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1. GENERAL

A. Introduction

1.01 This section describes the dual
facility (DF) trunk circuit which has

been designed and developed for use in the
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SAGE system for the control
(A/G) voice communications.

1.02 This circuit Drovldes

of air-ground

for talking,
signaling, an~ supervision over iong

distances, usually between a direction
center (DC) and a radio site, on either one
of two 4-wire voice circuits. One voice
circuit Is known as the “regular” and the
other as the “alternate.” The physical
route that the regular trunk follows between
the DC and the radio site is not the same
as that taken by the alternate trunk.

B. Principal Features

1.03 The pr~nclpal features of the DF
trunk circuit are:

(a) To recognize and transmit a push-to-
talk signal from an operating console.

(b) To cause a remote radio transmitter
to radiate carrier in response to a

push-to-talk signal by the use of a remote
keying unit.

(c) To mute the associated radio receiver
when the push-to-talk signal Is

received in the keying unit.

(d) To provide a visual lamp indication
to the operator that the transmitter

is on the air.

(e) To enable a radio receiver to activate
the circuit and provide a visual

signal (CODAN lamp) to the operator in-
dicating an incoming transmission.

(f) To provide a means to transfer the
voice and signaling leads from the

regular side of the DF trunk to the
alternate side when there is a llne failure
or a desired transfer.

(g) To provide a continuous monitoring
tone on the trunks.

(h) To actuate certain visual ana audible
alarms for maintenance purposes.

c. General Operation

1.04 The DF trunk circuit provides A/G
voice circuits and transmits signals

between a direction center and a radio site.
By operating a push-to-talk switch at a
console in a direction center, the operator
is able to key a radio transmitter and
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SECTION 314-555-100

mute the associated radio receiver. When
the transmitter has reached proper signal
strength an acknowledgement signal Is re-
turned to the operator. On an incoming
call a codan signal Is sent from the site
Indlcatlng to the console operator that
carrier is being received by the radio
receiver. Fig. 1 and 2 indicate the posi-
tion of the DF equipment In the A/G voice
ccmununicatlonssystem.

1.05 Dual 4-wire circuits are used with
each trunk circuit with continuous

monitoring tone applied on the trunks at
all times. Should one of the routes fail
or the monitoring tone be interrupted, an
automatic transfer to the alternate route
will take place. Should a trunk prove to
be noisy or otherwise unusable, the operator
by operating a. transfer key can initiate a
transfer to the other trunk.
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2. SIGNALING

A. Principles and Application

2.01 Dual facility trunk circuits make
use of a technique referred to as

“slot” signaling. The term “slot signaling”
Is applied to the method whereby a pre-
determined frequency bandwidth Is removed
from the regular talking path and in the
voice frequency spectrum (200 to 3000 cps)
and is used for signaling purposes. Signal-
ing is accomplished by use of the 43A1
carrier telegraph terminal. This terminal
is the primary functioning part of the clr-
Cuit. Therefore, it is important to cite
Its main features and application.

2.02 The 43A1 terminal operates on a
frequency shift basis and is regularly

used in carrier telegraph systems. It fS

constructed so that plug-in type frequency
determining units or networks can be con-
nected to the terminal and the selected
frequencies utilized for sending and re-

ceiving signals. Each frequency selected
is assigned a channel number according to
current Bell System Practices. The fre-
quency selected is considered as the nominal
midband frequency whereas the actual op-
erating frequencies for signaling purposes
are 35 cycles above and below this. Chan -
nels 13 and 14 are used In the DF circuit
centered on midbancl frequencies of 2465
cycles and 2635 cycles, respectively.
Channel 13, the lower of the two, is used
for transmitting from the radio site to the
direction center, and channel 14 from the
dlrectlon center to the radio site. Slgnal-
Ing is accomplished by a frequency shift on
the lower band between 2500 cycles and 2430
cycles and OK the higher band between 2670
cycles and 2600 cycles.

2.03 Fig. 3 shows in diagram form the use
of the 43A1 In a b-wire telephone

circuit with the terminals bridged across
the tip and ring of each pair at each end
of the circuit [for the purpose of de-
scription only the sending (S) and recelvin
(R) filter portions of the 43A1 are desig-
nated ]. Band rejection filters, shown
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in the line on the drop side of the terminal
equipment, present a high loss to the sig-
naling frequency band. The purpose of these
filters in DF is to prevent the voice fre-
quencies in the signaling range from inter-
fering with the signals being received by
the 43A1 terminals and to prevent the sig-
naling frequencies in the speech spectrum
from entering the trunk circuits. It can
be seen that speech frequencies in the
signaling range will not enter the trunks
and signaling tones are confined to the
trunks. Thus, it is possible to provide

signaling on a regular talking circuit with
only small impairment to voice transmission
due to filter action.

2.o4 Fig. 4 indicates in outline form the

terminals to two ?-wire circuits to permit
manner of a plication of the 43A1

the switching from one to another in the
event a failure occurs ox either circuit.
This is done in such a way as to prevent any
noticeable service interruption. Tne trans-
fer from one circuit to the other is ac-
complished by the action of the relay
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contacts designated SW. The action of the
band re~ectlon filtere la the same as out-
lined above. The hybrid coils permit
parallel sending between DC and radio site
without Interference between regular and
alternate trunks.

B. Monltorlng and Transfer

2.05 A single 43A1 terminal Is a 3-state
device with one condltlon for each

of the two signaling frequencies and one
for the off or no-tone condltlon. Since
one of the two frequencies Is normally on
the line at all times, It is possible to
obtain pilot tone monitoring. By connecting
the signaling equipment on the drop side
of the regular trunk carrier equipment, the
means Is provided to monitor the over-all
speech path.

2.06 The interruption of the signaling
tones will cause an immediate trans-

fer whether the Interruption is caused by
a manual signal or a trunk failure. A
timing feature in the circuit dtstlnguishes
between the two conditions and causes an
alarm in either the U. S. Air Force or
telephone company maintenance section.
For example, an interruption of less than
approximately 1 second will provide a
signal to Air Force personnel signifying a
manual transfer. An Interruption in excess
of 2 seconds, which in all probability
would be a trunk failure, will provide a
signal to telephone maintenance personnel.
This timing feature, however, does not in
any way delay the trunk transfer action.

3. TRANSMISSION

A. General

3.01 The DF circuits employ the “slot”
signaling technique In wnlch a portion

of the normal speech band Is used for
signaling purposes. This means that In
transmitting and receiving speech, speech
frequencies in the band blocked by the
rejection filters do not reach the recelvl>g
unit. Under normal noise and operating
conditions this results In some impairment
in Intelligiblllty equivalent to the in-
sertion of an over-all loss of about 2 db
In the transmission path. Fig. 5 presents
typical frequency response curves for the
filters.

3.02 The location of the signaling band
with respect to frequency required

that consideration be given to the impair-
ment penalty Imposed by the band elimination.
For this reason the upper end of the speech

band was used since theory Indicates that
the extraction from the voice channel of a
band of frequencies of fixed width has a
diminishing effect on the articulation
impairment as the midband frequency of the
rejection band is Increased, assuming that
the noise is negligible or has about the
same frequency spectrum as the speech.

B. Line Loss Objectives

3.03 The transmtsslon levels for use In
the 1000-cycle llme-up of the clr-

cu~ts, In the case of remote operation of
the radio equipment, are for an over-all
lime loss objectj.ve of 14 db In the outward
direction from DC to radio site and 18 db
for the Inward cilrectlon from radio site to
DC. For local operation, or when the radio
site Is relatively close to the dlrectlon
center, such as “on base,” the over-all
line loss objective In the outward
direction Is 14 db and for the Inward
direction, amax~mum2L db. These figures
are based on a maximum allowable local
cable loss of 8 db at 1000 cycles between
DC and radio site.

4. EQUIPMENTELEMENTS

A. Trunks

4.01 The DF trunk requires the use of two
4-wire circuits and provides for

transfer or throw over from one to the
other to guard against service interruptions.
This throw over takes place automatically
In the event of tone failure from the 43A1
terminals or manually through the use of
the line transfer button. As stated
previously, one set of the ~-wire circuits
is known as the “regular” and the other as
the “alternate.”

B. 43A1 Carrier Telegraph Terminals

4.o2 43A1 Carrier Telegra h Terminals are
bridged across each $-wire circuit

at the terminating a~~doriginating ends
making a total of two terminals at each end.
Each terminal has associated with It two
plug-in type networks, one for sending
signals and the other for recelv%ng signals.

~.03 Some adjustmer,tisaridlimitations of
the 43A1 te:-rd.nalzapplicable to the

DF circuits are as follows:

(a) The SEND switch on the terminals at
the DC is set in the high-frequency

Page 5



SECTION 314-555-100

0

-4
\ A / “

\

-8

-12

-16

-20

ml
~ -24

202F
FILTER —

/- “

202 E

z

: -28

FILTER

a
3
z
w -32

/

+
1-
a

-36 /

-40 - \

.44 /’
/

-48 {-1 1
w

2430 2465 2500 2600 2635 2670

2300 2350 2400 2450 2500 2550 2600 2650 2700 2750 2000

FREQUENCY

Fig. 5 - Characteristics of Filters

mark position or “HM” and at the site
end in the low-frequency mark position
or “LM.”

(b) The REC switch on the terminals at
the DC is set in th~ low-frequency

space position, or “L+, and at the
site in the high-frequency space position,
or “H-t.”

(c) The SEND LZV potentiometer is adjust-
able for settin~ the transmittinfi

level from the 600-oLm sending network
to a maximum of +6 dbm.

(d) Noise conditions permitting, trans-
mission and supervision will function

at a minimum receive level of about -40
dbm at the input te the terminal receiving
network. This figure is greater than the
minimum specified for the terminal but it
is a recommended limit for this circuit.
The receive gain is adjustable by the
use of the REC GAIN control.

(e) A FILADJ control for each terminal
circuit provides a means to adjust

the filament voltage from -2L volts
supply to the -20 volt requirement.

4.04 A separately fused 130-volt bat~ery
source is provided for each 43A1

carrier telegraph terminal. This is done
to prevent a complete circuit failure due
to the loss of 130-volt battery supply by
a fuse operating. Also, in che event a
fuse does operate, an automatic tra~sfer
to the other circuit wiil occur.

4.05 Supervisory relays are wired directly
to the 43A1 terminals. These relays

respond to the “tone off” and “tane on”
conditions causeciby either line failures
or a transfer conditiofiactivated h>-afi
op~rator at the direc~io.~ center.

L.06 To prevent interference between speech
and sipnalin$, the fre?uency compone~

of speech in the slgoaling ra.nzeare removed
or blocked by the band filters. T:rpe202
filters are used for this purpose. The
transmitting pairs use a 202E filter with a
rejection band from about 2500 to 2800 cps,
and the receiving pairs a 202F filter
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with a rejection band from about
2600 CPS. The discrimination at
ing frequencies is approximately

4.07 Other relays and lamps are

2300 tO

the signal-
35 db.

associated
with the circuit. These are con-

trolled by manual means, by the action of
the supervisory relays, or by the action of
the transmitter or receiver. A timing
feature is used in the circuit to distinguish
between an actual line failure or a momen-
tary delay of operation.

c. Trunk Terminations

4.o8 The talking path from the control
point or operator position to the DF

equipment is a 2-wire circuit.
action of the PT relay (Fig. 6) %e~yleads
are connected either to the transmitting or
receiving pairs. At the DC end, a hybrid
coil enables the transmitting pair to be
provided two routes to the site. At the
site end, a“hybrid coil enables the receiv-
ing pair to be provided two routes to the
DC (Fig. 4).

4.09 Resistance terminations are placed on
idle trmnks. At the DC, a 600u re-

sistance is bridged across the input side
of the hybrid coil providing for proper
balance of the coil in the receiving or
idle condition. When the push-to-talk
switch is operated this resistance is trans-
ferr6ito the receiving pairs. At the site
a 100@ resistance is bridged across the
receiving (from DC) side of the alternate
trunk . This resistance is transferred to
the regular trunk by the action of the
switching relay.

D. Keying Circuit

4.10 A portion of the circuit at the site
end is referred to as the keying

unit. Although schematically a part of
the DF circuit, it is physically separated
from It and will be located normally in
the U. S. Air Force Transmitter Building
with the radio equipment rather than with
the telephone equipment. As shown in
Fig. 1 and 2, it is located between the
Radio patch and Test Panel and the radio
equipment.

4.11 The purpose of the keying uml.t, In
response to signals transmitted via

the DF trunks, is to control a radio trans-
mitter by turning carrier on or off, to
mute the associated radio receiver when
the transmitter is being used, and to act
as a relay point for signals from the trans-
mitter and receiver to the trunk equipment.
It also provides a means to light lamp
signals at the radio patch and test panel
to indicate whether outgoing or incoming
transmissions are taking place. The keying
unit may be used with either common user

group equipment or DF equipment without the
use of any optional wiring cr change ir leacl
designation. In all instances there is
one keying unit associated with each rhdio
equipment (transmitter and receiver).

E. Equipment Mounting

4.12 All of the trunk equipment is mo’~nted
on 23-incn mo’~ntingplates on

standard relay racks with the foliowing
limitations:

(a) On n-foot 6-inch relay racks there
will be eight dual facility trunk

equipment per bay.

(b) On 9-foot relay racks there will be
six dual facility trunk equipments

per bay.

(c) When T-foot cabinets are used, which
may be at on-base sites, five dual

facillty trunk equipments are mounted in
each cabinet.

5. METHOD OF OPERATION

A. Direction Center to Radio Site

5.01 Fig. 6 shows a functional schematic
of the DF trunk. As shown, each of

the 4-wire circuits has wired to it a 43Al
carrier telegraph terminal at the direction
center (DC) end and at the site end. In
the normal condition the DC sends a 2670-
cycle tone to the radio site and receiveS
from the radio site a 2500-cycle tone.
These tones are the signaling and monitor-
ing tones.

5.02 When a console operator at the DC
operates his push-to-talk foot switch,

a push-to-talk signal results causing
both 43A1 terminals at the DC to shift fre-
quency from 2670 to 2600 cycles. This shift
is recognized at the radio site by the 43A1
terminal of the trunk in use which relays
the push-to-talk signal to the keying cir-
cuit. The keying circuit, being connected
directly to a transmitter, turns on the
transmitter causing it to radiate carrier.
This sequence of operations takes place
in about 0.1 seconds. When it Is recognized
that carrier is being emitted, an acknowled-
gmentsignal (carrier on) is sent back from
the transmitter to the site 43A1 terminals
through the keying circuit causing a fre-
quency shift from Z500 to 2430 c cles.
This shift is recognized by the ~JAi termi-
nals at the DC and a visual lamp signal
is provided to the operator indicating
that actual voice transmission may begin.
The over-all period of thne from operation
of the push-to-talk switch to the lighting
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Fig. 6 - Functional Schematic of Dual Facility Trunk

Indicationsof the T’AClamp Is ap roxirnately0.6 seconds. C.
{

Alarm
This assumes about O. second for oDeration
of the carrier-on relay associated ;ith the
radio transmitter.

5.04 Audible alarms or lamp signals, or
both, are located at ~ari~us pcints

to indicate trunk failures, line transfers,
and “in-use” conditions. At the telephone
company toll testboard in the DC, lamp
signals are provided to indicate whether
the regular or alternate trunk is in use.
Should eithsr trunk fail, the “in-use”
lamp (R or A) is changed accordingly and
an audible alarm is given, as well as a
lamp signal (STA or STE), to indicate
which trunk failed. When a manual transfer
takes place, a visual ana audible alarm is
indicated at the U. S. Air Force ~adic
Supervisory Panel, inciicatingwhich tru-nk
has been transferred to the other route.
The “in-use” lamp also changes at this time
at the testboard. The Radio Supervisory
Panel is provided and maintained by the
telephone company.

B. Radio Site to Direction Center

5.C3 In the normal condition both ends of
the circuit,are in the receive posi-

tion. When a radio receiver set for a
particular frequency picks up a radio signal
from an aircraft operating on the same fre-
quency, a codan relay associated with the
receiver assigned to that channel is oper-
ated Droviding a signal to the DF equipment
through the keying clrcult. This causes a
frequency shift at the site 43A1 terminals
from 2500 to 2430 cycles which in turn Is
recognized by the DC terminals. A codan
lamp Is then lighted at the console throug}l
the action o? a trunk relay advising the
operator of an incoming transmission. This
series or operations takes approximately
75 milliseconds.
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5.05 At the radio site at the toll test-
board, slmllar trunk failure (STA

and S’TB) and “in-use” (R and A) lamp signals
are provided but with no audible alarms.
When a manual transfer takes place audible
and visual alarms are provided at the Radio
patch and Test panel indicating the trunk
which has transferred. When a trunk failure
occurs, the failure is Indicated at both the
DC and site on the toll testboards.

6. CONNECTING EQUIPMENT

A. Direction Center

6,o1 Dual facility trunks are connected on
the line and drop sides to other

pieces of equipment, as shown in Fig. 1
and 2. At a DC or tandem point the trunks
are connected on the line side to jacks of
the Jack, Lamp, and Key Circuit on the
toll testboard. Here they may be patched
to any of the outgoing toll trunks or
opened and the spare trunk equipment be
substituted. On the drop side at the DC
or at a tandem point the trunks are con-
nected to the test and patch relay circuit.
Each bay of DF equipment will have mounted
at the top of the bay the test and patch
relay equipment associated with the DF
trunks mounted in that bay. The purpose
of the test and patch relay circuit is
to transfer the leads on the drop side of
a DF circuit to a spare DF circuit and to
provide test access to any trunk.

6.02 When it Is desired to substitute the
spare trunk equipment for any regular

trunk equipment, the transfer on the line
side is made by connecting a patching cord
from the regular trunk line jacks to the
spare trunk equipment jacks. The transfer

on the drop side of the trunk equipment Is
made by Inserting a short-circuiting plug
in the toll test PTCH jack for the particu-
lar trunk being removed from service. This
operates a relay which transfers the leads
to the Radio Channel and Site Selection cir-
cuit from the regular trunk to the spare
trunk .

6.03 A test relay Is provided for each
trunk equipment, including the spare,

GO disconnect the leads on the drop side of
the trunk from the regular key equipment
or CUG channel circuit and to connect them
to the trunk operational test circuit. To
do this, the plug of a test cord at the
toll testboard is inserted In the TST jack
of the particular trunk to be tested and a
key is operated. This comects all the
trunk leads, except the T and R, to multi-
ple to the trunk operational test circuit.
It is not necessary to connect the T and R
since they appear on the TST jack.

B. Radio Site

6.o4 At the site or terminating end, the
DF trunk equipment is connected both

on the line and drop sides to the Jack,
Lamp, and Key Circuit which provides ac-
cess for testing, patching, and monitoring
on the circuits.

6.05 There are instances where the DF
trunk will be connected at a tandem

point to common user group equipment
(Fig. 2). In cases such as this, the
Channel and Site Selection clrcult and
Tactical Channel Assignment Panel are not
directly associated with the DF trunk
equipment
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