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»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 g wide variety of condi-
tions such as. may be encountered in military serv-
Adce.

An object of this invention is the improvement
-of telegraph repeater systems. 'A more particular
-object of tha invention is-the provision of a re-
‘peater.which is adaptable to a wide variety of
service conditions with g minimum of adjustment.
=Another object of the invention is the provision
of g repeater which will function on a longer span
:or on a line of higher capacity than any hereto-
fore” devised without “kick off” of the repeater
relay.

:Therepeater herein is designed to be controlled
by manusally operable switches on its line side and
‘on its local side so that it can be instantly con-
“nected to funection in a number of different man-

ners and with g 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
<@ repeater as is disclosed in R. B. Hearn, C. B.
“Suthiff Patent 2,422,677, issued June 24, 1947.

When two repeaters such as are disclesed herein
are connected together back to back and operat-
‘ing over simplexed field wire, the system will pro-~
‘vide satisfactory service over two forty-mile spans.

‘The repeater herein is arranged to perform the
‘following Tunctions.

"1 It will operate ‘as a type B.polar sending
polarential repeater to a simplexed field wire line

or to a2 composited open wire line;

2. Tt will operate as a type B polar receiving
repeater on simplexed -field wire lines or com-
posited open wire lines;

-3. It will operate as a two-path polar repeater
on’ field telegraph -cireuits:

+45 It may: be terminated directly in a printer;

¢ B.. It may be terminated in a switchboard;

6. It may be terminated in a earrier terminal;

1 Two repeaters: such as are disclosed herein
‘may-be directly interconnected for operation as
g/ 'through type repeater with provision for con-
“pecting to a printer at the through point:

‘8." Il»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,

1945, Serial Ne. 603,208

(CL 178—"10)

l

16

20

26

30

-85

-40

-45

50

55

2

(GENERAL PRELIMINARY DESCRIPTION

The repeater herein is designated to facilitate
rapid installation and line up for service. 'This
iz especially desirable when the repeater.is. used
for military 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-
justment.

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 Pig. 2 thereof and the assooi-
ated.description;. also in.Smith Patent 2, 136,984,
November 15, 1938. Two-path polar operation
may be understood: from- a reference to. Patent
2,211,176, F. J. Singer,-August 13, 1946; 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 uséd hereinafter as signifying “type
B polarential.”

When the repeater herein is arranged fortype
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 cpposite direction is differential. . 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 ‘magnitude but: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.
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FEATURES 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 fo 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
follows:

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
repester, 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 volts 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 externzal 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-
justment.

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 oif arrangements are
intended to function. The anfi-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 embhodiment of the invention, in
which:

Fig. 1 is the left-hand portion and Fig. 2 the
right-hand portion of a ecircuit schematic show-
ing the combined repeater of the invention, which
combined repeater can be controlled through the
operation of the line switch o 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-arrangements-of “internal:con-
‘néctions of the localside of the repeater to:oper-
‘ate-with -eight’different éxternal facilities, a‘,ll‘_ ~of
“which -optional ‘afrangements -are separately

“shown on-other drawing figures' herein for. con- :

‘venience; o

Fig. 3 is a simplified- circuit schen}atlc: show-
ing: theline-side of ‘the repeater per Figs. Iand 2
‘operating pdlarential, ‘poiar sending;

“Pig. -4 -isi-a~simplifisd - schematic Showing “the

“line-side -of the repeater per Figs.:1 arid 2 oper-
‘ating type B-polarential,‘differential sending;

L Fig." 5 -is ‘o simplified - schematic showing the
‘line side:of the repeater per-Pigs. 1 and*2 operat-
ing two-path polar;

“Hig A is e --simplified -schematic: showing the

‘repeater-and power circuit-with the line side of
the repeater-per ‘Figs. 1:and 2 arranged for po-
“larential,  polar-sending ‘and the local side con-
‘neected to a-printer;

‘Pig. -7 isasimplified schematic:showing the
Jocal side of the repeater per Figs. 1 and 2 operat-
ing with:a printer;

“Fig. 8 “is *a simplified schematic showing' the

‘local-side of the repeater per Figs. I and'2 operat- -

‘ing with a:switchboard;

Pig. ‘9-isa simplified schematic showing the
local'side-of the repeater-per'Figs. 1-and 2 operat-
dhg with g lineunit;

Fig. 10°is-a simplified schematic showing the

slocal side of the repeater per Figs. 1 and 2 operat-
ing-+with- a; printer station; o
~Fig.»11-is" a° simplified schematic-showing’ the

‘local side of the repeater per Figs. 1'and 2 operat- /

“ing with g earrier telegraph terminal;

‘Pig. 12 s-a simplified schematic:‘showing: the

‘Jocal side of -two repeaters per Figs.'1-and 2 ar-
rangéd-to funetion-as an'intermediste repeater

with-a local printer connecteéd at the intermediate

“point;

Pig. 13 is-a:simplified schematic showing- the
repeater' per -Figs.' 1"and -2 cooperating. with-an
electronic: regenerative repeater, the' two- com-~
“bined to serve as-an intermediate repeater;

- Fig. 14 is g simplifid schematic of the manual * "

télegraph set which is part of the repeater per
“Pigo 1
"Fig. 15 is a simplified schematic showing ‘both

ends of:a circuit-arranged for type B polarential
It isused in explaining the type B 7"

‘operation.
‘polarential-operation;

‘Fig. 15A! is. an explanatory diagram showing
the signal“ current received at’ the differential
‘end " from “signals transmitted’ from the polar

“transmitting end 6f a type B polarential circuit;

" Fig, 15B is an explanatory diagram showing the
-signal current received at the polar-end from sig-
nals: transmitted ' from the ‘differential sending
‘gnd of g type B polarential circuit;

UFig.'16 is a:simplifier schematic showing the”

‘two channels of a circuit arranged for two~-path
“polar operation;
‘Fig/ 16A is an explanatory diagram showing the

“signal current received at one terminal of & two- R

“path polar circuit; and
"Fig: 16Bis an explanatory diagram showing the
signal ‘current receiveéd at the second terminal
of a two-path polar circuit.
"Refer.now to the drawings Figs. 1 and 2.
"Before proceeding with a. detailed deseription
of the operation.of.the cirenit certain prelimi-
nary: matters will: first .be described.
fConductorsAextendir;g to the right-hand:margin

of Fig. 1 connect to conductors in-corresponding

o0

o §

=

6

‘positions’ extending to'the lefthand: margin <of
TRig.i2,

‘At therupper left «0f: the drawing, Fig./1,two
lines," ! :and- 2, are-shown-coanected 1o two: ter-
minals, 3 andif, respectively. “Line f: is used: for
condition “for:polar sending ‘or :polar’ receiving
‘polarential operation. “Line § is usediglso as-the

-sending line in two-path polar operation. "Tine 2

is used ‘only:in"two-path ‘polaroperation «aiid

‘serves as the receiving line in such operation.

‘Terralnais 8, 8 -znd’ 9, vespectively, 4t the

“lower -right of . Fig. ‘2,  are:used in:establishing

connections :on the local side-of the repeater.
" The various line'and-local options are-obtainéd
by manuslly adjusting’ line switéh t11- arid:local

-switch: 45, “The ‘manually operable line: switeh: 1 {

comprises four separate ‘unit switches 12,713,:14

‘and' 5. "The manually operable’local switch* 15

comprises ‘four separate unit switches:186," 7,18
and 19. Switches {1 and! % are:shown in their
‘first-positions “which are ‘the' extreme clockwise
positions for each switch. “"Whan: eithey theiline
switeh it or-the local switch: 15'is actuated,-all

o5 of ‘the unit-switches associated: with the partic-

ular switch ‘are operated in unison as: éach ‘unit

“switch is rigidly attached: to' the same single ro-

tatable shaft on: the particular switch. ' That is

‘to'say, when switch! | is operated, for instance,
“by-turning ‘its rotatable shaft in-a counter-clock-
-wise direction, as indicated by-the arrows, each
-of: units 12,° {3, 14 and’ I5 is-actuated: counter-

clockwise in unison. - Arranged: aBout: the par-

“ticular switch -units -at points:in' the circumfer-
5 ence:of circles concentric with the rotatable shatt

are twelve: studs, extending:radially: from eaéh
of which is a contact. - Certain -of these contacts
will engage certain arcuate segments of the switch
in-each of the segment’s pessible positions. : Cer-

ttain other contacts will engagse the arcuate: seg-

ments only in:a particular:position. “Réference
fo switch'unit 12 will illustrate the genersl man-
ner of operation for a1l switch-units. ‘Svwiteh ‘unit

*12-has three arcuate segments 20, 21 and 22. “Each

of ‘the arcuate:segmehts'has-a ‘projection’ such

-as 37, “In the position shown, which is the first

position for the switch, a contatt:connected to stud

“i-of the twelve switch 5buds associatéd with ‘unit

switch 12, engages projection 37 and a cireuit is
established’ through' segment’ 20° to' ‘the 'contact
associated ‘with stud- 4. 'In the description:to

‘follow’ the contact associated -with each -of ‘the
“twelve: studs associated with a particilar switeh
“unit will be‘designatéd by the nurhber-of the stud.
"For the first position of switch unit" 2, its‘con-

tact:8- will engage projection™28-and a circuit
is established from contact 5 thiough: segment

‘21 to contact 8. - Similarly another circuit is estab-
‘lished from contact 9 through projections 39 and
-segment 22 to contact 12. “Three corresponiding

circuits -are established simultaneously through

‘the: corresponding circuits ~of veach -6f + switch
units’ 13,14 and §5. "When: switch 1 §-is rotated

counter-clockwise to the secorid-of iis three posi-
tions each’one -of the nine. projections-on’the
fiine arcuate segments: of the three switsh: uinits
will‘disengage from the contact with which it 'is

~shown!in-engagement on the:drawing: and: wiil
‘engage-with the next higher numbered-contact
“in-each instance. :Thus ‘projections’ 37,738 and

3% will: disengage: from- contachs 1,35 :and= 9 re-
spectively, and will engage contacts 2, & and {9
respectively. Contacts 4, & and 12 respectively,

“however, will remain ‘ih engagément with “seg~
“ments<20,72{ and 22 respectively. Underthis
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condition contacts 2, 6 and {8 will be connected
through segments 20, 2f and 22 respectively, to
contacts 4, 8 and 12 respectively. No connections
are made to certain switch unit studs, as to studs
2, 3 and 4 for'instance, of switch unit 15. 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 16 to 19 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 42 of switch unit {8. From the wir-
ing of the studs associated with switch unit i9,
it should be apparent that no circuit is established
through segment 42 until switch unit 19 of local
switch 15 has been rotated counter-clockwise into
jts fifth or final position, at which time projec-
tion 59 will engage its contact ! to provide a
circuit through segment 42 to contact 12.

Before proceeding with the detailed descrip-
tion of the circuit the operation ¢f the line cur-
rent coarse adjustment switch 60 will be ex-
plained. Line current coarse adjustment switch
60 has only one switch unit. The one switch
unit has two arcuate segments 6f and 62. Seg-
ment 61 has a projection 3. Segment 62 has a
projection 84 which subtends a larger angle
than the normal projection such as projection
3. 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 drawing, 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 61 and 62 respec-
tively, when switch 68 is rotated counter-clock-
wise into all of the succeeding switch positions.

When switch 88 is actuated counter-clockwise
to position 2, a circuit will be established from
contact 7 through projection 83 and segment 64
to contact 6. Since no conductor is connected
to stud 2 no operating circuit will be established
from contact | through segment 82 from contact
2. When switch 60 is actuated to position 3 a
circuit is established from contact & through pro-
jection 63, segment 61 and contact 6. Another
circuit is established from contact { through seg-
ment 84 to contact 3. When switch 6§ is actu-
ated clockwise to its fourth position a circuit
is extended from contact 9 through projection
83 and segment 81 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 68, 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 68 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 75 and 18
by means of a sliding arm 77. Swifch 78 is also
manually adjustable. The manner in which
switches {1, 15, 60 and 78 function in the circuit
will become clear from the description hereinaiter.

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. Voltage from the power
service is impressed across conductors 212 and
213 through filter 2866 comprising series induct-
ance and shunt capacitance. The condensers 209
and 210 are connected across conductors 22 and
213. The inner plates of the condensers are con-
nected together and to ground 289. Inductance
287 is connected in series with conductor 22 and
a corresponding inductance 288 is connected in
series with conductor 2{3. One side of the power
supply circuit may be traced from conductor 212
through inductance 287, contact {59 of switch
§54 and conductor {68 which connects to the bot-
tom terminal of the autotransformer [65. The
opposite side of the power supply circuit extends
from conductor 212, through inductance 288, con-
tact 187 of switch 154 to conductor (78 which con-
nects to the right-hand or fixed terminal of switch
168. The left-hand terminal of switch (68 is
shown connected to stud {67 which connects to
the lower of the two alternate input terminals of
autotransformer 165. Switch {68 is set in this
position when power is supplied from a 115-volt
alternating current supply. When 230-volt al-
ternating current is impressed across conductors
212 and 213, switch {88 is operated to engage ter-
minal 168 which connects to the upper of the
two alternate input terminals on autotransformer
i58. Various terminals on the oufput side of
autotransformer {65 are connected by means of
taps to various studs arranged in a semicircle on
switch §7{ which studs are arranged to be en-
gaged by rotatable switch arm (72, From the
center point of switch 172 the circuit extends
through fuse (73, upper terminal of the primary
winding {76 of transformer {74 through the pri-
mary winding #76 to the bottom terminal of auto-
transformer {85. The secondary 175 of trans-
former 174 has various terminals connected by
means of taps to various studs arranged in a semi-
circle on switch {82. The studs are engaged by
rotatable arm {83 which connects to the left-
hand terminal of the full wave rectifier 177. The
rectifying units in the rectifier may, for instance,
be copper oxide or other units. Rectifier 177 is
composed of four arms each having individual
rectifier units 178, 179, 180 and 18!. The lower
terminal of the secondary {75 connects to the
right-hand terminal of rectifier 177. The top
terminal of rectifier 177 is connected through in-
ductance {84, conductor 188, contact 161 of switch
154 through fuse 152 to conductor 158, The bot-
tom terminal of rectifier 177 is connected through
conducior §89, contact 153 of switch 154 and fuse
153 to conductor (51. Condensers i85 and 86
are bridged across conductors 188 and 189 to pro-
vide a filtering action which reduces the ripple.
Resistance 187 serves as an artificial load and as-
sists in voltage regulstion. The polarity of the
cireuit is fixed so that negative battery is sup-
plied to the various apparatus units in the re-
peater circuit from conductor 159 and positive
battery is supplied from conductor i5i. Switches
{71 and #82 provide means for regulating the volt-
age impressed on the output of the power circuit.
Switeh 171 adjusts in fine steps and switch 182
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 212 through inductance 287, conductor
180 and through inductance 183 of filter {92 to
one terminal of the motor. The opposite side of
this path may be traced from conductor 213
through induciance 283, contact 57 of switch
154, switch arm (88, stud {57, contact 155 of
switch 154, conductor 191 and inductance 194 of
filter 182 to the printer motor. When the power
service is supplied from a 230-volt alternating
current source and switch arm of switch {88 en-
gages stud (63, the path extends through the
upper of the two input terminals of autotrans-
former 168 through the lower turns of the trans-
former to the lower of the two input terminals of
autotransformer {68 to stud 167. From this point
the circuit follows a path heretofore traced.

When the power service is direet current,
switch 184 is operated to its alternate position.
For this condition the 115-volt direct current sup-
ply is connected directly to conductors 158 and
£51 in the following manner: From conductor
212 through inductance 287 through contacts 168
and 162 of switch 154 in series and fuse {52 to
conductor {58. The other side of this circuit may
be traced from conductor 243 through inductance
208, contacts (58 and 164 of switch §54 in series
and through fuse 153 to conductor 5f{. Under
this condition 115-volt direct current is supplied to
the printer motor over a circuit which extends
from conductor 22 through inductance 287, con-
ductor 188 and inductance 133 to one side of the
motor. The opposite side of the motor is sup-
plied from conductor 2{28 through inductance
288, contact 158 of switch {54, conductor 18] and
inductance 194.

Fig. 6 shows the manner in which power from
an alternating current source is furnished to a
teletypewriter motor as well as to a repeater ar-
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
repeater and of the repeater will be deascribed in
detall 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
branchies 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 LINE 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
bolarential, 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 2 in the upper left-hand corner of the
drawing, is uised 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 1
and 15 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 68 of filter 65 and conductor 108
which connects to terminal | of unit 12 of switch '
fi. Terminal it 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 ecircuits 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 I is closed. This circuit
may be traced from terminal 3 through line I,
inductance 67, inductance 7i, conductor {02,
variable resistance 79, resistance 85, conductor
110, variable resistance 18, switch arm 711, con-
ductor 105, contact 9 of unit {2, projection 39,
segment 22, contact 12, conductor 222, winding
92q of the receiving polar relay 92, conductor
220, contact 4 of unit 12, segment 20, projection
31, contact I, conductor 199, conductor 280, con-
ductor 227 which extends into Fig. 2, and con-

.ductor 331 which connects to the armature of -

sending polar relay 276. A first branch extends
from line 1, through the protector blocks to
ground. A second branch extends from line |
through filter condenser ‘69 to ground 10. A -
third branch extends through resistance 12 and
condenser T3 to terminal | of switch 60 and to
the top terminal of variable resistance 78 in
parallel by way of conductor {04, A fourth
branch extends through condenser 74 which may
be cut into the circuit when switeh 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
19A, T9B and 79C are short-circuited. Milliam-~
meter 214 is connected across resistance 85 over
a circuit which may be traced from the top
terminal of resistance 85, conductor 112, resist-
ance 83, contact 88 of key 86, milliammeter 214,
contact 89 of key 8§ and conductor ${3 to the
bottom terminal of resistance 85. Another
branch circuit extends from conductor 200,
rectifier 88, rectifier 95, winding 92¢ of relay 92,
conductor 128, contact 8 of switch unit {5, seg-
ment 30, projection 50, contact 5, conductor 22,
resistance 120, conductor {21, conductor 136 and'’
conductor 216 which connects to negative battery
supplied through conductor {56. From the junc-
tion between rectifiers 95 and 96 a circuit may
be traced through condenser 97, conductor {42,
conductor {45, contact 5 of unit 14, projection
41, segment 21, contact 8 and conductor 215 which
connects to ground. A circéuit may be traced
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through. the. biasing winding 92b of relay 92.

which extends from negative battery supplied
through. conductor 158, conductor 218, con-
ductor. 133, contact 8 of unit 13, segment 24, pro-
jection 44, contact 5, resistance 134, conductor
129, resistance 125, conductor 225, winding 920
of, relay 92, conductor {30, contact & of switch
umt f4, segment 26, pro;lecmon 46, contact f,
conductor 123, conductor (15 and conductor 154
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- 21, projection 38, contact §, conductor
116 and resistance {19 to the left-hand terminal
of resistance 120. Still another branch path may
be. traced from terminal § of unit {2 through
resistance .02, terminal 9 of unit {3, projection
45, segment 25, contact 12, conductor 282, which
extends into Fig. 2, to conductors 335 and 333 in
parallel. Contact 335 connects to open spacing
contact. 217 of relay 276 and conductor 333,
connects. to closed marking contact 274 of relay
215. The armature of relay 275 is connected
over a.path through conductor {44, which ex-
tends into Fig. 1, contact 12 of unit i§, segment
31, projection 51 and contact 8 to ground. Posi-
tive battery is connected to contact 274 of relay
215 and to contact 277 of relay 276. 'The circuit
may. be traced from positive battery in Fig. 1
through conductor 15f. which extends into Fig.
2, conductor 256, resistance 365 and conductors
333. -and 335.in parallel to contacts 274 and 217.

Negatlve battery: is connected .to contact 213 of

relay 275 and to contact 278 of relay 218. The
circuit- extends from conductor 150 in Fig. 1,
through conductor 217 which extends into Fig. 2,
conductor- 257 and conductor 374, to termmal
213 of relay 2715:and to contact 278 of relay 276.
Contact 213 ‘of relay 275 and contact 278 of relay

276, 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 218, through conductor 375 through
resistance 272, conductor 294 which extends into
Fig. 1, contact 8.of unit I3, projection 45, seg-
ment. 25, contact. 12 and conductor 202, which
extends into Fig, 2, where it connects to contacts
214 .and 277 through conductors 335 and 333.

It is partwularly pointed out that in a number
of: the local option arrangements to be described
herelna,fter the line side. of the repeater will be
as_sum_ed to.be in the condition traced under.this
heading and the battery connections to. the con~
tacts of relays 2715 and 276 will be the same as
traced herein. This. is the condition which oh-
tains when the line switch is.in position-1 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 cireuit 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,

CircUlT FOR LINE SIDE OF REPEATER OPERATING
POLARENTIAL, DIFFERENTIAL SENDING

'The circuit for the line side ¢f the repeater op-
erating polarential, differential sending, will now

be-traced. Comparison may be made with: the.
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circuit pet Fig. 4 which is-functionally identical.

Por this condition line { is used and line. 2 is:
not used. The line switch {{- is operated. to its
second position. In this position; as may be un-
derstood from the foregoing, each of ths 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 numbered contact in each inssance..
Local switch 15 will be assumed to remain in its
first position as shown on the drawing.

Refer now to Figs. 1 and 2. A circuit may be
traced from terminal 8 through line {, inductance
87, induetance 71{, conductor 182, conductor 187,
projection 3%,
segment 22, contact {2, conductor 222, relay-
winding 92a, conductor 228, terminal 4 of switch
unit {2, segment 29, projection {, contact.2, con-~
ductor {88, conductor 288, conducior 227, which
extends into Fig. 2, and conductor 23! which con-
nects to the armature of relay 278. From this
circuit just traced, branchss exitend through the:
protector bilocks and through condenser. 8% to-
ground in each instance. A circuit may be traced-
from conductor 208 through rectifiers 96 .and 95
in series, relay winding 82c, conductor {28, con-
tact 8 of switch unit 15, segment &8, projection
50, contact & and conductor {27 which reconnects-
also to conductor 206. From conductor 1§9.a:
circuit may also be traced through conductor:223;
contact § of switeh unit 12, segment 21, projection
88, contact §, conductor 224, conductor- 225, relay
winding 825, conductor {39, contact 4 of switch
unit 14, segment 29, projection 46; contact 2-and-
conductor 143 which connects to the junction be-
tween the top terminal of rectifier 85 and the
right~-hand terminal of relay winding §2¢. A
branch may also be traced from the junetion be-
tween rectifiers 85 and 93 through condenser
817, conductor 142, conductor {46, resistance {471;
contact {8 of unit 5, projection §i, segment 34;
contact {2 and conductor {44, which extends into
ig. 2 and connects to the armature of relay 275..

Positive battery is connected to terminal 274 of:
relay 2715 and terminal 277 of relay 276: The-
circuit may be traced through conductors 333.
and 333 in parallel to conductor 282 which ex-
tends into Fig. 1, through contact {2 of unit {3,
segment 28, projection 45, contact {8, conductor
15 and conductor 151 to positive battery. Con-
tact 272 of relay 215 and contact 278 of relay 2%¥5.
are connected in parallel and through conductors:
875, 287 and 2117, which extends into Fig. 1, to..
conductor 1590 which connects to negative bat-
tery. For this condition, however, ground: is-
connected to this side of the power supply circuit
over g path which may be traced from conductor.-
158 through conductor 2{8 in Pig. 1, conductox:
183, contact 8 of unit 18, segment 24; projection..
44 and contact § and ground.

CIRCUIT FOR LINE SIDE OF REPEATER OPERATING
Two-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. b which is functionally the same. .

For this condition, lines | and 2 are both used.
The line switch (1 is operated to its third position,
Local switch 8-remains- in its first position-as:
shown on the drawing. A cireuit may be traced*
from terminal 3 through line |, inductance 87,
inductance Ti, conductor 192, conductor: 107}
variable .resistances 79a, T8b-and:-19¢, resistance-
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85, conductor {10, variable resistance 78, sliding
arm 711, conductor 1085, contact T of unit {2, pro-
jection 38, segment 2f, contact 8, conductor 223,
conductor 289, conductor 221, which extends into
Fig. 2, and conductor 3231 which connects to the
armature of relay 276. Branches extend from
this path through the protector blocks and con-
denser 69 to ground as heretofore traced.
Branches also extend through resistance 72 and
condenser 13 in series and through condenser 74,
shunting resistances 79, 85 and 78 as indicated
in Pig. 5. Milliammeter 214 is connected across
resistance 88. These paths have heretofore been
traced. A circuit may also be traced from ter-
minal 4 through line 2, inductance 85, conductor
108, contact {1 of unit 12, projection 39, seg-
ment 22, contact {2, conductor 222, relay wind-
ing 92a, conductor 228, contact 4 of umnit 12,
segment 208, projection 37 and contact 3 to ground
91. A branch may also be traced from conductor
208 through rectifiers 96 and 95 in series, relay
winding 92¢, conductor {28, contact 8 of unit 5,
segment 30, projection 58, contact 7, conductor
139, conductor {32, resistance 138, contact 7 of
unit 13, projection 44, segment 24, contact 8,
conductor {33 and conductor 216 to conductor
190 which connects to negative battery. Another
branch of the circuit may be traced from the
junction between conductors 133 and 216 through
conductor {21, resistances 128 and {i9, conductor
116, resistance 182, contact 11 of unit {3, pro-
jection 48, segment 25, contact 12 and conductor
202, which extend into Fig. 2, to conductors 333
and 335 in parallel which connect to contact 274
of relay 215, and contact 277 of relay 276, re-

spectively. Contact 274 of relay 2715 and con-:

tact 277 of relay 276 connect through conductors
333 and 335 in parallel through resistance 365
and conductor 256 to conductor (%1 which con-
nects to positive battery. Contact 273 of relay
215 and contact 278 of relay 276 are intercon-
nected by conductor 373 which connects through
315 to conductor 374 and through conductors 257
and 217 to conductor 158 which connects to nega-
tive battery. A circuit may also be traced from
contact 218 of relay 276 and contact 218 of relay
275 which are interconnected through conductors
373, 375 through resistance 272, conductor 224,
which extends into Fig. 1, contact (! of switch
unit {3, projection 45, segment 25, contact 12,
conductor 202, which extends into Fig. 2, to
conductors 333 and 335 in parallel which conneci
to contact 274 of relay 215 and contact 271 of
relay 218, respectively.

CIRCUIT FOR L.OCAL SIDE OF REPEATER OPERATING
: ‘WITH PRINTER

The circuit for the local side of the repeater
operating with g printer will now be ftraced.
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 1! 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 (i and 5 will,
therefore, be in the conditions shown on the
drawing.

Line { 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 215 and 276 are the

10

20

25

30

35

40

50

60

70

75

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, 8 and 10 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 181, conductor 246, conductor
248, conductor 258, conductor 251, projection 57,
segment 48, contact {2, conductor 259, resistance
342, which is shunted by condenser 343, in-
ductance 307, sleeve 382 of the receiving magnet
jack, sleeve of the receiving magnet plug, winding
of the receiving magnet, tip of the receiving
magnet plug, tip 883 of the receiving magnet jack,
conductor 344, conductor 345, sleeve 290 of the
printer transmitter jack, sleeve of the printer
trensmitter plug, printer transmitting contacts,
tip of printer transmitting plug, tip 281 of printer
transmitter jack, inductance 294, conductor 330,
conductor 327, conductor 328, projection 53 of
unit 18, segment 38, contact 12, conductor 201,
which extends into Fig. 1, marking contact 94
and armature of receiving relay 92, conductor
88, conductor 2£6 which extends into Fig. 2,
contact § of unit 18, segment 32, projection 52,
contact i, conductor 358, conductor 354, con-
ductor 257, conductor 2i7 which extends into
Fig. 1, and conductor {58 which connects to
negative battery. From the sleeve of jack 289
a circuit also extends through inductance 295,
conductor 348, conductor 834, conductor 350,
contact § of unit {7, projection 54, segment 34,
contact 8, conductor 352, relay winding 276a,
conductor 3§56, relay winding 275¢, conductor
324, contact 8§ of unit 19, seement 41, projection
58, contact | and resistance 248 which joins con-
ductor 248 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 278c¢, conductor 358, relay
winding 275¢, conductor 258, contact 6 of unit
18, segment 38, projection 56, contact i, re-
sistance 233, resistance 234, resistance 235, con-
ductor 242, conductor 2{7, which extends into Fig.
1, and conductor {59 to negative battery.

A circuit may alsc be traced from open space
contact 83 of relay 92 in Fig. 1 through resistance
128, conductor 31, conductor 283, which extends
into Fig. 2, contact 7 of unit 17, projection 55, seg-
ment 35, contact {2, conductor 35!, relay winding
276D, conductor 357, relay winding 2756 and con-
ductor 341 to conductor 259 which connects over
a path heretofore traced to positive battery,

CiRCUIT FOR LOCAL SIDE OF 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
more 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 { is used and line 2 is not used.
Line switch {{ remains in position 1. The local
switch 15 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
indicated in Fig. 8. The connections from ter-
minal 3 for line | are the same as heretofore
traced to the armature of relay 276, The positive
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and negative battery connections to the contacts
of relays 275 and 278 are also the same as here-
tofore traced. Reference to Fig. 8 shows that in
the switchboard a connecticn is made to negative
115-volt: battery from which peint a circuit is
traced through the winding of west relay 881,
make contact of east relay §82, sliding contact of
variable resistance 883, switchboard terminal %4
and - external conductor 895 which extends to
local terminal & as shown in Fig. 2 through in-
ductance 388, conductor 288 and conductor 348 to
the junction between resistance 329 and 246, It
is pointed out that local terminal § and the
switchboard terminal 884 may be separated by a
distance not exceeding five miles. The circuit
which extends through resistance 329 continues
through contact § of unit {8, projection 83, seg-
ment 33, contact 12, conductor 284 which extends
into Fig. 1, marking contact 84 of relay 92, con-
ductor 188, conductor 228, which extends into Fig.
2, contact & of switch unit {8, segment 32, pro-
jection ‘52 and contact 2 to ground. The path
which extends through resistance 3846 continues
through contact 2 of unit 17, projection 54, seg-
ment-34, contact 6, conductor 352, relay winding
276a, conductor 358, relay winding 275q, con-
ductor 324, contact § of unit {9, segment &f, pro-
jection 58, contact 2 and conductor {41, which ex-
tends into Fig. 1 and connects to the junction be-
tween contact 94 of relay 32 and conductor 29i.
A-circuit may also e traced from the open con-
tact 93 of relay 82 through resistance {28, con-
ductor 131, conductor 1i8, contact 1 of unit 18,
projection 48, segment 23, contact 4, conductor

117, which extends into Fig. 2, contact 8 of unit 33

I8, projection 51, segment 49, contact 12, con~-
ductor 259, conductor 234i, relay winding 2735,
conductor 357, reiay winding 276b, conductor 381,
contact 12 of unit {7, segment 35, projection 55,
contact 8, conductor 295, which extends into Fig.
1, contact 12 of unit {4, segment 28, projection
48, contact 8, conductor 2{6 and conductor 5§ to
negative battery.

For this option a biasing circuit is also estab-

lished which extends through biasing winding

215¢ and 278¢c. This circuit is the same as was
traced through the same windings for the con-
dition where the local side of the repeater is con-
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 OPZRATING
Wire 1iNg UNIT

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 1.
The local switeh 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 iocal side
of the repeater was connected to a switchboard.
The internal connections of the repeater, there-
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 PFig. 9 to a line unit. The
circuit may be traced from negative 115-volt bat-
tery through transmitting terminals 881, wind-
ing of receiving relay 992, variable resistance 983,
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terminal 884 on the line unit and through ex-
ternal conductor 805 to local terminal:-8 shown
in Fig. 2.

CIrcUiT FOR LocaL SIDE OF REPEATER OPERATING
WirH PRINTER STATION EQUIPPED WITH A LaNg
RELAY ’

The circuit for the local side of the Tepeater
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 §, however, is connected to a
printer station for this condition. A$ the printer
station a vower supply 1512 is connected to g rec-
tifier 181§, From the .negative terminal of the
rectifier a circuit extends through conductor 1042,
conductor 1815, conductor {816, sending printer
contacts {801, top winding of polar receiving relay
{8§2, variabie resistance 1528, through terminal
{028 of the printer station and external conductor
or line 1027 to local terminal 8 of Fig. 2. A-sec-
ond branch extends from negative battery
through conductors {2{4 and 1918, resistance
1689, bottom winding of relay 1602, resistance
i884, conductor 10i8 and conductor 1028 to the
positive terminal of rectifier (041 which is con-
nected to . ground 18i{8. A circuit may also be
traced from the negative terminal of the rectifier
through conductor (615, conductor.t0{1, resist-
ance 1803, armature of relay 1082, contact 1024,
resistanrce (008, resistance 1887, winding of re-
ceiving magnet {918, conductor 1818 and con-
ductor {028 to the positive side of rectifier LGif.
From open contact 1822 of relay (9802 g circuit
may be traced through resistances {886 and. 1888
which connects also through conductor i619:and
conductor 1629 to the grounded positive side of

40 rectifier 9104,
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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 g carrier telegraph terminal will
now be traced. Comparison may be made with
the cireuit 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 i{i5 and

{114 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 carrier teiegraph terminal manu-
factured by the Western Electric: Company, In-
corporated. It is described in the “Bell Labora~
tories Record” for May 1944, volume XXII, 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 {187 and 105 respectively. of Fig. 11
herein. The loop is modified as shown in Fig. 11
herein.

Refer now to Fig. 11. A circuit may be traced
from positive battery 110! at the telegraph car-
rier terminal through contact ! 183 and the arma-~
ture of the receiving relay 1105 through the top
winding of break relay {106 and the top winding
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of sending relay {107 through variable resistance

1108, terminal: 1112 and external conductor: or

line-1 115 to local terminal-8.in Fig. 2. A-branch

of this circuit extends from-a junction between
the armature of the receiving relay and the top
winding of relay 1106 through the bottom wind-

ing of relay 1106, bottom winding of relay 1107

and resistance 1109 to positive battery 1101, Be-

tween the bottom winding of relay 1107 and re=~
sistance {109, 5 variable resistance 1110 is con-
nected to ground. A circuit may. also be traced
from negative battery 1102 through variable re-
sistance 1111, terminal (113 and external con-

ductor or ]me {14 to'local terminal 9 in Fig. 2.

Reference is now made to Fig; 1 and. Pig. 2. From

local terminal 8 g circuit extends. through. in-

ductance 308, conductor. 260, terminal 3 of unit

19, projection- 58, segment 41, terminal 6, con-

ductor 324, relay winding 275a, conductor, 356,

relay winding 216a, terminal 9 of unit 16; projec-

tion 53, segment 33, contact 12, conductor 201,

which extends inte Fig. 1; terminal 94 and arma-

ture of relay 92; conductor. 198, conductor. 226,

which extends into Fig, 2, terminal .6 of unit. (6,

segment: 32; proiection 52; contact. 3; conductor

325, conductor: 26 k. and inductance 313 to fermi-

nal 8 from- which peint the. circuit. was traced

to negative battery £102. at the telegraph.carrier
terminal, A circuit- may also-be. traced. from
the open contact 93 of relay-92 through resistance

126, conductor 283, which extends-into Fig, 2, con-

tact: 9 of unit-11; projeetion: 55, segment 35, con-

tact 12, conductor 354, relay winding. 216b; con-

ductor 357, relay- wmdmv 215b,: conductor, 341,

conductor 259, contact 12 of unit: I8, segment 40,

projection. 51 and. conbact-9 to greund: 'The con-

nection to line I and the:connections. from:posi~
tive and negative-battery:to: the. contacts. of re-
lays 215 and 276 are as-previously described- for

Fig. 3 above.

CIRCUIT FOR THE LOCAL. SipE oF Two REPEATERS
PrOVIDING' INTERMEDIATE OPERATION: WITH A
PrINTER )

The circuit for the. local side.of two repeaters
per. the invention herein. interconnected.td:. pro-
vide. operation at an intermediate point oni 4 line
and having -a. printer connected at the interme-
diate point will now. be: traced. Comparison may
be made with the circuit per Fig. 12 which is
functionally the same . It. will again be dssuried
that the line side of each.of. the two repeaters
is. connected for. polarennal operation. with polar
sending as in Fig. 3 herein.. In. order to arranige
the circuits for this option, if.is necessary to have
two repeaters.such as that of combined Fig, 1 and
Fig. 2 herein, having their local sides intercon-
nected as shown in Fig, 12, The local switch of
the repeater to: which, the printer is connected
must’ be operated to position:. 4 and the Iscal
switch of the second repeaterto which it is inter-
connected must be operated’ to puosition 5. The
local binding posts 8, 9' and: (0" of one' repeater
are’ interconnected’ by means: of' tliree" external

conductors to the local binding posts-§;- 9 and:

respectively, of the: cooperating repeater, The
circuit: corresponding to:the: risht-hand:repeater
shown in Fig. 12 will. first be- traced: irs Figs: 1
and 2. Atftention is'particularly: called:to-the fact
that the:local switch.for this.condition.is in.posi-
tion:5. A. circuit- may be:traced from.terminal
8. through. inductance 308, condictor, 260, con-
ductor. 348, resistances. 346 and. 34T in series; ter-
minal B of unit 1T, projection. 54, segment 34,

termiral. 6, conditctor 352, relay winding 2164,
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conductor. 356, relay winding 275a, conductor 324,
terminal 6 of unit 19, ségmeérnt. 41, projection 58;
contact B, conductor 248, coriductor 250, conduc-
tor 252, conductor 253, contact 11 6f unit 19, pro=
jection 89, segrient 42, contact 12, conductor 255
and inductance 314 to local térininal 18, A cir-
cult may- also be traced from local términal 9
through inductance- 318, conductor 261, ¢onduc-
tor 326; contact i1 of unit i6; projection 53, seg-
ment- 33, confact 12, and conductor 201, which
extends into Fig. 1, contact 94 and armature of
relay 92, conductor 198, condilctor 226, which ex-
tends into. Fig. 2, contact 6 of imit 1§, segment
32, projection 52, confact 8, conductors 353, 354,
conductor 257, conductor 211, which exténds into
Fig. 1, and . conductor.150 to negative battery.
A circuit- may also be fraced from the open con-
tact 93 of relay 92 through resistance 128, con-
ductor 1381, conductor 203, which extends into
Fig. 2, contact I of unit 17, projection 55, seg-
ment 35, contact 2; conductor 351, relay. wind~
ing 216b, conductor 351, relay winding 275b, con-
ductor 341, conductor 259, contact 12 of unit 18,
segment 40 projection 57, contact 11, conductor
253, contact It of unit I8, projection 59 contact
2, conductor 255 and inductance 314 to local
termmal 10, A branch of the circuit last traced
exterds from conductor 253 through conductors
252, 250, 248, 246 and {51 to positive battery. A
circuit may also be traced from negative battery
in Fig. 1 through conductor 150, conductor 217,
which extends into Fig. 2, resistances 235, 234
and 236, contact 5 of unit 18, projection §8, seg-
ment. 36, contact 6, conductor 258, relay winding
275¢, coriductor. 355, reldy winding 216¢, conduc-
tor 266 and conductor {51 which extends to posi-
tive battery in Fig, 1. The connection to line
and- the positive and negative battery connec-
tions to the contacts of relays 275 and 216 are the
samie as previously traced.

Now the circuit for the left-hand repeater of
Fig. 12 will be traced. As explaitied in the fore-
going, a second repeater such as Pig. 1 and Fig. 2
is'required. Since the printer is to be connected
to. the left-hand repeater, the local switch of the
repeater will be operated to position 4. The line
switch, as explained above, is maintained in po-
sition 1.

A’ circuit- may be traced from local terminal 8
tHrough inductance 308, conductor 260, conductor
348 resistance 346 re51stance 341, termmal & of
un‘i‘t 19; projection 58, segment 41, contact 8, con-
ductor 324, relay winding 275a, conductor 358, re-
lay winding 278¢; conductor 852, contact 6 of unit
i1, segment 34, projection 54, contact 4, conductor
350; conductor 334, conductor 240, inductance 295,
sleeve 298 of the printer transmitter jack, sleeve
of the printer transmitter plug, printer trans-
mitting. contacts, tip of printer transmitter plug,
tip 281 of printer transmitter jack, inductance 294,
conductor 330, conductor 327, contact (8 of unit
16, projection 53, segment 33, contact 12, con-
ductor 201, which' extends into Fig. 1, contact 94
and armature of relday 92, conductor 198, con-
ductor 226, which extends: 1nto Pig. 2, contact g of
uriit: {6; segment 32, projection 52, contact 4, con-
ductor 328, conductor 26{ and inductance 3&3‘ to
local: terminal 9.0 A.circuit may also be traced
from: tertninal: 18 through inductance 314, con-
ductor 25%; conductor 254; contact 1§ of unit 18,
vrojection. 57, segment 40, contact i2, conductor
259, resistance 342, -which is shunted by condenser
343, inductance 307, sleeve 302 of the receiving

_magnet jack, sleeve of the receiving magnet plug,

75

winding of receivirig thagnet, tip of receiving mag-
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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 280. A circuit
may also be traced from the open contact 93 of
relay 92 through resistance 126, conductor 13t,
conductor 203, which extends into Fig. 2, contact
{0 of unit {7, projection 55, segment 35, contact
12, conductor 351, relay winding 276b, conductor
351, relay winding 275b and conductor 341 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 10. An-
other circuit may be traced from negative bat-
tery in Fig. 1 through conductors 150 and 21T
which extend into Fig. 2 through resistances 235,
234 and 236 to terminal 4 of unit 18, projection 56,
segment 38, contact 8, conductor 258, relay wind-
ing 2715¢, conductor 355, relay winding 276¢c, con-
ductor 256 and conductor 151 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 isagain
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
10 to relay winding 275« 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 particu-
lar line through variable resistance 1301, the
armature and marking contact of relay (302,
winding of relay 1303 and conductor {304 to the
corresponding line terminal 2 from which point
it is connected by means of conductor 1305 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
1306. Relays 1302 and 1303 of Fig. 13 herein
correspond to relays 13 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 2715
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 cpera-
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 i
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 288 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 301 of manual telegraph key 399, closed con-
tact 292 of the printer transmitter jack, in-
ductance 294, conductor 330, conductor 3217, con-
ductor 328, contact T of unit {6, projection 353,
segment 33, contact 12, conductor 201, which ex-
tends into Fig. 1, contact 94 and armature of relay
92, conductor 198, conductor 226, which extends
into Fig. 2, contact 6 of unit 16, segment 32, pro-
jection 52, contact I, conductor 358, conductor
354, conductor 257, conductor 217, 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

5 jack, resistance 281, variable resistance 289, con-

ductor 36, conductor 3175, which connects in
parallel to open spacing contact 273 of relay
215, and marking contact 218 of relay 216, through
contact 278 and armature of relay 216, conduc-
tor 331, conductor 227, which extends into Fig. 1,
conductor 200, conductor 199, contact 1 of unit
{2, projection 37, segment 20, contact #, con-
ductor 220, relay winding 92a, conductor 222, con-
tact 12 of unit 12, segment 22, projection 39,
contact 9, conductor 105, variable resistance 18,
conductor 110, resistance 85, conductor 111, vari-
able resistance 19, conductor 107, conductor 102,
inductances 71 and 6T and conductor ! to ter-
minal 3 associated with line 1. 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 151,
which extends into Fig. 2, conductor 246; con-
ductor 248, resistance 249, contact | of unit 189,

. projection 58, segment 41, 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 17, segment 34, projection 54, contact i, 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, 366 and 312 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.
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INTRODUCTORY DESCRIPTION OF THEORETICAL OPER-
ATION OF LINE 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 transmission: 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
polartransmission system, the marking and spac-
ing- line currents: trausmitted from one station

are of the same magnitude and flow'in opposite 2

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- eircuit 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 eircuit 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 g 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 2% 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 apposite 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:arrangement.ofa .
type B polarential line.for & particular embodi-
ment:., InFig: 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 1591 for transmission from the polar send-
ing-end.. Af: 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: 1504 is operated for a spacing
signal,. positive 115-volt battery is. connected: to
the polarential end. of the line in series with
negative batiery at the distant end. The sum.of
the batfery voltage. is about 2% times the voitage
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. recéived. from. relay
1501, by relay- 1503 for dry and. wet conditions.
Por 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-
hiased signals. are. received. by relay. 1503. No
biasing. winding is required therefore on. receiv-
ing relay 1503.

For- transmission. from the. differential trans-
mitting end, Fig. 15B represents the. maghitudes
of the current received. by, relay (502 from. relay
1504, It indicates. that. the magnitude. of the
marking and spacing, signals.are affected equally
for different degrees of wethess. '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 spacinig current is increased. for
wet conditions. " The biasing. current. in. the re-
ceiving, relay. 1502 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 hiasing current and
the marking and spacing currents remains equal
one to another. .

Thus. for values. of 46 milliamperes. marking
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 leskance
for different gegrees 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. twa-path: polar
system has been modified in a manner to:be: de-
scribed hereinafter, L . .

In two-path polar operation a separate chan-
nel is required for transmitting in each direction.
Reference to Fig. 16 shows that voltages ofequal
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magnitudes, in this embodiment 75 volts, and of
opposite polarities are impressed on the line ab
the transmitting end for marking and spacing
signals. Fig 16A indicates that, when the trans-
mission is from relay 1601, relay 1602 receives
signal currents of egual magnitudes for mark-
ing and spacing whether the line is wet or dry.

When transmission is in the opposite direction,
or from relay 1603 to relay 1664, 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
same.

Effect of long spans

Reference to Fig. 15 shows that there is a re-
celving 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 off fea-
ture of the present invention makes possible the
effective operation of direct current répeaters
such as those shown in Fig. 15 on spans up to 756
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 276
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 2712 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 g radio
suppression filter. Retard coil Ti 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 68 in
Fig. 1 controls series resistance and shunted ca-
pacity to provide wave shaping and at the same
time an approximate adjustment of the line cur-
rent. The final value of line current is cbtained
by turning the adjust line current fine poten-
tiometer 18.

The circuit is shown in the marking condition.
The armatures of relays S: and Sq2 are operated,
either to the right or left, in unison under con-
trol of a circuif assumed to be connected to the
right-hand side of the repeater. The line | is
terminated at the distant office in a repeater ar-
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 2 to the armature of
relay 216. When in the idle or marking condi-
tion the armatures or relays 218 and 275 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
50 as to cut down the voltage connected to the line
in this embodiment to 75 volts. The operation of
relays 215 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 volts. 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 212
and the armature and left-hand contact 2711 of
relay 276, connecting negative 75-volt battery to
the path which has been traced through the top
winding of receiving relay §2 through conduector I
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 216
in Pig. 4. For the spacing condition, the arma-
tures of relays 275 and 216 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 213 of relay 275. The positive side of the
power supply may be traced through resistance
365, resistance 272 to spacing contact 218 of relay
276. This connects positive 75-volt battery in this
embodiment to the line. :

The circuit through line winding 92¢ for the
marking condition for signaling over the circuit
is in such a direction as to tend to operate the
armature of relay 92 in Fig. 3 to engage with its
spacing contact 94. The effect of the current in
the biasing winding 926, 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 97 and winding-92¢ -con-
stitute an anti-kick off circuit. The rectifier unit
88 is poled so that it -does not pass current due
to the negative 75-voit potential impressed on the
line for the marking condition. :Rectifier unit 95
is so poled that it passes current when condenser
87 is charged positively with respect ‘to :ground.
While this current is.flowing, its:@irection is'such
that its effect assists.in holding ‘the armature of
relay ‘82 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 ‘spacingisigndl, the
line which was negatively charged ‘discharges
through winding 92a but its-direction is new such
as to tend to maintain‘the armature of Telgy 92
-on its marking contact. When a spacing signal
is ‘transmitted, however, the Hlne s positively
charged. Rectifier units 95-and 98 ;pass the cur-
rent from positive battery in'series through wing-
ing 92c. Condenser 97 is charged to ipositive 15
volts. The direction of the current from 'positive
battery s from-right to left through ‘winding -82b
and its effect is such that it tends to maintain
the armature of relay 92 in its marking .contact.
When the armatures of relays 275 and 278 return
to their spacing contacts the positively charged
line discharges through winding 82¢ in.a direc-
tion from left to right. "This time the .effect .of
the discharge current tends to operate the.ar-
mature of relay 92 to its spacing contact. How-
ever, condenser 87 discharges ‘through winding
92c to the junction of resistances .19 and 128
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 49 and
120 connected in.parallel. Condenser 87 cannot
discharge through rectifier 86 because its ‘polarity
now cpposes such discharge. The -effect of the
varistor 95 is to prevent the large capacity- 87
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~kick off circuit and the
values of the constants .of the aparatus -wunits
make possible :a current of relatively Jarge value
for .a sufficient .period -through winding 92c to
compensate for the effect -of a heavy -discharge
from a relatively long span. ‘With such :an ‘gr-
rangement it is possible to use longer-spans than
heretofore possible without kick-off,

In receiving apparatussignals 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 tcurrent
is, -as explained formerly, equal -to half thesum

. 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 ds -decreased.
"The biasing current supplied from the local source
remains unchanged. The effect of the Ssignaling
is therefore the same as:though pelar signals are
being received.

-Attention is particularly called o the fact that
since the-armatures.of relays 215and 216:in'Fig..3

-remain in rengagement with their marking con-
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taets while signals® are ‘being received dfrom ithe
distant end and since the polarity of the received
marking-and spacing signals reémains unchanged,
‘the:anti~kick off :circuit remains ‘substantidily ‘in
the-same:condition «as :for ‘the transmission -of .a
marking signal from the ‘polar fransmitting -end.
‘Line -side ‘of ‘repeuater -operating “volurential, “dif-
ferentidl sending

‘Refer to Fig. 4. o

The ‘operation :of the line-side-of the .repeater
arranged for polarential differential sending will
-now be-explained. -Attention iscalled to the-fact,
-as :shown -in Fig.-4, that the line switches for
-adjusting .the .line ‘current ‘are net included :in
the eircuit for this condition. Since Fig.-4 con-
mectsto.a Fig. 3 at the distant. station the line
current is adjusted by the switches in Big, 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 .216.
The -effect-of .the line current in winding:92¢ 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 PFig. 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 per Pig. 4 rectifiers.95.and
-96,-condenser 97, resistance £47 and windings 925
and-92c-constitute an anti-kick off :cireuit. This
‘eircuit 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 82 on
current surges from the lines -of very long -span.

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 277 and the-armature
-of relay 2716 to parallel ‘branches. ‘One branch
-extends through rectifier 86 ‘to the left-hand ter-
-minal-of .condenser 97. ‘A second branch extends
‘through rectifier 88, rectifier 95, and ‘windings
92b-and 92c¢ in parallel. The tight-hand ter-
:minal -of the .condenser 97 ds connected through
resistance 147 and the :armature -and contact
214 -of relay 215 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 75-volt battery atthe distant end. Any dis-
-charge through winding 82¢ from the line on
transition to positive 115-volt battery for-spacing
is relatively -small :and tends to maintain ‘the
‘armature of relay 42 on its marking contact.

JFor the ispacing condition positive ‘115-volt
‘battery is iconnected through contact 278 to the
Hine -and through rectifier 96 to condenser 97.
The right-hand terminal of condenser 97:is con-
nected through resistance 147 to the:armature of
relay 218, thence through contact 273 ‘to ground.
No current flows through winding 95b and -85¢
as the return path is to +115 volt. This repre-
senfs a ‘swing -of 230 volts on the terminals of
condenser 87 since it is-charged to positive 4115
volts ‘and discharges 1o the negative side of the
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115-volt rectifier. The line I is charged positively
by the 115-volt potential. For the reason pre-
viously mentioned there is no flow of current in
windings 92b and 92¢ until the armatures of
relays 215 and 216 return to their marking con-
tacts. At this time the positively charged line
discharges through winding 92¢ in a direction to
operate its armature towards its spacing contact.
The anti-kick off circuit prevents this, however,
for when the armatures of relays 215 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
92¢ 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 I is discharging. The effect of the flow of
the current through the 92b and 92¢ windings in
parallel from right to left is fo 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
92¢ 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.

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 2712
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 Sz2. 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 | in Fig. b 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 215 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. 215 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 134 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 LiocAL 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 2715 and 216

~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-

45 tion. 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 275¢ 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 215 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 216¢ and 215¢ 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

70

75

the transmitting contacts deenergizes windings
276 and 275¢ 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 deener-
gized to produce a local copy of the message.
When receiving relay 92 is actuated fo spacing
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in ‘response to signals ‘incoming from’ the line,
the receiving magnet ‘is also deenergized. The
armatures of relays 276 and 215 are held in en-
gagement with their marking contact however,
due to the effeet of current from negative bat-
tery through the armature and spacing contact
of ‘relay -92, resistance 126, windings 2160 and
2156 and resistance 249 to positive ‘battery. The
voltage-applied to this ¢ircuit is the full 115 velts
of the power eircuit.’ This hold circuit for relays
178 and 275 provides ‘a communication break
feature. If the line is-opened at the distant end
to'transmit a break signal, tThe -armature of the
receiving relay ‘92 remains on its spacing contact
and the effect of the current in windings 276b
and 275b is dominant so that signals cannot be
wansmitted from the printer in ¥ig. 7 while the
break signal persists. Resistance 249 limits ‘the
current in-operating windings 275¢ and 276q¢. and
resistances 232, 234 and 235 limit the current
in the biasing windings 275¢ and 276c ‘to ‘their
proper values. -Resistor 342 limits the ‘current
in ‘the reeeiving 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 ¥igs. 8 and 7 com-
bined, it functions as a terminal repeafer with-the
printer serving to transmit and receive messages
at-the ferminal through the repeater over a line,

which miay be of verylong span, to a-distant tele--

graph repeater which may be a ferminating re-
peater or al infermediate repeater.

" Local operation with «a switchboard

The repeater herein when its local side is ar-

ranged gs shown in Fig. 8 may be connected to .

a manual telegraph switchboard. The switch-
beard may be of any of & humber of types. but
preferably the switchboard designed for military
service by the United States Signal Corps and
known in the art as the “BD100 switchboard.”

Refer now to Fig. 8. :In the idle condition. the
armatures of the sending relays 215 and 218 are
held in engagement with their marking contacts
by, the effect of current flowing through wind-
ings 216¢ and 276q, which is dominant over the
opposing effect of current in biasing windings
215¢c and 216c. ‘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 275¢ and 276q.
The current in the biasing windings 215¢ and
216¢ becomes effective to actuate the armatures
of these relays to spacing and a spacing signal
is transmitted through line 1 as heretofore de-
scribed to the distant station. .

On incoming signals the relay of ‘armature 92

is actuated. When the armature of relay 92 is ¢

disconnected from its marking contact; west re-
lay 801 in the switechboard is deenerzized and a
spacing signal is transmitted through the switch-
‘board. ‘When the armature of relay 92 engages
its spacing contact, windings 2156 and 216b are
connected in a circuit between negative 115 volts
and ground. The effect of current.in this circuit
holds the armatures .of sending relays 215 and
238 on their marking .contacts swhile signals are
being received. by relay 92, : .

<
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‘to ‘a -carrier telegraph terminal.
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:Local operation with line unit _
"The:repeater Herein, when its local side is-ar-

ranged as shown in Fig.'9, may be connected to
what is-knowmn in the art as a:line unit. - The line

“unit-may be-dny 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 grt as g “BET7” or “BE7TA” line unit.
The operating features and local current adjust-
ments 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 incoming signals repeated by receiving
relay 92 and the sending contacts -of the printer
connected to the lineunit open and close the cir-
cuit through windings 2T5q¢ and. 276z of the send-
inig refay to transmit the sighals out over the
connected line. :

Local operation with a printer equipped.
with @ tine relay

The repeater herein, when the loeal side is
arranged as shown in Fig. 10, may be connected
to'a ‘printer-equipped with a Tine relay.: Refer
to Fig. 10, ‘which shows the Tocal side :of the
repeater connected to g station in which the
repeater is equipped with line relay #002. ‘The
line relay 1002 is provided with -a biasing eir-
cuit; the biasing current in this embodiment is
preferably 30 milliamperes. "The printer ‘station
is ‘equipped with an -adjustable resistatice 1025
arranged in series with the conductor intetcon-
necting the printer to ‘the local side of the re-
peater. "The kne current is preferably adjusted
to 60 milliamperes. The rectifier- at the printer
station is preferably adjusted to provide 120 volts
when the lne-is closed and the printer magnet
s conntected. - Operation of receiving rélay 92 in’
response ‘to ‘incoming signals from the -distant
repeater -opens ‘and closes the line through the
upper winding of relay (002. When ‘the line is -
closed the effect of ‘the line eurrent operates the
armature of relay {802 to engage its marking
contact 1021 energizing: its printer magnet 1003.
When the line is‘open the effect of the-current in
the Tower or biasing winding of relay 1002 actu-
ates the armature of relay 1002 to its spacing
contact “#022. When the iransmitting contacts
‘of ‘the printer 1801 are opened and closed the
armatures of relays ‘215 -and 276 are actuated to
transmit signals to the distant repeater. The
line relay 1002 associated with the printer re-
spends to-sighals transmitted from comtact 1001
thereby controlling printer magnet 1003 to pro-
vide g local ‘copy of the outgoing message.

Local operation with a carrier telegraph terminal

The repeater herein, when its local side is
arranged as shownin Fig. 11, may Be connected
The carrier
telegraph’ terminal may be any of 4 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 términal,

manufactured by the Western Electric Company,

‘Incorperated. The local «current is preferably

adjusted to ‘60 milliamperes by the poténtiometer
1008 'at-the carrier terminal. In the idle condi-
tion, the 60 milliampere-local current flows from

-positive 130-volt battery, connected to marking

contact 1403 of receiving relay 1105, through
the windings of break relay {06 and of sending
relay 1407.in the carrier equipment, through .

5 windings 3¥a -and 216¢ of the sending relays,
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through the marking contact 94 of the receiving
relay 92 and back through’ potentiometer {I{l
to negative 130 volts in the carrier equipment.
Operation of the receiving relay. 1105 in the
carrier equipment causes the operation of send-
ing relays 215 and 216 which repeat the signals
over line [, to the distant repeater. In the case
of signals incoming from the distant repeater,
receiving relay 92 opens and closes the local cir-
cuit extending through the top windings of send
relay (107 and break relay 1106 in the carrier
equipment and relays 1107 and {106 respond to
these signals. The sending relays 215 -and 216
are held on their marking contacts when receiv-
ing relay 92 is operated to its spacing contact
due to the application of negative 130 volts in
the carrier equipment through spacing contact
93, resistance (26 and windings 216b and 215b
to ground.

Local operation using two repeaters to promde
intermediate operation

The repeater herein, when its local side is
arranged as shown in Fig. 12, may be connected
to a second repeater such as the repeater herein
and the two combined repeaters serve as an
intermediate repeater in a line connecting two
distant repeaters. When so arranged a local
printer may be connected to one of the repeaters.
‘When the repeaters are interconnected, the local
interconnecting circuits are so arranged that
no adjustment of the current is required. The
printer transmitter and the printer receiver are
connected to their respective jacks. In the de-
seription to follow the left-hand repeater will
be called repeater | and the right-and repeater
will be caller repeater 2. The circuit per Fig. 12
is shown in the markmg condition. For this
condition the circuit interconnecting the two
repeaters extends from negative battery in re-
peater 2, preferably 130 volts, through the mark-
ing contact 94 of relay 92, conductor {2061, arma-
ture of receiving relay 92 in repeater I, mark-
ing contact 94, sending contacts of the printer,
winding 216a, winding 215a, resistance 341, re-
sistance 346, conductor 1202, which extends to
repeater 2, resistances 346 and 347 in repeater 2
and windings 2716a and 275a to positive battery.
A branch extends from the circuit last traced
from the junction between the printer trans-
mitting contacts and winding 216a in repeater
{. The branch extends through the winding of
the printer receiving magnet, resistance 342 and
conducfor 1203, which extends into repeater- 2,

to positive battery. In this embodiment current .

of 30 milliamperes will flow through the wind-
ings of the sending relays 27%a and 276a in each
repeater. - Each pair ' of sending relays -in each
repeater is provided with an obvious biasing cir-
cuit; the current in the biasing winding in this
embodiment is approximately 15 milliamperes.
The effect of the cwrrent flowing in the top or
operating windings of the sending relays will
be dominant over the.opposing . effect of- the
current flowing .in the bottom or biasing wind-
ings of these relays and the armatures of these
relays will be maintained in engagement with
their marking contacts as shown in Fig. 12, for
this condition. . When a spacing signal is re-
ceived .from the distant repeater .connected to
repeater {, the armature of relay 92 in repeater
1, will be actuated to engage with its spacing
contact 93. This opens the circuit through the
top or operating windings of each of the send-
ing relays in-each repeater.

The: armatures of -
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relays 275 and 216 in repeater 2 are actuated
by the effect of the current in their biasing wind-
ings to engage their spacing contacts. The
armatures of relays 215 and 276 in repeater 1
however; will be maintained in engagement with
their marking contacts by the effect of current
flowing in a circuit which may be traced from
negative batiery connected to the armature of
relay 92 in repeater 2, marking contact 94, con-
ductor 1201, into repeater 1, through the arm-
ature of spacing contact 93 of receiving relay
92 in repeater 1, resistance 126, winding 276b,
winding 2150 and conductor 1203, which extends
into. repeater 2, to positive battery. ‘The oper-
ation of the sending relays 275 and 276 in re-
peater 2, transmits a spacing signal over the
line extending to the distant repeater connected
to repeater 2. The operation of the armature
of receiving relay 92 in repeater | to its spac-
ing contact deenergizes the receiving magnet in
the: printer. This provides a copy of the mes~
sage which is being transmitted through the
intermediate repeater per Fig. 12 at the inter-
mediate point. When a spacing signal is re-
ceived from. the distant repeater connected to
repgaater 2, the armature of relay 92 in repeater
2 is actuated to its: spacing contact 93. This
opens the circuit which has been traced through
the operating windings of relays 215 and 276
in- both repeater | and repeater 2. The arm-
atures of relays 275 and 276 in repeater | are
actuated to engage their spacing contacts. This
transmits a spacing signal to the distant re-
peater connected to repeater I.. When the arma-
ture of relay 92 in repeater 2 engages its spacing
contact 93, negative battery is connected through
resistance 126, winding. 276b and winding 275b
to .positive battery. This holds the armatures
of relays 275 and 276 in repeater 2. on their
marking contacts. The winding of .the printer
magnet is deenergized so that signals are re-
ceived by the printer connected to repeater f,
in. each case, that is, for transmission through
the intermediate repeater per Fig. 12 1n either
direction.

When the prmter transmlttmg contacts are
opened .and closed, the path through the oper-
ating windings. of sending relays 275 and 216
in-each repeater is energized and deenergized.
Signals are ‘therefore transmitted from each
repeater over the line connecting each to its
respective repeater. - The transmission to each
distant - repeater is simultaneous. The opera~
tion of the printer contacts also energizes and
deenergizes the printer recewmg magnet to pro-
vide a local copy :

-Operation of local side of repeater connected
regeneratwe ‘repeater

The local $ide of the repeater may be con-
nected to a regenerative repeater, which is pre-
ferably an electronic regenerative repeater, when

arranged per Fig. 13.

Refer to Fig, 13.

Fig. 13 shows the manner in whmh the local
side of the repeater herein may be connected to
a regenerative repeater, which preferably is the
regenerative -repeater disclosed in the above-
identified pending application of Krecek and

‘Hearn. As indicated in Fig. 13 more than one

of the present repeaters may be connected to

‘the regénerative repeater.

 The current in the loop interconnecting each
of the present repeaters to the regenerative re-
peater may be adjusted to the:desired value by
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means of the potentiometer such as 1301. In the
bresent 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 1306,
potentiometer 1301, armature and marking con-
tact of relay 1802, winding of relay 1303, con-
ductors 1364 and 1305, 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 82 is actuated
to its spacing contact the loop circuit is opened
and relay 1302 is operated to spacing. Simul-
taneously the relay 92 establishes 3 holding cir-
cuit through windings 216b and 275b as here-
tofore described. Relay
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
1302 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 215 and 216 in the second
repeater. This in turn transmits the signals
over g 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 215 to which negative
battery, preferably of 115 volts, is applied and
ground through the armature and marking con-
tact of relay 215. 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 281, potentiometer
288 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 |, The posi-
tive battery connected through the windings of
relays 275 and 276 to the left-hand terminal of
necn 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 1, receiving

1303 impresses the «
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relay 92 actuates its armature to its spacing ¢on-
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-
denser to the junction between said rectifiers, for
preventing kick-off of said relay due to line surgegs
on telegraph signal reversals.

2. In a telegraph system, a telegraph signal
receiving relay at a first station, a first winding
on 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

5 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

5 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 fime 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 g 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

5

for charging said condenser through said anti-
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klck-of‘f winding and sald second rectifier from
a source of potentlal of sa,1d first polarity and
of greater than A volts in magmtude during said
ﬁrst signaling 1nterval means for charging sa1d
condenser through said first rect1ﬁer with said
potential of said second polarity and of A volts
magnitude during said second srgnahng interval,
and means for discharging said condenser
through said antikick-off winding to. said source
of potential of said first polarrty and of greater
than A volts in magmtude 1mmed1ately after a
transition from said second to. said first signal-
ing condition to. prevent k1ck-off of Sald relay
due to a line surge of relatively: great magmtude
through said operatmg wmdmg

5. Ina telegraph system, &, telegraph relay hav-
ing. an operating w1nd1ng such that when. con-
nected in a highly capamtatwe telegraph line
causing said relay to. be subject to the effect of
heavy hne surges tendmg 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-
densér through said antikick-off- winding during
a second sighaling condition to a source of poten-
tial of opp051te polarity from said charging po-
larity and of a magmtude greater than the mag-
nitude used in s1gna11ng for any signaling con-
d1t10n

6. In a telegraph system, a relay having a first
and a second winding, means for impressing a
ﬁrst potential of a first polarlty in a first direc-

tion on a telegraph conductor in series with said,

first, winding to charge said conductor at a. first

t1me means. for d1scharg1ng sa1d charge on said:

conductor through said first winding in a_ sec-
ond dlrectlon at a second tlme, a, condenser con-

P

ﬁrst potent1al at sald ﬁrst t1me and means for

dlscharglng said. condenser 1n a second dlrectlon.

throuch said, second wmdmg to. a. potentlal of
opp051te polarlty from the polarlty of said first

potentlal and. of greater magmtude than the.
magnitude of said first potentlal at. said second:_

tlme
7. In a telegraph system, an. antikick-off wind-

ing.on a relay, 2 condenser connected to said.

winding, means for charging sald condenser from
a.source of electromotive force- of a. ﬁrst polarlty

and of a first magmtude ata ﬁrst tlme, and means .

for. dlschargmg said condenser through said wind-
ing to .a.source of electromotlve foree. of; polarity

opposite to said. first. polarlty and-of a. potentlal ;

more than. 50. per cent greater than said first
magnitude at a second t1me
8. Ina telerfraph system an.antikick-off . wind-

ing on.a relay, a. condenser connected to.said,
Wmdmg, ‘means. for charemg sa1d condenser. at a.
first time, means for dlschargmg said. condenser“

thr ough said winding at a second tnne and poten-

tial means connected to sard condenser and said
winding for mcreasmg the effect of sa1d dls-_

9 In a telegraph system a umVersal te]egra,ph;
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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 agccordance 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~cff circuit different, from said first.anti-.
kick-off circuit including means. for preventing;
kick-off when said repeater is 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 sald 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 g rectifier, and means;
for impressing a potential on. said circuit sub-
stantially equal to twice the maximum potential
employed- in sighaling over: said:line.

13. In. a telegraph system, a telegraph relay.
hayving. 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. g, 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.
d1fferent1al .sending termination of a type B po-.
larential, telegraph channel: connected: to said:
llne, an. ant1k1ck oOff, circuit- in said termination-
and means .for impr_es_sing a potential on said cir-
cuit substantially. equal: to. twice the  potential:
applied, to_said circuit. at said: termination. for:
the. spacmg 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 channe] 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:
ofi the .receiving- relay in said termination.
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16. In a telegraph system, a pair of telegraph
channels, a f{wo-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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