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1. INTRODUCTION

1.01 This system is an a-c signaling
system used to extend the range
of pulse operation over intertoll trunks.
It uses freyuencies within the voice band
(1600 or 2000 cycles) to pass dial pulses
and supervisory signals over the same
distance as voice. The 1000-cycle fre-
quency 1is used to signal in both direc-
tions over Lk-wire facilities. Both fre-
quencies, one in each direction, are used
to signal over 2-wire facilities. These
tones are applied to the voice channels
and are transmitted over them between ter-
minals of the SF signaling system.

1.02 A tone supply circuit and a signal-

ing circuit fcomposed of a transmit-
ter and a receiver) are located at each
end of a trunk. Like composite signaling
the SF system uses E and M leads to pass
signals to and from a trunk relay circuit.
The transmitter, under control of d-c sig-
nals obtained via the M lead, applies, re-
moves or interrupts the signal tone trans-
mitted to the distant terminal. At the
distant terminal a vacuum tube receiver
tuned to the incoming signal tone responds
to these various conditions and sends d-c¢
signals.to the trunk relay circuit at that
end.

1.03 A general description of the SF sig-
naling system is given in Section
179-201-101. In that section the functions

of the various equipment units, their
physical appearances and typical bay ar-
rangements are described. In addition,

a typical call between two offices is
described and the sequence of signals and
major circuit operations are explained as
the call progresses.

1.04 This section describes the detailed

circuit operation and makes refer-
ence to operational sketches and sequence
charts. The sketches and charts referred
to in the description are listed in a
separate index.

2. 1600- OR 2000-CYCLE SUPFLY GCIRCUIT

2.01 The tone used by the SF signaling

system is furnished by a bridge type
vacuum tube oscillator. The oscillator
circuit is basically the same for both the
double oscillator supply unit and the
single oscillator supply unit.

2.02 0S 101-1 is & simplified schematic

of the double oscillator circuit.
Frequency and amplitude of an oscillator
are controlled by the bridge circuit in
which two arms are formed by the primary
windings of the output (OUT¥ transformer;
the third arm is formed by the resistors
E, F, and G; and the fourth arm by the
resonant circuit consisting of retard coil
A and the Fl to F9 capacitors.

2.03 The No. 408A vacuum tubes are of the
minjature type and are connected to
operate as high gain pentodes. The 20
volts required for filament operation are
supplied by either the 24~ or 48-volt cen=-
tral office battery. A 130-volt supply
furnishes the plate and screen voltages
which are 119 and 96 volts respectively.

2.04 Both oscillators are adjusted to the

desired frequency (1600 or 2000
cycles) by strapping selected capacitors
from the two groups of F1 to F9 capacitors.
Output levels are adjusted by selection of
taps on the A retardation coils and combi-
nations of resistors E, F, and G. The
taps allow fine adjustment and the re-
sistors coarse adjustment.

2.05 Signal tone of the desired frequency
and level is furnished from the
secondary winding of the OUT transformers
to all the associated signaling circuits.
The-0DD oscillator supplies tone to all
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odd-numbered signaling circuits and the
EVEN oscillator to the even-numbered sig-
naling circuits.

2.06 A signaling circuit transmits tone

. at either of two levels for the idle
condition of the trunk. Tone is transmit-
ted at -33 dbm when a signaling circuit is
connected at the -13 db voice level point,
and at -36 dbm when a signaling circuit is
connected at the -16 db voice level point.
Optional wiring and apparatus in the output
of the supply circuits are used to obtain
the correct tone level needed by the
various signaling circuits within an
office.

2,07 1If all the signaling circuits within'
an office are connected at the -16

db voice level point, B-wiring is used on

the OUT transformers. This wiring uses

only-a portion of the secondary windings

of the OUT transformers. If all the sig-

naling circuits are connected at the -13

db voice level point, A-wiring is used.

This wiring uses the full secondary wind-

ings to obtain the additional 3 db.

2,08 1In large installations some signal-
ing circuits may be connected at
the -13 db voice level and others at the
-16 db voice level., For this condition
A-wiring is used because it supplies the
higher of the two levels necesssry for
those circuits connected at the -13 db
voice level point. For those circuits con-
nected at the -16 db voice level point,
shunt resistors (J) are connected between
the output transformer and the signaling
circuits. These shunt resistors reduce the
signal tone level (supplied by A-wiring)
3 db so that it is correct for the signal-
ing circuits connected at the -16 db voice
level point.

2.09 All these adjustments for‘frequency
and output level are made at the
time of installation.

2.10 As stated previously, the two oscil-

lators supply tone to different
groups of signaling circuits; the ODD os-
cillator to odd-numbered signaling cir-
cuits and the EVEN oscillator to. even-
numbered signaling circuits. A maximum
load of 104 signaling circuits can be sup-
plied with the load divided between the
oscillators. Each oscillator supplies
signal tone to the signaling circuits
within its associated group by a multiple
arrangement of resistors in the tip and
ring conductors between the oscillator and
the signaling circuits.

2.11 Between each oscillator and its
distribution circuit is an automatic
alara and transfer circuit. This circuit
transfers all the signaling circuits within
a group from one oscillator to the other
whenever the output of the first oscil-
lator changes by more than 11 dbm. This
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magnitude of change causes sufficient cur-
rent to flow in the winding of the sensi-
trol relay (ALM) and move its armature to
the number 4 or 5 contact. The B and T

relays operate, and the signaling circuits
associated with the oscillator in trouble

' are transferred to the other oscillator.

2.12 As this takes place an identifying
lamp (ODD 0SC or EVEN 0SC) is
lighted and a minor alarm is sounded. The
maintenance man silences this alarm when
he operates an alarm cut-off key on the
supply unit. A guard lamp also lights
when he does this. When he clears the
trouble (which may be due to such things
as low supply voltage, a defective vacuum
tube, etc.y, the identifying lamp goes out.
The guerd lamp, however, remains lighted
until the automatic transfer circuit has
done its job of returning the load of sig-
naling circuits to the repaired oscillator.

2.13 The automatic alarm and transfer
feature also operates when the out-
put of both oscillators changes more than
$1l dbm. In this case both oscillators at-
tempt to transfer their load and fail.
They fail because when both transfer re-
lays are operated another relay (D) oper-
ates and causes the release of both trans-
fer relays. That is, there is no advantage
in transferring the load circuits when
both oscillators are in trouble. When
this occurs a major alarm is sounded be-
cause all the signaling circuits served
by the supply unit are out of service.
This alarm cannot be silenced until the
trouble is cleared.

2.14 As shown on OS 101-1, the automatic

alarm and transfer circuit also op-
erates whenever there is trouble in either
load circuit which causes the output level
of the associated oscillator to be changed
by %1 dbm. The transfer takes place be-
cause the sensitrol relay cannot differen-
tiate between oscillator trouble and load
trouble. However, once the load circuit
is transferred to the second oscillator the
trouble is transferred with it., - This
causes the second transfer relay to oper-
ate and, as above, whenever both transfer
relays are operated they are made to re-
lease. Therefore, for this trouble, a
major alarm sounds because one-half the
signaling circuits served by the supply
unit are out of service.

2.15 The jacks shown on 0S 10l1-1 are used

when testing a supply unit or its:
assoclated load circuit. Such checks as
measurements of output level and output
frequency are made by patching a particu-
lar set of jacks to the proper measuring
equipment.

2.16 08 102-1 shows the supply circuit
. used in amall installations. This
single oscillator circuit is the same type



as the double oscillator Jjust described
and uses the same means of frequency and -
output level adjustment.

2.17 However, this oscillator supplies a

maximum of two signaling circuits
and both circuits must be connected at the
same voice level point. This is usually
the case in small installations, and for
this reason no shunting resistors are
provided.

2.18 A single relay (P) is normally oper-

ated by the cathode current through
the vacuum tube. When the oscillator is
in trouble and the cathode current de-
creases, the P relay releases and a major
alarm is sounded.

2.19 This circuit also has jacks for

measuring output frequency and out-
put level, and for connection to a signal-
ing circuit under test.

3., 1600~ OK 2000-CYCLE SIGNALING CIRCUIT
(A) General

3.01 This part describes the operation of

the signaling circuit on a relay to
relay basis. Relay operations in the sig-
naling circuit in one office affect relay
operations in the signaling circuit in
another office. For this reason the
typical call method is used to discuss the
operations in the sequence they occur
during service. Because the sequence of
relay operations in the SF signaling cir-
cuit differs with the type of trunk used,
five typical calls are described.

3.02 The first call described is over a

dial pulse trunk to an office
equipped with dial pulse registering
equipment (crossbar). This type of call
uses a majority of all the signals which
can be sent and received by the SF system.
This type of call requires the called of-
fice to transmit both a stop and start
pulsing signal. For this reason and be-
cause it is the first call described, con-
siderable circuit detail is given during
the progress of the call.

3.03 The second call described is over a

dial pulse trunk to an office that
does not have dial pulse registering
equipment (step-by-step} and therefore
does not return the stop and start pulsing
signals. Many of the signaling operations
are the same as during the first call.
Consequently, the description of the step-
by-step call is relatively short and re-
lies upon comparison of the sequence
charts for both types of calls.

3.04 The third and fourth calls are over
ringdown trunks. Here the sequence
of operations differs from both the preced-
ing calls because SF signaling is used as
spurt signaling. That is, spurts of SF
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tone are used to establish and release a
connection and SF tone is not present on
idle trunks.

~ 3.05 The final call is over an incoming

automatic trunk. This c&ll combines
some of the features of the dial pulse
call and the ringdown calls. SF tone is
on the trunk during the idle condition
(similar to dial pulse) and the call is
to a switchboard {similar to ringdown).

3.06 In addition to the signals discussed
during the typical calls, other

paragraphs of this part are devoted to

a discussion of signals not encountered

during the progress of the typical calls.

These include such signals as rering and

flashback.

3.07 1In describing the various operations

reference is made to 0S 103-1l which
shows a simplified schematic of an SF sig-
naling circuit in an east and west office.

3.08 For all the calls and miscellaneous

operations discussed in the follow-
ing paragraphs certain assumptions are
made. These assumptions are:

(a) Two-wire facilities are used be-
tween the toll offices.

{b) 1600 cycles is the west to east
signal tone.,

{c) 2000 cycles is the east to west
signal tone.

(d) The west office is the originating
office.

(e) The east office is the terminating
office.

{(f) In both offices the transmitters
are connected at the -13 db voice

level point and the receivers are con-

nected at the +4 db voice level point.

(B) Typical Call to a Crossbar Office
Idle Condition of the Trunk

3.09 During an idle condition the associ-

ated outgoing trunk circuit at the
west terminal (see 0S 103-1) has ground
connected to one end of the M lead, the
other end of which is connected to the mid-
point of resistor R3. A resistance path to
ground is thus furnished from the number 1
terminals of varistors VRl and VR2. The
number 2 terminals of these varistors have
a negative potential to ground of approxi-
mately -13 volts obtained from the poten-
tiometer-resistor Ré.

3.10 The potential across VRl and VR2

(number 1 terminal positive with
respect to the number 2 terminal) is
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sufficient to permit a current flow
through each varistor, thus causing their
internal resistance to become approximately
130 ohms. 3ignal tone supplied by the
oscillator is transmitted through capaci-
tors Cl and C2, varistors VRl and VR2, to
the Tl repeat coil and thence to the out-
ward transmission path. {See SC 101-1.)
The level of tone transmitted is -33 dbm
(20 db below that of voice level at the
point where the signaling circuit is con-
nected).

3.11 The 1600-cycle tone is transmitted
over the voice path of the 2-wire
line facilities to the east terminal where
it is normally received at -16 dbm. It
passes through the blocking amplifier and
the associated blocking network. The Tl
repeat coil of the amplifier takes the
signal tone from the toll line and passes
it through the blocking network to the grid
of vacuum tube V. Because the incoming
signal to the east terminal is 1600 cycles
and the blocking network is tuned to 2000
cycles, the signal passes without attenua-
tion. . '

3.12 The blocking amplifier is a flat

gain amplifier adjusted to provide
zero gain and zero loss between the IN and
OUT jacks when the blocking network is out
of the circuit. Potentiometer P in the
grid circuit of vacuum tube V is used to
adjust the gain of the amplifier.

3.13 After passing through the amplifier,
the incoming tone is directed to the
input transformer T3 where the inward
transmission path divides into a voice and
a signal path. Part of the signal tone
enters the voice path where a small amount
gets through until the 35 db attenuation
is inserted by the blocking network. This
network is tuned to the incoming 1600 cy-
cles so that signal tone is restricted to
the toll facilities and the signal path
in the receiver.

3.14 The remainder of the tone is directed
to the signal path and the grid of
Potentiometer P2 controls
the level of signal tone fed to the grid
of vacuum tube V2. The potentiometer is
set so that when R-wiring (for +4 db cir-
cuit) on T3 is used an input signal of =24
"dbm causes the cathode current in vacuum
tube V3 to be 7 milliamperes. When
Q-wiring (for +7 db circuit) is used, an
input signal of =21 dbm establishes the
same current value with the potentiometer
at the same position. This happens because
Q-wiring uses taps on the secondary of T3,
which cause a 3 db reduction of gain.

3.15 Amplified by the action of vacuum
tube V2, the tone is delivered
through the T4 output transformer to a
load composed of volume limiter VR19, a
low-pass filter composed of retard coil Ll
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and capacitors Cl5 and Cl6, and a voltage
dividing network Nl. To appreciate the
action of the volume limiter and the low-
pass filter requires understanding of the
action of the voltage dividing network.
under conditions of signal tone alone,
signal tone and voice, or voice alone be-
ing received. A description of the action
of the network under these conditions fol-
lows before proceeding with the call.

3.16 The voltage dividing network con-

sists of two resonant circuits, one
parallel and one series, tuned to the in-
coming signal frequency (in this case, 1600
cycles). (These networks are tuned in the
shop and are coded 200F for circuits re-
ceiving 1600 cycles and 200E for circuits
receiving 2000 cycles. The resonant cir-
cuits for the voltage dividing network and
the blocking network are in the same can.)
Each tuned circuit is shunted by a half-
wave rectifying arrangement composed of
two germanium varistors in series with a
storage capacitor. A-c voltage develops
across each tuned section, and as a result
of the rectifying characteristic of the
varistors, d-c voltage appears across
capacitors C18 and Cl9.

3.17 1If the incoming energy is mainly
pure signal tone, a relatively large

- a=-c voltage appears across the parallel

resonant network because this section is
high impedance to signal frequency. There=-
fore, the C19 storage capacitor is charged
by relatively high d-c voltage. Capacitor
Cl8, on the other hand, shunts the low im-
pedance series resonant section and because
relatively little a-c¢ voltage is developed
across this section it is charged by a
smaller d-c¢ voltage.

3.18 1If the incoming energy is mainly
voice and has a negligible signal
frequency component, the reverse is true.
The parallel resonant section is a low
impedance to all voice frequencies, and
because of this a relatively small a-c
voltage appears across the section. Capa-.
citor C19 thus receives a small d-c charge.
On the other hand, the seriess resonant
section has a large a-c voltage across it
due to its high impedance to voice fre-
quencies. Therefore, capacitor Cl18 is
more highly charged for this condition.

3.19 If the incoming energy contains both

types of frequencies, each tuned
section produces voltages in.accordance
with the relative power and frequency of
the various components. .

3.20 Regardless of the component freguen-
cies of incoming energy, capacitors

Cl9 and C18 become oppositely charged;

Cl9 positively, Cl8 negatively with respect

to their junction point. These two volt-

ages are combined in a special proportion

(by means of resistors R46 and R47) which



affects the grid voltage of vacuum tube
v3. This can be seen more clearly if the
grid-cathode circuit of tube V3 is traced.

3.21 Starting at the grid of vacuum tube

V3 a grid-cathode path can be traced
through resistors R48 and R46, varistors
VR25 and VR24, the inductance coil of the
parallel resonant section of N1, resistor
R26, to the potentiometer composed of R25
and R26, and lastly from ground through
the Pl winding of the R relay to the
cathode terminal of V3.

3,22 The potentiometer arrangement of R25
and R24 produces a voltage of -8
volts to ground which is the fixed grid to
cathode bias voltage. A grid to cathode
bias of -8 volts is close to the cut-off
point of the V3 tube. The action of the

charged capacitors is to change the bias

on the grid of V3; the amount and the di-
rection of change are dependent upon the
level of signal tone with respect to voice
or other extraneous energy. The charge

on capacitor Cl9 tends to make the grid

‘more positive, thus permitting more plate-

cathode current flow; the charge on
capacitor Cl8 tends to make the grid more
negative, thus driving the grid below cut-
off and reducing plate-cathode current
flow. .
3,23 This action is more easily seen if

a charge and discharge cycle of
these storage capacitors is described.

3.2, During the first positive half-cycle
of incoming signal tone, when the
voltage across the parallel network is
rectified, practically all of the current
flows into capacitor Cl9 because it is
discharged. During the negative half-
cycle no current flows through the circuit
because the varistors cannot pass current
in the reverse direction. However, the
potential still exists across Cl9 from the
charge of the positive half-cycle and it
starts to discharge through R46, RL7,
VR20, VR21, and R15 to the other side
of C19.

3.25 The. high resistance in this path al-

lows only a small current to flow
and consequently only a small portion of
the charge is removed. During the next
positive half-cycle Cl9 again charges to
the peak voltage developed across the
circuit. The low resistance in the charg-
ing path allows C19 to charge very quicikly,
but the high resistance in the discharge
path forces it to discharge slowly. There-
fore, after one or more cycles, the full
voltage across C19 is maintained as long -
as signal tone is received.

3.26 The voltage drop across Ri6 due to
the discharge current is in the same

direction as the -8 volts bias produced by

the potentiometer of R2i and R25. When
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pure signal tone is received the algebraic
sum of the -8 volts fixed bias, the posi-
tive voltage across Cl9, and the negative
voltage due to the drop across R46 is such
that the grid bias voltage is sufficiently
positive to permit a relatively large
plate to cathode current in tube V3. The
charge across C18, under the condition ‘of
pure signal tone, is negligible and need
not be considered in computing the
algebraic sum.

3.27 However, if the incoming signal is

not pure but contains other frequen-
cies in addition to the signal frequency,
capacitor Cl8 receives a relatively higher
charge. Its discharge path is through N1,
VR24, VR25, R46 and R47. The voltage drop
across R46 1s in the same direction as that
caused by the discharge of the other stor-
age capacitor Cl19. If the voltage drop
across R46 due to the combired discharging
currents of C18 and Cl9 exceeds the poten-
tial across Cl9, the net effect is to make
the grid of V3 more negative and drive the
grid below cut-off.

3,28 The parallel resonant circuit, the
associated varistors VR24 and VR25,
and capacitor C1l9 form the signal channel
of the receiver. The signal channel alone
produces voltage which tends to operate
the receiver by permitting a high plate-
cathode current in tube V3.  The series
resonant circuit, the associated varistors
VR20 and VR21, and capacitor C18 form the
guard channel. The guard channel produces

" voltage which tends to prevent operation

of the receiver by reducing the cathode
current in V3. :

3,29 It was stated previously that the
output of vacuum tube V2 was directed
to a volume limiter (VR19) and a low-pass
filter. The volume limiter supplements
the guard action of the receiver. Its
function is to restrict the level of any
voice energy entering the signal path
especially when signal tone is present in
the voice energy. Thus, if there is a
large signal frequency component in the
voice energy of a loud talker, the volume
limiter restricts the amount of signal
component which would get through and oper-
ate the receiver.

3.30 The volume limiter and vacuum tube

V2 generate unwanted harmonics even
when pure signal tone is received. The
low-pass filter (coil L1 and capacitors
Cl5 and Cl16) is used to prevent these
harmonics from reaching the voltage divid-
ing network where they would develop un-
wanted guard voltage. ’ :

3.31 One other feature which is used to
prevent false receiver operation
should be noted before proceeding with the
call under consideration. As already de-
scribed, the discharging path of capacitor
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Cl9 contains resistors R46 and R47. At
the instant the discharging current starts
to flow, R47 is effectively short-circuited
by the low resistance of varistors VH22
and VR23 in series with capacitor Cl7. As
Cl7 becomes charged the impedance of this
series combination slowly reaches the

value of resistor R47 and no longer short-
circuits it. The instant, therefore, that
the Cl9 discharging current begins to flow,
its discharge circuit resistance is low
and the discharging current through R46
consequently high because of the effective
removal of R47.

3.32 The net effect of Cl9 discharging

and the high current through R46 is
at first a smaller positive voltage on the
grid of V3 than is obtained when the signal
gets to a steady state condition. This
action, in conjunction with the discharg-
ing action of C18 in increasing the voltage
across R46, tends to delay considerably the
build-up of a positive voltage of suf-
ficient magnitude to drive the grid of V3
above cut-off. This delay prevents re-
ceiver operation on very short spurts of
almost pure signal tone that might be in
any received voice energy.

3.33 Some of the features of the receiver

have been discussed; others are dis-
cussed as the call under consideration
progresses. Prior to the description of
the action of the signal and guard chan-
nels, signal tone was being received and
amplified by vacuum tube V2. The opera-
tions described in the following para-
graphs start at that point.

3.34 When signal tone is received and the

charge on Cl9 is maintained, the
bias on the grid of V3 is such that a rel-
atively large plate-cathode current flows.
The RF (remove filter) and R (receiving)
relays which are in the plate and cathode.
circuits respectively operate when the
current in tube V3 increases. The RF re-
lay quickly inserts the blocking network
in the voice path where it blocks the in-
coming signal tone. The R relay is slow
operating due to the secondary winding and
varistor VR3 which tend to restrict the
build-up of flux in the Pl winding. This
slow operation of the R relay is further
protection against talk-off or operation
of the receiver on short spurts of signal
frequency which may be present in any
voice energy.

3.35 When the R relay operates ground is

connected through varistor VR18 to
the primary winding of the RG (regenera-
tion? relay, causing it to operate and re-
move the ground from the E lead. The re-
moval of the ground establishes an idle
condition for the trunk.

3.36 The GR (guard remove) relay also
operates, shorting out the series
resonant section of the voltage dividing
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network.  The result of this action is to
remove the guard channel and make all in-
coming energy (signal tone and noise)
active in keeping the receiver operated.
This is the no-guard condition of the re-
ceiver which also at this time has normal
sensitivity (operates at -24 dbm).

3.37 The conditions described above (from
the origination of an idle signal
through receiver operation to the removal
of ground from the E lead) are similar for
transmission of the same type signal from
the east terminal to the west terminal.
However, the tone sent toward the west is
2000 cycles, the blocking network in the
line receive branch of that terminal is
tuned to 1600 cycles, the blocking network
in the voice amplifier path is tuned to
2000 cycles, and both the parallel and
series sections of the voltage dividing
network are tuned to 2000 cycles. The
action of each of these networks and tuned
sections is similar to those in the east
terminal, and thus the receivers in both
terminals are operated and are in their
no-guard and normal sensitivity conditions.

Seizure Signal

3.38 When the trunk circuit is seized at
the west terminal, a trunk circuit
relay operates and connects -48 volt bat-
tery to the M lead. Battery on the M lead
creates a greater negative potential at

‘the number 1 terminals of VH1 and VEZ2 than

that crezted at the number 2 terminals by
the potentiometer R6. As a result of this
new potential condition VRl and VR2 have
high internal resistance (in the order of
one megohm), and thus effectively block
signal tone from reaching the outward
transmission path. Tone is not completely
removed from the transmission path but the
level is reduced in the order of 80 db
which, as far as the receiver at the east
terminal is concerned, is as effective a
complete absence of tone.

3.39 Battery on the M lead also causes the
M (out signal) relay to operate which
completes one of the operating paths of the
CO (cut-off) relay. The outward transmis-
sion path is split and terminated by the
operation of the CO relay. This is done
whenever there is a transition from tone-on
to tone-off or vice versa. By opening the
transmission path just long enough when
signal tone is being connected or discon-
nected, noise from the drop side does not
interfere with the action of the receiver
at the distant terminal. The length of
time that the transmission path is split
and terminated is dependent upon the length
of time the CO relay (which may be operated
over several paths) remains operated. A
minimum period of operation and the result-
ing split transmission path is assured by
the slow release of the CO relay. The slow
release of approximately 100 milliseconds

-



is accomplished by varistors VR6 and VR7.
They shunt the relay winding permitting
current to flow in the direction which
tends to keep the relay operated after the
operating path is opened.

3.4,0 Although west to east signal tone is

removed at this time for the trans-
mission of the seizure signal, the trans-
mitter prepares to continue signaling op-
erations. It conditions itself to trans-
mit tone at a 14 db higher level when the
HL (high level) relay operates and shorts
out resistor R16 in the output circuit of
the varistor keyer.

3.41 The T relay operates and also shorts
out kl6é. This is done to permit
transmission of high level tone for a rel-
atively long period of time during the
disconnect signal. The T relay also con-
nects capacitor C2l in parallel with Cl9,
thereby increasing the storage capacity
for voltage which keeps the receiver op-
erated. This type of aid is necessary to
produce distortionless report signals. As
it is assumed for the call under consider-
ation that a disconnect signal does not
take place at this time and that report
signals are not to be received, the
description of these features is postponed
until later. It may be said, however,
that the effect of C21 is to keep the re-
ceiver operated about 20 milliseconds
longer than it would be without C21.

3.42 When the west to east signal tone is

removed, the receiver at the east
end quickly releases. The RF, R, GR, and
RG relays release. Ground is connected to
the E lead by the released RG relay ap-
prcximately 30 milliseconds after cessation
of tone. This ground is a seizure signal
to the east trunk relay circuit.

3.43 During the idle period the east re-
ceiver had been in a no-guard condi-
tion and all energy entering the receiver
was used to keep the receiver operated.
At this time, with the incoming signal re-
moved and the receiver -in a released
condition, the receiver is exposed to any
voice or noise on the trunk. It therefore
becomes selective to incoming frequency by
establishing a low-guard condition. This
is done when the released GR relay removes
the short across the series resonant sec-
tion of the voltage dividing network. Now
the receiver is less likely to operate if
false signal energy is received.

3.4 Under the low-guard condition if a
short spurt of signal tone frequency
is received as a component of voice or
noise, the a-c voltage developed across
the series resonant section due to the
other components is rectified and charges
capacitor C18. The charge on capacitor
C18, as explained, is used to keep the re-
ceiver released. It should be pointed out
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that R15 shunts the series resocnant sec-
tion restricting the impedance across this
section to approximately 5000 ohms. Later,
this resistor shunt is removed, permitting
a higher impedance and therefore high-
guard action.

Stop Pulsing Signal

3.45 When the incoming seizure signal is

received in the east office, equip-
ment designed to register the expected
dial pulses is not immediately available.
A stop pulsing signal is therefore trans-
mitted from the east end to indicate that
such equipment is as yet unavailable, and
consequently the transmission of the dial
pulses should be delayed. Transmission of
the stop pulsing signal is ordered by the
incoming trunk circuit at the east end
when it replaces ground on the M lead by
battery.

3.46 Battery on the M lead, as has al-

resdy been shown, results in the im-
mediate removal of transmitted tone fol-
lowed by the operation of the M, CO, and
HL relays, with the CO relay slowly re-
leasing. After this signal is sent, the
east end receiver is in the same condition
as when an off-hook or subscriber answer
signal is sent. This is readily seen by
referring to SC 10l-1. An off-hook condi-
tion with conversation following would
further expose the receiver to false oper-
ation. The receiver cannot differentiste
between the signsls and prepares to in-
crease the protection against false oper-
ation by changing its operate sensitivity,
increasing the guard, and providing a
mechanical delay.

3.47 The operate sensitivity of the re-

ceiver is made -12 dbm when the S
(sensitivity) relay operates and changes
taps on input transformer T3, thereby re-
ducing the portion of secondary winding
used as receiver input. This makes it
more difficult for average voice energy to
operate the receiver. The unused portion
of the secondary winding is shunted by re-
sistor R1l4 (0.91 megohm%. This action
maintains a high resistance load across
the unused portion of the secondary winding,
thus keeping a more constant low bridging
loss to incoming voice transmission.

3.48 The signal-to-guard efficiency is

changed to high-guard by the removal
of the R15 shunt across the series reson-
ant section. The impedance across the
series resonant section, with R15 removed,
rises to high values for frequencies fur-
ther and further away from resonance (in
this case 1600 cycles). Consequently
higher a-c voltages are developed by any
voice energy received, and when these volt.
ages are rectified capacitor Cl8 receives
a higher charge.
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3.49 The mechanical delay is introduced
when the S relay opens the operating
path of the RG relay. Thus, the RG relay
(which formerly operated immediately after
the R relay) cannot operate until the 8
relay releases. ’

3.50 All of these features (lowered sensi-

tivity, higher guard efficiency, and
mechanical delay% are incorporated in the
receiver to prevent its operation by spurts
of almost pure signal tone which might be
in the transmitted voice energy.

3.51 The east terminal is further condi-
tioned for voice transmission when
the S relay removes the blocking network
(tuned to 1600 cycles) in the voice ampli-
fier path by shorting out terminals 9 and
10. 1In addition, the blocking network
{tuned to 2000 cycles) in the line receive
side is removed when the F relay operates.

3.52 At the west end the discontinuance
of incoming tone {as & result of the
transmission of the stop pulsing signal)
results in the release of the RF, R, RG
and GR relays, and the operation of. the
SR relay. Ground connected to the E lead
by the RG relay is interpreted as a stop
pulsing signal by the west trunk relay
circuit.

3.53 It should be pointed out that the

_ west receiver was in a no-guard con-
dition and that capacitor C21 was in the
circuit (GR and T relays were operated)
before incoming tone ceased. Both of
these conditions keep the receiver oper-
ated longer, and consequently the time
from cessation of tone to the application
of ground by the E lead is approximately
60 milliseconds.

3.5, As soon as the GR relay releases and

removes the short across the series
resonant section at this terminal, this
receiver becomes selective to incoming fre-
quencies by establishing a low-guard condi-
tion.

3.55 The action of the west receiver now
varies depending upon whether the
stop pulsing signal is removed in less
than a second (it mey be if equipment is
immediately available in the east office)
or whether it lasts longer than one second.

3.56 If the stop pulsing signal is of less
than one second duration, the west

. receiver takes no action. However, if the
stop pulsing signal is maintained for more
than one second, the west receiver also
agsumes that the talking condition has been
established because signal tone is not
being sent in either direction. I: then
proceeds to increase the protection against
false operation by lowering its sensitivi-
ty, changing to high-guard and incorporat-
ing the mechanical delay feature.
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3.57 The S relay performs these functions

after a timed interval. The S relay
cannot operate until the T relay releases;
the latter cannot release until the T
cold-cathode vacuum tube fires, which in
turn gepends upon the charging of capaci-
tor C9.

3.58 Capacitor C9 starts to charge when
the GR relay releases and removes
the ground shunting the capacitor. When
the stop pulsing signal is maintained for
a minimum of one second, capacitor C9 ac-
cumulates a charge of approximately 72
volts., Terminal 1 (control anode) of the T
vacuum tube receives this same potential
when capacitor C9 is charged. This poten-
tial is sufficient for a breakdown of the
control gap across terminals 1 and 4. The
resulting ionization reduces the breakdown
voltage of the main gap (across terminals
2 and 4) and the tube fires. Current
flows from the 130-volt battery to the
main anode (2), to cathode (4), and through
the secondary winding of the T relay. The
T relay is wound differentially and the
current through the secondary winding
causes its quick release. The T vacuum
tube ceases to fire when the T relay re-
leases and removes the source of voltage.

3.59 1In addition to operating the S relay

and obtaining the resulting protec-
tion against voice currents, the west re-
ceiver removes the blocking network in the
line receive path and the blocking network
in the voice amplifier path.

3.60 The condition of the signaling cir-
cuits at both terminals is such that
ideal conditions for the talking period
have been established. That is, both re-
ceivers are in their low sensitivity con-
dition, have high-guard action, and have
incorporated the mechanical delay.

Start Pulsing Signal

3.61 When the equipment at the east of-
fice is ready to receive disl pulses,

the associated incoming trunk circuit at

that end removes battery and replaces it

by ground on the M lead. Signal tone (2000

cycles) is again transmitted from the east

end, this time at a 14 db higlier lével.

The M and F relays quickly release, insert-

ing the line side blocking network tuned

to 2000 cycles.

3.62 The east receiver prepares to receive

incoming tone and realizing that
the talking period is not yet established
where mechanical delay, high-guard and
low sensitivity are needed, proceeds to
establish a condition best suited for the
reception of dial pulses. The release
of the S relay increases the sensitivity,
removes the mechanical delay, and re-
stores the receiver to a low-guard condi-
tion.



3.63 The release of the S relay permits

the slow releasing HR (rering) relay
to release. The RR relay releases slowly
because of the action of varistors VR15
and VR16 and potentiometer P5. As soon
as the M relay releases and until the RR
relay releases, a supplementary ground is
applied to the M lead for approximately
175 milliseconds. This action is benefi-
cial during the sending of any rering sig-
nal, as is explained later, but has no
value at this moment since the trunk cir-
cuit maintains a steady ground on the M
lead. At this time high level tone (-19
dbm) is sent for approximately 275 milli-
seconds (100 milliseconds additional due
to the slow releasing HL relay) followed
by §ontinuously sent low level tone (-33
dbm).

3.64, At the west end the reception of

this high level signal tone causes
the receiver, even though it may at this
moment be in its low sensitivity condition,
to operate the RF and R relays and to re-
lease the slow releasing SR relay. The RF
relay quickly inserts the blocking network
tuned to the received signal frequency
{2000 cycles) into the inward transmission
path. :

3.65 It should be noted that the time in-
terval between reception of incoming
tone and the grounding of the E lead de-
pends upon whether or not the S relay has
been operated. If the S relay is operated
with all the resulting talk-off protection
the time is approximately 150 milliseconds,
whereas if the S relay has not been oper-
ated the time is approximately 60 milli-
seconds., In either case, after the re-
ceiver operates, it has no-guard action,
normal sensitivity (-24 dbm) and both
blocking networks are back in the circuit.

Dial Pulses

3.66 The transmission of information rel-

ative to the called subscriber num-
ber now takes place so that the call can
be routed through the next switching of-
fice. SC 10l-1 illustrates the transmis-
sion of the first (aigit 2) and last
digits {digit 1) of a typical call. The
associated trunk circuit at the originat-
ing end passes the dial pulses to the SF
signaling circuit by changing the condition
on the M lead from battery to ground for
the break period of each pulse. Removal
of battery causes the immediate transmis-
sion of high level (-19 dbm) signal tone
and the release of the M relay followed by
the operation of the CO relay. The CO re-
lay, as always, cuts the outward transmis-
sion path.

3.67 During the train of pulses repre-
senting a given digit or letter the
M relay follows the pulses, whereas the
CO and HL relays remain operated due to
their slow releasing characteristics.

ISS 1, SECTION 179-202-101

However, during interdigital time the CO
relay releases while the M and HL remain
operated because of battery on the M lead.

3.68 -At the called end the arrival of

these tone pulses causes the opera-
tion of the R relay, and in turn the KG
relay, which repeats the pulses to the
trunk cireuit by removing ground from the
E lead. The SR relay holds up over the
operated period of the R relay and thus
causes.the CO relay to operate and hold
over the train of pulses, releasing how-
ever during the interdigital time.

3.69 These pulses never arrive at the

called end in the form they were
transmitted. They vary in received power,
are altered by frequency shift (if over a
carrier system), and are usually accom-
panied by a variety -of trailing echoes.
The action of the guard channel and the
slow operating characteristics of the R
relay considerably chop off the front end
of these tone pulses. The d-c pulses are
therefore considerably shorter than the
tone pulses. The R relay, however, re-
peats these pulses to the regenerating re-
lay RG which (under control of its second-
ary winding) increases the shortest pulse
to one of specified minimum duration.

3.70 The sole function of the secondary
winding of the RG relay and its as-
sociated arrangement of varistors, capaci-
tors, and resistors is to guarantee a mini-
mum operated period of the RG relay once
it has operated. The action can best be
described as follows. When the RG relay
is normal capacitors C3, CL and C5 are
charged from ground through contacts k4
and 5, varistor VR12 and the 1100-ohm sec~
tion of R19 to 48-volt battery. The moment
the back contact of the RG relay is opened,
the energy stored in these capacitors dis-
charges through potentiometer P6, resistor
R19, and the secondary winding of the RG
relay. The flow of current through the
secondgry winding keeps the relay operated
independently of its operating path.

3.71 The minimum operated period of the

RG relay is set by adjusting poten-
tiometer P6. When the circuit is properly
adjusted it produces pulses of 60 per cent
break at 10 pps.

3.72 At the end of the dial pulsing

period the circuits at both ends of
the system return to the same conditions
in which they were before dial pulsing
actually started. That is, no signal tone
is being transmitted in the west to east
direction and low level tone is being
transmitted in the east to west direction.
The circuit remains in this condition un-
til the called subscriber answers.

Off-Hook Signal

3.73 After the east terminal switching
equipment routes the call to the
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called subscriber and he answers, the
trunk relay circuit at the east terminal
replaces ground on the M lead by battery,
causing the removal of east to west signal
tone. The sequence of operations that re-
sult is identical to those previously de-
scribed for transmission of the stop puls-
ing signal where the stop pulsing signal
was maintained for at leest one second.

At both ends of the system the receivers
are in their low sensitivity and high
guard conditions, and have the mechanical
delay feature incorporated. These all
give each receiver its maximum talk-off
protection now that the talking condition
has been established.

On-Hook Signail

3.74 When conversation is finished and
either the calling or called sub-
scriber hangs up, the originating operator
receives an on-hook supervisory signal in-
forming her that the call is completed.
The on-hook signal from the two parties
can originate simultaneously or one could
be sent prior to the other. The signal
from the calling subscriber is received
via the circuit from the calling subscri-
ber's local office; the signal from the
called office is received from the distant
toll office via the SF signaling system.
In either case the operator takes down her
cords and automatically a disconnect sig-
nal is sent from the calling end to the
called end. The disconnect signal re-

leases the switching equipment used in set-

ting up the call and restores the trunk to
the idle condition.

3.75 The following description assumes
that the on-hook signal from the
called subscriber is received first.

3.76 When conversation is finished and

: the called subscriber hangs up, an
on-hook signal is transmitted by the SF
signaling system back to the originating
operator, informing her that the call is
completed. The on-hook signal is trans-
mitted toward the west end by high level
(-19 dbm) tone for approximately 250 mil-
liseconds followed by continuously sent
low level (-33 dbm) tone. This type of
signal , the sequence of operations, amd
the condition of the receiver at both ends
of the system are identical to those
described in conjunction with the start
pulsing signal. The receiver at the east
end changes to a low-guard, normal sensi-
tivity condition; the receiver at the west
end, since tone is being received, changes
to & no-guard, normal sensitivity condi-
tion,

.Disconnect Signal

3.77 The originating operator recognizes
the steady on-hook signal and pro-
ceeds to disconnect. When she removes her

Fage 10

cords the trunk relay circuit connects
ground to thé M lead and high level tone
is transmitted toward the east end. This
is the disconnect signal sent so that
equipment in the distant office used in
setting up the call may be released.

3.78 The M relay releases followed by the
. operation of the HL and the release
of the CO. Ground is removed from the C9
capacitor by the HL relay, permitting the
cold-cathode timing tube to time out and
release the T relay. The signal tone level
sent to the east end remains high until
the T relay releases, and it is then fol-
lowed by low tone. The low level tone re-
mins on the trunk as an idle signal.

3.79 At the east end ground is removed

from the E lead and a disconnect
signal is transmitted to the associated
trunk relay circuit, allowing the switch-
ing equipment to return to normal.

3.80 The CO relay operates because the SR

relay is still operated although it
is in the process of releasing. The SR re-
lay releases in approximately 250 milli-
seconds, allowing the GR relay to operate
and the CO relay to relezse.

3.81 Actually the signaling circuit at

the ®ast end has returned to normal
but the one at the west end has not. The
T relay at that end is still operated.  As
soon as the T relay releases the circuit
is restored to normal with both transmit-
ters sending out low level tone, both re-
ceivers in a no-guard and normal sensitiv-
ity condition, and with the mechanical de-
lay feature removed.

(C) Typical Call to a Step-by-Step Office

3.82 A call may be established through an

office (step-by-step) which does not
use dial pulse registering equipment. The
switching through this type of office is
under direct control of the incoming dial
pulses. Because it is not necessary to
attach dial pulse registering equipment,
no stop and start pulsing signals are re-
quired. For this type of call dial pulses
are sent immediately after the seizure
signal.

3.83 SC 102-1 shows the sequence of oper-

ations of the SF signaling system
during such a call. Most of the opera-
tions are identical to those already de-
scribed and consequently are not described
here.

3.8, The operations for the idle circuit
condition and for the seizure signal
are performed in an identical manner. Dial
pulses follow immediately after the seizure
signal without the intervening stop and
start pulsing signals. Therefore, east to
west signal tone is not removed until the



called subscriber amnswers. Because tone
is not removed in both directions of
transmission until that time, the receiv-
ers do not go through the extra step of
providing all the protection against false
operation until it is actually needed.

3.85 One other difference should be noted.

The east office (assumed to be step-
by-step) uses P-wiring on the blocking
network in the voice receive path. This
wiring puts the network under control of
both the RF and S relays. The network is
not removed until the talking period (when
the S relay is operated). By keeping the
network in the circuit none of the signal
tone dial pulses can get through the voice
path to another SF signaling system con-
nected in tandem with this one.

3.86 Once the network is removed from the
circuit it is not necessary to wait
for the S relay to release before it is
reinserted. The RF relay will operate and
reinsert the network as soon as signal
tone is received. However, if signal tone
is not received first but is transmitted
first (as shown on SC 102-1 for the on-hook
condition), the S relay releases and rein-
serts the network.

3.87 The other operations (off-hook, on-
hook, and disconnect signals) are
jdentical as shown on the sequence chart.

gn) Typical Calls to Manual Qffices via

Ringdown Trunks

3.88 The sequence of operations of the SF
~ signaling system when used on ring-
down trunks is unlike those previously de-
seribed for dial trunks. Whereas presence
of signal tone during the idle condition
is normal for dial trunks, the absence of
signal tone for the idle condition is nor-
mal for ringdown trunks. Tone is trans-
mitted on ringdown trunks only when it is
desired to signal the distant operator.

3,89 Converter circuits are used to change

the signals sent by the trunk circuit
to those accepted by the SF system and
vice versa. 0S 104-1 shows three typical
converter circuits; two of the converters
are used for ringdown trunks and one for
incoming automatic trunks. The .last named
is discussed later in connection with in-
coming automatic trunk operation.

3.90 The first converter {SD-56159-01)

shown is used for comnecting an SF
signaling circuit to No. 3 type switch-
_boards. As shown on 05 1O4-1, the switch-
board mey exchange signals over an ST and
a G lead or over an SG lead. The follow-
ing description discusses signaling over
the SG lead (both methods are shown on the
sequence chart of 08 104-1.)

3,91 During the idle period negative 48-
volt battery is connected through a
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break contact of the M relay of the con-
verter circuit to the M lead of the SF 8ig-
naling system. Battery applied to the M
lead keeps tone from the line and the re-
ceiver at the distant end released. Ground
connected to the E lead by the released
receiver causes the operation of the SP re-
lay in the conwverter circuit. The operated
SP relay connects the 5G lead, over which
signals are sent %o and from the trunk re-
lay circuit, to the M relay. This single
lead takes the place of both the M and E
leads between the converter circuit and

the trunk circuit.

3.92 Thus during the idle condition, bat-

tery is connected to the M leads,
ground to the E leads, tone is not being
transmitted in either direction, and the
receivers are released.

3,93 Each step in establishing the idle
condition has not been explained,
for the method of operation of the various
relays in the single frequency circuit has
been discussed previously. It should be
noted, however, that the 3 relay, as
0S8 104-1 shows, is operated at both ter-
minals during the idle condition. Thus
the receivers at both terminals have high-
guard, low sensitivity, and mechanical de-
Jay. At both terminals the HL relay is
operated which means that when tone is
transmitted it will be at high level.

3.94 To signal the operator at the distant

end the originating operator at the
west terminal operates a ringing key which
causes battery to be applied to the 5G
lead. The operation of the M relay in the
converter circuit removes battery and sup-
plies ground to the M lead of the SF.sig-
naling circuit. Application of this ground
permits high level signal tone to be trans-
mitted toward the distant end where it
causes the east receiver to operate and
change the condition of the E lead to an
open. The released SP relay in the east
converter circuit connects battery to the
SG lead of the associated trunk circuit,
causing a signal to be brought in at the
switchboard.

3.95 During the ringing period both re-
ceivers change to normal sensitivity
and remove the mechanical delay. The re-
ceiver at the east end removes all guard
action; the receiver at the west end
changes from high-guard to low-guard.

3.96 At the conclusion of the ringing

period battery is disconnected from
the SG lead at the east end when the ring-
ing key is restored. The M relay in the
converter circuit releases, ground is again
connected to the M lead, and tone is re-
moved. The circuits restore with only
those relays operated which were operated
during the idle period. Thus the talking
period condition of a ringdown trunk is
the same as the idle period.
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3.97 When the talking period is over and

the calling subscriber on-hook sig-
nal is received by the originating oper-
ator, she rings toward the east end as a
disconnect signal. The operations are
identical to those in estzblishing the
connection. At the end of the ringing
period the SF signaling circuit restores
to the same condition &s when idle.

3.98 The second converter (SD-56163-01)
shown on 0S5 104~l1 is one which
changes 20-cycle ringing signals from No.l
type switchboards to d-c signals required
for operation of the SF signeling circuit.
Conversely, the converter changes the d-c
signsls from the SF signzling circuit to

20-cycle ringing for the switchbosrd.
Ringing to and from the switchboard side:
is done over the tip and ring conductors,

3.99 The sequence chart on 0S 104-1 shows

that during the idle period battery
is kept on the M lead end ground on the E
lead. The SF signaling circuit is in the
same condition &s that described for the
other converter - that is, tone is not
being transmitted from either the east or
west office.

3.100 When an originating operator (west
office) rings, the 20-cycle current
is rectified by the A varistor and relay A
operates. This causes the M lead to be
grounded and high level tone to be sent
toward the distant end. The operations of
the SF signaling circuit are the same as
those described for the first converter
and are not described here. Reference
should be msde to the sequence charts.

3.101 when the east converter receives

the incoming signal (E lead open),
the R relsy in the converter releases and
passes 20-cycle ringing current to the
switchboard.

3.102 At the end of the ringing period,
the SF tone is removed and the SF
signaling circuit restores to normal,

(E) Typical Call to 2 Manual Office via an
Incoming Automatic Trunk

3.103 Operation of the SF signaling sys-

: tem on an incoming automatic trunk
is similar to operation on a dial pulse
trunk. In both cases SF tone is present
on an idle trunk and must be removed in
both directions before the start of the
talking period.

3.104 The third converter (SD-56131-01),

shown on 0S 104-1, is used on ine
coming automatic trunks to. No. 3 type
switchboards. This converter also uses
either the SG lead or the ST and G signal-
ing leads to the switchboard. However,
this converter differs from the first con-
verter described,
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3.105 The first converter (SD-56159-01)
received a signal over the E lead
at the start and end of the ringing period.
The duration of the signal was controlled
by the duration of the ringing signal from
the originating operator. However, this
last converter (SD=-56131-01) receives only

-one signal over the E lead. This signal

is received when tone is removed. Like
dial operation it does not receive another
signal until additional information is
passed (rering or disconnect in this case),.

3.106 This converter sends a 2-second sig=-
nal toward the switchboard as a
ringing signal to the called operator.

3.107 The operation of the SF signaling
and converter circuits is as fol=
lows. During the idle condition low
level tone is being sent in both direc-
tions. The SF signaling circuit is in the
same condition as that described for a dial
pulse trunk, (See SC 101-1,) Both re=-
ceivers ere operated end are in their no-
guard and normal sensitivity conditionse.

3.108 When the west terminal puts battery

on the M lead, the low level west
to east tone is removed. The SF opera=-
tions that result sre identical to those
previously described,

3.109 At the east terminal the R relay

sends a signal to the switchboard.
This signal is maintained until the A tube
fires and the B reley operates (for approxi-
mately 2 seconds).

3.110 Wwhile this signal is being sent to

the switchboard the converter cir-
cuit removes the east to west SF tone,
This is done when the A relay operates and
applies battery to the M lead,

{F) Other Operations

Rering Signal

3.111 The first two calls described were

completed by mechanical switching
systems and only one operator, the origi-
nating operator, was needed to establish
the connection. If the call had been ex~
tended from the east terminal of the SF
signaling system through the east terminal
switching equipment to a manual toll of=
fice, a second operator would have been in
on the connection. When there is another
operator on the connection, it is often
necessary to send a rering signal to ob-
tain her attention after the connection
has been established.

3.112 A rering signal must be restricted

in duration so that it is not accept~
ed as a disconnect signal which would ree
lease the established connection. Trunk
relay circuits are arranged so that rering
signals are transmitted for periods of



from 50 to 100 milliseconds. This signal
duration is satisfactory for other types
of signaling but not for SF signaling. A
signal of such short duration is not even
recognized by the distant receiver because
at the time the signal is sent the receiv-
er has incorporated its mechanical delay
feature as protection ageinst talk-off.
This difficulty.is overcome by having the
SF signaling system increase the duration
of the tone rering signal to the point
where it is recognized by the distant re-
ceiver as a rering signal, and then de-
crease the duration of the signal when

it leaves the distant receiver as a d-c
rering signal.

3.113 The rering signal is transmitted
after the talking condition has

been established and therefore the M, HL,

S, SR, and RR relays are operated at both

ends of the SF signaling system. The ac-

t,ion of the SF signaling system ( see

0S 103-1 and SC 103-1) is as follows.

3,114 Assume that the west operator de-
sires to rering the east operator.
The west trunk relay circuit passes the re-
ring signal on to the SF signaling system
by connecting ground to the M lead. High
level signal tone is immediately sent to
the east terminal, the transmission path
is cut and terminated, and the east re-
ceiver changes to normal sensitivity and
low-guard.

3.115 The ground on the M lead supplied

by the west trunk relay circuit may
be removed in as little as 50 milliseconds
but a supplementary ground is maintained
on the M lead. This supplementary ground
is supplied by the SF signaling circuit
through contacts of the operated kR reiay.
This action (sometimes called rering aug-
mentation) permits the SF signaling circuit
to continue to send tone until the RRK relay
releases.

3,116 . Actually in the lineup tests of' the
circuit the interval between the
start of tone transmission and the release
of the Kk relay is adjusted to 175 +5 -10
milliseconds. Therefore, during the re-
ring operation in service, the signaling
circuit produces this same pulse durdtion.

3.117 When the RH relay releases, the sup-

plementary ground is removed. The
transmission of tone ceases and the M re-
lay reoperates. The CO relay subsequently
releases and reestablishes the outward
transmission path.

3.118 At the east terminal the reception
" of the 175-millisecond tone pulse
is followed by the operation of the R, GH,
and T relays, and in turn the slow release
of the 8 relay. It takes approximately
150 milliseconds for the receiver to oper-
ate and change the condition of the E lead
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from ground to open when the mechanical
delay feature is in operation.. Therefore,
the interval between the time the RG relay
operates and the end of the tone rering
pulse is approximately 25 milliseconds.

It takes another 60 milliseconds before
the receiver releases after the tone re-
ring pulse is removed. (Sixty milliseconds
because the east receiver has changed to.
no-guard and has the effect of capacitor
C21. Both these conditions increase the
time necessary to release the receiver.)
The total interval that the RG relay re-
mains operated and keeps the E lead open
is 85 milliseconds (25 plus 60). This
interval is long enough to register a re-
ring signal but not sufficiently long
enough to register a disconnect signal.

3.119  As shown on SC 103-1, at the end of

the rering tone pulse, the T tube
fires and releases the T relay. The S re-
lay reoperates, and the circuit at the east
terminal is in the same condition it was
prior to the transmission of the rering
signal.

Report Signals

3.120 The dial pulse calls described pre-
viously were assumed to go through
without meeting any delays. If a call
meets a delay, as it might, for example,
if the intertoll trunks out of the next
toll office are busy or if the trunks to
the called local office are busy, report
signals are returned to the originating
operator. These signals, which appear as
distinctive lamp flashes at her switchboard,
tell the operator that- she has encountered
a delay. From the type of signal she knows
how to proceed (reorder or disconnect).

3.121 These signals are sometimes called
flashing signals because they are
similar to a subseriber flashing the
switchhook at his station. However, where-
as flashing by a subscriber is usually at
an. irregular rate, these flashing report
signals are at distinctive controlled
rates (30, 60, or 120 IPM). They are sent
to the SF signaling system by the trunk
relay circuit at the called end as periods
of off-hook and on-hook d-c signals. The
SF system transmits tone for the on-hook
periods and removes it for the off-hook
periods. .

3.122 The operation of the SF signaling

system when required to carry these
signals is as follows. (See OS 103-1 and
SC 103-1.)

3.123 Report signals are returned after
the dial pulsing period when the
digit information necessary to route the
call has been transmitted to the called
end of the SF signaling system. ‘The SF
signaling system is therefore in the
await-subscriber-answer condition. That
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is, no tone is being sent from the origi-
nating end and low level tone 1s being sent
from the called end. (This low level tone
is normally removed when the called sub-
scriber answers. (See SC 101-1 and 102-1,)
At the calling end the following relays are
operated: M, HL, GR, T, R, and RG. At the
called end only the SR relay is cperated.

A

3.124 At the called end (east terminal),
battery is applied to the M lead

for the off-hook period. (See SC 103-1,)

This period may be for as little as 200

milliseconds or as much as 500 millisec-

onds, depending upon the particular re-

port signal being transmitted.

3.125 The battery on the M lead causes

the removal of the east to west
signal tone and the operation of the M,
CO, and HL relays. As before, the CO re-
lay during its operation cuts the outward
transmission path. When the HL relay op~
erates it causes the operation of the S
relay, and in turn the RR relay.

3.126 At the end of the off-hook period,
ground is again connected to the M
lead, causing signal tone to be transmit-
ted to the west terminal. This time the
tone is of high level because the HL relay
is operated. The M, S, and RR relays re-~
lease in approximately 175 milliseconds
(as explained in connection with the re-
ring signal description). The HL relay re-
leases in another 100 milliseconds. There-
fore, high level tone is transmitted for
approximately 275 milliseconds followed by
low level tone for the remainder of the on-
hook period. The minimum on-hook period
is 300 milliseconds; the maximum is 500
milliseconds.

3,127 The CO relay cannot release until

the HL relay releases; therefore,
it can remain operated for a maximum of
375 milliseconds.,

3.128 When signal tone is removed at the

called end at the start of the off-
hook period, the receiver at the originat-
ing end (west terminal) has normal sensi-
tivity and is in a no-guard condition.
Thus, because the GK and T relays are op-
erated it takes approximately 60U millisec=
onds before the off-hook signal is passed
gnltodthe west trunk relay circuit via the

ead.

34129 The release of the GR relay causes
the west receiver to establish a
low=guard condition. In addition, the re-
leased GR relay removes the 1000-ohm
ground shunt from capacitor C9 and it
starts to charge through resistor R29.

3.130 The elements of the T vacuum tube
timing circuit are such that the C9

capacitor does not charge to the required

striking voltage for a minimum of one
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second. As just pointed out, the maximum
off-hook peried of any flash does not ex-
ceed 500 milliseconds. -Consequently, the
C9 capacitor does not reach the necessary
striking voltage and the T relay remains
locked.

3.131 This means that capacitor C21 (which

increases the storage capacity for
voltage that tends to keep the receiver
operated) is not removed from the circuit.
If capacitor C21 were removed from the cir-
cuit, the operate and release time of the
receiver would differ in some cases by as
much as 20 milliseconds in such a manner
as to cause shortening of the off-hook
signal. Naturally, if these report signals
were required to be transmitted through
four or five switching points with each of-
fice contributing to the shortening of the
pulse, the length of pulse which would
finally reach the originating end would be
too short to give the proper flashing
signal.

3.132 Upon conclusion of the off-hook

period, high level signal tone is
received for the start of the on-hook
period. The rearrival of tone causes the
RF, R, and RG relays to operate. The RG
relay operates about 50 milliseconds after
the arrival of the high level tone and re-
moves ground from the E lead for the dura-
tion of the on-hook signal.

34133 The GR relay operates and again the

west receiver returns to a no-guard
condition. The GH relay also restores the
ground shunt across capacitor C9, and thus
prevents it from reaching the striking
voltage required for tube R.

3.134 These flashing report signals are

repeated (off-hook, on-hook, off-
hook, on-hook, etc.) until the originating
operator recognizes the signal and dis-
connects. When she removes her cords, the
disconnect signal sent toward the east
terminal releases the switching equipment
at that terminal and the SF signaling sys-
tem returns to the idle condition.

3.135 It should be pointed out that the

"preceding description assumed that
audible tone was not returned along with
the flashing signals. If audible tone had
been transmitted without any flashes, the
M lead at the called end would not have
changed from ground to battery and back
again. The audible tone would have been
transmitted over the voice path of the SF
system just as any voice transmission with-
out any operations on the part of the SF
signaling circuit.

3.136 However, if audible tone and flash-
ing signals are returned simultane-
ously, the audible tone has some effect on
the operation of the SF signaling circuit.
For example, if audible tone is received



8t the time the off-hook signal is re-
ceived (removal of SF signal tone), the
audible tone slightly delays the release

of the west receiver., This is because the
receiver is in its no-guard condition and
all energy entering the receiver tends to
keep it operated. Consequently, when the
east towest signzl tone is removed, the
west receiver remzins operated by the aud-
ible tone accompanying the off-hook signal.
The release of the receiver is delayed un-
til the CO relay at the east terminal oper-
ates and cuts the outward transmission path
at that terminal. With the outward trans-
mission path cut, audible tone cannot get
through and the west receiver releases.

3.137 The CO relay may remain operated

for & maximum of 375 milliseconds
after which it again releases and allows
audible tone to get through. But by this
time the west receiver is released and the
audible tone now tends to keep the receiver
released. This is because the receiver is
in a low guard condition and the audible
tone develops guard voltdge. Therefore,
when high level tone is transmitted for the
on-hook period of the flashing report sig-
nal, the operation of the west receiver is
delayed (by the guard voltage developed by
the audible tone) until the CO relay re-
operates at the east terminal. '

3.138 Many terminzting circuits return

audible tone and flashing report
signals simultaneously. As shown above
there is some distortion introduced in the
flashing signals by the delay caused by the
presence of audible tone. Actually, even
though there may be four or five switching
points in the established connection, the
phase relationship of the audible and
flashing signal changesand the delay effect
of audible tone is not too accumulative.

Intercepting COperator Condition

3.139 Some calls are routed to an inter-

cepting operator after the dial
pulsing period. These positions dc¢ not re-
turn an off-hook signal ‘because the origi-
nating operator would assume that it was
the called subscriber off-hook signal and
she would begin timing the call.

3.140 Therefore, while the intercepting

operator is talking to the calling
subscriber, low level signal tone is still
being sent toward the originating end.
This signal tone is blocked by the network
in the voice path of the receiver at the
originating end. Actually all blocking
networks are in their respective branches
and the voice transmission in both direc-
tions is slightly impaired.

3.141 The condition of the SF signaling
circuit at this time is the same

as the await subscriber answer or Jjust

prior to the transmission of report signals.
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That is, at the calling end the M, HL, GH,
T, ki, and KG relays are operated. At the
called end only the Sk relay is operated.
Therefore the originating receiver (west
receiver) is in a no-guard condition and
all energy (low level signal tone and in-
tercepting operator voice) tends to keep
the receiver operated.

3.142 There may be occasions, however,
-when the superimposed voice energy
could cause the originating receiver to
release even though signal tone is still
being received. It is prevented from re-
leasing by the action of capacitor C21
which shunts capacitor C19, and thereby in-
creases the storage capédcity for voltage
used to keep the receiver operated. Tc
see how this is done assume that the fre-
quency of the superimposed voice energy is
low and the level comparatively high.
When this occurs, limiting takes place (by
the volume limiter), and consequently the
level of signzl tone used to charge capac-
itor C19 is also reduced. Capacitor Cl9
can become discharged during the negative
half-cycle of signal tone and no longer
keep the receiver operated., Capacitor C21
which parallels capacitor C19 provides
additional storage space for voltage dur-
ing the positive half-cycle, and therefore
does not become discharged during the
negative half-cycle.

Operations on an MF Trunk

34143 The SF signaling system operates:in
a manner similar to the operations

described in connection with a dial pulse
call when it is associated with a trunk
over which multifrequency pulses are trans-

itted. The only difference between a call
over this type of trunk and a dial pulse
trunk is that the signaling circuit is not
required to perform any operations relative
to passing digit information.

3.144 The signaling circuit passes the

seizure, the stop, and start puls-
ing signals in the same manner; and then
stands by. Routing information is passed
from the calling end to the called end by
multifrequency pulses. These pulses con-
sist of combinations of tones {700, 900,
1100, 1300, 1500, and 1700 cycles) ob-
tained from a multifrequency supply cir-
cuit, These tones are within the voice
band and consequently are passed along the
voice transmission branches of the SF sig-
naling system just like any voice trans-
mission.

3.145 After all the multifrequency pulses
are passed, the SF signaling cir-
cuit waits for the removal of SF signal
tone by the called enc. As before, the re-
moval may be the off-hook signal from the
called subscriber or the start of a report
signal. 1In either case the SF signaling
circuit performs as described previously.
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4. REFERENCE LIST OF BSP's, CD's, SD's and
ED's T

Sections

179-205-301 - Supply Circuit- SD-55962-01 -
Alarm Routine, Manual Transfer,
and Trouble Clearing Procedures

179-205-501 - Supply Circuit SD-55962-01

179-217-501 - Single Frequency Signaling
. Circuit SD-56202-01
179-217-T701 - Single Frequency Signaling

Circuit SD-56202-01

Circuit Descriptions

CD-55962-01 - 1600- or 2000-Cycle Supply
Circuit

CD-56202-01 - 1600- or 2000-Cycle Single
Frequency Signaling Circuit

CD-56239-01 - 1600~ or 2000~Cycle Supply
Circuit - For Small
Installations

Schematic Drawings

SD-55962-01 ~ 1600- or 2000-Cycle Supply
Circuit _

SD-56202~01 - 1600- or 2000-Cycle Single
Frequency Signaling Circuit

SD-56239-01 - 1600~ or 2000-Cycle Supply
Circuit - For Small
Installations
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Equipment Drawings

ED-63032-01

ED-63075-oi
ED-63142-01
ED~63157-01
ED-63800-01
ED-63801-01
ED-63827-01L

ED-63851-01

1600- or 2000-Cycle Signaling
Supply Equipment

Blocking Amplifier PRanel
Equipment and Typical
Arrangements (J68602CF)

1600- or 2000-Cycle Single
Frequency Signaling Unit
Equipment

1600~ or 2000-Cycle Signaling
Bay Equipment (Maximum 104
Signaling Units)

1600- or 2000-Cycle Signaling
Bay Equipment - Maximum 10
Signaling Units

1600~ or 2000-Cycle Signaling
Bay Equipment - Maximum 4 -
Signaling Units

1600- or 2000-Cycle Signaling
Supply Equipment - For Small
Installations

Blocking Amplifier Panel
Equipment and Typical
Arrangements (J68602CJT)



