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6. Claims.

The present invention relates to. telephone
systems and, more partmularly, to tone units-in-
corporated therein.

A telephone system of the.type d1sclosed in
United States Patent No. 2,155,176, granted
April 18, 1939, to John Wicks, comprises 2. two-
way toll line terminated at the opposite ends
thereof in repeater circuits provided with as-
sociated tone umits of -the  character “disclosed
in United States Patent No. 2,159,081, granted
May 23, 1939, to Otho D. Grandstaff. -The tone
unit of the present application constitutes -an
improvement in the tone unit of the Grandstaff
patent mentioned and is adapted to be incorpo-
rated in the telephone system disclosed in the
copending application of John Wicks and Otho
D. Grandstaff, Serial 749,758, filed May 22, 1947;
which last-mentioned telephone system - consti-
tutes an improvement in: the telephone system
of the Wicks patent mentioned.

in the telephone system of the Wicks patent
an operator at an operator position in -a first
exchange may extend a connection over the toll
line to switching apparatus in. a - second” ex-
change, and then control the switching appa-
ratus further to extend the connection. During
these operations a first tone unit associated -with
o first repeater circuit, associated ‘with. a- first
end of the toll line in the first exchange, co-
operates with a second tone unit associated with
a second repeater circuit, associated with a sec-
ond end of the toll line in the second exchange.
Each of the tone units is capable of transmit-
ting and of receiving both unmodulated 1000
cycle signals and 50-60 cycle ‘modulated 1000
cycle signals, which are utilized for the various
dial and supervisory purposes.

It has been found that it is desu'able for the
operator at the operator position in the first ex-
change to monitor the further extension of the
connhection by the switching apparatus .in the
second exchange; which. direct monitoring ar-
rangement in the telephone system of the. Wicks
patent mentioned is not'altogether: satlsfactory
since it tends to interfere with the receptwn ‘of
supervisory signals by the first tone unit- in the
first exchange, that are transmitted ever the toll
line from the second tone.unit in the second ex-
change, during the further extension of the: con-
nection,

Moreover, it has been found that the tone unit

of the Grandstaff patent mentioned has a tend-

ency to become overloaded when it receives strong
1000 cycle signals, whether they are modulated or
unmodulated, resulting in occasional damage. to
the vacuum tubes incorporated therein.
Accordingly, it is an object of the present in-

vention to prov1de a tone unit of the character

described that is capable of rendering monitor-
ing supervision to an assoclated: operator -posi-
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tion durmg the extension of a connection over
an associated toll line, without in any way inter-
fering with the concurrent reception of supervi-
sory signals thereby.

Another object of the invention is to provide
2 tone unit of the character described that is ar-
ranged to render to an associated operator posi-
tion both audible and visual supervisory signals
during the extension of a. connection. over an
associated toll line.

Another object of the mventwn is to prov1de
amplifying apparatus capable of receiving al-
ternating current signals over a considerable
range of intensities and comprising an improved
arrangement for preventing overloading thereof
incident to the reception of such signals that
exceed. in 1ntens1ty the upper 11m1t of the range
mentioned.

A further obJect of the mventlon is to provide
amplifying apparatus comprising a tuning ar-
rangement rendering the same selectively respon-
sive to alternating current signals within a given
frequency band and an .improved arrangement
for limiting the response thereof to strong sig-
nals within the band mentioned. '

A further.object of the invention is to provide
a tone unit of the type described embodying im-
proved and simplified circuit arrangements for
transmitting and for receiving both modulated
and unmodulated alternating current signals,

Further features of the invention pertain to
the particular arrangement of the circuit ele-
ments of the tone unit, whereby the above out-
lined and additiona] operating features thereof
are attained.

The invention both as to its organization and
method of operation, together with further ob-
jects and advantages thereof, will best be under-
stood by reference to the following specification
taken in -connection - with  the- accompanying
drawing in which the single figure lustrates dia-
grammatically a tone unit- connected and ar-
ranged in accordance with the present invention.

‘ Referring now to the drawing, the tone unit
100 there illustrated-embodies the features of the
invention and essentially comprises a receiving
transformer TRI, a sending and coupling trans-
former TR2, a monitoring  transformer TR3, a
two-way amplifier Tt in the form of a vacuum
tube of the well-known pentode 6C6 type, a dif-
ferential detector T2 in the form of a vacuum
tube of the well-known dual diode 6H6 type, an
impulse amplifier T3 in the form of a vacuum
tube of the well-known pentode 6C6 type, and a
signal amplifier 'T4 in the form of a vacuum tube
of the well-known pentode 43 type. Also, the
tone unit 100 comprises a relay group including
a modulation cutoff relay R120, a-receiving switch
relay R140, a pulse cut-in relay RI50, an alarm
relay R{55, an impulse-in relay RI60 and a
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signal-in relay R170; as well as a plate impedance
i28 associated with the tube T1, a plate impedance
134 associatéd. with " the, tubé T3, and a plate
impedance 139 associated with the tube T4
Further, the tone unit 100 comprises circuit ele-
ments described in detail hereinafter and inter-
connecting the elements mentioned; as well as
a group of conductors extending to the associated
repeater circuit and including & sénding — con-
ductor Ci01, a sending 4 coriductor CI192, a'moni-
toring — conductor C183, a monitoring 4- conduc-
tor C104, a receiving — conductor C105, a receiv-
ing -+ conductor C106, a receiving switch conduc-
tor C187, a modulation cutoff conductor C108; a
signal-in conductor C199, a dial-in conductor
C11D and a pilse cut-in conductor Ci H; together
with 4 50-60 ¢ycle condictor C112 extending to.an
associated 50-60 cycle generator, not shown, and
a 1000 cycle conductor Cii3 extending to a 1000
éycle generator, not shown. . : o

The tubes T{ and T3 are each provided with a
cathiode heater having a nominal rating of 6.3
volts, at which voltsge 0.3 ampere is drawn; the
tube T2 is provided with a two-section cathode
heater having a nominal rating of 6.3 volts, at
which voltage 0.3 ampere is drawn; and the tube
T4 is provided with a:cathode heater having a
nominal rating of 25 volts, at which voltage 0.3
ampere is drawn. The cathode heaters of the
tubes T, T2, T8 and T4 are connected in series
circuit'with a 4 ohm resistor Ri and the winding
of the alarm relay R155 across a 48 volt exchange
battery, the positive pole of which is grounded.
More particularly, the:circuit mentioned extends
from ground by way of the contacts {18 of a nor-
mally operated key K2, the cathode heater of the
tube T2, a conductor C113, the cathode heater of
the tube T3, a conductor C114, the cathode heater
of the tube TI, a conductor C115, the resistor Ri;
a conductor C116, the cathode heater of the: tube
Té, and the winding of the alarm relay RI55.to
the negative pole of the 48 volt exchange batiery.
Accordingly,: the  series -circuit- above traced. is
normally completed, whereby the cathode heaters
heat the associated cathodes of the tubes men-
tioned rendering them electron emissive and ef~
fecting operating of. the alarm relay RI155: Of
course, it . will be understood that in the .event
any one of the tubes: mentioned is removed from

its socket or develops a burned out or broken cath- ;

ode heater, the above traced series circuit is inter-
rupted, causing the alarm relay R 155 to restore in
order to complete, at the contacts 156, a circuit
including. the contacts. 118 of the key K2 for
illuminating a cathode heaters alarm lamp L457;
thereby to indicate the failure mentioned. More-
over, -the potential drop along the above-traced
series cathode heater circuit is employed atvari-
ous points for grid- biasing purposes, explained
more fully hereinafter;.and, in passing, it is noted
that a negative potential of 6.3 volts appears. upon
the conducter CI713, a negative potential of 18.9
volts appears upon:the conductor Ci75, and a
negative potential of 20.1 volts appears upon the
conductor CI176. )

The tube Tl is employed as a two-way amplifier,
being utilized as an outgoing amplifier and modu-
lator in the transmission of signals to the asso-
ciated repeater circuit.  The screen grid of the
tube T is supplied with positive potential from a
130 volt source of plate current, the negative pole
of which is grounded, through an associated
50,600 ohm resistor 129 and is by-passed to the
cathode of the tube Ti by 3 0.1 mf. condenser 130
connected therebetween; and the suppressor grid
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of the tube Ti, employed as a modulation grid,
is connected either to ground potential or to the
50-60 cycle conductor C1|2, dépending upon the
operated or restoréd condition of the modulation
cutoff relay RI20 and the receiving switch relay
R148 as explained more fully hereinafter.

For the reception of signals, the primary wind-
ing of the receiving transformer TR is connected

“to the receiving — ¢ofiductor Ci85 and to the re-
" ceiving - cohiductor C106 through the two illus-

trated 0.1 mf. condensers; the secondary winding
of the receiving transformer TR is normally con-
hected by way of the contacts 181’ of the normally
operated receiving switch relay R148 to the con-
trol grid of the tube TIi in order to control the
potential applied thereto; a negative potential of
20.1 volts being normaily applied to the control
grid of the tube T1 from the conductor C176 by
way of a 0.15 megohm resistor R2; the secondary
winding of the receiving transformer TR and the’
contacts 141’ of the receiving switch reiay R{48.
The cathode of the tube Tt is normally connected
by way of the contacts 143’ of the normally op-
erated receiving switch relay R148 to the conduc-
tor .CIT6 having negative 18.9 volt potential
applied thereto. = Accordingly, the control grid of
the tube Tt has a negative biasing potential of
1.2 volts applied thereto with respett to the cath-
ode by virtue of the 1.2 volt drop across the re-
sistor R, ) ‘

With the receiving switch' relay RI48 in its
normal operated position, the suppressor grid
of the-tube T1 is connected by way of the con-
tacts 146 thereof to’ ground potential, as pre-
viously noted; and the secondary winding of the
sending .and- coupling transformer TR2 is con-
nected, at the contacts 142 and 144 of the oper-
ated receiving switch relay R148; across the leads
Ci25 and Ci26: The primary winding of the
monitoring transformer TR3 is connécted by way
of the two 5000 ohm resistors 123 and 124 across
the leads CI25 and CI26; while the secondary
winding: of -the mionitoring transformer TR2 is
connected directly to the monitorihg— conductor
Ci63 and the monitoring 4~ conductor Cid4 ex-
tending to the associated repeater circuit. Thus,
audible signals amplified by the tube T1 and im-
pressed through the seriding and coupling trans-
former TR2 across the leads C125 and CI125 are
supplied’ through the ihohitoring transformer
TR3 to the monitoring = and nionitoring + con-
ductors C103 and CI04 extending to the associc
ated repeater circuit, for'a purpose more fully
explained hereinafter. - Further, the plate of the
tube" T1 is connected by wiy. of the associated
6500 ohm- plate impedance 128 to the positive
terminal of the 130 volt source of plate current
supply, and is also connected by way of a 0.04 mf.
coupling condenser. 127. to: ohe termiinal of the
rrimary winding-of the sending and ‘coupling
transformer ‘TR2, the other terminal of the pri-
mary winding mentioned being grounded.

An inductaince coil 13 is connected across the
leads €125 and .C126 in series with a 0.04 mf.
tuning condenser 131, which condenser is shunted
by the indicated trimmer condenser of such ca-
pacity as to render the couple séries-resonant at
1000 cycles. . Finally, thé junction between the in-
ductance coil I3 and the€ tuning condenser 13
is.connected to the right-hand plate of the tube
T2, whereby a relatively high potential is placed
on the right-hand plate of the tubé T2 by the
voltage drop across. the inductance coil L3 when
2-1000-cycle current is being received and ampli-
fied by the tube T1.  In order to enable the sys~
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tem to-respond teé impulses of 1000 eycles plus or
minus an amount equal to about 50-60 cycles, so
as to allow for the reception of 50-60 cycle mod-
ulated, 1000 cycle pulses, and to cut off sharply
when frequencies higher or lower than the al-
lowable band- are received, an arrangement Iis
provided including inductance coils Ll and 1.2 and
0.04 mf. tuning condensers 132 and (33. The
inductance coils Ll and L2 and the condensers
132 and 133 are arranged to form a double-peak
tuning circuit which peaks at:900 cycles and at
1100 cycles. - The 900 cycle and 1100 cycle peaks
are produced in addition to the 1000 cycle peak
that is produced by the inductance eoil I3 and
the associated tuning condenser 132, More par-
ticularly, the inductance coil L2 is arranged in
series with the tuning condenser (33, which con-
denser is shunted by the indicated trimmer con-
denser of such capacity as to render the couple
series-resonant at 1100 cycles, provided substan-
tially no current is permitted to flow through an
associated 0.01 mf. shunt condenser 118; which
series-resonant couple, including the inductance
coil L2 and the tuning condenser 133, is connected
directly across the leads Ci25 and Ci126. Finally,
the junction between the inductance coil L2 and
the tuning condenser 133 is connected to the left-
hand plate of the tube T2. More particularly, the
inductance coil Ll is arranged in parallel with
the tuning condenser {32, which tuning condenser
is shunted by the indicated trimmer condenser
of such capacity as to render the couple parallel
or shunt-resonant at 1100 cycles. In furn, the
shunt-resonant couple, including the inductance
ccil Li and the tuning condenser {32, is connected
between the left-hand plate of the tube T2 and
cne terminal of the shunt condenser 118; the
other terminal of the shunt condenser 178 being
connected directly to the lead CI125. Current of
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1100 cycles is-substantially prevented from flow-

ing through the shunt condenser 1718 by the
shunt-resonant effect of the inductance coil L
and the associated tuning condenser 132, as fhis
couple . is shunt-resonant at 1100 cycles. When
eurrent is received at some other frequency, how-
ever, the shunt-resonant effect is not present in
the couple, including the inductance Li and the
associated tuning condenser 132, whereby cur-
rent is permitted to pass through the shunt con-

denser 178 by way of the inductance coil LI and -

the associated tuning condenser 132. The ca-
pacity of the shunt condenser {18 is so chosen
that it, connected in multiple with the tuning
condenser 133 through the system composed of
the inductance coil I{ and ifs associated tuning :
condenser 132, causes the inductance coil L2 to
have a resonant peak at 900 cycles in addition to
the previously described peak ab 1100 cycles. The
manner in which the triple-peak tuning arrange-
ment operates to control the tube T3 by way of
the tube 'T2 is pointed out in detail hereinafter.
More perticularly, the cathode of the tube T3
is connected directly to ground potential while
the control grid of the tube T3 is connected
directly to the right-hand cathode of the tube T2,
the left-hand cathode of the tube T2 being con-
nected directly to the conductor €113. Also, the
control grid of the tube T3 is connected to the
right-hand terminal of a 0.3 megohm resistor R4,
the left-hand terminal of which is connected
directly to the lead CI26. Also, the left-hand
terminal of the resistor R4 is connected to the
right-hand terminal of a 0.15 megohm resistor
R3, the left-hand terminal of the resistor- R3
being connected to the right-hand terminal of the
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_hand cathode of the tube T2.

0

-X

resistor R2 previously mentiened, In -other
words, the resistors R2, R3 and R4 are connected
in series circuit relation between the conductor
Ci76 and the control grid of the tube T38. Since
the resistors R2 and R3 each comprise 0.15
megohm and the resistor R4 comprises 0.3 meg-
ohm, the center tap of this composite resistor is
connected to the lead C{26, as previously ex-
plained. Further, the resistors R2 and R3 are
by-passed by an associated 0.1 mif. storage con-
denser 173, and the resistor R4 is by-passed by an
associated 0.1 mf. storage condenser i74. Accord-
ingly, a negative bias of 20.1 volts is normally pro-
vided the control grid of the tube T3 by virtue of
the connection through the resistors R4, R3 and
R2 to the conductor CI716 having the potential
mentioned impressed thereon; the conductor
Cl116 being included in the previously  traced
cathode heaters circuit. By virtue of the con-
nection of the lead C126 to the center tap of the
grid resistor, including the sections R2, R3 and
R4, associated with the tube T3 and the connec-
tion of the left-hand terminal of the resistor R2
to the conductor CI16, a negative potential of
20.1 -volts is normally maintained on the right-
hand plate and the left-hand plate of the tube T2
through the inductance coils L3 and 12, respec-
tively. The right-hand cathode of the tube T2 is
also supplied with a biasing potential of negative
20.1 volts by virtue of the above described con-
nection including the resistors R4, R3 and R2 to
the conductor CI16, whereby there is normally
no potential difference between the right-hand
cathode and the right-hand plate of the tube T2.
On the other hand, the left-hand cathode of the
tube T2 is connected directly to .the conductor
C113 having negative 6.3 volts appearing thereon,
whereby there is normally a negative 13.8 volts
potential difference between the left-hand plate
and the left-hand cathode of the tube T2, Spe-
cifically, the left-hand plate is biased with respect
to the left-hand cathode of the tube T2 by the
rather substantial adverse potential of 13.8 volts,
whereby no current passes through the left-hand
portion of the tube T2 until this rather substan-
tial adverse bias of 13.8 volts is overcome.

During the reception of a signal, the building
up-of 1000 cycle potential across the inductance
coil L2 causes current to flow through the right-
hand plate and the right-hand cathode of the
tube T2 in series with the resistor R4. Thus,
half-wave rectified current passes through the
resistor R4 and, together with the associated
smoothing condenser 114, renders the right-hand
terminal thereof more positive than the left-hand
terminal thereof, thereby offsetting -to this ex-
tent the negative bias normally applied to the
control grid of the tube T3. On the other hand,,
when the signal contains a sufficient component;
of 900 cycle or 1100 cycle potential to cause a
sufficient potential to be built up across the in-
ductance coil 1.2 to overcome the 13.8 volt bias
normally present between the left-hand plate and -
the left-hand cathode of the tube T2, current
flows between the left-hand plate and the left-
Thus, half-wave
rectified current passes through the resistors R,
R2 and R3 causing the midpoint of the com-
posite resistor, including the resistors R2, R3 and
R4, and specifically the junction between the
resistors R3 and R4, to become more negative
than the right-hand terminal of the resistor R4
by virtue of the potential drop through the re-
sistors’ R2 and ‘R3. Therefore, when a signal

76 other than a wanted signal is received, and which
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falls in"the nelg‘hborhood 0’900 ‘cycles or'1100
cycles the current ﬁowmg through the mduct-
R2 and R3; together with the associated smooth-
ing condenser {73, renders ‘the control grid of
the ‘tube T3 more negative than ‘it normally“is,
thereby preventing .a response of the tube T3 to
the signal, noththstandmg the fact that suffi-
cienf current may be flowing through the resistor
R4 otherwise to secure s réesponse of the tibe T3,

“The plate, the suppressor grid and the §ciéen
grid ‘of the tube T3 are connected together ‘to
produce ‘a. triode of the desired: chaiacteristics
and are; in turn; ¢onnected both ‘to ore terminal
of the associgted 3300 ohm ‘plate impedance 134
and to one terminal of the 3300 ohm winding of
the impulse-in relay Ri68. The other terminal
of the'plate impedance {34 is normally connected,
by way of the contacts 152 of the normally restored
pulse cut-in relay R 150, to the positive terminal
of ‘the 130 volt plate current supply; and the
other terminal of fhe impulse-in relay ‘RI60 is
normally connected, by way of the -contacts 154
of the hormally restored pulse cut-in relay Ri58
and the 0.1 mf. coupling condenser {35, to the
.control grid of the tube T4, the junction between
‘the ‘contacts 154 and the coupling condenser 135
‘being ‘connected by way of the 0.006 mf. by-pass
.condenser 137 to ground potential.. The pre-
‘viously mentioned -grid bias of negative 20.1 volts
:applied to the control grid of the tube 'T'3 is suffi-
icient to ‘block the flow of current from the 130
volt source of plate current through the pldte
impedance 134 under normal ¢onditions. How-
ever, when a signal is received which causes the
potential on the control grid of the tube T3 to be
brought down to a negative value of -dbout 16
volts, current starts to flow through the ‘tube
since the screen grid and the suppressor grid:aie
connected to the plate of the tube T3 to secure'a
triode ‘action of the desired charactenstlcs as
previously noted. As the potential of the control
grid of the tube T3 is rendered still less hegative
the current traversing the plate inmpédance (34
is increased. In passing, it is noted:that thé pulse
cut-in relay R133 may beé operated over the-asso-
ciated pulse cut-in conductor CI1l, thereby to
interrupt, at the contacts 152, the prevmusly
traced - circuit, including the plate impedance
134, between the 130 volt source of plate current
and the plate of the tube T3; and to complete; at
the contacts 154, an obvious substitited circuit,
including the w1nd1ng of the impulse-in relay
R160, between the 130 volt source of ‘plate current
and the plate of the tube T3. Also, upon opérat-
ing, the pulse cut-in relay RI50 iriterrupts, at the
contacts 154, the previously traced connéction,
including the winding of the 1mpulse-1n relay
R160, between the plate of the tube T3 ‘and the
coupling ‘condenser 185; and completes,; at’the
contacts 153, a substitute circuit, including the
plate impedance 134, between the plate ‘of ‘the
tube T3 and the coupling condenser 135.

“When the pulse cut-in relay R150 occupiestits

operated position and a -signal is received, the

potential of the control grid of ‘the tube T3 is
rendered less negative, as prev1ously explamed
whereby the plate current of the tiibe T3 traverses
the winding of the impilse-in relay R160: snd

when this plate ‘current reaches a valite of about

4.5'milliampere the impulse-in relay R160°is suffi-
mently energized to operate; about 9 mxlhampere
being preferable for malntammg ‘operated ‘the
impulse-in ‘relay R160 ‘during the” recéption <of
dial’ pulses, “Upbn'operating, the impulsesin Telay

10

15

20

25

30

35

40

45

50

55

60

75

R160 commpletes,” ot the contacts” 161, an “obviotis
path:forapplying: ground 'potential to ‘the'dial-in
conductor cifo extendmg to the assoclated
and ‘the assoclated tunmg condenser ‘131 ‘comprise
a’'résonant ‘¢ouple ‘having the maximum response
at1000 cycles, but not sharply peaked, ‘the double-
peak inductance coil - L2 ‘associgted ‘with the
lefthand platé andleft-hand ‘cathdde of the tube
T2 offers an opposing ‘éffect to -afford definite
frequency cutoff pomts above and bélow the de-
sired’ 1000 cycle Téesonant pomt Whlle there is
a4 rather-fat frequency responsé over-the selected
band. “This band is:about '100=120 cycles wide'in
order-to provide for the réception of 50—60 cycle
modulated, 1000 cycle gignal impulses. "By :ar-
ranging that the response curves of the inductance
coils 13 and L2 intermingle, the inductance coil
L2 peaks at'900-cycles and:at 1100 cyeles butb still
builds up ‘an’appreciable voltage at 1000- cycles.
The voltage built _up“across‘the -double-péak in-~
ductance c¢oil 1.2 "at:'the 1000 ‘cycle’ signal fre-
quency and over the upper portion of the signal-
strength range is sufficient to reduce considerably
the positive -grid-swihg ‘tendency of ‘the ‘control
grid of the tube T3, thereby tending to secure a
uniform response over ‘a wide tange of input
voltage. The ‘weak “signals, "however," are not
handicapped by the opposing effect of ‘the induc-
tance coil L2 as the adverse bias'is not then over-
come.

" However, in order-positively:to prevent damage
to'thevatious tubes employed in the tone unit 109,
the control grid of the tube T3 is-arranged to cause
rectification when strong 1000 cycle signals are
received. ‘More particularly, wheén strong 1000
cycle signals are received, the current traversing
the right-hand portion of the tube T2 becomes
Sufficiently large to cause the potential drop across
the ‘resistor’ R4 “to "become sufficiently large so
that ‘the control grid-of the tube T8 is rendered
positive -with ‘respect ‘to the adssociated cathode
théreof, whereby rectification at the control grid
of 'the tube T3 takes place, ~This control grid
rectification in the tube T3 -causes 'a potential
drop across the resistors R4; R3 and R2 that is
proportional tothe strength of ‘the incoming 1000
cycle signal. ‘The voltage:drop across'the resistor
R2 adds to the voltage drop-across the resistor
Ri; theéreby increasing the negative bias applied
to:the control grid of the tube T!., This increased
negative ‘hias ‘applied-to the ‘control grid of the
tube T -omi strong 1000 cycle signals reduces the
output -thereof ‘and - the consequent: response
thereof ‘to the strong 1000 cycle signals; whereby
the'current through the right-hand section of the
tube T2 is:proportionally reduced, rendering less
positive the bias applied to the:control grid of the
tube T8. Thus, this arrangement prevents over-
loading of the tubes TI, T2 and T3:in response to
the reception:of strong 1000 cycle-signals.

“The cathiode and the suppressor grid-of the tube
T4 are connected directly “to -ground: potential
while the confrol grid of the tube T4:is provided
with a normal megative ‘biasing poterntial of-20.1
volts throtigh 2:0.1' megohm resistor 136 connected
théreto-and to the conductor Ci76 having the
hegative potential mentioned théreon. ‘More par-
ticularly, the'control ‘grid of ‘the tube T4 is con-
nected to the junction between: the resistor 136
and-the couphng ‘condenser £35. The plateof the
tube T4 is connected ‘directly by way of the 1000
ohm plate impedance 139 to the 130volt source-of
plate supply;:and the scieen gridofithe-tube T4 is
connected-diréctly to’the: 130 volt plate- ‘supply.
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At this biasing potential substantia] plate current
flows through the plate circuit of the tube T4
and the plate impedance 139 from the 130 volt
source of plate current; the tube T4 being con-
nected to provide the usual form of pentode op-
eration. The coupling condenser i35 serves to
couple the plate of the tube T3 to the control grid
of the tube T4 in order to transmit the 50-60
cycle signal impulses to the tube T4. After am-
plification by the tube T4 the signal impulses
pass to the 600 ohm winding of the signal-in re-
lay RIT0 by way of a 0.3 mf. coupling condenser
i38. The capacity of the coupling condenser
138 and the inductance of the winding of the
signal-in relay RI1T0 are so chosen that this cir-
cuit containing them constitutes a series-reso-
nant circuit at 50-60 cycles, whereby this couple
responds vigorously to 50-60 cycle current butb
does not respond when the 1000 cycle dial im-
pulses, following each other at about ten to four-
teen impulses per second, are received. When
the series-resonant circuit, including the coupling
condenser 138 and the winding of the signal-in
relay RI70, responds vigorously to the 50-60 cycle
current mentioned, the signal in relay R170 oper-
ates in order to complete, at the contacts ITi, an
obvious path for applying ground potential to the
signal-in conductor C109 extending to the asso-
ciated repeater circuit. The by-pass condenser

137 is arranged to by-pass to ground high fre- ¢

quency currents in the plate circuit of the tube
T3 in order to prevent these frequency currents
from being impressed upon the control grid of
the tube T4.

Considering now the operation of the tone unit
160 in conjunction with the associated repeater
circuit, when the tone unit 100 is in its normal
position the modulation cutoff relay R120 is nor-
mally restored and the receiving switch relay
RI140 is normally operated, the receiving switch
relay Ri40 being operated in a circuit including
the grounded receiving switch conductor CI07
extending to the associated repeater circuit and

the contacts 116 of the normally restored key KI.

Also, the pulse cut-in relay RI50 is in its nor-
mally restored condition whereby the impulse-in
relav RI60 is disconnected from and the plate
impedance 134 is connected into the plate circuit
of the tube T3. This is the condition of the tone
unit 100 when it receives a 50-60 cycle modu-
lated 1000 cycle seizing pulse from the associated

reneater circuit when the associated toll line is-

taken for use in the distant exchange. This pulse
comes into the tone unit 100 through the receiv-
ing — and receiving + conductors C105 and C106
and passes through the receiving transformer

TRI to the grid-cathode ecircuit of the two-way.

amplifier tube Tl. The signal is amplified by the
tube Ti and passes through the coupling con-
denser 127 through the primary winding of the
sending and coupling transformer TR2. From
the secondary winding of the sending and cou-
pling transformer TR2 the signa] passes through
the contacts 142 and {44 of the operated receiv-
ing switch relay R140 and is impressed between
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the signal-in relay Rl'ln causing the latter relay
to respond to the ﬁow of alternating current
therethrough. The signal-in relay RIT0 re-
sponds since the winding thereof, together with
the coupling condenser 138, constitutes a couple
resonant at the 50-60 cycles of the modulating
signal, as previously noted. Upon responding, the
signal-in relay Rl'lo operates to complete, at
the contacts 171, the previously mentioned path
for applying ground potential to the signal-in
conductor C109 extending.to the associated re-
peater circuit; which ground potential is main-
tained upon the signal-in conductor C109 as long
as the 51gna1-m relay RIT10 remains operated,
which condition prevails for the duration of the
reception of the 50-60 cycle modulated signal.
At the conclusion of the 50-60 cycle modulated
seizing pulse the signal-in relay RT0 restores in
order to interrupt, at the contacts 111, the appli-
cation of ground potentml t6 the sighal-in con-
ductor CI09 extendmg to the ‘associated repeater
circuit.

When the assoc1ated repeater circuit responds
to the seizing pulse. it applies ground potential
to the pulse cut-in conductor ClII, whereby
the pulse cut-in relay RI50-in the tone unit 100
is operated.  Upon. operating, the pulse cut-in
relay R158 substitutes the impulse-in relay R168
for the plate impedance 134 in the plate of cir-

, cuit of the impulse amplifier tube T8, as pre-

viously explained. Consequently, when the dial
pulses of unmodulated 1000 cycle current are
transmitted from the associated repeater circuit
to the tone unit. 109, these pulses pass through

> the circuits in the.tone unit 100, in the manner

previously explained, whereby the current in the
plate circuit of the impulse.amplifier tube. T3
effects operation of the impulse-in relay RI68.
More particularly, the impulse-in relay RI160 is
operated momentarily. upon the receipt of each
of these dial pulses and restores between the re-
ception of adjacent dial pulses... Each time the
impulse-in relay R160 operates and then restores
it completes and then . interrupts, at the contacts

" {61, an obvious path. for applying ground poten-

tial to the dial-in conductor CI10 extending to
the associated repeater circuit. The dial pulses
in the plate circuit of the tube T3 are received
at about ten to. fourteen per second and pass

. through the plate impedance 134, the contacts {53-

and the coupling condenser 135 info the control
grid-cathode circuit of the signal amplifier tube
T4. These dial pulses are amplified by the signal

_amplifier tube T4 and pass into the 50-60 cycle
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the leads C125 and C126. This signal then passes' -

through the inductance coils L3 gnd 12 and
through the differential detector tube T2 to the
grid-cathode circuit of the impulse amplifier tube
T38. The signal is amplified by the impulse ampli-
fier tube T8 and passes by way. of the coupling
condenser 135 to the grid-cathode circuit of the
signal amplifier. tube T4. The signal is amplifled
by the signal amplifier tube T4 and passes through
the coupling condenser 138 and the winding of

70

"> resonant circuit including the coupling con-

denser 138 and the winding of the signal-in re-
lay RI76. However, the resonant circuit men-
tloned does not respond appreciably to the am-
plified dial pulses and, accordingly, the signal-

.- in relay RI78 does not operate.

After the train of dial pulses has been received
by the tone unit {60 the associated repeater cir-
cuit interrupts the application of ground poten-
tial upon the pulse cut-in .conductor CHif in
order to cause the pulse cut-in relay RIS0 to
restote shortly thereafter, it being of the slow-
to-release type. Upon réstoring, the pulse cut-
in relay RI150 again removes the impulse-in re-
lay RI68 from and replaces the plate impedance

" 134 in the plate circuit of the impulse amplifier

tube T8, thereby positively preventing further
response by the impulse-in relay RI160 while per-
mitting the signal-in relay RIT8 to respond to
any-further received current at 1000 cycle carrier
frequeney which is modulated at the predeter-

75 mined 50-60 cycle rate, as previously explained.
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When. the tone- clrcuxt 100. Is. to, be, bused to
) iof he 8550

transmit a se1z1ng puIse

repeater crrcult over the
receiving switch relay Rj
lation cutoff relay RlZO‘be

1‘ate'd

ce1v1ng sw1tch'r
tacts. 1417, thev‘

- Tol grid’ of the two-=
way amphﬁer tube T aiid ‘the’ t000° cycle’ control
conductor, C113. Also, the receiving switch re-
lay RI40 mterrupts at the domtacts| 46, the pre-
viously traced: path for applymg ground poten-
tial to the suppressor or modulatlon grid of the

,,,,,

tion, 1nclud1ng the contacts IZI for connecting
the suppressor or modulatlon gnd of the two-
way amplifier tube Tl to the 50——60 cycle control
conductor Cf172, Also the recelvmg switch relay
R8¢ interrupts, at the cont tts' 142 and 134, the
previously traced connectmn between the sec-
ondary vvmdmg of the sendmg“j and coupling
transformer TRZ and the Ieads: CI25 and Ci26;

and completes, at the contacts P&t and 143, an
alternative connectlon between the “secondary
winding of the’ senthng and couphng transformer
TR2 and the sendmg — and: sending 4 conduc-
tors C10f and Ci02 extending to the associated
repeater circuit: At this point it is noted that

A—\and the sendmg L con-
ductors CIOI and C, extendmg to the asso-
ciated repeater c1rcmt in"order to control the
output level of the 51gna1 from the tone unit
198. At this time 4 1000 cycle varlatron is pro-
duced in the plate current of the two-way am-
plifier tube Tl and” pas 'jthrough the plate
impedance 128, At the same- ‘time the suppressor
or modulation’ grld of the wo way amplifier tube
T{ connected to the 50—60 cycle cohirol conduc-
tor Cl12 causes, on each negatlve half cycle of
the potential on the’ control conductor C112, the
current flow in the pIate crrcu1t of the two-way
amplifier tube Ti. to cease. altogether while on

each positive half cycle of the potent1al on the

control conductor CrI I2 the plate current in the
two-way amphﬁer tube TI ig permltted to flow
unimpeded. In thls manner fifty—sixty uni-
formly separated pulses of 1000 cycle .current
are caused to flow through the plate circuit of
the two-way amphﬁer tube Ti. through the plate
impedance {28; which ,pulses’ are. permitted to
pass through the coupling- condenser l27 to the
primary winding. of the sendmg and coupling
transformer TRZ. Smce the. secondary winding
of the sending: and couphng transformer TR2
is connected; by way of. the. above traced path,
to. the sendlng —. and. sending- -+ conductors
Cial and CI G2 extendrng to. the associated- re-
peater circuit, the -50-60. cycle -modulated: 1000
cycle current is. transmitted over-the sending —
and sending 4 conductors:C104 and G102 to the
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associated, repeater. circhit: and. thence over the
associated toll line. At the conclusmn of the
transmission of the se1z1ng puIse, the rece1v1ng
switch relay Ri40 1s reoperated y th
repeater circtit in’ ‘order to return the tone unit
180 to the normally ex1st1ng receiving condition
previously explalned

In order to prepare “for the transrmssron of an
unmodulated 1000. ‘cycle s1gnal ‘from theé tone’ unit
180 to the associated repeater circuit, battery po-
tential is applied in the associated. repeater cir-
cuit to the modulation cutoff’ conductor cios,
thereby to effect operatlon of the modilation ‘cut-
off relay Ri28 in the tone unit 1007 Upon oper-
ating, the modulat1on cutoﬂf 1elay RI120 inter-
rupts, at the contacts IZI a further’ pomt in. the
previously traced path for connectmg the sup-
pressor grid of the two- ~Way ampllﬁer tube T to
the 50-60°cycle control: conductor ‘Ci12; aiid pre-
pares, at the contacts‘ 122, a path traced herein-
after for connectmg dlrectly to’ ground potentral
the suppressor grid of. the’ two—way amphﬁel tube
Ti. Subsequently, when' the assoclated repeater
circuit is in readinéss to ‘receéive the uhmodulated
1000 cycle signal from the toné’ udit 100, ground
potentral is removed from’ the rece1v1hg switch
conductor CIGT thereby to cause the’ recelvmg
switch relay RI4Y in’ th 00 to restore.
Upon restormg, the’ recelvmg S 'relay RI140
completes, at the contacts’ 147 an . thé pre-
Vlously traced’ path for cdnnectmg' the control
grid of the two-way amphﬁer tubé Tl to the 1000
cycle control’ conductor cil13;, and completes at
the contacts 45, the" prevmdsly mentloned path,
including the contacts 122, for connectmg to
ground: potent1a ‘the snppressor grid of the two-
way amphﬁer tube T Also upon restoring, the
receiving sw;tch relay R1 40 recorhpletes, at the
contacts 18t and I43 the bre} usly traced con~

sendmg — and sendlng S conductors ClOl and
C102 extending vto the dssi ated repeater cirguit.
At this time unmodulated 1000 cycle current fow-
ing m the plate clrcult'of the two-way amplifier
tube T passes through’ tHe _couipling condenser
121 and the primary wmdmg“of the sending' and
coupling transformer TR, ywhereby the second-
ary winding of' the sendmg and’ coupling. trans-
former TR2 prOJects an unmodulated 1000 cycle
signal’ over the send1ng~— and sendmg - ¢on-
ductors CI81" and C102° 5 the associated re-
peater circuit. It w111 be’ understood that the un-
modiilated 1000 cycle signal transmltted from
the tone unit 100 to the assocrated repeater cir-
cuit is connected and- dlsconnect'ed in the asso-
ciated repeater- circuit’ to the toll line’ associated:
with' the repeater circuit mentioned-at a rate of
about ten to fourteen: tlmes per sécond, in order to
form' dial pulses to be transm1tted over the toll
line mentioned to the d1stant exchange After
the transnnssmn of onhe’ or mor 'serles of unrmod-
ulated 1000 cycle d1a1 pulses from the associated
repeater circuit over the assOcIated tolI line to
the distant exchange, the associated repeatcr cir-
cuit subsequently effects restoratmn of the modu-
lation cutoff relay R|20 and operatron of the re-
ceiving' switch relay RI40 in’ the tone unit 180,
whereby the tone unit is. again returned to the
normally ex1st1ng rece1v1ng condltion
Thereafter when the sw1tch1ng apparatus as-
sociated with the’ repeater crrcmt in the distant
exchange extends the connection, an end of dial-
Ing sighal is returned over the toll ling to the- -re--
peater circuit’ associated with' the tone unit 100,
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which -end: of: dialing. signal is in:the-form-of &
50-60. cycle modulated: 1000: cycle signal; which
signal received by the tone unit 100 effects opera~
tion of the signal-in-relay Rt10, all. in the manner
previously. explained. Also, it-is noted that. this
50-60- cycle- modulated: 1000 cycle-signal: is first
received by the-receiving transformer TRI: and
amplified by the two-way amplifier tube Tt and
then’ applied: by the sending and coupling trans-
former TR2 between the leads Ci25 and €126.
Since the primary winding: of the monitoring
transformer TR3 is connected by way of the re-
sistors 124 and- #2383 across the leads CI25 and
C126; this audible signal passing through the pri-
mary winding of the monitoring transformer TR3
eauses & corresponding: audible signal to be trans-
mitted from the secondary winding of the moni-
toring transformer TR3 over the monitoring. —
and monitoring 4 conductors C 3 -and C184 ex-
tending to the’ associated repeater circuit. Ac-
cordingly, in- the: event the monitoring: — and
monitoring: + conductors Ci63 and: C104 extend-
ing to the associated repeater circuit are at this
time connected: to an associated: operator posi-
tiom, the operator thereat may hear through her
headset the-audible signal: mentioned. This ar-
rangement gives the operator, at the operator po-
sition- associated with- the repeater circuit that is
in turn associated with the.one unit 100, monitor~
ing supervisior of: the connection as it is extended:
over the associated:toll line; without interfering in
any way with the subsequent reception. of super~
visory-signals over the toll lirte associated with the
repeater circuit with which the: tone unit (00: is

associated.. For example, following: the receptiorn 3

of the end of dialing signal above mentioned; the'
repeater circuit.zssociated with the tollline inthe
distant exchange may. transmit o supervisory sig--
nal indicating a:busy condition in the: distant ex~
change, which supervisory or busy signgl-is in thee:
form.of a 5060 cycle modulated 1000 cycle signali
This busy- signal, returned over the toll line asso=-
ciated with: the repeater circuit” with which the:
tone unit- 100 is associated;.is received by the tone:
unit in- order to caiise operation: of the signal-in:
relay R 10 therein, in:thte- manner previously ex-
plained, as well as to cause this audible signal to:
be returned: via the monitoring transformer TRE
to the operator position: associated: with the re-
peater cireuit. with. which the: tone unit- {00 is:
associated; all:without interference. ‘

In the event it is: desirable during repair or
test of the tone unit (08 to: open the cathode:
heaters circuit, the: key K2 may be restored: for
this purpose: When the key K2 is thus restored’
there is interrupted, at the:contacts: 118 thereof,
g further point in the: previously  traced: eireuit:
for illuminating the cathode heaters alarm:lamp:-
1.I57;, thereby to: prevent.illumination thereof in-
cident to the restoration of the alarm relay R155.
Subsequently, the key K2 is refurned’to its normal
operated position in- order to-close-the- cathode
heaters circuit and to bring about reoperation of
the alarm relay RI55. o

In the event that it is desired to test the trans-
mission. level of the tone:unit 109, the key KF
may be actuated and a test piug associated. with
the test-equipment may be inserted: into the jack
Ji- connected:across the sending — and sending +
conductors-€10f and Ci02. When.the key Kt Is
thus operated there is interrupted, at the con-
tacts 116 thereof, the previously -traced circuit
for maintaining operated the receiving switch
relay R140in order to cause the latter relay to
restore; and there is completed, at the contacts
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147 thereof, a series circuit for operating. the
modulation: cutoff relay R{20 and for illuminat-
ing-the-cathode -heaters alarm lamp Li§T. When
the modulation cutoff relay RI20 is thus operated
and the receiving switch relay Ri40-is thus re-
stored; the tone-unit 100 is placed in:its fransmit-
ting: position, whereby an unmodulated 1000 cycle
signal is. transmitted over the sending — and
sending: + conductors Ci101-and C102; which sig-
nal effects operation: of the test equipment. as-
sociated with the: jack.Ji. ‘At this time the re-
sistor: 172: should-be so adjusted that the output
level of. the unmodulated 1000 cycle signal re-
ceived. by the test equipment associated with: the
jack Ji-is- —10 db. from:0.006 watt. At this time
the test equipment may be removed: from the as~
sociated: jack JI and: the key KI returned to its
normal position, whereby the modulation- cutoff
relay R120 restores and the receiving switch relay
At this time the: tone unit 100
is returned to its normal existing receiving condi-
tion. :

Finally, it is noted that the connection between:
the control grid of the two-way amplifier- tube.

. T and the 1000 cycle conirol- conductor Cil3:

includes-the contacts: 14T and 149 of the receiving
switch relay R149 in: series-circuit: relationship;.
which: connection when interrupted; at the.con-
tacts 18T and. I49; causes- one of the contact
springs of the contacts 14T to be: grounded. at
the contacts 48: This arrangement reduces the
intercontact capacity- which' might. otherwise be:
sufficient to-cause a: slight locai 1000 eycle-voltage:
to-be impressed upon. the:control grid:of the two--

- way amplifier tube Tl, even with' the: receiving:

switch relsy R{49: in-its operated position.-. This:
tendéncy: is, of course; positively prevented by
the grounded: contacts 148 disposed intermediate:
the contacts: 14T and. 189 of the receiving: switch:
relay Ri40. ‘

In view of the foregoing, it is- apparent that

‘there has been provided an: improved tone unit-

capable of receiving unmodulated- 1000 cycle dial:
pulses, as well as 50-60 cycle modulated- 1000-cycle
supervisory signals; and- capable: of transmitting
an:unmodulated 1000-cycle:signal for dialing pur-
poses; as 'well-as 50-60 cycle modulated 1000.cycle-
supervisory signals:  Also, the tone unit comprises:
an-improved: arrangement for preventing damage
as: a- conisequence- of -over-loading: of. the various:
tubes-incorporated therein: in response to the re-
ception of strong 1600 cycle signals; as well as-
an-improved srrangement. for permitting moni-
toring over’ a« toll line assoeiated with a- repeater
cireuit. with: which the- tone unit is associated.
while the: tome unit is- conditioned to. receive:
supervisory- signals: from: the- associated: repeater
cireuit over the-associated toll: line; without’inter-
ference:: .
While there has been: described: what is at pres-

‘ent. considered to: be: the preferred. embodiment

of-the invention; it will be:undérstood that-various:
modifications: may be made therein; and it is in-
tended: to cover int. the: appended claims: all such.

- modifications as falll within: the true: spirit-and

scope of the invention.

What is claimed is: :

1. Tr ai signaling system,. a receiving channel
adapted to receive during a given time interval
%.predietermined - frequency: modulated audio fre-
quency current as well as dial pulses at a given
rate of said audio frequency current, a circuit
network, means including an amplifier for cou- -
pling said receiving channel to said eircuit net-
work, a monitoring channel, means including an
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impedance element for coupling said eircuit net-
work to said monitoring channel, a rectifier op-
eratively connected to said circuit network and
operative to produce during said given time in-
terval direct current impuises at said predeter-
mined frequency and to produce direct current
impulses at sald given rate, a local circuit, first
means controlled in response to said direct cur-
rent impulses at said predetermined frequency
for repeating during said given time interval a
signal pulse into said local circuit, and second
means controlled in response to said direct cur-
rent impulses at said given rate for repeating dial
impulses at said given rate into said local circuit.

2. In a signaling system, a receiving channel
adapted to receive during a given time interval
a predetermined frequency modulated audio fre-
quency current, a circuit network, means includ-~
ing an amplifier for coupling said receiving chan-
nel to said circuit network, a monitoring channel,
means including an impedance element for cou-
pling said circuit network to said monitoring
channel, means including a rectifier operatively
connected to said circuit network for producing
during said given time interval direct current
impulses at said predetermined frequency, a local
circuit, and means controlled in response to said
direet current impulses at said predetermined
frequency for repeating during said given time in-
terval a signal pulse into said local circuit.

3. In a signaling system, a receiving channel
adapted to receive dial pulses at a given rate of
audio frequency current, a circuit network, means
including an amplifier for coupling said receiving
channel to said circuit network, a monitoring
channel, means including an impedance element
for coupling said circuit network to said monitor-
ing channel, means including a rectifier opera-
tively connected to said circuit network for pro-
ducing direct current impulses at said given rate,
a local circuit, and means controlled in response to
said direct current impulses at said given rate
for repeating dial impulses at said given rate into
said local circuit.

4. In a signaling system, a receiving channel
adapted to receive audio frequency signals, a cir-
cuit network, means including an amplifier for
coupling said receiving channel to said circuit
network, a monitoring channel, means including
an impedance element for coupling said circuit
network to said monitoring channel, an electron.
discharge device including input and output elec-
trodes, an output circuit coupled to said output
electrodes, a first tuned circuit coupled to said
circuit network and having a frequency response
characteristic that peaks at a predetermined
audio frequency, a second tuned circuit coupled
to said circuit network and having a frequency
response characteristic that peaks at two audio
frequencies respectively disposed above and be-
low said predetermined audio frequency, means
controlled in accordance with the signal voltage
across said first tuned circuit for impressing a
first control voltage between said input electrodes,
and means controlled in accordance with the sig-
nal voltage across said second tuned circuit for
impressing a second control voltage between said
input electrodes, said first and second control
voltages being in opposition to each other so that
the current in said output circuit is controlled in
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accordance with the difference in magnitudes of
the signal voltages across said first and second
tuned circuits.

5. In a signaling system, a receiving channel
adapted to receive during a given time interval
a predetermined frequency modulated audio fre-
quency current, a circuit network, means includ-
ing an amplifier for coupling said receiving chan-
nel to said circuit network, a monitoring chan-
nel, means including an impedance element for
coupling said circuit network to said monitoring
channel, a conductor, means for impressing a
biasing potential upon said conductor, means in-
cluding a first rectifier operatively connected to
said circuit network for impressing during said
given time interval impulses of signal potentials
at said predetermined frequency on said conduc-
tor, said signal potentials being in opposition to
said biasing potential on said conductor, means
including a second rectifier operatively connected
to said conductor for drawing current therefrom
when the signal potential overcomes the biasing
potential on said conductor, means controlled in
response to the drawing of current from said con-
ductor by said second rectifier for -controlling
said amplifier to increase the coupling impedance
between said receiving channel and said circuit
network, a local circuit, and means controiled in
response to said impulses of signal potentials at
said predetermined frequency on said conductor
for repeating during said given time interval a
signal pulse into said local circuit.

6. In a signaling system, a receiving channel
adapted to receive dial pulses at a given rate of
audio frequency current, a circuit network, means
including an amplifier for coupling said receiving
channel to said circuit network, a monitoring
channel, means including an impedance element
for coupling said circuit network to said monitor-
ing channel, a conductor, means for impressing
a biasing potential upon said conductor, means
including a first rectifier operatively connected to
said circuit network for impressing impulses of
signal potentials at said given rate on said con-
ductor, said signal potentials being in opposition
to said biasing potential on said conductor, means
including a second rectifier operatively connected
to said conductor for drawing current therefrom
when the signal potential overcomes the biasing
potential on said conductor, means controlled in
response to the drawing of current from said con-
ductor by said second rectifier for controlling
said amplifier to increase the coupling impedance
between said receiving channel and said circuit
network, a local circuit, and means controlled in
response to said impulses of signal potentials at
given rate on said conductor for repeating dial
impulses at said given rate into said local circuit,
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