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G.E.C. Loudspeaking Telephone.
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A New Loudspeaking Telephone
for use with
Private Telephone Exchanges
When a number of people are engaged together in the
conduct of a business, intercommunication between
them is essential. A most efficient means of communication is through an internal telephone exchange. The
value derived from such an exchange is greatly enhanced
by a G.E.C. Loudspeaking Telephone, which reproduces incoming speech at high volume level, and picks
up the spoken word from the user without requiring him
to speak closely into a microphone. In consequence,
the user has complete freedom of movement to make
notes or to consult files, or to move about the office
whilst carrying on a telephone conversation.

having to operate a switch at the end of transmission
in a particular direction.
The circuit of the amplifier is such that when the
transmit switch is open the receive switch is closed, and
vice versa. This ensures that acoustic feedback (the
phenomenon often referred to as howling), which results
in unpleasant noise in the loudspeakers, cannot occur.
To understand the difficulties experienced in other
systems due to acoustic feedback, consider the simple
4-wire system illustrated in Fig. 1, in which an ordinary
telephone is connected to a loudspeaking telephone
through two amplifiers, one in each direction of transmission. If the gain of the amplifiers A and B is greater
than the acoustic loss between the loudspeaker and
microphone plus the acoustic loss between the transmitter and receiver, the system is unstable and sound
waves will circulate round the closed loop giving rise to

This freedom of movement results largely from the
use of a voice-operated switching arrangement, which
automatically accomplishes the function achieved in
other loudspeaking telephones by a manually-operated
talk/listen switch. Two loudspeaking extensions can
converse freely with one another without continually
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Fig. 1.--Simple 4-wire loudspeaking telephone system.
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a howl in the loudspeaker and the receiver. Thus the
output volume available from this system is limited, and
depends upon the acoustic coupling at each end. If the
ordinary telephone were replaced by a second loudspeaking telephone, additional amplification would be
necessary, which could only be obtained by decreasing
the acoustic coupling at both ends , hence satisfactory
working would be even more difficult.

controlled that the volume of the speech obtainable
from the loudspeaker is greater than is required for
normal use, and a switch is incorporated to control the
volume level. When the loudspeaker is in the quiescent
state, both amplifiers are sub-normal to preserve the
acoustic stability for room noise and weak sounds.
When a speech signal is connected to the amplifier in
either direction, the wanted through connexion is
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Fig. 2.—Simple 2-wire loudspeaking telephone system.

For working through a private automatic exchange,
only two wires are available between two instruments ,
hence a hybrid transformer is connected at each loudspeaking telephone, as illustrated in Fig. 2. Unless the
impedance of the balance X matches the line and termination for all conditions and frequencies, some of the
microphone amplifier output will appear in the local
loudspeaker, and if this were fed back to the adjacent
microphone it would also give rise to a closed feedback
loop, and cause the loudspeaker to howl. Matching the
balance to all conditions of line impedance is difficult
in practice, and would have to cater for the extreme
conditions presented to the line at the distant end,
namely, a telephone being rung and a telephone
answered. Even with an ideal balance, any acoustic
coupling between microphone and loudspeaker at both
ends would be amplified and result in howl-round.

opened up and the unwanted path is attenuated still
further. If both parties speak at once, the louder signal
seizes the channel and the other is suppressed.

To overcome these undesirable features, a manuallyoperated talk/listen key has been introduced into other
loudspeaking telephones to isolate the microphone and
loudspeaker sections of the circuit. The new G.E.C.
loudspeaking telephone eliminates the manual key by
incorporating an automatic switch which is operated by
the user's voice. The stability of the system is so well

A direct-access connector can be supplied to give the
loudspeaking extension direct connexion to any one of
up to twenty selected extensions by the simple operation
of the appropriate key. Dialling is not necessary.
The loudspeaking telephone can also have direct access
to a conference circuit, which allows the user to hold a
conference at short notice without assembling the

The loudspeaking telephone user obtains access to
other extensions on the exchange by dialling, in the
same way as ordinary extensions. The user may
prevent a distant party hearing a local conservation by
simply operating a key to switch the microphone out of
circuit. Alternatively, he may prevent other people
in the room hearing the incoming speech by using the
conventional handset which is mounted on the side of
the instrument. The loudspeaker is automatically
switched out of circuit when the handset is lifted from
its rest. The handset also gives the loudspeaking
telephone user continued service should an interruption
in the mains supply render the amplifier ineffective.
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participants in one room. The conference circuit
enables a conference to be held between the loudspeaking
extension and up to ten ordinary extensions. A limited
conference can be held between any extension on the
exchange, a direct-access extension, and the loudspeaking extension.

Optional or automatic priority for the loudspeakingtelephone user on either dialled or direct-access
calls.

A loudspeaking-extension user can have priority
connexion on either dialled or direct-access calls, should
the required extension be engaged.

Increased loudspeaker volume on all calls by a simple
strap connexion in the loudspeaking telephone, or
on selected calls by operation of a key.

The quality of reproduction, both sending and
receiving, from the loudspeaking telephone is affected
by the acoustic properties of the room in which it is
used. The frequency response of the amplifiers has
been adjusted to give the best results in a room where
sound is partially damped, this representing average
conditions. The reflection of sound waves from hard
surfaces in a reverberant room can cause deterioration
in the quality of reproduced speech, hence where
it is essential to have a loudspeaking telephone in such
a location, the quality of service can be greatly improved
by introducing some sound-absorbing material into the
room, for example carpets or curtains.

Normal telephone handset for use as an alternative
to the loudspeaker and microphone.

Incoming calls may be rejected by momentarily
operating the Dial/Answer key.

A key to cut the microphone out of circuit when not
required.
In addition to the normal exchange tones, the
following supervisory signals are given at a loudspeaking telephone :—
Red lamp glows

Amplifier operating

Red lamp flashes

Incoming call (If the instrument is engaged on a
direct-access call this signal
is still given)

Facilities

Green lamp glows

Direct-access line engaged

The complete range of facilities that can be provided
is as follows :—

Intrusion tone connected
for three-second period
on direct-access call

Heard by all three parties
when the priority facility
is employed

Outgoing calls to all other extensions on the
exchange by dialling in the normal way, after
operating the Dial/Answer key on the instrument.

Green lamp glows following intrusion tone on
direct-access call

Unwanted line remains
connected

Incoming calls from other extensions answered by
operating the Dial/Answer key.

Busy tone on directaccess call

Called party replaces handset

Outgoing calls to up to 20 selected extensions on the
P.A.X. by the operation of the appropriate key on
the instrument.

Buzzer

Incoming call signal from
P.A.X.

Partial conference facility allowing a three-way
conversation between the loudspeaking telephone,
a dialled extension and a direct-access extension.

Equipment
A loudspeaking-telephone installation consists of the
loudspeaking telephone and the amplifier. The telephone must be connected to the automatic exchange
unit by a triple-core cable, and to the amplifier by a

Conference circuit for the loudspeaking extension and
up to ten other extensions.
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The amplifier itself (Fig. 3) is assembled on a slide-in
panel that can be removed complete for maintenance or
replacement. The method of construction is similar
to that in modern telephone-transmission equipment
where the components are mounted in metal containers,
known as apparatus units, and fitted on a panel framework. The container covers are removable from the
rear for easy access to the components. The panel
cover is secured by quick-release fasteners.
Fig. 3.—Amplifier without cover.

Direct-Access Connector
All the automatic apparatus needed to give a loudspeaking telephone direct access without dialling is
mounted on a jack-in plate, which is housed on a
wall-mounting shelf. Where more than one loudspeaking telephone is in use on an exchange, the
direct-access connectors for each instrument can be
housed on the same shelf. When required, the
apparatus needed to provide a conference facility is
also mounted on a jack-in plate, which can be housed
on the shelf alongside the direct-access connectors.

screened cable containing 5 twisted pairs. The length
of this cable should not exceed 60ft or 3 ohms loop
resistance, and from the point of view of economy
should be as short as practicable. When direct-access
facilities are required, the direct-access connector must
be connected to the loudspeaking telephone by a
sixteen-core cable, and to the P.A.X. unit by a 60-core
cable for connexion to the line circuits of the directaccess extensions, and by a 10-core cable for connexion
to the exchange tone circuits. Thus the most economical distribution system is obtained when the directaccess connector is mounted adjacent to the P.A.X. unit.

Power Supply
The amplifier operates on a single-phase power
supply of 100-125 volts or 200-250 volts, 40-60c/s.
In the standby condition the valve heaters are energised
and a small anode current flows to provide immediate
operation when the instrument is brought into use.
The operating power consumption is approximately
30 watts.

Loudspeaking Telephone Instrument
The microphone, loudspeaker, and associated
apparatus are contained in a plastic-veneered cabinet,
available in various different colours, and suitable for
mounting on a desk or table (Figs. 4, 5 and Frontispiece).
A telephone handset rests on a cradle switch at the side of
the cabinet. Ten two-way keys are mounted in front of
the instrument when the direct-access facility is required,
white designation strips allow the extensions to which
direct access is available to be clearly marked. When
direct access is not required these keys are omitted. The
size of the cabinet is 141ins wide, 8ins high, and 8ins
deep.

The direct-access connector and the conference
circuit operate from the private exchange d.c. supply.

Amplifier
The amplifier is completely closed by a metal dust
cover, and is fitted with wall-mounting brackets. The
complete assembly measures 22iins wide, Mins high,
and 81-ins. deep. The amplifier can be installed in
any convenient position and joined to the desk unit
by a cable.

Fig. 4.—Loudspeaking telephone, rear view, back cover removed.
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Fig. 5.—Loudspeaking
telephone without directaccess keys.

Operation

Speech Path—Transmit Direction

The operation of the loudspeaking telephone can
conveniently be divided into two sections—the amplifier,
and the desk unit and associated equipment.

A simplified diagram of the speech paths is shown in
Fig. 7 The speech signals from the microphone in the
desk instrument are fed to the input grid of valve VI
through a transformer TR I The output of this first
valve is resistance-capacitance coupled to the input of
the second valve V2.

Amplifier—Basic Circuit
A block diagram of the amplifier circuit is shown in
Fig. 6. The outputs of the transmit and receive
amplifiers are associated with a differential d.c. amplifier,
which controls the voice-operated switches in the two
speech paths. The circuit is arranged so that when the
transmit switch is open the receive switch is closed, and
vice versa. When the circuit is in the quiescent state,
the send switch is slightly biased so that when either
party speaks quicker operation of the distant receive
switch is obtained.

The anode circuit of V2 contains two transformers,
TR2 and TR3, connected in parallel. TR3 forms the
output transformer, which matches the amplifier to the
external line circuit, and is also part of the hybrid
circuit. The stability of the amplifier is increased by
negative feedback from TR2 to the input of VI. The
tertiary winding on TR2 provides the voltages that
operate one side of the differential switch.
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Fig. 6. Block diagram

of amplifier and switching circuits.
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Fig. 7.—Simplified circuit diagram showing speech paths.

The differential-switching circuit gives access to the
speaker from either end, and provides a break-in
feature enabling a loud signal from one end to
break in to a weaker one from the other This
allows a speaker to operate the channel against
room noise, which may tend to hold the return
channel against him.

Speech Path—Receive Direction
The incoming signals are applied to grid of V3 via
transformer TR4. The output of V3 is coupled, again
via a transformer, to the loudspeaker. A tertiary
winding in this transformer is connected to the switching
circuit. The tertiary winding on the transformer TR4
allows for increased volume from the loudspeaker under
the control of a manually-operated key on the desk unit.
Where increased volume is required all the time a strap
can be connected across the terminals leading to the
switch.

Changeover Switch
The switching is performed electrically by varying the
conductivity of shunt elements connected in either
speech path. There are two switches, one in each
transmission path. The switches are controlled by the
speech voltages and are operated differentially.

The choke and capacitor L1 and C I 5 reject any
100c/s mains ripple which may be on the line.

Voice-Switching Circuit

The basic circuit of the switch is shown in Fig. 8.
When a potential difference exists between the points
A and B, the rectifiers MR are conducting or nonconducting according to the polarity. When the
rectifiers are conducting, the impedance presented to
winding 3 of the transformer is so low that it virtually
short-circuits the load impedance, and the output signal
is greatly attenuated. Reversal of the polarity of
terminals A and B will increase the impedance of the
rectifiers so that winding 3 is virtually open-circuit, and
there is negligible attenuation between the source and
load.

The following features have been incorporated in the
voice-switching circuit :—
The switch, which is operated by the first spoken
word, is sufficiently fast to reduce any clipping of
the speech to an almost undetectable amount.
A fade-in and fade-out circuit has been incorporated
to guard against unpleasant noises in the loudspeaker on a sudden changeover.
A short delay to the switching at the completion of a
sound provides a hangover time between words to
preserve natural continuity of speech.
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The points A and B are the balance points of a bridge
formed by the two halves of winding 3, rectifiers MR,
and resistors R. When the two rectifiers are matched
there is negligible a.c. potential across A and B. Both
the transmit and the receive switches can therefore be
operated from the same d.c. source, without risk of
signals passing from one path to the other.

TELECOMMUNICATIONS
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Fig. 8.—Basic circuit of electrical switch.

The rectifier switches described in the last paragraph
are operated by a differential d.c. amplifier (Fig. 9)
The output of the amplifier, across A and B, is normally
zero, and can be set accurately by the potentiometer
RV I .

positive with respect to the grid. Thus the anode
current of V2 is reduced and the potential of A becomes
more positive with respect to B.

Switching Operation—Transmit

In the second part of the switching circuit in Fig. 10
the points A and B are the same as those shown in
Fig. 9. A potential difference between these points in
the direction described in the previous paragraph is such
that the rectifiers MR5 and MR6 will have low resistance
to the flow of current. The construction of the transformer is such that under these conditions it becomes
non-conducting, thus suppressing the loudspeaker
circuit. The louder the user speaks, the greater will be
the voltage unbalance and the greater the attenuation
produced.

When the microphone is transmitting, valve V2 is
conducting and part of its output is fed via transformer
TR2 to the rectifier MR1 and its associated resistors
and capacitors. The rectified output is fed to the input
of V3, the resulting increase in grid potential causing
the anode current of V3 to increase. With the increase
in anode current the potential of B becomes negative
with respect of A. The increase in current through V3
causes the current through resistor R17 to increase, and
hence the potential of the cathode of V2 to become more
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Fig. 9.—Differential d.c. amplifier.
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Switching Operation—Receive

Desk Unit

Since the circuit of the differential amplifier is
symmetrical, the operation in the receive direction is
similar to that for the transmit direction. In this
instance, however, the polarity of the points A and B is
reversed, and rectifiers MR2 and MR3 present the low
resistance path to render transformer TR3 ineffective
and suppress any sound picked up by the microphone.
Again, the louder the wanted signal the greater will be
the suppression of other signals.

Outgoing Call Using Dial
To call an extension by dialling, the user operates
the Dial/Answer key, and contacts of this key extend
a loop from the amplifier to seize the associated
P.A.X. line circuit (Fig. 11). During dialling the dial
off-normal springs short-circuit the line to the amplifier
and provide a clean impulsing circuit. At the end of
the dialled impulses the short circuit is removed from
the amplifier and conversation may proceed as soon as
the called extension answers.

Breaking In
The switching control described in the last paragraphs
is gradual. The fact that a higher switching voltage is
produced by louder speech is used to provide a break-in
facility.

Incoming Call
Incoming ringing current is connected to the a.c.
buzzer via the rectifier bridge and relay C (Fig. 11).
Relay C operates in step with the ringing current, and
Cl causes the red calling lamp at the loudspeaking
telephone to flash. The call is answered by operating
the Dial/Answer key.

When a speech signal is being received, a winding of
TR3 attenuates the outgoing speech circuit. However,
V2 is not suppressed, and if a listener speaks louder than
usual an out-of-balance voltage will be produced
between A and B large enough to neutralise, and then
reverse, the out-of-balance condition already existing
due to the incoming signal. Similarly the switch
position is reversed at the distant end.

If the loudspeaking extension is engaged on a directaccess call, relay TN will be operated and the buzzer
will be disconnected at TN1. However, relay C will
still operate and the calling lamp will flash. The user
12
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Fig. 11.—Simplified telephone circuit.
can then decide whether to accept or reject the incoming
call. To reject the call he momentarily operates the
Dial/Answer key , to accept the call he operates the
Dial/Answer key and either releases the direct access
connexion, or carries on a three-party conference.

Direct Access Connector
To call an extension having direct access from the
loudspeaking telephone, the user operates one of the
lever keys on the front of the desk unit. This operation
completes a loop between the appropriate contacts on
banks SI and S2 of a uniselector. For example,
operation of key number 10 (K5b) loops contact 10 in
bank Si to contact 10 in bank S2 via key contacts

If the loudspeaking extension is engaged on a dialled
call or another incoming call, a caller receives busy tone
straight away.
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K5b2 (Fig. 12). The other key contacts extend earth to
operate relay ST Contact ST1 closes to energise the
uniselector driving magnet.

and to prepare a circuit to connect intrusion tone if the
called line is busy and priority is required.

Called Extension Free
The uniselector steps round the bank to contact 10,
when relay K operates and K1 opens to disconnect the
driving circuit. Contact K2 operates to connect earth
via relay H to the P-wiper to test the wanted line for
free or engaged conditions.

If the required extension is free, relay H operates
to a battery condition on the P-wire (Fig. 13). A contact
of H completes a locking circuit for itself, and other
contacts of H connect a busy earth to the P-wire to
guard against other incoming calls, and complete a
circuit to operate relay E. Contacts of relay E close to
connect ringing current to the called extension, and
ringing tone to the calling extension.

On the operation of relay ST, other contacts (not
shown) closed to extend earth to the machine start lead,
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When the called extension answers, relay F operates
to the line loop and locks through one of its own
contacts to the earth at K1 Contacts of F disconnect
the ringing current and connect relay D across the
called extension line, and a further contact of F disconnects ringing tone. Relay D operates and contacts
of D complete the speech path so that conversation may
proceed. A further contact of D disconnects relay ST
(Fig. 12), which releases to disconnect the machine start
and intrusion tone circuits.

TELECOMMUNICATIONS

Called Extension Busy
When the called extension is busy, the battery
condition on the P-wire is replaced by an earth, and
relay H is prevented from operating (Fig. 14). At the
end of its delay period relay G operates, and contacts
of G connect busy tone to the caller, extend an earth to
light the green (busy) lamp on the loudspeaking
telephone, and connect intermittent earth to relay E.
When the caller receives the busy signal there are three
courses of action open to him :—
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Fig. 14.—Direct-access connector : busy circuit.
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He may restore his calling key and call again later.

disconnected by the operation of relay D and, on
releasing, disconnects the intrusion tone at ST3.

He may hold on till the wanted extension completes
the call and clears down. In this event relay E
operates and releases in step with the intermittent
earth pulses, and at each release of E, a contact of E
completes the testing circuit of relay H to the wanted
line, so that when the called party restores, relay H
operates, disconnects relay G, and the call proceeds
as already described in a previous paragraph.
Should the wanted extension restore his handset
whilst contact E2 is closed, the line relays L and K
will hold to the E2 earth, but relay H will not operate
in series with them and when E2 breaks, relays L
and K release. When E2 re-closes, relay H operates
to the battery via K 1 .

Relay G remains operated and the green lamp on the
loudspeaking telephone continues to glow to remind the
user that there are still two other extensions connected.
The normal procedure is for all three extensions to
restore their telephones, and for the loudspeaking
extension to recall the wanted party.
The loudspeaking extension can be given automatic
priority by inserting a strap across contact D4. This
ensures that relay D operates every time relay G
operates on an engaged line, unless the call is to a nonintrusion extension.
An extension can be made
exempt from receiving priority calls by connecting a
battery condition to the appropriate contact on the
TR bank. When relay G operates on an engaged
extension, the battery on the TR wiper is extended by
G7 to one side of relay D, and prevents relay D operating to the priority earth.

He may use the priority facility.

Priority

Release

When the caller hears busy tone h. may obtain
access to the established connexion by momentarily
depressing the priority key on the telephone. This
extends an earth to operate relay D, which locks via
contact D4. Other contacts of D extend the line to the
wanted extension, and D5 connects intrusion tone to
warn the extensions already conversing that a third
party is on the line. The tone is connected for the
duration of the release period of relay ST, which was

When the loudspeaking extension restores the line
key, relay K releases and this in turn releases relays
H, F, E, and D to restore the circuit to normal. The
uniselector does not home until relays E, F and G have
released (Fig. 12). When the called extension restores
his handset first, relay D only releases, contact D5
restores to normal, and connects busy tone to the caller
until he also releases the connexion.
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