
VOL. 8 NO. 7 JULY, 1959

TELEPHONE SIGNALING

Telephone signaling is of vital importance to any telephone system. 
This importance grows as the size of the telephone system increases. Only 
through the medium of signaling can the various parts of a telephone net
work act together to enable efficient service. Although basic signaling 
principles are simple, signaling is often regarded as being complex and 
formidable. This probably stems from the variety of signaling methods 
that are used.

This article reviews some signaling fundamentals, describes some of 
the differences between subscriber and inter-office signaling methods, and 
illustrates common techniques of handling telephone signaling over carrier 
systems.

A telephone circuit, in addition to 
transmitting telephone messages, must 
handle certain telephone signaling func
tions necessary for the operation of the 
telephone system. Telephone signaling 
is to the telephone system what the 
sympathetic nervous system is to the 
body. The sympathetic nervous system 
regulates many internal functions re
lated to the proper operation of the 
body, such as blood pressure, digestion, 
and others. In telephone practice, sig
naling provides the internal manage
ment and supervision of the system.

Unlike the body, which provides spe
cial paths for its internal signaling, 
telephone companies must make one 
set of "nerves” do all the work—the 
same lines that handle the customer’s 
messages must also carry signaling 
functions.

Even the most primitive telephone 
circuit requires some form of signaling 
to announce that one terminal desires 
to talk to the other. In more complex 
systems, a variety of signaling functions 
may be required. In general, these may 
be classified as signals used for estab-
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lishing a connection, and signals that 
pass information concerning the status 
of the circuit or call.

Traditionally, different techniques 
have been used for signaling over a 
telephone subscriber’s local circuit or 
loop than have been used between of
fices, and over long distance toll circuits. 
Different techniques were used because 
of the different signaling requirements 
existing for each type of path.

Subscriber Loop Signaling
Signaling falls into three basic cate

gories : supervisory signals, information 
signals, and control signals. Supervisory 
signals tell the telephone office that a 
connection is desired, or that it is no 
longer being used. Information signals 
tell the subscriber or the operator the 
status of the call, or the condition of 
the circuit. Control signals provide di
rections for establishing the desired 
connection.

One of the earliest methods of sig
naling employed a magneto or a-c gen
erator located at the subscriber’s tele
phone. The desired supervisory signal 
was transmitted by cranking the mag
neto. The resulting 15- to 20-cycle a-c 
voltage attracted the operator’s at
tention by actuating a "drop" on the 
switchboard. The "drop" was an indi
cating device consisting of a panel light 
with a hinged metal plate in front of 
it. The metal plate was hinged at the 
bottom and latched at the top in such 
a fashion that a ringing signal would 
release the latch and allow the plate 
to swing down, uncovering the light. 
When the call was completed, another 
crank of the magneto notified the op
erator that she could break the con
nection. Magneto supervision is still 

employed in some locations, particu
larly where the subscriber is remote 
from the central office. In such a case, 
each telephone instrument may have its 
own battery for supplying voice current 
power.

A much more commonly used type 
of supervision is known as common 
battery supervision, which has nothing 
to do with the quality of the batteries 
used. When the customer lifts his in
strument from its hook, a d-c path is 
completed through a loop consisting of 
the customer’s instrument, a battery in 
the telephone office, and a line relay.

Figure 1. First automatic telephone em
ployed both magneto and push-button 
signaling for establishing desired con

nection.
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Table 1. Typical Loop Signaling Systems.

TYPE OF

SUPER
VISION

CALLING END CALLED END
BATTERY
SOURCESEIZURE 

(CONNECT) 
SIGNAL

DISCONNECT
SIGNAL

ON-HOOK OFF-HOOK

HIGH-LOW CLOSED LOOP OPEN LOOP
HIGH

RESISTANCE
LOW

RESISTANCE
CALLING

END

LOW-HIGH CLOSED LOOP OPEN LOOP
LOW

RESISTANCE
HIGH

RESISTANCE
CALLING

END

REVERSE 
BATTERY CLOSED LOOP OPEN LOOP

NORMAL 
LINE 

POLARITY

REVERSE 
LINE 

POLARITY

CALLED
END

REVERSE

HIGH-LOW

CLOSED LOOP
FOLLOWED BY

BATTERY
REVERSAL

BATTERY RE
TURNS TO 

NORMAL POLAR
ITY, FOLLOWED
BY OPEN LOOP

HIGH

RESISTANCE

LOW

RESISTANCE

CALLING

END

WET-DRY CLOSED LOOP OPEN LOOP

BATTERY
AND GROUND
CONNECTED

TO LINE

BATTERY
AND GROUND

REMOVED

CALLED
END

When the customer closes the loop, the 
relay is energized, thus connecting the 
customer’s line (or loop) to the oper
ator’s board, or to automatic dial equip
ment. When the calling subscriber 
replaces his instrument on its hook, the 
circuit is broken, and the relay releases 
the circuit. This method of supervision 
gets its name from the battery which is 
common to both the office and the sub
scriber. Table 1 summarizes various 
loop signaling methods.

In order to know whether the called 
party’s instrument is on-hook or off- 
hook, some means of supervision is 
required by the central office. The most 
widely used method is known as re
verse battery supervision. When the 
called party lifts his instrument from 

the hook, a relay in the office trunking 
equipment responds to the closed loop, 
actuating a supervisory relay that re
verses trunk polarity. This battery re
versal is detected by a polarity-sensitive 
relay at the calling end of the circuit. 
The caller’s trunking equipment may 
reverse the polarity of the caller’s loop. 
Figure 2 illustrates a typical reverse
battery method of supervision.

Signaling Between
Offices

Interoffice signaling usually involves 
different considerations than in the sub
scriber loop signaling described above. 
In many cases, the use of carrier or 
radio to provide the interoffice circuit 
precludes loop signaling methods. In
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Table 2. Typical signals appearing in local loops.

TYPE

OF

SIGNALING

DIRECTION OF SIGNALING

TO LOCAL 
OFFICE

TO
CUSTOMER INTEROFFICE

TO
CALLED PARTY

FROM
CALLED PARTY

---- ► ---- ►

INFOR
MATION
SIGNALS

PARTY
IDENTIFI

CATION

AUDIBLE
RINGING

DEPENDS
ON METHOD
OF TRANS-

MISSION

RECORDER
WARNING

TONE

COIN
DEPOSIT

LINE
BUSY

COIN
DENOMIN

ATION

COIN
DENOMIN

ATION

PATHS
BUSY

COIN
DEPOSIT

RECORDER
WARNING

TONE

NO-SUCH
NUMBER

NUMBER
CHECKING

TONE

REVERTING
TONE

MACHINE
ANNOUNCE

MENT

HOWLER
TONE

TEST TONE, 
DIAL

TRANS
MISSION

TEST TONE

SUPER
VISORY

SIGNALS

OFF HOOK
SEIZURE 

(CONNECTION) 
OR HOLD

RINGING ON HOOK

ON HOOK DISCONNECT DISCONNECT OFF HOOK

FLASHING RECALL FLASHING

CONTROL
SIGNALS

DIGITS (VERBAL 

OR DIAL)
DIAL TONE

OR OPERATOR
REQUEST

COLLECT
OR RETURN

COINCOLLECT OR 
RETURN COIN
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Figure 2. Typical reverse battery loop supervision circuit. Only supervisory relays 
are shown.

such cases, some form of E & M sig
naling may be used.

E & M signaling is characterized by 
the use of separate paths for the signal
ing and the voice signals. E & M. sig
naling acquired its name from arbitrary 
letter designations appearing on early 
circuit drawings for systems using this 
type of signaling. The M lead trans- 
Afits ground or battery to the distant 
end of the circuit, while incoming sig
nals are received as either a grounded 
or open condition on the E lead. Thus, 
the M lead reflects local conditions, 
while the E lead reflects the conditions 
existing at the far-end of the circuit. 
Various simplex, duplex, composite, 
and other circuit arrangements have 
been devised to permit E & M signaling 
between offices on a d-c basis.

Carrier Signaling
Although many signaling functions 

depend on d-c or metallic signaling 

paths, obviously these paths cannot be 
carried over radio or carrier links. Car
rier systems must, therefore, translate 
these d-c signals into a form that can be 
transmitted, then restore them to their 
original form for use by the office 
trunking equipment.

Figure 3 illustrates one approach to 
transmitting loop-dial, reverse-battery 
signaling over a carrier system. In this 
typical carrier system, a single signaling 
tone is used. Carrier signaling tones al
ways lie within the passband of the 
carrier channel equipment, but may be 
either within the channel voice band or 
just outside it.

In the system shown, a signaling 
tone is transmitted over the carrier sys
tem in both directions. When a party 
at one end of the system picks up his 
telephone to make a call, his d-c loop 
is closed. This applies battery to relay 
A, causing it to close. One set of con
tacts removes the signaling tone from



the outgoing path, thus preparing the 
circuit for dialing and for the voice
frequency message that will follow the 
dialing. Another set of contacts on relay 
A energizes relay B, thus grounding the 
sleeve lead of the local telephone cir
cuit. At the far end, incoming signaling 
tone is constantly monitored and used 
to keep the far-end D relay energized. 
When the signaling tone is interrupted 
by the sending telephone being re
moved from its hook, far-end relay D 
is de-energized. This connects a termi
nating resistor and a series diode across 
the tip and ring of the far-end loop. 
In addition, relay C and a series diode 
are also connected across the tip and 
ring of the far-end loop. The two 
diodes are connected so that current 
may flow through either the termina

ting resistor or the C relay, but not both. 
Loop polarity determines which will 
conduct. At first, current flows through 
the terminating resistor, used to provide 
a partial termination to the carrier ter
minal hybrid circuit.

When the calling subscriber pulses 
his transmit A relay by dialing, the sig
naling tone transmitted over the car
rier system is also pulsed. This causes 
the receive D relay to repeat these 
pulses through the terminating resistor 
and the local trunking equipment.

When the called party answers, far- 
end trunking equipment in the office 
reverses battery polarity across the line. 
This reversed polarity cuts off the con
duction through the terminating re
sistor because of the polarity of its series 
diode, and permits current to flow
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CALLED EXCHANGE

Figure 3. Typical 
arrangement for 
single-tone signal
ing over carrier 
channel between 

exchanges.

through the C relay. The C relay is 
energized, thus stopping the transmis
sion of signaling tone back to the call
ing end. At the calling end, interrup
tion of signaling tone permits the B 
relay to de-energize. This reverses po
larity of the transmit line and provides 
the required line supervision to the 
transmitting office equipment.

Conclusion
In a system like the one just de

scribed, signaling units associated with 
the carrier equipment substitute for the 
metallic paths over which d-c signal
ing is normally carried. In other car
rier systems, similar approaches are 
often used. Although the signaling 
principles may be similar, the specific 
circuit arrangement used at any of the 

nation’s 3,600 independent telephone 
companies may differ from that used 
by a neighbor in some detail such as 
polarity. Carrier equipment linking two 
systems employing different signaling 
methods must be designed to accommo
date and translate one signaling method 
to the other. This requires careful plan
ning and design of carrier signaling 
equipment. The carrier equipment de
signer’s problem is magnified by the 
need for adapting standard carrier 
equipment to private communications 
systems which may use signaling meth
ods not normally encountered in public 
telephone service. For this reason, car
rier equipment designed for subscriber 
service often includes provisions for 
ready substitution of signaling compo
nents.
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Pacific Missile
Range Installation

More than 200 channels of the 
communications system linking 
Vandenburg Air Force Base 
with other nearby installations 
and communities have been put 
into service by Lenkurt's E. F. & I. 
(Engineer, Furnish, and Install) 
group. The communications sys
tem, which is expected to even
tually exceed 700 channels, will 
handle voice, telemetering, and 
other data. Vandenburg AFB is 
the hub of the Pacific Missile 
Range, and is the site from 
which Discoverer satellites have 
been recently launched.

Automatic Electric Company and Automatic Electric International Inc., Northlake, Ill., 
and their affiliates are distributors of Lenkurt products.

The Lenkurt DEMODULATOR is a monthly publication circulated to individuals 
interested in multi-channel carrier, microwave radio communication systems and allied 
electronic products. Permission to reproduce material will be granted upon request.
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