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A TELEPHONE
SYSTEM FOR

ON-THE-AIR USE
Since its opening in December,

1959, Montreal radio station CKGM
has featured daily "open line" pro­
grams, inviting listeners' opinions,
via their home telephones, on var­
ious topics. CKGM engineers, there­
fore, have spent considerable time
developing the most functional and
flexible system for airing the calls,
keeping in mind the necessity for
the best possible on-air sound, and
for previewing the program (and
when warranted, deleting objection­
able material) during an actual
broadcast.

Numerous installations have been
tested during the past five years,
but until now, all have been only
partially satisfactory, while some left
much to be desired. Most systems
consisted of a key-set telephone,
with the announcer using a handset,
an operator's headset, and most re­
cently, a simple speakerphone ar­
rangement.

The telephone equipment was
connected to the broadcast console
through a standard recorder con­
nector supplied by the telephone
company. This system, however,
had several disadvantages. The an­
nouncer, at times, had to contend
with both his regular on-air head­
set and the cumbersome telephone
headset. His voice would often
feed through the telephone, via the
recorder connector, into the con­
sole, causing an objectionable filter
effect. The effect could be reduced
if the announcer positioned his
mouthpiece away from his mouth
and if the operator "rode levels" on
the telephone mixer at the console.
The operator also had to close this
mixer completely whenever the an­
nouncer selected lines, in order to
prevent the loud click from sound­
ing on the air.

During programs, an operator an­
swers and screens all calls before
the announcer takes them on the

January, 1967

By Wayne Jones* -A large amount
of telephone on-the-air programming
requires an elaborate installation.

air. Although visual indication was
provided to the announcer in the
form of steady or flashing lamps
on his key set, it was often difficult
for him to discern which line to
take next. Occasionally, he would
take a call on the air while it was
being screened by the operator. Al­
so, as the lines used for this pro­
gram appeared on other sets
throughout the station, a call on the
air could be interrupted by an un­
suspecting party elsewhere in the
station.

To solve these and other prob­
lems, the following system was de­
veloped and installed in coopera­
tion with the Bell Telephone Com­
pany of Canada.

The new system had to satisfy
several conditions:
l. The announcer should not have

to wear any headsets other than
his normal broadcast headset.

2. There should be no objection­
able filter effect in the announ­
cer's voice while using the tele­
phone; that is, the output pro­
vided by the telephone company
should contain only the distant
party's voice and not the an­
nouncer's.

3. Some means must be provided
whereby a call already on the

air could not be interrupted, and
conversely, the announcer
should not be able to put on the
air a line in use off-air, for ex­
ample, a call being screened by
the operator.

4. The equipment must be silent in
operation, both mechanically
and electrically; i.e., switches
should not click, and it should
be possible to leave the console
mixer position for the telephone
open while the announcer is
selecting lines.

5. The equipment must be easy to
operate and not allow "on-air"
errors.

6. The equipment must be flexible.
It should allow restricted con­
ferencing and other special ef­
fects as the need arises.

7. The operator should retain
overall control of the system
and, from his position in the
control room, be able to super­
vise its operation.

8. The equipment must be pro­
vided with a back up system in
case the main system fails.

9. The aesthetic appearance of the
studio must be maintained. Pref­
erably, the equipment should
be "built-in."

"En zineeri ng Department, CKGM,
Mon tren l, Quebec.
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Fig. 1. A simplifield schematic of the hybrid circuit used at Montreal's CKGM.
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10. A 1400-Hz beep to the caller
every 15 seconds, as required
by law, must be supplied to in­
form the caller that his conversa­
tion is being .recorded and/or
broadcast.

The telephone systems that
evolved may be divided into two
sections: the equipment used to con­
nect the telephone line to the broad­
cast equipment, and the line-select­
ing, or switching, system.

Telephone Equipment

The initial work evolved around
a basic speakerphone system. This
unit is the familiar "hands-free"
telephone supplied by the telephone
company for commercial and pri­
vate use.

Basically the speakerphone sys­
tem is composed of four items: a
control unit containing plug-in am­
plifier cards; a microphone, or trans­
mitter, with a built-in preamp; a
speaker; and a power transformer.
The telephone line is connected to
the control unit, where it is split by
a hybrid coil into a transmit and a
receive circuit. The transmit cir­
cuit consists of a series of ampli­
fiers fed by a microphone, and the
receive section is a series of ampli­
fiers feeding a speaker. Because the
hybrid is not 100% efficient, feed­
back would result if it were not for
a unique feature of the speaker­
phone, its voice switching circuitry.
Whenever sound above threshold
level is presented to the micro­
phone, the receive path is switched
off and the transmit path is switched
on, almost instantaneously. Because
of this feature, information pre­
sented to the microphone appears

on the telephone line and not at the
speaker. The speakerphone is in­
corporated into the console by using
the control-unit receive channel to
feed the console. Thus the filter-ef­
fect problem is solved; that is, the
announcer's voice feeds the console
only by means of the broadcast
microphone and not by way of the
telephone microphone.

The use of this voice switching
circuitry is the key to the new sys­
tem. An additional modification to
the standard system was the in­
clusion of two transmitters, rather
than the conventional single trans­
mitter. This was found necessary to
maintain an adequate transmit
level to the caller when more than
one person was present in the
studio.

To provide a greater control of
the transmit level and to make up
for the loss which occurs when two
microphones are used in parallel, a
variable-gain amplifier was inserted
in the transmit path.

The voice switching circuitry
causes another effect: The an­
nouncer's voice always takes prece­
dence over the telephone caller. If
both are speaking, the caller will
not be heard. This may or may not
be desirable in all applications, but
it is helpful if the line is noisy.
Normally, speaker gain on the

speakerphone is adjusted by means
of a volume control on the trans­
mitter chassis. This control was re­
moved and relocated in the control
unit. Adjustment of this control, and
variable-gain amplifiers in the trans­
mit path, permits the voice switch­
ing threshold to be varied over a

ISOLATION
AMPLIFIER

TOTRANSMlffiR
MONITORS,ETC.

TEL£PHONE
HYBRID

'---------------lREC TRANS

LINE

TOTELEPHONELINE ~-----------'

12

Fig. 2. Input from console to the hybrid is fed through isolation transformer.

limited range. In the "on-air" studio,
it was found desirable to add a re­
lay which operates simultaneously
with the studio microphone on/off
relay. This mutes the speakerphone
speaker in the studio. At the same
time, the relay transfers the speaker
output to the telephone input on the
console. Thus, the telephone output
appears at the console only when
the announcer's microphone is on.
There is a slight leak from the
transmitter to the control unit out­
put and, if this switch were not
made, the announcer's voice, via
this telephone link, could appear on
the air in spite of the fact that his
announce microphone is off. The
action of the muting relay permits
the announcer to converse with
callers prior to going on the air
without fear of the call going on the
air-even if the operator has ne­
glected to close the telephone pot.

In an early trial, the speaker was
not muted with the announcer's
microphone so that the announcer
could hear the caller without using
his headset. It was found that this
was not desirable, because the oper­
ator could not cut an unwanted
caller off the air by simply closing
the telephone "pot." The caller
would come through the announcer's
microphone. The speaker in the
recording room is not muted, how­
ever, because immediate cutoff is
not necessary.

An alternate to the speakerphone
method is the use of a 4-wire term­
inating set. This device, basically a
hybrid circuit, is used by telephone
companies in toll circuits to change
2-wire lines to 4-wire lines.

A simplified schematic of the
hybrid is shown in Fig. 1. By con­
necting the repeating coils as shown,
it is possible to separate the two­
direction (transmit and receive) pair
into two single-direction pairs. This
means that a signal presented to the
transmit input will appear only on
the telephone line and not at the re­
ceive output. Conversely, the re­
ceive output will contain only sig­
nals coming from the telephone line.
This is accomplished by setting up
a carefully balanced bridge circuit
and nulling out the transmit signal
from the receive section. The bal­
ancing network containing the vari-

BROADCAST ENGINEERING
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able capacitor is used to balance the
bridge against the telephone line. An
optimum value is selected because
each line has different capacitive,
resistive, and inductive character­
istics. These parameters are a func­
tion of line length, cable type, inter­
mediate equipment in the line, and
the equipment at each end of the
the 1ine.

As might be expected, the isola­
tion between transmit and receive
sections is not perfect. The leakage
is, however, low enough to make the
hybrid very useful in our applica­
tion. No discussion of actual values
in decibels will be given here be­
cause so many variables are in­
volved.

In order to connect the radio-sta­
tion equipment to the telephone­
company equipment, an interface is
required. On the receive portion of
the hybrid, this interface takes the
form of the standard recorder con­
nector. This provides the isolation
necessary and supplies a 1400-Hz
beep at 15-second intervals to the
caller as well. This is possible be­
cause the hybrid is not 100% ef-

INORMAL
CONSOLE-
INPUTS

GAINOF Al GREATERTHAN
GAINA2 +GAIN A3+LOSSATT+HYBRID

HYBRIO
TRANSMIT¡ WcEIVE

LINE

TOTELEPHONELINE---------....J

TO
TRANSMITTER
MONITORS,

ETC.

Fig. 3. Better method for connecting hybrid involves opening console circuit.

ficient, and the beep presented to
the receive leg is fed back to the
caller.

The interface inserted in the
transmit leg is used to insure that
the customer will not feed the tele­
phone line with too much level,
which would interfere with other
circuits in adjacent cable pairs. The
interface also provides the correct
impedance match to the customer
equipment.

The hybrid is connected to the
console as shown in Fig. 2. Oscilla-

tion will take place if the gain of
the console, a function of the tele­
phone-pot setting, is equal to or
greater than the loss between the
transmit and receive sections. In
practice, the loss should be sufficient
to allow a satisfactory level from the
caller. A somewhat better method
of connection is shown in Fig. 3.
It involves breaking into the internal
circuitry of the console and could
present problems in consoles with
high-impedance, unbalanced cir­
cuitry.

T~R~================~~~~~~~~~~~~A~ 111,.---___l

RECORDER
CONNECTOR
TO PROVIDE
1400 HZ BEEP

LINES

SR

FORS IMPLI CITV,
ONLYTWOLINES

ARESHOWN

~~~ ~ ~~ i I Diii/
TO SPEAKER-PHONE

ORHYBRID

TO DIAL
IMPULSE
CONTACTS

TO
NEXT
LINEo--+-------..__..._ ,y--,._-+---------------E'-----------+-

N RLS HOLD

SR

+

PUSH BUTTONS
IN STUDIO

January, 1967

Fig. 4. Basic circuit of CKGM switching system shows only two line inputs for simplicity in explanation of operation.
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\IVITH !ST PICKUPS

INTERLOCK ING
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STUD 10 2
2ND PICKUPS
(SEE DETAIL)

TELEPHONE COMPANY EQUIPMENT

RECORDER
CONNECTOR
TO PROV I DE
1400HZ BEEP

SPEAKER PHONE
CONTROL UN IT

OUT-LI NE
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I
PICKUP, I • I I I I i RELAYS

TELEPHONE HOLD AND
RING DOWN I

~

LINES LINES
I I I - I---+ TRANSMITTERS

RO:LAYS FOR TO SIMILAR (TO NON-LOCK I NG STUD 10 2 SPEAKER
STUDIO I 2ND PICKUP PUSH BUTTONS)

CUSTOMER EQUIPMENT

1--'---600Q OUTPUT NOT USED

RELAY TO OPERATE WHEN
CUSTOMER MIC ON

TO CONSOLE
INPUT 600íl

Fig. 5. Functional diagram of switching arrangement in Fig. 4. indicates relationship of various system elements.

We use the former method at
CKGM. It is used in conjunction
with an alternate back-up system to
the speakerphone. It is also valu­
able in other ways; because it feeds
anything going through the console
to the telephone line, the announcer
need not be in an adjacent studio to
be heard by the telephone caller (as
is true of the speakerphone system).
He may be "on remote." Thus, al­
though a particular program may be
on location, all the telephone facili­
ties of the studio are retained with­
out the use of telephone equipment

at the remote location. Since various
telephone contests, etc., form an in­
tegral part of our daily format, this
feature is very desirable.

It is difficult to indicate which of
the two systems, the speakerphone
or the hybrid, is better. The speaker­
phone is cheaper and easier to con­
nect to the console, but the hybrid
provides better quality to and from
the caller and the other advantages
enumerated.

The Switching System
Several switching arrangements

14

Fig. 6. ON AIR studio arrangement shows all components.

are possible. Our primary system
is similar in operation to the ordi­
nary key-telephone set in that push
buttons are used to select lines.
(See Figs. 4 and 5.)

Figs. 6 and 7 show that the
studio equipment consists of built­
in, flush-mounted call directors. Six
lines are associated with our sys­
tem, four for receiving calls and two
for placing outgoing calls. Each of
the four incoming lines appears at
two separate pickup buttons, a first
pickup and a second pickup. The
first pickup operates conventionally;

Fig. 7. Close-up of the flush-mounted call director unit.

BROADCAST ENGINEERING
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r-----t --------
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that is, the button locks and is used
in conjunction with a standard tele­
phone handset. ln practice, this
pickup is used by the operator (who
is equipped with an identical call
director) to answer and screen the
calls. 1r a call is to be used, the 1ine
is placed on "hold," and a transfer
button is pushed. This excludes the
line from all first pick-ups and trans­
fers it to the second pickups. The
second pickups appear at the studio
call directors on non-locking, mo­
mentary-action push buttons. This
type of button differs from a regular
button in that it operates silently.

The reason for the transfer ac­
tion is the prevention of interfer­
ence with a line which is "on-air."
In addition, the announcer cannot
put a line on the air prematurely;
the operator must first transfer it.

We wished to have a conferenc­
ing circuit incorporated into the
system. While the regulatory tariffs
of the telephone company are

T

"sticky" on this point, they do pro­
vide it as a standard accessory to a
PBX and conferencing circuit, which
allows a maximum of two outside
trunks and three internal stations to
be bridged in a conference.

The circuit provides for capaci­
tive coupling of the lines. Since no
amplifiers arc used in the circuitry,
transmission is not guaranteed be­
tween the two outside trunks. If
one or both of the outside parties
is at a considerable distance from
the circuit, transmission between
these parties will suffer. We were
willing to tolerate this disadvantage,
however, and a circuit similar to
the one provided for the PBX was
incorporated.

Any two lines may be bridged by
simultaneously pushing the pickup
buttons associated with the particu­
lar lines. The objective is to allow
the moderator to converse with two
people simultaneously, and it is sel­
dom necessary for the two callers to

DIAL IMPULSE CONTACT

--------.,
I

converse between themselves. There­
fore, the nonarnplified conferencing
does fall within the telephone-com­
pany tariffs.

orrnally the four incoming lines
are jammed, and an alternate
method for placing outgoing calls
had to be provided. Two out lines
were incorporated in the system in
a manner different from the in lines.
As before, they appear on first
pickups, but these lines may be
placed on the air by simply pushing
a single, momentary-action button
instead of by using a transfer button.
This action ex cludes the 1ine from
all first pickups and connects it, via
the telephone dial, to the speaker­
phone. If the line is vacant (nor­
mally the case because these arc
unlisted lines), pushing the button
will put dial tone on the speaker­
phone, and a call may be dialed.
By using the second out line, a sec-

• Please 1111·11 10 page 40.
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January, 1967

Fig. 8. Alternate switching method is simpler to construct, does not require relays, but is not as smooth in operation.
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Model AA-200

SOLID STATE AUDIO AMPLIFIER
- -FrequencyKesponse:
±ldb, 20 to 20,000 cycles at lOOMW
±2db, 20 to 35,000 cycles at lOOMW
Harmonic Distortion:
Less than 1%, 20 to 20,000 cycles at lOOMW
Lessthan 2%, 20 to 20,000 cycles at 200MW
Input:
50 to 150 ohms balanced (mu metal shielded,
permalloy core transformer)

2,000 or 100,000 ohms unbalanced
Gain:
70db, 50 ohm input, 8 ohm load
65db, 2,000 ohm input, 8 ohm load

Output: 500 and 8 ohms
(grain oriented transformer)

Circuit: 7 transistors, 1 thermistor
Controls: Locking volume control
Connections: Barrier strip
PowerSupply: 9 volts DC, 100 MA

(accessory power supply available -
Round Hill Model PS-200)

Construction: Brown enameled
steel case

Size: 9"L x 23/."W x 31!."H
Weight: 28 ounces

. $ 'Z450 Including complete Technical Data and Schematic
Price: ti Sendcheck or money order-we pay postage.

ROUND HILL ASSOCIATES INC.
A MILO ELECTRONICSSUBSIDIARY

- 434 Avenue of the Anericas, New York, N. Y. 10011

SOLID STATE POWER SUPPLY
An all-transistor general purpose power supply, the Round Hill Model PS-200
is particularly suited for use in applications requiring a stable, well-filtered
DC source. It employs Zener referenced voltage regulation, and delivers 9
volts DCat loads up to 200 MAwith complete dead short protection. A lock­
ing screwdriver-adjusted programming potentiometer permits the output
voltage to be adjusted over a one-volt range.
Input Voltage: 105-125 volts AC, Controls: Locking programming

60 cycles, 5 watts control
Regulation: Line+ load 5 MY Connections: Barrier strip
Ripple: Under full load 10 MY,peak to peak Construction: Brown enameled
Output Voltage: 9 volts DC steel case

(adjustable over 1 volt) Size:9"L x 23!."W x 3'!."H
Maximum LoadCurrent: 200 MA Weight: 44 ouncess24so including complete Technical Data and Schematic

Price: Sendcheck or money order-we pay postage

ROUND HILL ASSOCIATES INC.
A MILO ELECTRONICSSUBSIDIARY

434 Avenue of the Americas, New York, N. Y. 10011

Circle Item 17 on Tech Data Card

42

Conclusion

both studios are completely inter­
changeable, both electrically and
physically, in the event of failure of
either.

It is hoped that this article will
aid the broadcaster planning an
"open-line" program or one wish­
ing to modify his facilities for this
type of programming. The telephone
equipment is a mutual project of
the telephone company and the
broadcaster. Careful analysis of
needs by both should result in a
flexible, functional, and reliable sys­
tem. .a.

Editor's note: A new recorder con­
nector, which supplies the filtered
1400-Hz beep in the caller direction
only, has been developed especially
for on-the-air applications for the
Western Electric Company, and
bears the part number KS-19645.
[t must be ordered through the local
telephone company with the order
number USOC-RCZ.

Give your tapes and
mats a clean start!

New AE-100 Automatic Degausser erases
12" or less tape reel or up to 100 CUE­
MAT* mats in 50 seconds.
The AE-100 is motor driven and com-

\
pletely automatic. It provides uniform,
complete erasure for 'I•" tapes and mats
without the guesswork of other degaus­
sers. Shuts itself off automatically. Load
it. Start it. Forget it.
What's more, theAE-100is compact, light­
weight, and practically priced. Ask your
distributor or write Ampex Corporation,
401 Broadway,Redwood City, Calif. 94063.

"TM-AmpexCorporation

jAMPEX!
Circle Item 16 on Tech Data Card
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