of said 
relay due to the discharge of said line through 
said line Winding. 

4. In a telegraph system, a telegraph line, a 
telegraph signal receiving relay at a first station, 
an operating Winding on said relay in series 
with said line, an antikick-off winding on said 
relay, a first and a second rectifier connected in 
Series between said Windings, a condenser hav 
ing a first terminal connected to the junction 
between said rectifiers and a Second terminal 
connected directly to ground, means at said sta 
tion for impressing potential of a first polarity 
and of A Volts magnitude on said line for a first 
signaling interval, means at Said station for im 
pressing potential of a second polarity, different 
from said first polarity, and of A volts magnitude 
on said line for a second signaling interval, means 
for charging said condenser through said anti 
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kick-off winding and said second rectifier from 
a source of potential of said first polarity and 
of greater than A volts in magnitude during said 
first signaling interval, means for charging said 
condenser through said first rectifier with said 
potential of said second polarity and of A volts 
rinagnitude during said second signaling interval, 
and means for discharging said condenser 
through said antikick-off winding to, said source 
of potential of said first polarity and of greater 
than A volts in magnitude, immediately after a 
transition from said second to said first signal 
ing condition to prevent kick-off of said relay 
due to a line surge of relatively great magnitude 
through said operating winding. 

5. In a telegraphsystem, atelegraph relay hav 
ing. an operating winding such that when con 
nected in a highly capacitative telegraph line 
causing said relay to be subject to the effect of 
heavy line surges tending to falsely operate said 
relay, comprising an antikick-off circuit con 
nected to said relay, said circuit comprising an 
antikick-off winding, a rectifier and a condenser, 
means for passing a current of relatively large 
magnitude through said antikick-off winding to 
prevent Said false Operation, said means com 
prising, means for charging said condenser dur 
ing a. first signaling condition from a source of 
potential of the same. magnitude and polarity as 
is impressed on said line for said condition and 
comprising. also means for discharging said con 
denser through said antikick-off winding during 
a secondsignaling condition to a source of poten 
tial of opposite polarity from said charging po 
larity and of a magnitude greater than the mag 
nitude used in signaling for any signaling con 
dition. 6. In a telegraph system, a relay having a first 
and a second winding, means for impressing a 
first potential of a first polarity in a first direc 
tion on a telegraph conductor in series with said, 
first winding to charge said conductor at a first 
time, means for discharging said, charge on said, 
conductor through said first winding in a sec 
ond direction at a secondtime, a condenser con 
nected, to said relay, means for charging said 
condenser in a first direction, by means of said, 
first potential, at said first time and means for 
discharging said condenser in a second direction. 
through said second winding to a potential of 
opposite polarity from the polarity of said first 
potential, and of greater magnitude than the 
magnitude of said first potential, at said second 
time. 

7. In a telegraph system, an antikick-off wind 
ing. on a relay, a condenser connected to said, 
winding, means for charging said condenser, from 
a source of electromotive force of a first polarity 
and of a first magnitude at a first time, and means 
for discharging said condenser, through said wind 
ing to a source of electromotive force of polarity 
opposite to said first polarity, and of a potential, 
more than 50 per cent greater, than said first 
magnitude at a second time. 

8. In a telegraph system, an antikick-off wind 
ing on a relay, a condenser connected to said 
winding, means for charging, said condenser, at a. 
first time, means for discharging said condenser. 
through said winding at a seconditime and poten 
tial means connected to said, condenser and said winding for increasing the effect of said dis 
charge at said second time. 

9. In a telegraph system, a universal telegraph. 
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repeater, means therein for operating said re 
peater as the polar sending end of a type B. polar 
ential channel at a first time, means therein for 
operating said repeater as the differential send 
ing end of a type B polarential channel at a sec 
ond time, first manually operable switching 
means in said repeater for rapidly adapting said 
repeater for operation under one or the other of 
the foregoing conditions at said times and other 
manually operable switching means for rapidly 
adjusting the line current to desired value at the 
start of operation, all of said means cooperating 
to facilitate the establishing of telegraph opera 
tion between two of said repeaters in a minimum 
of time. 

10. A System in accordance with claim 9, in 
cluding also antikick-off circuits for a telegraph 
receiving relay, and means in said circuits, re 
sponsive to the operation of said first switching 
means, for adapting said circuits for operation 
with said repeater arranged either as a polar 
Sending or differential sending terminal. 

11. A. System in accordance with claim 9. hav 
ing also a first antikick-off circuit including 
means for preventing kick-off when said repeater 
is arranged as a polar sending station, a second 
antikick-off circuit different from said first anti 
kick-off circuit including means for preventing 
kick-off When said repeateris arranged as a dif 
ferential Sending station and means responsive 
to the operation of said first switching means. 
for arranging, said antikick-off circuits for oper 
ation. When said, repeater is arranged for one or 
the other type of sending. 

12, In, a telegraph system, a telegraph relay 
having a winding in series with a telegraph line, 
Said relay being subject to false operation due to 
discharge of Said line through said winding, an 
antikick-off circuit, connected to said relay com 
prising, a condenser and a rectifier, and means: 
for impressing a potential on said circuit sub 
stantially equal to twice the maximum potential 
employed insignaling over said, line. 

13. In a telegraph. System, a telegraph relay, 
having. a winding, in series with a telegraph line, 
Said relay being Subject to false operation due to, 
discharge of Said line through said, winding, 
means for connecting ground to a first end of said: 
line for a first telegraph signaling condition, 
means for connecting. a source of potential of. A 
volts in magnitude to said, first end of said, line 
for a second telegraph signaling condition, a cir 
cuit connected to said relay to prevent said false. 
operation, and means for impressing a potential 
Substantially equal to 2A volts in magnitude on 
Said circuit to prevent said false operation. 

14. In a telegraph system, a telegraph line, a 
differential sending termination of a type B po 
larential, telegraph channel connected to said, 
line, an antikick-off. circuit, in said termination. 
and means for impressing a potential on said cir 
cuit Substantially equal to twice the potential 
applied, to said circuit at said: termination for 
the Spacing condition to prevent, kick-off of the 
receiving relay in said termination. 

15. In a telegraph. System, a telegraph line, a 
polar sending termination of a type B polarential 
telegraph channel connected to said line, an anti, 
kick-off circuit in said termination, and means. 
for impressing a potential on said circuit greater. 
than the Sum of the potentials applied to said: 
line at said termination, for the marking and . 
spacing signaling conditions... to prevent.kick-off. 
of the receiving relay in said termination, 
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16. In a telegraph system, a pair of telegraph 
channels, a two-path polar termination con 
nected to said channels at a repeater station, a 
receiving relay and a sending relay in Said termi 
nation, a holding circuit connected to said receiv 
ing relay, a rectifier in said holding circuit poled 
to pass current of the same polarity as that of the 
spacing signal current transmitted from said sta 
tion, and means for transmitting current of said 
polarity through said circuit When a Spacing Sig 
nal is transmitted from said station to hold Said 
receiving relay in the marking condition. 

17. In a telegraph system, a telegraph repeater, 
a receiving relay and a Sending relay in Said re 
peater, an operating winding, a biasing winding 
and a holding winding on Said Sending relay, and 
means for energizing said holding Winding 
through a spacing contact on Said receiving relay. 

18. In a telegraph System, a telegraph line con 
nected to a first telegraph repeater, a telegraph 
signal transmission circuit connected to the local 
side of said repeater, said circuit comprising two 
conductors arranged to form a loop in Said first 
repeater, a Second repeater, Said two conductors 
extending into said second repeater, means for 
closing said loop for the marking condition, means 
for opening said loop in response to the reception 
of a Spacing signal from Said line by Said first re 
peater, and means for establishing a holding cir 
cuit for a transmitting relay in said first repeater, 
said circuit extending through one of Said con 
ductors from a Source of potential in said Second 
repeater, in response to the reception of said spac 
ing Signal. 

19. In a telegraph system, a first and a second 
telegraph repeater interconnected through local 
connections to form an intermediate repeater, a 
receiving relay in each repeater, a loop path ex 
tending from a contact on one of said relays di 
rectly to a contact on another of Said relays and 
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then through a winding of a transmitting relay in 
each of Said interconnected repeaters, when said 
interconnected repeaters are in one signaling con 
dition, means for opening said loop path at one or 
the other of said contacts when said intercon 
nected repeaters are in a second signaling condi 
tion, and means for establishing a holding circuit 
for the sending relay in the repeater in which said 
Contact is opened, said path extending through 
one of the conductors of said opened loop path. 

20. In a telegraph System, a telegraph repeater, 
a magnetic telegraph receiving relay in said re 
peater, a line Winding on said relay, means in said 
repeater for arranging said repeater for a, plu 
rality of different forms of telegraph signal trans 
mission to meet a plurality of different conditions 
at different times, an antikick-off circuit compris 
ing lumped capacitance and a plurality of uni 
directional resistance controls for said capaci 
tance connected to said winding in said repeater, 
a manually operable Switch in Said repeater con 
nected to said capacitance and said controls, said 
Switch arranged to change the interconnections 
betweeen said capacitance, said controls, and said 
Winding, SO as to adjust said antikick-off circuit 
differently for Service when said repeater is ar 
ranged for said different forms of telegraph trans 
mission. 

RICHARD B. HEARN. 
CARLETON B. SUTLIFF. 
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