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AUDIO CONTROL EQUIPMENT

SCOPE OF ASSIGNMENT

The previous technical assign-
ment dealt with the audio components
to be found in a broadcast studio,
such as the microphone pre-ampli-
fier, mixer, Program Amplifier, etc.
The present technical assignment will
concern itself mainly with the
switching and control circuits assoc-
iated with the above equipment. It
is here that the greatest lack of
standardization is to be found, and
rather than discuss any one special
broadcast station’s layout, it will
be preferable to discuss and analyze
the various methods and means of
control in general use today.

In general, the following topics
will be discussed:

(a) Normal and Emergency Chan-

nel Connections

(b) Fundamental Relay Circuits

(1) Setup and Holding
(2) Methods of Interlock-
ing

(¢) Studio Switching Systems

(1) Microphone-to-Fader
Control Circuits

(2) Interlockingof studi-
0s

(3) Talk-back Systems

(d) Master Control Room Switch-

ing

(1) Control of Studio Con-
nections

(2) Pre-setting

(e) Miscellaneous Considera-

tions

(f) Care and Maintenance

(g) Operational Technique

CONTROL COMPONENTS

CHANNEL CONNECTIONS.—The act-
ual connections between the various
audio components must be arranged so
that a defective piece of equipment
can be replaced by one functioning
satisfactorily with a minimum of de-
lay. The connections must also per-
mit changes in component groupings
to be made to fit unusual program
requirements. The usual method of
connection is by jacks and plugs and
patch cords.

JACKS AND PLUGS.—A separate
jack and plug is used for each side
of the circuit, which is generally
balanced to ground. The two plugs,
however, are part of one mechanical
assembly and act as a unit. Simi-
larly the two jacks are fabricated
and mounted on the relay panel as
one unit. They are shown in cross
section in Fig. 1.

As may be noted from the fig-
ure, the tip of each plug is insula-
ted from the shell. The two shells
are held in a holder which may be
either of metal or of insulating
material. The shells are connected
to the copper shield surrounding the
two conductors of the patch cord by
means of the grounding wires shown,
so that the shells are either ground-
ed or else ground the shield, de-
pending upon where the system is con-
nected to ground.

The inner conductors pass
through the shell and connect to the
inner portions of the plug that ul-
timately form the tips. In this way
the plug acts not only as a connect-
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ing means, but also as a grounded
shield for the tip portions. The
copper shield of the patch cord is
usually covered with a cotton braid
that acts as a protection for the
copper shield and prevents it from
catching onto the shields of other
patch cords, clothing, or the hands
of the operator.

The two corresponding jacks are
mounted on a panel or a jack strip,
together with other such pairs to
form a jack strip assembly. Note
that the supporting framework for the
jack contact springs forms a ground-
ed shell, too. Upon inserting the
plug into the jack, the two shells
make contact and thus afford continu-
ity of the ground circuit as well as
a continuation of the shields.

PLUGS
Shield
I,f/ ?_‘._L___‘__--_---Lé:‘/:"n"— St

other as shown, so that the circuit
is closed through them when the plug
is not inserted.

Upon insertion of the plug, the
above ‘normalled’ circuit is broken,
and the connection to the longer
spring is continued through the plug
tip to the corresponding wire in the
patch cord instead of to the other
spring.

PATCHING PROCEDURE. —A simpli-
fied schematic representation of a
plug and jack connection is shown in
Fig. 2. Here a line amplifier is
shown connected to the 6 db isola-
tion pad between it and the tele-
phone line to the transmitter. It
is to be noted that the normalled
connections are an ordinary shielded
pair, laced in with the other audio

L vACKS
|' - |Grounded supporting framework

o ﬂ'. _____W_W_
Grounding wires Holder

Cotton braid of

parch cord

’ /
i Normalled
connectrons

Fig. 1.—Cross Section of Plug and Jack Assembly.

The tip of the plug makes con-
tact with the longer spring in the
jack. The curved hook of the latter
causes it to move away from or to
other adjacent springs when the plug
tip engages it. While there are a
wide varietyof jacks and plugs made,
the usual type employed in broad-
cast work is as shown in Fig. 1,
i.e., one insulated tip in the plug,
and two springs in the jack. These
two springs normally contact each

circuits in the rack, andsoldered to
the jack contacts. Patch cords, on
the other hand, are portable, termi-
nate in plugs, and are used to break
the above normalled connections and
make new connections, as desired
(patching).

An example of patching procedure
is illustrated by Fig. 3. Here Line
Amplifier ¥1 isnormalled through the
6 db pad to the telephone line. Line
Amplifier #2 is a spare, to be used
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in case of an emergency. Note that
the schematic of Fig. 2 for the nor-
malled connections has been still

Shield

el {5
e [ 1S

A4

6 db.pad

Fig. 2.—Schematic Representation of
Normalled Connection.

further simplified in Fig. 3, and
that furthermore, two normalled con-
nections appear on each side of each
amplifier. If Amplifier #1 becomes
noisy or otherwise defective, Ampli-
fier #2 may be substituted for it by
means of patch cords.

Normalled connections

— 4

/'7‘0/77. c E |Ampl.| £ D
Studio #/

LI

SN T U e I A

6 a |[Ampt| B H

#2
t{ 1 i

Telephone /ine
f to tronsmitler

Fig. 3. —Use of Patch Cords for
Emergency Connections.

The proper procedure is as
follows: insert the plugs of the
two patch cords at A and B, respect-
ively. This lifts the input and out-

put of Amplifier #2 off the normalled
connections, and puts them on the
patch cords. Then the plugs on the
other ends of the patch cordsarein-
serted into jacks CandD respective-
ly (not E and F).

1f the plugs had been inserted
into E and F, the two amplifier in-
puts and outputs would have been
merely tied in parallel with one an-
other and at the same time disconnec-
ted from their normalled components.
With the connections made to C and
D, the studio now feeds the input of
Anplifier #2 instead of Amplifier #1,
and the telephone line is fed from
the output of Amplifier #2 instead
of #1.

on the other hand, if Amplifier
#2 is the defective unit inits chain
of connections, Amplifier #1 may be
substituted for it by patching E to
G and F to H. That is why there are
two normalled connections between
each pair of components: one is for
the output of the first component
and the other is for the imput of the
second component in cascade with the
former. Also note the order in which
patching is made: first the substi-
tution unit is lifted off its nor-
malled connections and transferred to
the patch cords, then the defective
unit is patched out of the circuit.
This minimizes the ‘outage’ time in
patching. To avoid click and similar
noises, both patch cords should be
inserted simultaneously into their
respective jacks.

MULTIPLE CONNECTION.—1n addi-
tion to the normal connection, an-
other jack may be added to furnish a
multiple or parallel connection.
This is shown in Fig. 4. By this
means a db meter, or an oscilloscope,
or any desired device may be plugged
into the multiple connection, there-
by placing it in parallel with the
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normal connection. Sometimes a spec-
ial setup is required, as for test
purposes, where the amplifier is to
be terminated in the proper impe-
dance, and the output measured on a
meter, or distortion measurements
made, etc. Multiple connections are

B &

Normal connection

—° Multiple connec tron

Program
amplifier

Fig. 4.—Use of Multiple Connection.

then of great utility, as they obvi-
ate the need for soldering or clip-
ing on to existing connections.
PUSH BUTTONS AND KEY SWITCHES. -
In a subsequent technical assignment
on transmitter control circuits
large switches, such as knife switch-
es, circuit breakers, and power re-
lays will be discussed. For audio
control circuits, however, it will
be found that much smaller switches
and relays are employed, since the
power-handling requirements are much
less, and much more compact struc-
tures are possible. Nevertheless,
often a push button may be employed
as the starting point for a sequence
of power switching operations that
ultimately involve a large power
relay or circuit breaker, but the
push button initself is never called
upon to break the main circuit, as
may be the case in audio work.
PUSH BUTTONS.=1In Fig. 5 is
shown a type of push button favored
in telephone and broadcast work.
Note that unlike the ordinary push
button used for ordinary door bells,
etc., this push button is character-
ized by a long body and small panel

area. This is characteristic of most
telephone and broadcast equipment,
and facilitates the grouping of a
large number of controls on a single
panel. The springs shown are forced
out by the conical end of the button
and either make or break contact with
a shorter spring not actuated by the
contact with a shorter spring not
actuated by the button. If pressing
the button separates the springs and
opens the circuit, then the button
is known as a ‘closed circuit’ type.

g M
Conical end || |
of button T

Fig. 5. —Typical Push Button.

TYPES OF SWITCHES.—The types
of connections that can be made by a
push button, and particularly by the
more complicated type of switches
known as key switches and relays, are
shown in schematic form in Fig. 6.
In (A) is shown asimple form of nor-
mally closed circuit push bution, in
which a ‘break’ in thecircuit occurs
when the button is pressed. In (B)
it is clear that the springs make
contact when the button is pressed.

More involved switching opera-
tions are involved in the next four
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types shown. Thus in (C), one cir-
cuit is broken as the button is de-
pressed, and then—as the middle
spring continues moving to the left,-
the second circuit is closed. This
is a Break-Make push button. 1In (D)
it is clearly shown how one circuit
is first closed before the other
circuit is finally opened. In many
cases it is necessary that this se-
quence of operations occur.

In (E) one circuit is opened,
the next closed, and the third then
opened. As stated in the figure,
this is a Break, Make Before Break
type of push button. Finally in (F)
is shown a locking type push button.
The previous buttons immediately re-
store the original circuit connec-
tions when the pressure on the butt-
on is removed. This requires a
locking contact for a relay—as will
be explained presently. In (F), on
the other hand, a mechanical locking

push the spring out of the recess in
the button thus permitting it to
snap up once again.

KEY SWITCHES. —The size of the
push button and the typeof actuating
mechanism—that of a conical end to
the button—precludes its use except
for the switching of very simple
circuits. Where more than one cir-
cuit is to be switched simultaneous-
ly, a more robust structure known as
a key switch is employed. An example
of this type of switch is shown in
Fig. 7. The handle can be rotated
through an angle in either direction
as shown by the arrows. In doing so
it pivots on axis P, and swings a
pair of insulating rollers C (one
behind the other) around so as to
raise the upperor the lower springs
thus opening either contacts A or B,
In more complicated arrangement sev-
eral sets of springs are actuated.

There are thus two sets of

(A) (B) (c (D) (E)
53 fs f? E?1 E%f
Break Make Breok Break, Make Locking 1ype
—_ Make before before Break
Can be two on one Breok

push button

Fig. 6. —Various kinds of Switching Operations Possible.

arrangement holds the button locked
in the down position even after the
finger is released. The spring—as
is clear from the picture—fits in-
to a recess of the button and pre-
vents it from rising. To release,
usually some auxiliary means, such
as an actuating bar, is required to

springs, one alongside the other,
above the center frame D, and another
pair below the center frame. Each
set of springs is called a ‘pile-
up’; a key switch has four pile-ups.
A maximum of 13 springs per pile-up
is permitted, although only two per
pile-up are shown in Fig. 7. Thus
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a maximum of 4 X 13 = 52 springs can
be handled by one key switch, and
this represents a large number of

Fig., 7. —Typical Key Switch.

circuits that can be controlled by
the switch.

As in the case of the push
button type of switch, the key switch
is usually represented in simplified
form in a schematic diagram. Fig. 8
shows a pile-up of seven springs, of

Insulated connector

,4——\/
Ao .
o——+ ((:, \k\/Po//er
N/

Fig. 8. —Example of a Pile-up.

which two are actuated by a roller on
the key, and are accordingly called
armatures. Note that the roller,
(shown in dotted lines and normally
omitted in a schematic diagram) act-
uates armature A. An insulating con-
necting rod mechanically transmits
the motion to armature B as well,
while maintaining electrical isola-
tion between the two armatures, since
these may be in separate circuits.
The top three springs consti-

tute amake-before-break combination,
the bottom four abreak, make-before-
break combination. The armatures are
actuated when the roller swings up-
ward (key is swung downward). When
the roller swings downward, this
pile~up is unaffected, and maintains
the connections shown. The same is
true of the second pile-up in back
of the one shown in Fig. 8.

In Fig. 9 the schematic for a
complete key switch is shown. The
upper half represents two sets of

. Down
i ]
— Up i i

T —

Fig. 9.—Schematic for a Complete Key
Switch.

pile-ups that are actually one along-
side of the other; similarly the
lower half represents two such pile-
ups. When the key moves DOWN, the
rollers move up, as is clear from
Fig. 7, and the upper pair of pile-
ups are actuated. When the key moves
UP, the rollers move down and actuate
the lower pair of pile-ups.

The letters L and NL refer to
locking and non-locking, respective-
ly. Normally, when pressure is re-
leased on the key, the armatures bent
back to thenatural position and the
switch is non-locking. On the other
hand, it is also possible (and quite
common) to have a mechanical arrange-
ment whereby the key remains set in
the position towhich it is actuated,
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and the switch is then of the locking
type. The letters in Fig. 9 indicate
that the switch is locking in the
DOWN position, and non-locking in
the UP position. Any combination of
locking and non-locking is available.

INTERLOCKING PUSH BUTTONS.— An
interesting typeof switching arrang-
ement is that of an assembly of in-
terlocking push buttons. This is
shown in Fig. 10 where, for simpli-
city, only two buttons are shown.

Push buttor,

Locking
recess

Koller

N
k /;4//8

/ever

fJE
NN Y/
}?e/eas ‘.
[#a

Releose spring

Fig. 10. —Interlocking Assembly of
Push Buttons.

The right-hand button is shown in the
depressed or actuated position, and
the armature springs have been forced
outward by the insulating conical
section, so that they contact their
respective stationary springs. The
button is locked by the roller on
the actuating bar A riding over into
the locking recess in the button. A
spring B holds A in this position.
If it is desired merely to re-
lease the button, the release lever
can be pushed to the right, forcing
the roller away from the locking re-
cess, whereupon the release spring
forces the button up out of engage-
ment with the armature springs. The

latter may not be strong enough to
perform this function in this parti-
cular mechanical design.

The interlocking feature comes
from the fact that if any other but-
ton is pressed, such asthe left-hand
one shown in Fig. 10, then the act-
uating bar is momentarily moved to
the right by the conical section
directly underneath the button, and
thus moves the roller out of engage-
ment with the locking recess on the
right-hand button, thereby permitting
the latter to jump up. Thus, when
the left-hand connections are made,
the right-hand connections are brok-
en, and vice versa; the two sets of
connections cannot be both made
simultaneously, and the associated
circuits are said to be interlocked.

0f course, if both buttons are
deliberately pressed simultaneously,
both circuits will be made and held,
but in normal operation, where the
operator presses only one button at
a time, only one circuit or the
other can be made. Thus, for ex-
ample, if one button connects studio
A to the transmitter, and the other
connects studio B, then in normal
operation there is no danger that
both studios will be simultaneously
connected to the transmitter.

It is possible to make any but-
ton non-locking by simply slipping a
sleeve over the release spring, as
shown in Fig. 11. This sleeve limits
the travel of the push button to an
amount insufficient to bring the
locking recess into line with the
roller on the actuating bar, i.e.,
the roller cannot get above the con-
ical section underneath the button.
In this case the button actuates its
armatures only when depressed. How-
ever, the button also moves the ac-
tuating bar to the right when de-
pressed, and thereby releases any
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other button previously depressed.
Hence the button may very well func-
tion solely for release purposes in-
stead of the release lever shown in
Fig. 10, and isusually preferred be-
cause of the better mechanical arr-
angement.

Sleeve fo
~ Prevent locking

Fig. 11.—Non-Locking Type of Push
Button.

Later on a means of interlocking
using relays will be shown, in which
the interlocking is by electrical
means. However, the above arrange-
ment for interlocking depends upon
mechanical means, and in one form or
another is in wide use in telephone
practice, receiver push-button tun-
ing, as well as in broadcast prac-
tice. Station WOR of Newark, for
example, has used this interlocking
push-button system in their studios
with satisfactory results.

RELAYS. —Push buttons and key
switches are relatively simple mech-
anically, but require the circuits
which they control to be brought to
their location. In a great many in-
stances it is preferable to locate
such switches where the circuits nor-
mally are run, and to control the op-
eration of the switches from aremote
point. A remote-control switch is
generally one in which a magnet act-
uates the armatures and springs, and

is known as a relay. The magnet is
energized by a battery through some
form of manually operated switch,
such as a push button, located at a
point convenient to the operator.
(A C.-operated relays are also avail-
able, but not desirable near low-

level audio circuits.)
CONSTRUCTION. —0One form of re-

lay is shown in Fig. 12, A magnet
TOP VIEW
Flexible joint,
phAL Springs
: Core
S F
M ! Mv—'_r?_'_yji’e/ag armature
i
CHlexible Joint Springs

. Relay armature
- Stop

s Mty LY

¢ corne

l Flexible joint R

SIDE VIEW

Fig. 12. —Representative Type of re-
lay.

coil surrounds a flat iron core. At
the back, two flexible steel joints
connect the movable relay armature
with the core and form a fairly low-
reluctance magnetic circuit. The
armature is an iron stamping, and is
in the form of two strips or arms,
joined at the front by an arched
cross piece, as shown. The latter
arches over the relay core projecting
out of the core at that end. When
the coil is energized, the core at-
tracts the arched portion of the re-
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lay armature above it and pulls it
down into contact withitself, there-
by bending the flexible joints con-
necting the armature arms to the core
at the rear.

The movement of the relay arma-
ture causes an insulating rod R at-
tached to it topress down on contact
with the springs CandD directly be-
neath them in their pile-up. Note
that the insulating rod passes
through a hole in C and thus does
not press it down. In a similar
manner the motion can be transmitted
through several stationary springs to
several movable armatures.

CHARACTERISTICS. —Since the mag-
netic actuating force is comparative
ly weak compared to that produced in
manual operation, only two pile-ups
are employed in a relay. The number
of ampere-turns in the relay coil
depends upon the number of springs
and the required speed of closing.
Usually this varies from .002 sec.
to .005 sec., and the opening or
release time generally varies in
inverse manner through the range of
.025 to .005 sec.

The relay winding has one end
near the coreon the innermost layer,
and the other on the outside layer
remote from the core. Generally the
inner end is connected to the minus
side of the actuating battery, so as
to make any electrolytic action of
the current owing to moisture in the
insulation such that metal is depos-
ited on the surrounding grounded
structure. The reason is that nor-
mally fine copper wire is employed,
and the inner end near the grounded
core would ultimately, after ayear’'s
operation or thereabouts, be corrod-
ed-away, thus opening the coil.

There are several kinds of re-
lays employed in broadcast practice,
which follows telephone practice

fairly closely, but the various types
are best described in connection with
the several kinds of relay circuits
in use. Accordingly, an analysis of
the different types of relay and
other switching circuits will now be
made.

CONTROL CIRCUITS

SETUP AND RELEASE CIRCUITS.—The
relay is actuated from a remote point
by push buttons. These are normally
of the non-locking type, and would
open the relay coil circuit as soon
as the finger is removed from the
button. It is therefore necessary
to make the relay lock or hold its
own coil circuit closed after the
actuating button is released. This
is done by means of a pair of lock-
ing contacts on the relay, and will
be clear from Fig. 13.

Locking confacts

Armoture

+70 reloy bolfery

Fig. 13. —Locking Circuit.

SETUP LOCKING CIRCUIT. —The re-
lay is shown in schematic form at the
top of the figure. Actually other
springs are present, but only the
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pair that produce locking of the re-
lay are shown. When the ON push but-
ton is pressed, its contacts close
and connect the plus side of the re-
lay battery, through the close-cir-
cuit OFF push button, to the left-
hand terminal of the relay coil, thus
energizing it. The armature is pull-
ed over to the right, thus closing
the locking contacts, whereupon it
will be observed that an alternative
path is offered to the battery other
than the ON button. Hence if the
latter is released, the relay will
nevertheless remain closed through
its own locking contacts.

To release the relay, the bat-
tery circuit is broken by pressing
the OFF button, thereby separating
its normally closed contacts. It is
also possible to turn on or off the
relay from several points. As indi-
cated by the dotted lines in Fig. 13,
another ON button can be connected
in parallel with the first, or sev-
eral can be so connected. In the
case of the OFF buttons, these must
all be of the closed-circuit type,
and must be all connected in series.
If the relay is to be controlled
from several points, this means sev-
eral contacts in series and there-
fore the possibility of high contact
resistance.

RELEASE RELAY. —To obviate this
effect, a separate relay, known as a
release relay, is usually employed
where multiple control is desired.
This is shown in Fig. 14. The swit-
ching relay, which is part of the
Setup Circuit (that makes or breaks
the normal audio circuits) is actu-
ated by the ON button. It locks it-
self in the closed or energized con-
dition through its locking contacts,
which are now in series with thenor-
mally closed contacts of the release
relay instead of the OFF push button,

as was the case in Fig. 13.

When the switching relay closes,
it not only locks itself closed, but
also usually lights an indicating

Locking
Release reloy — cantacts o iyping

e

Indicator lamp
——

L

O /.
2
ON
- OFF
1 ¥ @
+y +
To holding To set-up
botlery bottery

Fig. 14.-—Use of Separate Release
Relay.

lamp, as shown. This is located at
the remote point where the ON and OFF
push buttons are installed, and ser-
ves to indicate to theoperator there
whether the control circuits are fun-
ctioning properly. For example, if
the lamp lights only when the ONpush
button is pressed, it indicates that
the locking circuit isnot operating.
This may be owing to poor contact at
the locking or at the release con-
tacts. Under normal operation the
lamp remains lit after the ON button
is released.

To release the switching relay
the OFF button is pressed. Note that
this is an open-circuit type, just
like the ON button. The release re-
lay is energized and pulls the arma-
ture spring over to itself to the
left, thereby opening the locking



CONTROL CIRCUITS 11

circuit. The switching relay then
opens its locking contacts, the indi~
cator lamp goes off, and when the OFF
button is released, the switching
relay remains inoperative.

For reliability of operation,
the release relay in large stations
is often fed from a separate battery,
called the Holding Battery. Connec-
tion to such a battery is indicated
by the dotted line, to be used in
lieu of the solid cross connection
to the Setup Battery.

Note that only one normally
closed pair of contacts is required,
—those on the release relay. If
control is desired from several
points, additional open-circuit ON
and OFF buttons can be connected in
parallel to the two shown. For this

reason a release relay is used on_

all but the simplest control cir-
cuits. It is to be emphasized once
again that what is shown in Figs.
13 and 14 are the control circuits,
and that the controlled audio cir-
cuits are connected to additional
springs on the switching relay. For
example, the simple circuit shown in
Fig. 13 may be used to connect a
microphone to its pre-amplifier, with
the ON and OFF buttons located on
the console panel in the Control
Booth.

OTHER TYPES OF RELAYS. —Occa-
sionally a different type of relay
may be encountered. This is not
often the case in broadcast practice
where only a relatively few relays
are used, but ismore common in tele-
phone practice. In Fig. 15 is shown
a combination setup relay that has a
high-current actuating coil A and a
low-current holding coil B, both

wound on the same core. When the

relay armature presses against the
relay core, the air gap is essenti-
ally eliminated, the reluctance of

the magnetic circuit is greatly de-
creased, and hence less ampere-turns
are required to hold the relay arma-
ture closed than to pull it to this
position fromitsnormally open posi-
tion.

Coil B therefore has many more
turns of much finer wire than coil
A, and draws considerably less cur-
rent. The saving of current for
holding is important only where a

Releose Set-up
A

N
T e

L OFF

+

Fig. 15. —Western Electric Type of
Relay.

large number of relays are involved,
and this is Sseldom the case except in
a large broadcast system. Note that
coil A is fed through the ON button,
but that the holding coil is inde-
pendently fed through the locking and
release contacts.

Another type of relay occasion-
ally encountered is a differentially
wound arrangement, shown in Fig. 16.
This combines the set-up and release
features inone structure, and there-
fore represents a saving in cost.
Coil A, energized through the ON but~
ton and held by the locking contacts,
actuates the relay. To release the
relay, the OFF button is pressed,
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thereby passing current through coil
B, which is wound opposite to coil A.
The two mmfs thus developed oppose
and cancel one another, and the re-
lay armature is pulled away from the
core by the relay spring. Owing to
residual magnetism present, this re-
lay tends to release more slowly than

Locking
contacts T A

+ B

a4 on
ot

Q OFF

Fig. 16.—Differentially Wound Relay.

the ordinary relay, and has not found
extensive use in the broadcast field.

INTERLOCKING CIRCUITS.— A mech-
anical system of interlocking push
buttons was described previously.
Such a system prevents two studios,
for example, frombeing inadvertently
connected to the same outgoing tele-
phone line, and thus helps to mini-
mize human errors. Usually inter-
locking systems are electrical in
nature, and a typical example is
shown in Fig. 17. Here both the
control and controlled (audio) cir-
cuits are shown.

Basically, a switching and a re-
lease relay are required for each
studio. The locking and release con-
tacts, known as interlock contacts,

are required on each switching relay.
In analyzing and designing a relay
system, it is important to grasp the
basic plan underlying the system of
connections in order that the wires
themselves do not confuse the opera-
tion.

In Fig. 17 it is desired that if
Studio A, for example, is already
connected through relay A to the
transmitter, then Studio B must be
able to be connected through relay
B when its ON button is pressed.
This clearly requires cross conn-
ections between the ON buttons and
the opposite relays. This is pro-
vided by the interlock contacts.

If the circuits be traced, it
will be found that the ‘A’ ON button
is connected in series with the nor-
mally closed interlock contacts of
relay B; and the ‘B’ ON button is
connected in series with the inter-
lock contacts of relay A. Thus, if
either relay is already energized,
its interlock contacts are opened,
and as a result the ON button of the
other relay cannot energize its cir-
cuit. Otherwise the circuit is iden-
tical with that of Fig. 14. The OFF
buttons operate their respective re-
lease relays and thus de-energize
their switching relay without any
reference to interlocking, since none
is needed for the QFF position.

I1f both ON buttons should be
pressed simultaneously, then which-
ever relay closed first would cut the
other out. If both closed simultan-
eously they would stay closed owing
to their locking contacts, which are
not interlocked, but simultaneous
operation is too remote acontingency
to cause any concern. However, it is
intended to emphasize here that in
designing relay circuits, great care
should be exercised to see that the
system operates properly under all



CONTROL CIRCUITS 13

possible conditions that will be en-
countered in practice.

The audio circuits employ simple
double-pole single-throw springs on

Audio Contacts

Interlock

;A

~ RhASTLR

RA

™)

_1/5 RB

The arrangement of Fig. 17, while
simple, is however, confined to two
studios because of the excessive
number of interlocking contacts con-

Interlock
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STUDIO A
STUDIO R 5
£
v
<
o]
=
A own o
-—o—fq ON DN
J\J
L_o_fq OFF
Lo SlorF | N |
) N |
+ + + +
A ) B

Fig.

the two switching relays so that
whichever relay is energized connects
its studio to the one feed, namely
the transmitter. It is to be noted
that these same springs could just
as well be mounted on apair of mech-
anically interlocking push buttons
described previously. The arrange-
ment would bemuch simpler and cheap-
er, but would require that the audio
circuits be run to the point of con-
trol, and only one control could be
used.

The relay system is clearly more
flexible. The ON and the OFF push
buttons can also be located at the
announcers control box, 1if used.

17. — Interlocking Between Two Studios and a Transmitter.

nected in series that would otherwise
be required on the switching relays.

INTERLOCKING OF SEVERAL STUD-
I0S. —Where three or more studios
have to be interlocked, a more comp-
licated arrangement is necessary to
avoid several normally closed con-
tacts in series. At least one so-
lution can be devised on the same
basis whereby closed-~circuit OFF but-
tons are eliminated. There a release
relay replaces the closed-circuit OFF
button, and the latter then becomes
an open-circuit type that can be
paralleled many-fold.

THREE-RELAY CIRCUIT. —A similar
solution exists here: replace the
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normally closed interlocking contacts
on each switching relay by a third
relay having only one normally closed
pair of contacts, and which may be
considered an interlocking relay.
It is controlled by normally open
contacts on the other switching re-
lays. When any of these close, they
close thelatter contacts, energizing
all theother interlocking relays and
thus preventing the corresponding
switching relays from being closed.

There are thus three relays re-
quired for each studio: a switching
relay, arelease relay, and an inter-
locking relay. The circuit is shown
in Fig. 18. Only three sets of re-

STUDIO A
(‘/nfer/ockl'ng

2

Locking contacts

!

Switching
reloy

STUDIO B

lays represents the switching relays
for the various studios;, the second
row, the interlocking relays; and the
third row, the release relays. Since
three studios are involved, there are
3 - 1 =2 interlocking contacts on
each switching relay. The basic idea
is that if any one switching relay is
on, its interlocking contacts are
closed and energize all the other in-
terlocking relays. Their normally
closed contacts are therefore opened,
and since these are in series with
their respective ONbuttons, the cor-
responding switching relays cannot
be energized.

Specifically, suppose Studio A

STUDIO C

) £ 1]

/nfi;’ﬁfyk""w m ) m 3 J _1
Rel v L
I pm Rre {5 (™ P11
i I < on oW
" ON ot =4 orr
OFF oFF
- ! o

Fig. 18.— Interlocking Circuit for Three or More Studios.

lays (studios) are shown, but the ex-
tention to any number of relay sets
is obvious. The number of interlock-
ing contacts requiredon each switch-
ing relay is one less than the total
number of studios involved.

In Fig. 18 the first row of re-

is to be connected to the outgoing
line. Pressing its ON button closes
the circuit to the (top) switching
relay through the normally closed
contacts on the interlocking relay.
Since by hypothesis no other switch-
ing relay is on, the interlocking
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relay for Studio A is de-energized
and its contacts therefore closed,
as stated above. When the ‘A" swit-
ching relay closes, it does two
things:

(1) It closes its own locking
contacts and thus holds itself ener-
gized, and

(2) It closes its two inter-
locking contacts, thereby energizing
the interlocking relays for Studios
B and C, whereupon their normally
closed contacts open. This breaks
the ON circuits for Studios B and C,
so that pressing their ON buttons
cannot energize their switching
relays. Thus these studios are in-
terlocked and cannot function, until
the ‘A’ OFF button is pressed which
momentarily energizes the release
relay, opens its contacts in the
locking circuit, and thus de-ener-
gizes the ‘A’ switching relay. This
in turn de-energizes the other two
interlocking relays, thereby giving
either of the other two studios a
chance to be connected to the out-
going line.

From the symmetry of connec-
tions, it is clear that the same is
true for any other studio. Indeed,
a test of the correctness of the de-
sign is that the circuit should be
perfectly symmetrical, if all com=-
ponents are to function in a similar
manner. This is clearly the case
for Fig. 18.

The controlled (audio) circuits
have not been shown, but are identi-
cal with those shown in Fig. 17.
Indeed, the problem is not that of
designing the audio switching cir-
cuits, but rather that of inter-
locking the control circuits. An-
other point to note is that all ON
and OFF push buttons areof the open-
circuit type, and can be paralleled
as much as desired. In the case of
several studios, a Master Control

Room is generally used, andmultiples

of all the ON and OFF buttons will
be installed here. From the pre-
ceding description it is clear that
no studio can come on the air until
the studio already on releases its
connections. Should the control
room engineer or announcer of that
studio fail to press his OFF button,
the master control operator can do
so at his location, and should the
next designated studio be tardy in
coming on the air, he can press his
multiple of its ON button and thus
switch it on.

TWO-RELAY CIRCUIT.—As a general
rule, there is no single or unique
solution to a relay problem. The
best solution is that which is most
foolproof under all possible opera-
ting conditions, and uses a minimum
number of parts. An examination of
Fig. 18 reveals that the release re-
lays can be eliminated by adding an-
other set of normally closed contacts
to the interlock relay, and connect-
ing the OFF push buttons to this re-
lay. This is shown in Fig. 19.

The release and interlock con-
tacts on the lower relay are indi-
cated for Studio A, and it will also
be noted that the OFF button connects
directly to this lower relay. If
the lower relay is already energized
by the contacts on another switching
relay, no harm will occur if the OFF
button is pressed; on the other
hand, if its studio is connected to
the outgoing service, pressing the
OFF button will, by energizing the
lower relay, open the locking cir-
cuit of the corresponding switching
relay at the release contacts and
thus disconnect the studio.

SEVERAL STUDIOS TO SEVERAL SER-
VICES. — A more complicated setup is
that where several studios are re-
quired to feed several services.
For example, suppose three studios,
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A, B, and C, are to feed either the
local transmitter or anetwork chain.
Thus, suppose that Studio A is to be
connected to the local transmitter,
and Studio C to the network. Inter-
locking will be required so that
after A is connected to the local
transmitter, neither B nor C can be
inadvertently connected to it, and
similarly, with C connected to the
network, neither A nor B can be con-
nected to it.

The solution is essentially an
expansion of the previous circuit,
such as that of Fig. 19. Two such
interlocking sets of relays and push
buttons can be used. Each set is
interlocked exactly as shown in Fig.
19, and hence need not be drawn
again. The only point of interest

STUDIO A
i

STUDIO B

™ L

observed that each studio feeds the
upper and sower sets of contacts of
its switching relay in parallel.
There will also be two ON and two
OFF push buttons for each studio, as
mentioned above. One pair will be
designated as the Transmitter, and
the other pair as the Network but-
tons, or Line #1 and Line ¥2.

Suppose ON push button ‘A’
Transmitter is pressed. Then swit-
ching relay A will operate, its
audio contacts will close, and it
will be connected to the transmitter
through Line Amplifier ‘A’ trans-
mitter energized, neither relay B
nor C will be operative if their ON
buttons are pressed, owing to the
interlocking features in this cir-
cuit, as shown in Fig. 19.

STUDIO C

0

Interiock Lt
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<] OFF
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+ + +
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Fig. 19, —Interlocking Circuit for Three or More Studios Using Two Relays per
Studio.

now is the audio or controlled cir-
cuits, hence only the contacts on
the two sets of switching relays,
which control the audio circuits,
are shown in Fig. 20. It will be

However, in the lower set of
switching relays, the ON push button,
‘C’ Network, can be pressed and the
corresponding switching relay will
connect Studio C through the multiple
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feed to the network. At the same
time, owing to the interlocking fea-
tures present here too, neither
Studio A nor B can now be connected
to the network until, of course, C
is released. It should also be clear
from the diagram that any one studio
can be connected to both services,
whereupon neither of the other two
can be connected to either service.

If more than two services are
involved, more rows of the relays

STUDIO A

Audio contacts
—N

STUDIO B

system as compared to the large num-
ber of relays required in the elec-
trical system. The audio springs
shown in Fig. 20 can be mounted on
two or more tiers or rows of push
buttons, with the individual buttons
in each tier interlocked so that
only one audio circuit (studio) can
be connected to the service entering
that tier.

One disadvantage is that these
tiers can be located and hence con-

STUDIO C

SO0A I I £ i M g
—_— 4 3 B —W T
STUDIO B f,’,;’;,‘ 3 7jran;:niﬂcr
STUDIC C ‘
I 17 T %1 1 Mg
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Fig. 20.-— Audio Circuits From Three Studios to Two Services.

and push buttons are required, but
the method of connection is ecxactly
the same as that for Fig. 20. Also,
if more studios are involved, each
row is expanded to take care of the
additional studios. The system is
therefore completely flexible as re-
gards number of studios and services
to be handled.

MECHANICAL INTERLOCKING.—The
system of mechanically interlocking
push buttons described previously
can be used. The advantage is a
simpler and cheaper mechanical

trolled from but one point, probably
the Master Control Room or its equi-
valent, whereas the ON and OFF but-
tons in the relay system can be mul-
tipled for control from as many lo-
cations as desired.

Another disadvantage is that
the audio circuits must be brought
to the panel where the buttons are
mounted, and this may be a location
remote from their normal course. To
obviate this, it is possible to use
the interlocked push buttons to con-
trol relays that are located where
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the audio circuits run, and thus re-
tain this advantage together with
the advantages of simplicity and
cost that the mechanical interlock
system has over theelectrical relay-
type interlock system. However, the
disadvantage of control from only
one point still holds for the push
button system.

~ The arrangement is shown in
Fig. 21 for the case of three stu-
dios and two services. Two sets or
tiers of three mechanically inter-

M_h 4}1 [ § '-01

sTuDie 8

‘on the other hand,

the previous relay system in one
important respect: 1in the relay
system no new studio can connect
to the service until the studio al-
ready connected relinquishes the
service. In the mechanical system,
if the push but-
ton for any new studio is pressed,
it automatically disconnects the
studio already connected and feeds
the service instead. This may or
may not be desirable; however, if
the buttons are located in a master

B c
.‘t I

STYdio

To service #1

U 11 (™|

AR | i Interiocked
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wror -

TJo serviee # 2

Fig. 21.—Mechanically Interlocked System for Three Studios and Two Services.

locked push buttons are used: two
tiers for two services, and three
push buttons for three studios. In
either tier, when one push button
is pressed, it releases all others
and connects its studio to the ser-
vice. The operation differs from

control room and all studios con-
trolled from there, then it is im-
material since the operator there
will do all the switching required
and no studio engineer can put his
studio on the air inplace of another.

The mechanical interlock system

'
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has been gaining in favor lately, and
is satisfactory, provided the mech-
anical assembly is made sufficiently
sturdy and accessible. As stated
previously, it provides a simple and
cheap way of interlocking circuits
either directly, or through the use
of relays. The trend toward simpli-
city in control circuits is a welcome
relief from the complexity of some
of the control systems in the very
large broadcast stations.

PRE-SETTING. —The function of
pre-setting has been described in
previous technical assignment.
Briefly, it enables studios to be
connected in one arrangement to the
associated services for one program,
and the arrangement for the follow-
ing program in the meantime to be
set up (pre-set) by operation of a
duplicate set of push buttons or
switches, and the changeover can
then be made instantly at the proper
moment by actuating but one master
switch.

MASTER CONTROL KEY SWITCH.—The
circuits described previously can
easily be expanded to provide pre-
setting. For example, take the case
of the three studios and the two
services shown in Fig. 21. Suppose
the outputs went to one side of a
four-pole double-throw master switch
instead of directly to the services,
and suppose further that a dupli-
cate arrangement of the push buttons
and relays went to the other side of
the above switch. Then depending
upon which way the master switch was
thrown, either arrangement of studio
connections would be made to the
actual services, and the changeover
would be made instantly, while either
selection or arrangement could be
made at a leisurely rate.

A suggested circuit is shown in

Fig. 22. Only the master four-pole
double-throw switch need be shown,
as the feeds to it may be from the
outputs marked Service ¥1 and #¥2 in
Fig. 21, or from Transmitter and
Network of Fig. 20, depending upon
which type of interlocking is employ-
ed. The master control switch shown
is of the key type. Position I re-
fers to the arrangement chosen for
one program; Position II, the arr-
angement for the next program. Ass-
ociated with it are four interlock-
ing circuits of the type shown in
Figs. 19 and 20, or Fig. 21, as de-
sired.

Suppose there are four studios
A, B, C, and D, and for the first
program Studio A is to be connected
to Service #1, which may be a net-
work, and Studio D is to be connect-
ed to Service #2, which may be the
local transmitter or another network.
The studios are suitably interlocked
as indicated above, so that when the
ON button ‘A’ #1 is pressed, Studio
A is connected to the #1 Service
line, and none of the other three
studios in this group can be con-
nected to this service. Such inter-
locking is illustrated by Figs. 19
and 20 for the electrical type of
interlocking, or by either group of
Fig. 21 for the mechanical type of
interlocking. The output of such a
circuit then becomes the input la-
beled #1, Position I, in Fig. 22.

In the second set of interlock-
ed circuits, ON button ‘D’ ¥2 is
pressed. This connects Studio D to
Service #2, and prevents the relays
of the other studios in this group
from being connected to Service #2.
The output then becomes the input
labeled #2, Position I, in Fig. 22.
If now the key of the master switch
is thrown DOWN, the top set of con-
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tacts is closed, and #1 Position
I feeds Service #1, while #2 Position
1 feeds Service #2, as may easily be
checked by tracing the circuits in
Fig. 22 for this position of the key
switch. Hence, by the combination
of two interlocking circuits and the
master key switch, Studio A is con-

occur, and such a possibility is
even greater for a larger number of
studios and services.

With the pre-set arrangement,
the operator can during the first
program ‘punch up’ the second set of
connections on the remaining two
interlock groups. Thus the ON but-

#/ #®/
msf[r/oﬂ = pown —* POSITION
. o
o ], L=
- #2
o I f] n =
Ty UP .
Py zﬁ%?v=w .
To Service # |
\_‘V‘"r v“v o° r I
1 ‘,‘,‘4""1—0 .
M2 To Service#2

Fig. 22. —Connections to Four-Pole Double-Throw Master Control Switch for
for Pre-Setting.

nected to Service #1 and Studio D is
connected to Service #2, as is re-
quired.

Now suppose that in the next
program Studio C is to feed Service
#1, and Studio B is to feed Service
¥2. 1f the pre-set arrangement were
not used, then at the end of the
first program the master control
operator would first have to press
OFF buttons ‘A’ #1 and ‘D’ #2, and
then ON buttons ‘C’ #1 and ‘B’ #2.
While in this simple example the
operations required are only four,
it is apparent that mistakes could

ton for ‘C’ #1 would be pressed in
the third group of interlocked re-
lays, whose output becomes the input
labeled #1 Position II in Fig. 22,
and the On button for ‘B’ #¥2 would
be pressed in the fourth group of
relays, whose output becomes the in-
put labeled #2 Position II in Fig.
22.

There the connections would
wait, as it were, until the end of
the program, when the master control
operator could flip the key up. The
upper set of contacts would there-
upon open, disconnecting Studios A
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and D, and the lower set of contacts
would close, whereupon the pre-set
connections between Studio C and
Service #1, and between Studio B and
Service #¥2 would be completed. Also
note that the key switch has a neut-
ral position, in which neither set
of contacts is closed. This permits
even the very first program of the
day to be set up in advance and held
in abeyance until the broadcast
starts.

If more than two services are
involved, then more springs are re-
quired on the key switch. For ex-
ample, six services will require 12
springs per pile-up, which is just
one less than the maximum permitted.
This, however, is no particular
objection. But, as indicated prev-
iously, the need for routing the
audio circuits up to the key switch
may be undesirable.

MASTER CONTROL RELAY SWITCH.—
The solution is as before: the use
of relays. Not only can these be
remote-controlled from many posi-
tions, but also the arrangement is
more flexible, although more expen-
sive. The reason for the increased
flexibility is that if too many
springs are required for one pile-up,
two or more relays whose coils are
connected in parallel can be employed
and controlled by one push button.
Thus any number of circuits, such as
the services above, can be controll-
ed as a unit.

In employing relays for the
master switch, an arrangement such
as that shown in Fig. 23 is desir-
able. Here two relays are employed,
one for each position or pre-set
arrangement. Each relay has four
pairs of audio contacts or springs,
one pair of locking contacts, and
one pair of interlock contacts.
Three buttons are shown: an ON but-

ton for each position, and a common
OFF button.

The audio contacts are exactly
the same as those used in the key
switch of Fig. 22, but the other
control contacts will warrant some
discussion. Note that each ON swtich
connects directly to its relay, so
that the relay is sure to be ener-
gized if the button is pressed. The
locking circuit of either relay,
which maintains the relay energized
after its ON button is released, is
interlocked with the other relay.
Hence, if the relay for Position I
is energized, and ON button for
Position II is pressed, the relay
for Position 1I closes. In doing
so, its normally closed interlock
contacts open, thus opening the
locking circuit for the first relay,
whereupon it opens.

In this way either relay may be
used to open the other at the same
time that it closes, which is simi-
lar in action to the mechanically
interlocking push buttons. These,
by the way, could be used to operate
the two relays instead of the On and
OFF buttons shown. In that case the
relays would require only the audio
contacts. The OFF button is of the
closed-circuit type and is in series
with both interlock and locking cone-
tacts. Hence if it is pressed, both
relays are de-energized, as is nec-
essary at the end of the day’s broad-
casting.

There are, of course, other
ways of obtaining pre-setting, such
as by selector relays, (used, for
example, by NBC at Radio City, New
York), but the circuits shown above
are representative of the systems
used in a large number of stations,
rather than special circuits for
special installations. The important
things to grasp are the principles
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involved, for then the specific means
employed can be understood from a
study of the connection diagram.
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Fig. 23.—~Relay Type of Master Control Switch for Pre-Setting.

TALK-BACK SYSTEM.—1t will be
instructive to analyze the circuits
employed for talk-back and control
room announce purposes, as these
bring out some interesting features
of the audio design. 1In Fig. 24 is
shown a talk-back system that employs
the monitoring amplifier to operate
the studio loudspeaker or the moni-
tor loudspeaker, as desired, or else
only the talk-back microphone for
control room announce purposes.

The system is shown in consider-
able detail so that features common
to studios in general can be seen
here as well as the talk-back cir-
cuits. In the first place, the stu-
dio has receptacles around the wall

more of these receptacles will be
used, and it is therefore not possi-
ble to normal any one receptacle
into any one pre-amplifier. Hence,
as indicated in the diagram, the
desired receptacles must be patched
to pre-amplifiers, and jacks are
provided in the control room rack to
enable this to be done.

Four pre-amplifiers are shown,
corresponding to four fader positions
in the mixer. Each pre-amplifier is
normalled through to the correspond-
ing fader position via a microphone
relay. 1In order to enhance the
clarity of the figure, the details
for only Pre-amplifier #2 are shown.
The other three pre-amplifiers are
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connected to their fader positions
in exactly the same manner.

Referring to pre-amplifier #2,
note that if the microphone relay is
not energized, the output of the
pre-amplifier is shorted and ground-
ed, and the input to fader position
#2 has a resistor Rfconnected across
it to match the impedance of the
fader pad, as discussed in the sec-
tion on mixer circuits. By pressing
the ON button for this pre-amplifier,
the relay is energized, the short-
circuit is removed from the output
of the pre-amplifier, and the latter
is connected to fader position #2 in
place of R,. The details of the
control circuit have been omitted
because they are essentially those
shown in Fig. 13 or in Fig. 14.

Note, in addition, how jacks
interposed between each unit, as be-
tween the pre-amplifier and the re-
lay, the relay and the fader posi-
tion, the output of the four faders
and the master gain control, etc.
All these jacks are normalled
through, but a spare unit can be
patched around any unit in this se-
quence that proves defective. Note
further the multiple jack off the
audio bus, through which the Monitor
amplifier is normalled. The multi-
ple jack permits the amplifier to
bridge across the bus, while the
latter is terminated in its matched
impedance R,. Other multiple jacks
(not shown) serve to feed the vari-
ous line amplifiers, volume indica-
tor, etc., from this bus.

TALK-BACK CONNECTIONS. — When
the control room engineer wishes to
talk to the studio personnel, as
during a rehearsal, he presses the
‘TALK-BACK BUTTON’. This actuates
all three talk-back relays,—R1l, R2,
and R3. Relay Rl is a low-level re-
lay; i.e., it controls an audio cir-

cuit of low level, that of the Fader
Out circuit; R2 andR3 are high-level
relays, because they control the am-
plified output of the monitor ampli-
fier. It is preferable to use sepa-
rate relays in order to isolate the
high-and low=-level circuits from one
another, thus preventing feedback
and possible regeneration.

Relay R1, when energized dis-
connects the master gain control
from the Fader Out terminals and
connects it instead to the output of
the talk-back pre-amplifier. Thus
the talk-back microphone will feed
in sequence the master gain control,
the program amplifier, and the moni-
tor amplifier. It will also feed
any line amplifiers bridging across
the audio bus, but these are not
supposed to be connected, as the
studio is assumed being used for re-
hearsal Qr audition purposes.

The output of the audio bus
represents the studio output, and is
the point where interlockingwith the
outputs of other studios occurs.
This feature has been previously de-
scribed. If it is desired, the
talk-back push button circuit can
also be interlocked with the studio
output switching relay, so that if
the studio is connected to a service
via the switching relay, the talk-
back circuit is simultaneously open-
ed. This will prevent any possibil-
ity of the control room engineer be-
ing able to talk to the studio dur-
ing a regular program; however, it
would appear to be an unnecessary
precaution since the management
should be able to rely upon the en-
gineer’s not committing such a gross
and obvious error.

The talk-back button also ener-
gizes R2. This disconnects the out-
put terminals of the monitor ampli-
fier (now being fed by the talk-back
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microphone) from the monitor speaker
and transfers them to contact on R3.
It is imperative that the monitor
speaker be disconnected as otherwise
acoustic feedback between the speak-
er and the talk-back microphone
would occur, since both are in the
control booth.

Since R3 is also energized, it
will be found upon tracing the cir-
cuits of Fig. 24 that the output of
the monitor amplifier, transferred
by R2 to R3, does not feed R —a
terminating resistor—but instead
feeds the studio loudspeaker, which
is the desired arrangement for talk-
back purposes.

CONTROL-ROOM ANNOUNCE CONNEC-
TIONS, —When it is desired to make
an announcement over the air from
the control room, the talk-back amp-
lifier is connected to the studio
output ahead of the master gain con-
trol as before, but now netther
loudspeaker must be operative.
Hence the control-room announce push
button is wired to actuate only re-
lays R1 and R2 and R3 is inoperative.
The output of the monitor amplifier
therefore feeds R, instead of either
speaker. The use of a terminating
resistor R is advisable in order
that the voltage across the plates
of the output tubes and the primary
of the output transformer of the
monitor amplifier does not reach
such a large magnitude as to damage
these components. (The voltage is
the normal d.c. plate-supply voltage
plus the superimposed audio voltage,
which can rise to abnormally high
values on open-circuit of the sec-
ondary of the output transformer.)

It is to be observed in passing
that the control-room announce push
button circuit should not be inter-
locked with the studio output switch-
ing relay, since it is desired that

the announce signal get on the air.

MISCELLANEQUS CONSIDERATIONS. —
The foregoing discussion of control
circuits cannot possibly hope to
cover completely so extensive a
field, but it should afford the
reader a general view of the funda-
mental methods and circuits employed
in broadcast practice. There will
now be considered those miscellan-
eous items that did not come under
any of the previous topics discussed,

RELAY ARCING.—When the relay
coil circuit is opened, an arc will
normally occur across the contacts
that break the circuit owing to the
inductive nature of the relay coil.
Once current is established in the
coil, any attempt to reduce it re-
sults in an inductive rise in vol-
tage in the coil tending to oppose
such reduction in the current.

At the moment of the break, the
coil tends to maintain the current
at the previous magnitude. If the
contact resistance suddenly jumps
to infinity as the contacts open, an
infinite voltage drop will suddenly
appear across them as the above cur-
rent tries to flow through this in-
finite resistance. Actually, as the
voltage rises, the air breaks down
(ionizes) thereby reducing the re-
sistance to a finite value, and the
current arcs across. In doing so,
the current decreases exponentially
until it is insufficient to maintain
the arc and the circuit is thereupon
opened.

This action takes place not
only in a relay circuit, but in any
inductive circuit, such as that of a
loudspeaker magnetic field winding,
and the induced voltage when the
circuit is opened, particularly in
the latter case, may be sufficient
to break down the coil, as well as
cause a heavy arc across the switch
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contacts. In the case of a relay
coil, the inductance is not very
great so that coil breakdown is im-
probable, but the arcing of the con-
tacts will in time tend to impair
their functioning. Moreover, the
sudden break in the circuit tends to
set up a surge and hence noise in
the audio system.

This effect is decreased to a
certain extent by the presence of
the indicator lamp across the relay
coil, as shown in Fig. 25. This

Breok
T~\| Releose reioy

To OFF
+ button

Switching
_4>1‘/" relay

&y, (ind. lamp)
to ON button

Fig. 25.-—Suppression of Arc at
Relay Contacts by Indicator Lamp.

permits the relay current I to flow
through the lamp resistance RL, in-
stead of through the relay battery
and the release relay contacts, to
the positive side of the switching
relay coil.

The peak voltage developed
across the relay coil (or any
other coil) at the instant the
circuit is opened, is equal to

E = E =% (1)

where Er is the d.c. relay voltage

and Rr is the resistance of the re-
lay coil. Examination of Eq. (1)
shows that if the external resis-
tance, such as RL. is very high, then
the initial peak voltage Em will be
very high, although it then decreases
exponentially to zero. If R = R,
Em = Er, so that the voltage across
the coil will be no greater than
normal, and the voltage across the
contacts will then be 2E , since the
battery voltage is in series with Em
with respect to the contacts.

However, for RL to equal Rr,
the indicator lamp will normally
draw as much current as the relay.
If the lamp is very small, so that
RL is much greater than Rr. then
when the relay current I attempts to
flow through the lamp, it may burn
it out. Hence a better procedure is
the following (normally acting in
conjunction with the lamp).

In Fig. 26 is shown an R-C com-

R C
P
]

Fig. 26, —Use of R-C Combination to
Suppress Arcing.

bination, which can be connected
across the contacts, as indicated in
the figure, or alternatively across
the relay itself (in parallel with
RL). To any sudden change in vol-
tage, the capacitor C acts essenti-
ally as a short circuit, so that in
effect it is as if R alone were con-
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nected across the contacts. It
therefore absorbs the arc just as
the lamp does, but since C prevents
it normally from carrying current,
there is no steady d.c. power loss
entailed, and it can be of suffi-
cient wattage to withstand the sur-
ges.

Typical values are C = 1 mfd.
and R = 400 ohms. It is a method
used fairly extensively by Western
Electric and RCA, and can also be
applied to loudspeaker field cir-
cuits, although here a much larger
value of C may be required. The
value of R is such that )

R>> v L/C (2)

where L is the coil inductance.
The circuit is then more than crit-
ically damped, and oscillatory cur-
rents in the combination are there-
by avoided.

CLICK FILTER. —Another device
used in broadcast circuits is the
‘click® or ‘static’ suppressor or
filter, used to minimize clicks pro-
duced in an audio circuit when it is
switched on or off. This is shown
in Fig. 27, where only the audio
contacts are indicated. The click
filters are simply the two resistors

In Oout

Fig. 27.—Use of Click Filter.

R1 and Ra. If the circuits are bal-
anced to ground, as is normally the
case, then R1 and R2 may be grounded
at the center-tap, as shown.

They vary from 10,000 to 50,000
ohms in value (NBC uses 40,000 ohms),
and are mounted close to the con-
tacts, to absorb any surges set up
as the contacts are suddenly made or
broken. They are not very effective
if too high in value; on the other
hand, they incur too great an inser-
tion loss if they are low in value,
particularly if there are many such
contacts in series in the circuit,
even though they are more effective.
Another expedient that is helpful is
to employ make-before-break contacts
wherever possible so that, for ex-
ample, the second source is switched
to the circuit before the first
source is disconnected.

CARE AND MAINTENANCE

Normally, the only care requir-
ed by broadcast equipment is perio-
dic checks and replacements, and
keeping the equipment clean. Dirt
not only prevents such delicate units
from functioning, but may also hide
a poor connection. The chief engi-
neer of one broadcast station re-
quires all new employees, regardless
of their engineering qualifications,
to start in by dusting all amplifier
terminals, etc. The idea behind this
is that in so doing, the employee
may come across a poor or loose sol-
dered connection, or other defects
that would otherwise escape detec-
tion.

RELAY CONTACTS. - Among the
items that must be kept clean are
the relay contacts. Ordinarily they
need burnishing at periodic inter-
vals. A simple tool that is employ-
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ed for this purpose is shown in Fig.
28. The flat steel spring is in-
serted between the two relay con-
tacts to be cleared, and pulled
back and forth between them. Its

Flat steel spring

Fig. 28. —Burnishing Tool for Relay
Contacts.

smooth surface polishes the contacts
and removes any dirt or oxide film
between them. Care must be exer-
cised to see that the contacts are
‘dead’ while this is being done in
order to prevent any dangerous short
circuits in the associated circuit.

If the contacts are badly pit-
ted, it may be necessary to smooth
them down with a strip of crocus
cloth. This contains a very fine
abrasive, and the strip is pulled
back and forth between the contacts
until they show a smooth shiny sur-
face. Subsequent burnishing may
then be of advantage. In any event,
all dust and dirt should be blown
out of the relay structure.

RELAY ADJUSTMENTS.—As a gen-
eral rule relays can operate for as
long as a year at a time without re-
quiring any attention other than
blowing out dirt from between the
contacts. Reference is here made
to the small audio relays that usu-
ally carry minute currents. The

larger power type, such as those
used at the transmitter, require
more frequent checking. Sometimes,
however, a relay is damaged in ship-
ment or when installed as a replace-
ment unit for a defective relay. 1In
many instances the springs are bent
or some other part thrown out of ad-
justment.

To adjust a spring, use long-
nose or preferably duck-bill pliers.
The pliers are held in a vertical
direction, and clamp the armature
spring, lying in a horizontal di-
rection, between their jaws, as in-
dicated in Fig. 29. Starting near

Fig. 29.—Use of Pliers to Set a
Relay Spring.

the contact end, and with the jaws
given a slight twist as shown, the
pliers are slowly drawn down from
the contact end until they almost
touch the armature bushing.

This puts a concave twist or
bow in the armature spring, as shown.
The spring is then grasped by the
pliers about one third of the way
from the contact end and given a
slight opposite twist at that point
to remove the bow in the spring.
However, in the process of doing so,
the tension of the spring against
the armature bushing is increased,
which provides the normal pressure
desired. The same procedure should
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be followed with respect to all the
other armature springs. Then the
stationary springs should be bent so
as to provide the proper clearance
for normal operation.

One other adjustment that may
have to be made is that on the arma-
ture residual screw. This adjust-
ment should also be made before ad-
justing the springs. Note, however,
that it cannot be made on the type
of relay shown in Fig. 12, for which
the setting is fixed in manufacture.
First the armature residual screw,
Fig. 30, should be loosened until it

Reloy core
Heelpiece

—————r

T
Thickness .
gauge ~ el

Armature residual
screw

Fig. 30.—Adjustment of Armature Re-
sidual Screw.

no longer projects through the arma-
ture. Then .002" gauge is placed
against the relay core and the arma-
ture pressed against it. The clamp-
ing screw is loosened, thereby per-
mitting the heel piece to shift
until the armature presses uniformly
all over against the .002" gauge.
This means that in the closed posi-
tion the armature will be parallel
to the core, so that these will be
a minimum air gap all over and con-
sequently maximum magnetic flux and
pull. The clamping screw is then
tightened.

The gauge is then removed, and

the armature presseddirectly against
the core. The clearance ( ‘airline’)
should be barely perceptible to the
eye, and in no case should it exceed
.004", owing to shifting when the
clamping screw is tightened.

The residual screw is then set
so that it now protrudes through the
armature. A special thickness gauge,
as shown, is now placed between the
armature and the relay core in such
a manner that the residual screw
passes through the hole in the gauge.
The armature and gauge are pressed
against the core, and the residual
screw tightened against the core
until the gauge is just snug. The
locking nut is then tightened. A
gauge .001" thicker than the speci-
fied one should now fit tight when
partially inserted, and a gauge
.001" thinner should be loose.

The, purpose of the residual
screw is to prevent the armature
from making actual physical contact
with the core. Such physical con-
tact tends to make the armature
stick in the closed position owing
to residual magnetism, even when the
relay coil is de-energized. A
slight air gap, such as that provided
by the residual screw, prevents this
and obviates a slow opening time. A
similar method may be noted in elec-
tric bells, in which case a copper
plate or cap is placed over each
magnet pole.

FADER CONTROLS.—As stated pre-
viously, fader controls should be
kept clean and coated occasionally
with a special 0il known as Davenoil.
One item will prove of interest
here: that of adjusting the contact
surface of the fader arm. This is
generally constructed of individual
leaf springs, as shown in Fig. 31.
The edges should be filed at a small
angle to the face of the contact



CARE AND MAINTENANCE 29

stud, as shown. In this way, when
the springs are forced into contact
with the stud, they will separate
from one another and have individual
freedom to seat properly on the stud
regardless of any small irregulari-
ties of its surface.

L/

Fig. 31. ~Adjustment of Fader and
Potentiometer Arms.

AMPLIFIER AND TUBE CHECKS. —
Amplifier channels and tubes are
normally checked at monthly or quar-
terly intervals, although a skeleton
check may be made daily. The proce-
dure varies from one station to an-
other. Of course it is understood
that if any part of the equipment
suddenly breaks down an immediate
repair is made, but such sudden
break-downs are precisely what the
periodic checks seek to eliminate.

Three types of tests are made:

(1) Frequency run.

(2) Distortion test.

(3) Noise level.

These three tests may be made
as often as every morning before the
station opens, on a channel that is
in daily use, or as seldom as once a
month on one channel at a time, so

that any one channel may not be
tested again until three or four
months later. Where daily tests are
made, more detailed monthly tests
are also made of a similar nature on
each individual component.

The tubes are generally checked
for plate current and plate voltage
possibly once a day, and once a
month they are removed and tested in
a standard tube checker for emission
and transconductance. In addition,
they are inherently checked for
noise or distortion when the channel
is tested for these characteristics.

FREQUENCY RUN.—1In Fig. 32 is
shown a typical setup for a frequency
run. The unit to be measured may be
a single amplifier, or an entire
channel, in which case the input may
be to a microphone pre-amplifier,
and the output that of the line amp-
lifier or even the transmitter end
of the telephone line. The audio
oscillator furnishes the signal at a
high enough level to be read accu-
rately on an ordinary V.I. or output
meter, and then the attenuation box

74 vi
Chonne/
Audio=$11 Art. |—o--+
osc. box 3 Terminotion

Fig. 32.~—Setup for Frequency Run.

attenuates the signal to the desired
low level that can be fed into the
channel without overloading any amp-
lifier in that channel. (The safe
input level to a high-gain channel
is far too low tp be read directly
by a V.I. meter.) At the output of
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the channel, however, the level is
once again high enough to be read by
such a meter.

Usually the audio oscillator
has several output terminals such as
50, 250, 500, and 5000 ohms, and the
proper impedance should be chosen to
match the input to be fed from it.
One precaution that should be ex-
ercised is to use a balanced pair of
output terminals in the audio oscil-
lator if the input of the channel is
balanced to ground, and an unbalanc-
ed pair if the input is unbalanced
to ground. This will be clear by
referring to Fig. 33. Balanced-to-
ground outputs are obtained by using

5000
500
250
CcT.
250
500
5000

Audio
osc.

0O 00 0 0 OO0

Fig. 33.—~Output Terminals of a
Typical Audio Oscillator.

similarly marked terminals that are
symmetrically disposed with respect
to the center-tap. For example, the
500-500-ohms terminals represent a
balanced-to-ground output impedance
of 500 ohms. On the other hand, the
impedance looking back into one of
the 500-ohm terminals and the C.T.
terminals will be one-quarter of
this or 125 ohms, since one-half of
the 500-500 winding is involved and
the impedance varies as the square
of the turns ratio. Moreover, the
output will be unbalanced to ground.

The attenuation box may be a

single variable pad capable of a
large range of attenuation, or it
may be a collection of fixed pads
mounted in a box, and arranged so
that they can be connected in any
sequence between the input and out-
put terminals of the box. The us-
ual arrangement is to have eight
pads, 1 db, 2 db, 3 db, 4 db, and
10 db, 20 db, 30 db, and 40 db.
Such a set can be connected in cas-
cade to give any attenuation from O
to 110 db in 1 db steps.

The pads should be H-pads for
balanced-to-ground inputs, and Tee
pads for unbalanced-to-ground inputs.
However, it is possible to employ an
H-pad for unbalanced input if an
isolation transformer is interposed
between the two, or if one-half of
each pad is used for half of its
normal impedance. If the pads and
the input are both balanced or un-
balanced to ground, but differ in
impedance, than a taper pad (dis-
cussed in Section II) can be inter-
posed to match the two impedances.
In such a case the insertion loss of
the taper pad should be added to
that required in the attenuation box
to give the total attenuation.

The output is normally termina-
ted in its image or matched impe-
dance, but if not, the proper termi-
nating impedance, together with the
V.1. meter, can be connected through
the multiple jack provided for the
purpose. As an example of the read-
ings that may be obtained, suppose
the input V. I. reads +3 db and the
input impedance is 250 ohms; the
output reading is +11 db and the
output impedance is 500 ohms.

The gain of the channel is then
found as follows: V.I. or output
meters are generally calibrated to
read correctly across a 500-ohm cir-
cuit. This comes about from the
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fact that the meter is inherently a
voltmeter, and its scale can be cal-
ibrated to read power, or ten
times the logarithm of the power
(db), only across a chosen value of
circuit impedance. The value norm-
ally chosen is 500 ohms.

Since the meter is actually
reading across a 250-ohm circuit, a
correction factor must be added.
This is simply 10 log (500/250) =
3 db; i.e., if Rs represents the
standard impedance circuit for which
the meter has been calibrated, and
Rc the impedance of the circuit to
which it is actually corrected, then
the correction factor is

C.F. = 10 log (R /R,) (3)

In the above example, 3 db must
be added to the input reading, so
that the true input to the attenua-
tion box is 3 + 3 = 6 db. The input
to the amplifier is lower in level
by the attenuation in the box, or

Amplifier Input = + 6 - 90 = - 84 db

The output level is read across a
500-ohm circuit, so that the C.F. is
zero, and the true output level is
that read, namely, +11 db. The gain
of the channel is therefore simply

+ 11 - (~84) = 95 db

The gain is measured in this
manner at various fregquencies in
steps, starting with about 30 c.p.s.,
and ending with 12,000 to 15,000
c.p.s. A satisfactory response for
a channel (including the telephone
line) is one which does not deviate
from a flat response by more than
+2 db from 30 to 10,000 c.p.s. The
individual components, such as the
program amplifier, are therefore

flatter than this, and may be flat
to 12,000 c.p.s. or higher.
DISTORTION MEASUREMENT.—The
distortion measurement is made with
the aid of a distortion meter. The
reading of this device represents
the total distortion, rather than
any one component. There are vari-
ous designs available. 1In one type,
Fig. 34, the input and output termi-
nals are connected to the device,
and the magnitude of the input vol-
tage adjusted within the meter to

24
T Chonnel
Audio Att.I A2 <~
osc. box | box b—o -
istortion
meter

Fig. 34.—Distortion Meter.

equal that of the fundamental compo-
nent in the output. In addition,
the phase of the input wave is ad-
justed by a phase-shifting device
within the meter so as to be 180 de-
grees out of phase with the funda-
mental output.

When such balance is obtained,
the voltage remaining to register on
the meter is solely that of distor-
tion developed in the channel plus
noise. Ordinarily the noise is so
low that the reading of the distor-
tion meter is substantially that of
distortion itself. The action is
illustrated in Fig. 35. An output
wave assumed to have a strong second
harmonic component is shown, (solid
line)y. The input wave, amplified
without appreciable distortion within
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the meter, and adjusted to be 180
degrees out of phase with the funda-
mental in the output wave, is shown
as a dotted line. The algebraic sum
of the two waves leaves only the
second harmonic, which registers on
a meter.

In operation, the desired level
for the channel is chosen, sinc the
distortion varies with the level,
and the input wave from the oscilla-
tor adjusted to a calibrated value

within the meter. Then the output.

OU/pu/

Second harmonic

4
S<.--7 Amplified inpuf
\//n phase opposition

Fig. 35.—Cancellation of Fundamental
Component, leaving Second Harmonic.

wave amplitude of the channel to the
meter is adjusted until the reading
on the meter is a minimum. Further
phase adjustment in the meter still
lowers this reading until the lowest
reading possible is obtained. This
represents the complete cancellation
of two fundamental components, each
of a pre-determined amplitude. The
resulting reading on the meter is
therefore the distortion products,
and by proper calibration of the
meter scale, is read on a percent-
age basis. Fig. 36 shows such an
instrument.

In another type only the output
connections need be made. Within
the device is a bridged-tee pad made

up of active (L and C) and resis-
tive elements. By suitable adjust-
ment of the resistance, a balance is
obtained on this pad at any one
frequency desired, so that there is
no output at that frequency. The
action of the pad is therefore simi-
lar to that of a Wheatstone bridge,
but the bridged-tee pad is inherently
unbalanced to ground, and therefore
can be readily fed from a single-
ended vacuum tube amplifier in the
device, since a single-ended ampli-
fier is inherently an unbalanced-to-
ground source.

The output of the pad is com-
posed of the distortion products,
since the pad is not balanced to
these frequencies, and these compo-
nents are read on the output meter
as a percent of the input. An in-
genious means is used to vary the
null position of the pad in the fre-
quency range. This requires the
variation of an inductance, and for
this purpose a reactance tube is
employed similar to that used in F.M.

The percent distortion in a
well~designed studio broadcast
system should not exzeed about 3
percent, and actually should be much
lower, (less than one percent). Any
undue increase can generally be
traced to a defective tube, so that
this test is also an indirect check
on the tubes.

NOISE MEASUREMENTS.—The noise
measuring meter is essentially a

calibrated amplifier with a V. I.

meter connected to its output. It
can be and often is part of the dis-
tortion meter. The noise meter is
connected to the output of the chan-
nel or line under test. First a
signal of normal level is impressed
on the channel, and the noise meter's
amplifier gain adjusted until its
meter reads to a prescribed mark.
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Then, with no signal impressed, the
output reading is noted. This read-
ing is due to the noise developed in
the channel. Acceptable values are
60 db below thenormal program level.

by the fact that the output level
may be too low.

Loudspeakers can be checked by
a similar listening test. Any rat-
tles or ‘fuzzy highs' can thereby be

Fig. 36.—RCA Type 69C

Such a low level is possible even
when the telephone line between the
studio and transmitter is included
in the test, provided that a low-
noise line has been specially leased
from the telephone company. In gen-
eral, excessive noiseisalso usually
the result of a defective (noisy)
tube, although dirty relay or other
switch contacts can be the cause.
LOUDSPEAKERS AND MICROPHONES. —
As a general rule the average broad-
cast station does not have the fac-
ilities to test loudspeakers and
microphones except in the most gen-
eral sense. A defective microphone
can be detected by poor quality of
reproduction in a monitor system
known to be satisfactory, and also

(Courtesy of RCA)
Distortion Meter.

detected. Often a broken cone spider
is the cause, or improper centering
of the voice coil in the air gap,
and the cone is therefore either re-
placed or recentered, as required.
In making the frequency run, the
loudspeakers and their associated
amplifiers can be connected to the
system under test, and defects at
any frequency thereby noted.

OPERATIONAL TECHNIQUE

MONITORING, — Although switching
operations are part of the duties of
the control room engineer, the major
portion of his time is devoted to
monitoring the program. This means
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adjusting the fader and master gain
controls so as to avoid over-modula-
tion and overloading of the equip-
ment on loud passages, and insuffi-
cient modulation by the very quiet
passages which will produce too low
a signal-to-noise ratio.

Contradictory considerations
and interests make any precise pro-
cedure difficult to establish and to
follow. Orchestral music has a par-
ticularly wide volume range: the
ratio of maximum to minimum sound
intensity may be as much as ten
million to one (70 db). An estimate
of the overall volume range of sounds
encountered in a broadcast studio is
100 db.* This must be reduced at
the output of the mixer to a range
of 55 db at most, and often the
range is much less. At any rate,
the lowest level sounds must be
‘brought up out of the mud’, and the
peak sounds must be cut down in the
monitoring process.

In Fig. 37 is shown the output
of theLine Amplifier when monitored,
and also if no monitoring were em-
ployed. If no monitoring were em-
ployed, the volume range of a pro-
gram could be as much as 100 db.
(Note that V.U. refers to 1 mw. as
0 V.U. and db level refers to 6 mw.
as 0 db. Difference in level, such
as gain or attenuation, is expressed
in db, and comes out the same
whether the levels are measured in
V.U. or db).

If the loudest sounds are re-
duced or compressed in level by 17
db, and if the quietest sounds are
raised or expanded in level by 28
db, then the volume range after such

*See Taylor, J.P., "Selecting
Speech Input Equipments®, Communica-
tions, April, 1938.

monitoring will be only 55 db in-
stead of 100 db.

The above represents the theo-
retical principle of monitoring.

+2‘9 V.U.
+/12V.U.
o 17db. compression
2 |+2 £ +2 )
\ &
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: :
2 3
§ ~43 | 3
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No monitoring Monijtoring

Fig. 37. —Effect of Monitoring on
the Volume Range of a Program.

In practice a volume range of 50 to
45 db may be used, and actually for
ordinary programs the level is held
as near maximum as possible, so that
the transmitter is operating at as
near 100 per cent modulation as pos-
sible. Such operation is desirable
from the viewpoint of broadcast cov-
erage, and is fairly readily obtain-
ed in the case of speech programs,
which are the bulk of broadcast
material.

In the case of music, if the
volume range were reduced to a very
small value, then one of the essen-
tial qualities of the music would be
lost, and it is here that compromis-
es must be made between coverage and
quality of program. One such com-
promise is as follows: a program is
carefully rehearsed so that the eng-
ineer becomes acquainted with the
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music and can anticipate sudden loud
passages. He accordingly begins to
reduce the gain slowly ahead of time
so that the reduction in volume of
the preceding quieter passage is not
noticed particularly. Then, when
the loud passage occurs, the gain
has already been reduced to a point
where overloading is avoided, and
yet the contrast in volume is so
great that it sounds as if the pro-
gram had not been monitored.

Such monitoring calls for a
good deal of skill and practice.
Ordinary programs are usually moni-
tored so that the needle of the V.I.
meter ‘%kicks’ every few seconds or
thereabouts, and seldom registers
at the low end of the scale. Excep-
tionally loud passages are cut down,
and exceptionally quiet passages are
raised in level, but the more usual
volume range is allowed to proceed
through the mixer without further
change.

Such monitoring is satisfactory
where very loud and very quiet pas-
sages are infrequent. Consider, for
example, a radio play, where, except
for an occasional shout or cry, the
level is reasonably constant. Owing
to the possibility of a sudden loud
sound, the monitor engineer is con-
strained to operate say at 60 per-
cent modulation normally. If a de-
vice could be built that would auto-
matically decrease the gain when the
signal level exceeded the permissi-
ble value, then the engineer could
safely operate at 90 percent modula~
tion normally, and this would cor-
respond to an average increase in
power of (90/60)% = 2,25 or more than
double. This is very worthwhile.

LIMITING AMPLIFIERS.—A device
that accomplishes this is available,
and is known as aLimiting Amplifier.
In one model it operates essentially

the same as a delayed A, V.C. circuit
in a receiver; i.e., the input sig-
nal, when it exceeds acertain value,
varies the bias on a supercontrol
tube and reduces its gain. Such is
the principle of operation of the
RCA Limiting Amplifier Type 86-Al.
The circuit is shown in Fig. 38.
The main circuit has three push-pull
stages; as has been mentioned prev-
jously with respect to electronic
gain controls, a push-pull circuit
avoids ‘thumps’ in the output when
the bias is suddenly varied.

The triode section of the 6R7
tube amplifies the signal developed
across R-16, and the diode plates
then rectify the output (secondary
of T-4), and develop a voltage
across R-41 which is connected to a
point (Zero Adj.) considerably neg-
ative to the 6R7 cathode. Thus a
delay action is obtained; the signal
must exceed a certain level before
limiting takes place. The d.c. vol-
tage developed across R-41 is in
proportion to the signal amplitude,
and is applied with negative polari-
ty to the control grids of the two
6K7 tubes in the first stage, thus
decreasing their transconductance as
the signal amplitude increases.

The amplifier can be adjusted
by means of the input volume control
R-2 to start limiting at any level.
Vernier adjustment is obtained by
means of the ‘Limited Level’ R~16.
The output control R-14 will then
set the output level at which limi-
ting begins. Note that since the
rectifier channel applies the A V.C.
bias ahead of R-16 where it taps
off, it tends to cut down the signal
applied to itself as it begins to
limit. This is characteristic of
the ordinary A V.C. circuit too, and
the significance of this action is
that the limiter can never reduce



36 AUDIO CONTROL EQUIPMENT

the output level below the input
level, as might occur if the bias
were applied to a stage following
R-16. Thus there can be no incon-
gruous action whereby the music be-
comes softer instead of louder.
However, extreme limiting is
not desired. The desired action is
shown in Fig. 39. Note that as the
input level goes up to +10 V.U., the
output level goes up in direct pro-
portion to +10 V.U., but then rises
more slowly with increased input
level, so that when the latter is
+14.5 V.U., the output, instead of
being about +t14.5 V.U., is about
3 db less, or actually 11.15 V.U.
Thus at an input level of +14.5 V.U.
there is reached a point of slightly

short. Owing to the action of C-8,
which charges up through the recti-
fier, but discharges through the
much higher resistance of 3.3 meg-
ohms, R-41, the limiting action does
not cease immediately after the ces-
sation of the loud passage, but holds
on for about 2 seconds before 90 per
cent of the initial gain has been
recovered.

This is called the ‘release
time’, and is purposely made slow
so that the limiter will not tend to
follow the individual cycles of low-
frequency audio notes and thus dis-
tort them. However, under severe
overload, the release time may be
sufficiently long to amplify insuf-
ficiently a subsequent low-level
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Fig. 39.—Gain Reduction Characteristic - Type 86-A1 Limiting Amplifier.

more than 3 db gain reduction.
Attention is also called to the
‘attack’ and ‘release’ time of the
device. Upon a sudden crescendo in
the music, the rectifier almost in-
stantly increases the bias, or the
‘attack time’ of the limiter is very

passage, and a ‘hole’ in the program
may result. This can be obviated by
reducing R-41, but generally such
ef fects are due either to an unpre-
cedented surge that occurs very in-
frequently, or else to too much com-
pression (limiting) of the program.
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In the latter case the limiting ac-
tion should be reduced, as otherwise
the program will, in general, suffer
from too much loss of dynamic con-
trast or volume range.

Another type of limiting ampli-
fier is the Type 110-A manufactured
by the Western Electric Company.
This amplifier operates on a slight-
ly different principle: that of an
attenuation pad interposed between
two stages, and which functions to
vary the gain by having its resis-
tance elements varied electrically.
A simplified schematic diagram of
the principle features are shown in
Fig. 40. While batteries are shown

Silicon carbide varrstors
73 *//T/ 74 .
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3 2 2
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Fig. 40.—Simplified Schematic
Diagram of Volume Control Net-
work and Control Circuit.

for simplicity, an a.c. power supply
is actually used.

As will be noted from the fig-
ure, the OUTPUT circuit feeds the

grid of V5 with audio signal. This
signal is derived from a stage ahead
of the INPUT terminals. The audio
signal is amplified by V5, and then
is rectified (full wave) by V6. As
a result, a dlc. voltage appears
across R and C in parallel, such
that the right-hand side of these is
negative to the left-hand side
(ground).

The bias E_, renders diode V6
inoperative until the audio signal
exceeds a certain minimum value,
this provides the delay feature of
the system; i.e., limiting does not
begin to take place until the signal
rises above a certain minimum level.

The grid of V7 becomes more
negative when V6 begins to rectify
the audio signal, and this causes
the plate current of V7 to decrease.
Note from Fig. 40 that the plate
current is obtained from E; through
the circuitous path involving trans-
formers T3 and T4 and the silicon
carbide varistors. These have the
property of lowering their resistance
with increase of current through
them. Hence, if the plate current
(d.c.) of V7 decreases with increase
of audio signal, then the varistors
increase their resistance to the
superimposed a.c. or audio currents
flowing through them.

An increase in the a.c. resis-
tance of the varistors permits less
audio current to get to the output
transformer T4, so that the gain is
reduced. Thus, as the signal input
increases, the signal output in-
creases at a slower rate, and limit-
ing is obtained. The balanced or
push-pull connection of the trans-
formers and the varistors not only
cancels even harmonics produced in
the varistors, but also permits the
d. c. plate current of V7 to cancel
its magnetic effects in the trans-



38 AUDIO CONTROL EQUIPMENT

formers, thus preventing their cores
from saturating.

The attack time is determined
by the .charging of C through the
diode V6, and is very short, whereas
the release time is determined by C
and R, and since the latter is much
higher than the internal resistance
of V6, the release time is on the
order of a second or so. A switch
provided in the actual equipment to
permit the operator to select either
of two values for C and thus one of
two values of release time, depend-
ing upon the nature of the program.

Limiting amplifiers are employ-
ed in place of the regular program
amplifier in many small stations.
In the larger stations its preferred
location is at the transmitter just
ahead of the modulator unit. This
is a somewhat more preferable loca-
tion in that there is less audio
gain following the limiting ampli-
fier, and hence less possibility of
variation in gain beyond that point.
Thus the settings of the limiting
amplifier to determine 100 per cent
modulation in the transmitter are
less apt to be thrown off by change
in gain in the audio components fol-
lowing it. Its use removes a con-
siderable cause of strain and fati-
gue on the part of the control room
engineer, and enables him to operate
the audio system at a considerably
higher level without fear that sud-
den peaks will open the circuit
breakers in the transmitter. For
that reason most large and medium
size stations, as well as a number
of small stations, employ this unit.

LINE RQUALIZATION. —When a re-
mote program is picked up, it is
transmitted to the studio over a
telephone line, and may then be fed
through one of the mixer channels to
the Program Amplifier, etc. and

thence to the transmitter and/or
network. Ordinarily theé remote pick-
up is only a few miles away from the
studio, and hence an ordinary tele-
phone line is employed, together
with an equalizer to flatten its
frequency response.

Usually two telephone lines are
leased for the occasion: one is
called the Program Pair (of wires)
or Program Line; the other, the
Order Pair or Order Line, and serves
as a means of communication between
the operators at the two ends of the
line. The Program Line is equalized,
although sometimes both are so
treated in order that the program
can be switched to the Order Pair in
case of failure of the Program Pair.

Equalization has been treated
in Section 1I, and hence this topic
will be merely reviewed and then
amplified here. For short dist-
ances, such as 10 miles or less,
the ordinary telephone line is but a
fraction of a wavelength and hence
appears essentially as a capacity,
together with the ohmic resistance
of the wires. The effect of the
capacitive reactance is to attenuate
the higher frequencies, and equali-
zation consists in attenuating the
lower frequencies by means of a
suitable network (equalizer) so as
to obtain an overall flat response.

The ordinary equalizer consists
of a simple L-C resonant circuit to-
gether with an adjustable resistance.
It may be of the series- or of the
parallel-resonant from, illustrated
in Fig. 41. The parallel type is
better suited for balanced lines,
since in the case of the series
type, two such circuits are re-
quired, one in each side of the
line. The action is essentially the
same in either case.

The inductance L and capacity C
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are turned to the highest frequency
to which it is desired to equalize.
For example, if the highest frequen-
cy of interest is 8,000 cycles, then

Telephone

Source

(4)

Series type equalizer

Te/elphone
‘ % 2R
T ZL Source % z,g —13_'0 }ZL
(B)

so that their effect at the higher
frequencies is negligible. Hence
only CL lowers the voltage at the
higher frequencies, and the equali-

.__-.".-_

Line

b

B
Parallel type equalizer

Fig. 41.—Two Simple Forms Of Equalizers.

L and C are initially designed to
resonate at that frequency. Rep-
resentative values are L = .0022 H.,
C=.171 p £, and R = 1,000 ohms,
in the case of the parallel type
equalizer. Below 8,000 cycles the
reactance of L is much less than
that of G, so that the combination
has a net inductive reactance, and
draws considerable current from the
line. This current must travers R.
By adjusting the latter, the current
drawn through the line from the
source (usually the Line Amplifier
and 6 db pad following it) can be
regulated so that the voltage drop
in the source and in the resistance
of the line decreases the lower
frequency voltage at the load ZL to
the same value that the line capa-
city CL lowers it at the high fre-
quencies owing to the charging
current it draws.

At the higher frequencies, par-
ticularly 8,000 cycles, however, L
and C draw very little line current,

zer lowers it at the lower frequen-
cies, by an amount determined by the
setting of R. At intermediate fre-
quencies each element has an inter-
mediate effect, and by suitable de-
sign of the equalizer, the total
attenuation at intermediate frequen-
cies can be made about the same as
at the high and low ends of the spec-
trum. *

While strictly speaking such
compensation is more nearly perfect
for some particular length of line
and hence a particular value of CL.
actually in practice the same equal-
izer can effect satisfactory compen-
sation for a large range in line
length. For very long lines, say

*perfect compensation is possible
at three frequencies only. By suit-
able choice of these, satisfactory
compensation is obtained over the
entire range.
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more than 15 miles in length, such
elementary means of equalization is
insufficient, although more compli=-
cated networks are available. One
factor that begins to be more and
more prominent is that of line noise.
For very long lines this may be so
great, and the desired equalized
signal so weak that the signal-to-
noise ratio may be inadequate.
However, in such cases the telephone
company is relied upon to furnish
satisfactory transmission. The eq-
ualizer discussed above is primarily
adapted for short lines, such as be-
tween a remote pickup point and the
studio, or between the studio and
the transmitter.

The procedure in equalizing a
line will be clear in the light of
the above preliminary discussion.
In practice the engineer at the re-
mote point has enough to carry in
the way of microphones, the remote
amplifier unit, etc., and is not ex-
pected to carry test equipment as
well, although today very light
audio test oscillators are avail-
able. It will therefore be assumed
that the audio source or oscillator
is located in the studio, and it is
desired to equalize the line.

This can be done very simply by
the use of the Order Pair. The set-
up is shown in Fig. 42. The audio
test oscillator feeds a signal
through the unequalized Order Line
to the remote amplifier, which then
sends this signal back to the studio
via the program line. The remote
operator keeps the output to the
program line constant by adjustment
of his master gain control, and uses
his V.I. meter to indicate such
constancy of output signal. For
example, if the test oscillator sends
out an 8,000-cycle note, the remote
operator will have to increase the

gain of his remote amplifier consid-
erably before his V.I. meter will
read the same level (about 18 V.U.)
as it will for a 50-cycle note,
owing to the increased attenuation
of the 8,000-cycle note by the Order
Line.

Ordinarily the highest frequen-
cy (say 8,000 cycles) is sent first,
and after the remote operator adjusts
the gain until the desired level is
being fed into the program line, the
studio engineer notes the reading on
his V.I. meter. Then he sends a 50-
cycle note, for example, to the re-
mote point. The operator there ad-
justs the gain of his amplifier so
that the output into the program
line is the same as it was at 8,000
cycles.

The studio engineer then de-
creases the resistance in the equal-
izer until the 50-cycle reading on
his V.I. meter is the same as it was
for 8,000 cycles. Thus, at 50
cycles, by reducing the resistance,
the equalizer is permitted to draw a
current equal to that drawn by the
line capacity at 8,000 cycles, so
that the voltage drops in the system
are the same for the two frequencies,
and hence the voltages delivered to
the studio are equal.

However, the reduction in re-
sistance may have slightly altered
the 8,000-cycle reading. The effect
should be small, especially if an
isolating pad of about 6 db attenua-
tion or greater is interposed be-
tween the line and the equalizer so
as to prevent any tuning between the
line capacity and the equalizer in-
ductance. However, a check is made
by transmitting the 8,000-cycle tone
once again, noting the return read-
ing at the studio, then sending the
50-cycle tone, and readjusting the
equalizer resistance so that the 50-
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cycle reading will now check the
slightly altered 8,000-cycle reading.
The readjustment required is so
small that it will not in turn still
further alter the 8,000-cycle read-
ing.

Remote _a~/7_7;>7/—//_er_ o —l
vi
[ 7e . |

If the shape of the equalizer att-
enuation curve is reasonably comple-
mentary to that of the line, satis-
factory equalization over the entire
range can be obtained.
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Fig. 42.--Setup for Equalizing a Telephone Line.

Finally, as an overall check, a
complete frequency run from 50 to
8,000 cycles or higher is made. The
response should be flat within about-
2 db over the entire range. In Fig.
43 is shown the equalizer and line
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frequency response characteristics.

In the case of equalizing the
line between the studio and trans-
mitter, signals are fed from the
audio oscillator (located in the
studio) at constant output to the
line, and the equalizer (located at
the transmitter) is adjusted for flat
transmission. The setup is, of
course, very much simpler because
the feeding of test tones in this
case is from the studio instead of
to the studio.

SUMMARY

This concludes the technical
assignment on audio control circuit.
This consisted of four major sub-
divisions:

(1) The first part dealt with
a description of the jacks and plugs,
and then of the various types of
switches employed in controlling the
audio paths in a broadcast system.
These switches varied from the simple
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push button type to the more elabo-
rate key switches, mechanically or
manually interlocking push button
type, up to the remote control type
known as a relay.

(2) The next part dealt with
the manner in which combinations of
the above could be arranged to pro-
vide locking, and pre-setting of the
relays. This referred essentially
to the typesofcontrolling circuits.
Then controlled audio circuits were
discussed, and an analysis of a
typical studio lay-out was given,
showing the methods of obtaining
talk-back and control-room announce
operations.

(3) The third part discussed
the care andmaintenance of switches,
rel ays, and volume controls, followed
by a discussion of the various tests
performed, such as tube checking,
frequency runs, distortion measure-
ments noise measurements, and simple
microphone and loudspeaker tests.

(4) Finally the fourth part
dealt with the operational tech-
nique employed in monitoring, to-
gether with a description of limi-
ting amplifiers, and the method of
equalizing the telephone line be-
tween a remote pickup point and the
studio, or between the studio and
the transmitter.



AUDIO CONTROL EQUIPHENT
EXAMINATION

(A) What is a normalled connection?

(B) Describe the proper procedure in patching anew unit for
a defective unit during a program.

(C) What is a multiple connection?

(A) When are key switches used instead of push buttons?

(B) When would a push button be preferable?

(C) What is the maximum number of springs in the pile-up of
a key switch?
(D) What is the maximum number of pile-ups?

(A) What important advantage does a relay possess over a
push button or key switch?

(B) What precaution should be exercised in connecting the
relay coil winding to the battery?

(A) What is the advantage of using a release relay instead
of a closed-circuit OFF push button?
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EXAMINATION, Page 2.

(A) (Continued)

(B) What is the basic function of an interlocking relay
system?

(C) Can such operation be obtained mechanically? Explain.
(D) Give one advantage and disadvantage of either system.
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EXAMINATION, Page 3.

Given three studios and two services. It is desired to
interlock and pre-set the connections by means of relays
and a master key switch. Devise a circuit to do this, and
show all connections in a neatly drawn diagram.
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EXAMINATION, Page 4.

(A) Refer to Fig. 24. Why are the microphone receptacles
in the studio generally patched rather than normalled to
the pre-amplifiers in the control booth rack?

(B) Where does the talk-back microphone switch into the
studio system?

(Cy Why is relay R3 not energized when it is desired to
make a control room announce?

(D) Why are separate relays R1 and R2 employed?

(A) How is arcing of the contacts that open the relay coil
circuit minimized?

(B) What is the normal care of relay contacts? What pro-
cedure is followed if they are badly pitted?

(C) How are volume control arms fitted to the contacts?

(A) A frequency run is to be made on a channel having a
250-ohm unbalciced-to-ground input and a 500-ohm balanced
output. Two V.I. meters are available, (calibrated for
500-ohm circuits), also a 500-ohm H-type attenuation box,
and a beat frequency oscillator with two terminals having
an internal output impedance of 1,000 ohms, balanced to
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EXAMINATION, Page 5.

ground. Show how you would connect this equipment, parti-
cularly the attenuation box, use only the items given.

(B) The V.I. reading at the output terminals of the audio
oscillator is t+5 V. U. The attenuation in the attenuation
box is 83 db, and the output level is *+15 V.U, What is the
db gain of the channel?

(A) Describe the principle of the RCA Distortion and Noise
Meter when used for measuring distortion.

(B) What part of amonitor loudspeaker may become defective
in time?
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EXAMINATION, Page 6.

10. (A) Describe briefly but completely the actionof the elec-
tronic type of Limiting amplifier.

(B) How does it permit greater station coverage?

(C) Describe the method of equalizing the telephone line
between a remote pickup and the studio.
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