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BROADCAST
PROGRAM
PROTECTION

ROGRAM protection may be de-
fined from the operating view-
point as those steps which are

taken to preserve the fidelity

and continuity of the program. Such
protection is demanded by the operat-
ing company because it is essential
that the best possible service be pro-
vided to meet the competition existing
in the broadcast advertising field. To
satisfy this demand is one of the major
functions of the operating department
and many of its activities are directed
to that end.

Becanse of the complexity of pres-
ent-day broadeast systems and the
oftentimes considerable physical dis-
tances separating the component units
it is doubtful whether the latent pos-
sibilities of trouble, or the safeguards
utilized, in such extensive systems are
.recognized. As an aid in visualizing
the complexity of operation the com-
ponent units of the National Broad-
casting Company’s system, local to New
York, are indicated in Fig. 1.- When
it is considered that several programs
may be in progress simultaneously,
some in studios and some at outside
points, and are being supplied to local
trangmitters dnd networks and that
the combinations are continually shift-
ing, the possibilities of trouble and the
necessity for adequate safeguards are
readily apparent.

Broadcasting Use of Wire Lines

The general problem of protection is
of considerable magnitude as each type
of unit has problems peculiar to itself
and for many phases of operation it
has been necessary to develop methods
to cope with the problems which have
arisen with the increasing expansion

Delivered before the Club, Sept. 10, 1930.
*Agpistant Development Engineer, Na-
tional Broadecasting Company.

By W. A. R. BrROowN¥*
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This paper describes
briefly somne of the pre-
cautions necessary to
maintain high quality
and continuity in the
operation of a modern
broadcasting system,
including volume con-
trol, audio energy limi-
tations of wire circuits,
program switching
and distribution, pro-
gram monitoring and
protection of a radio
transmitter.

S

(

of broadcasting. Broadeast operation
is, to a certain extent, telephone com-
munication and the problems encoun-
tered in this phase of operation do not
differ fundamentally from those en-
countered in other communication
fields. Briefly, these problems as they
apply to broadcasting are: (1) that
the circuits transmit the frequencies of
the andie band with substantially equal
attenuation; (2) that impedances be
matched at junctions of individual
equipment units; (3) that the audio
levels be confined within preseribed
limits. These are treated in accord-
ance with standard engineering prac-
tice and need no elaboration.

In actual operation one of the first

Copyright 1930, Radio Club of America.
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Control Room and Engi-
neering Details for Set-
ting Up and Maintaining
Satisfactory Broadcast
Service

safeguards introdnced is volume con-
trol and upon the proper handling of
this problem depends to a considerable
extent the quality of the program. Thig
function is exercigsed by the studio en-
gineer for studio programs and by the
field engineer for outside pickups. Such
control is necessary because the dy-
namic ranges encountered are greater
than can be handled by existing equip-
ment.

The telephone lines and repeaters
offer an unsurmountable obstacle, at
present, to the transmission of the full
dynamic ranges encountered in broad-
casting, This equipment, designed be-
fore broadeasting was in general use,
was intended to handle only the dy-
namic range of the human speaking
voice, and although improved equip-
ment is constantly being placed in serv-
ice broadcasting is limited in its ex-
pression by the Ilimitations of the
telephone circuits since such circuits
must be used on networks. These lim-
itations expressed in energy levels are
plus 6 db. for the upper value and
about minus 25 db. as the lower figure,
a range of 31 db. There are very defi-
nite reasons for confining the levels
between these values. Telephone re-
peaters will not reproduce faithfully at
levels greater than plus 6 db. and any
greater level than this overloads the
repeater and causes distortion of the
program. On the other hand, at levels
below minus 25 db. the inherent line
noise of a wire circuit (induction, cross
talk, etc.) becomes apparent. In order
to allow a factor of safety the upper
operating limit is placed at plus 2 db.
leaving a range of 27 db. for normal
operation. Under these conditions the
dynamic range of a symphony orches-
tra, which is about 60 db., must be com-
pressed into less than half its normal
value., If this is to be accomplished
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successfully the average listener must
not be aware that volume control is
being exercised.

Control of Dynamic Range

Volume control is not merely cutting
down the peaks and bringing up the
low passages after these have occurred.
They must be anticipated, The gain
must be gradually lowered prior to the
crescendo and raised previously to the
pianissimo passages. Otherwise, the
peaks are distorted and the low pas-
sages lost in the noise, To compress
dynamic ranges without the process be-
ing too evident to the listener is an art,

Studic Engineer Prepared for
Changes

Although an experienced studio en-
gineer can often instinctively anticipate
coming changes of volume as the music
progresses, previous knowledge of the
selections is a great asset. In order
that the work of the engineer may be
conducted as efficiently as possible he
is present at the rehearsals. These
may extend over 10-15 hours in prepa-
ration for one hour on the air and when
the actual broadcast takes place the
studio engineer is familiar with all
features of the program and volume
control is seldom detected by those
listening. Bach studio booth is acousti-
cally treated to provide faithful repro-
duction and high quality monitoring
and is equipped with a level indicating
device for the guidance of the studio
engineer in controlling volume.

The duties of the field engineer are
fundamentally the same as those of the
studio engineer—volume control, micro-
phone placement and musical balance
—but often complicated by additional
factors such as poor acoustics, limited
space and crowds. Under the varied

" conditions surrounding outside pickups
the field engineer must often draw upon
his fund of experience in coping with
the varied problems, analyse many fac-
tors and make decisions quickly. In-
itiative is essential.

Because of the varying lengths of the’

wire circuits on these Nemo pickups
the average levels of the pftograms en-
tering the main control room will often
differ considerably. This would cause
abrupt changes of level when switch-
ing and in order to eliminate this and
to have these program levels conform
to those of the studic outputs the pro-
gram is routed through a Nemo moni-

peater station and the primary func-
tion of the studio engineer there is to
monitor the program and make sure it
is passing that point and is being fed
to the control room at the proper level
for distribution.

Contact Between Studio and Field
Engineers

Prior to the start of the program, he
checks with the field engineer for the
purpose of setting levels. The general
practice is for the field engineer to
place a sufficiently high level upon the
line to insure a good signal-to-noise
ratio’ at the monitoring booth. The
studio engineer there regulates the
level for program distribution to the
control room. After the program has
started he checks levels again with the
field engineer and remains in constant
telephone communication with him.
Under certain conditions he may act
in an advisory capacity to judge bal-
ance and quality when the field engi-
neer may be hampered by excessive
noise. His regulative functions are
slight as volume controlling is logically
done by the field engineer.

These Nemo booths have similar
acoustic treatment and equipment as
the studio booths., The latter can be
used for outside programs but, because
of the demand for studios for re-
hearsals, seldom are.

The main control room is the nerve
center of a broadcasting system and
upon the efficient performance of the
duties connected with its operation
rests in large measure the success of
network broadcasting. Responsibility
for the operation of studios and the

‘distribution of programs to networks

and local transmitters is centered here.
A typical layout, showing program dis-
tribution and monitoring circuits, is
given in Fig. 2.

The distribution phase of operation
requires a given program to be dis-
patched to designated points, at the
proper level, and at a definite time.
This requires (1) an interlocking sys-
tem for transferring at will the out-
puts of various studios to one or more
distribution channels, and (2) facili-
ties for checking the program at impor-
tant points. A dual system is used by
the National Broadecasting Company
with master controls and indicating
lights at the master control desk and
guch duplicate controls and lights in
each studio as are necessary for opera-

toring booth. This is essentially a re- tion of that articular studic. With
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this system the switching is normally
performed in the studios but is under
the supervision of the control room
supervisor who can detect and correct
errors. 'The indicating lights on the
master control desk show each opera-
tion involved in the switching of each
studio and the supervisor can tell at a
glance the status of any particular
studio.

Announcer Controls Switching

The actual switching is performed by
the announcers in the studios. This is
because the announcer is the contact
between the program and the public
and, as it is desirable that this contact
be as precise and rapid as possible, the
best coordination of thought and action
ig obtained by having the announcer do
his own switching, The switching fa-
cilities in each of the studios appear
as rows of push-buttons and lights on
a small panel. The push-buttons per-
mit the connecting or disconmecting of
the output of that studio to, or from,
any combination of distribution chan-
nels, The lights indicate which chan-
nels are being utilized, both by this and
other studios, and whether the an-
nouncing or program microphones are
in operation. As an aid in operation,
and to supplement the indicating lights,
headphone monitoring of programs in
all studios is available to the an-
nouncer.

Studio operation is carried out in ac-
cordance with a ecarefully prepared
schedule which is in the possession of
all personnel. Thus, the announcer in
any studio has all the essential Infor-
mation regarding the distribution of
that program and is in a position to set
up or release the required program,
channels and make local announce-
ments. As an additional check, certain
of these lights and buttons appear in
the monitoring booth on tbe mixing
panel of the studio engineer who is in
a position to view the activities of the
studio and can release the channels if
necessary.

Network Problems

Network operation bas introduced
many problems. One of these is local
announcements at the network stations.
Because program requirements make
it impossible to designate a definite
time for these it is necessary that noti-
fication be transmitted over the pro-
gram circnits in order to eliminate the
possibility of human error. This is ac-
complished very simply by utilizing the
musical notes of chimes as a cue to in-
dicate that the next fifteen seconds will
be available to all stations for their
locals. The chimes, since they are
given at- the conclusion of most pro-
grams, are also utilized as switching
cues by individual stations and sup-
plementary networks who are joining
or leaving the chain, These supple-
mentary networks. are smaller chains
which tap the basie networks at a dis-
tance from New York and which may
take program service from either the
basic Red or Blue networks. This
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raises the problem of synchronization
of two programs with the switching in
order that these supplementary chains
shall not be cut over to a network on
which the program has already started.
Since the chimes are used as switching
cues the solution is to tramsmit them

simultaneously over both networks, In

actual practice when one metwork pro-
gram has concluded the announcer for
the other network takes control-of both
for the time necessary to give the
chimes. This procedure may leave one
or the other of the two networks with-
out program for a few seconds at the
end of a feature but this is preferable
to losing part of a program.

Since the control room supervisor is
responsible for the dispatching of pro-
grams monitoring facilities must be
available for checking. These are lo-
cated at the master control desk and
consist of volume indicators and a loud-
speaker, the former showing the out-
put levels of the studio and line ampli-
fiers, while the loudspeaker may be con-
nected to either of these points. Simi-
lar monitoring of each- studio and dis-
tribution channel is possible. Radio
monitoring of the two local transmit-
ters, in this case, WJZ and WEAF, Is
also available and includes in addition
to the customary radio reception a sig-
nal light to show whether the carrier
is on or off and a neon lamp which
indicates when the carrier is being
modulated and roughly the degree of
modulation. With the monitoring and
switching systems eentered at the mas-
ter control desk, local troubles can be
quickly located and usually quickly
remedied for all studio and line ampli-
fiers, channel terminations, et cetera,
are located in the control room. The
input and output connections of most
of the equipment in each studio appear
on jacks in the control room and a cir-
cuit can be quickly patched around any
faulty unit. Telephone communication
to each monitoring booth and telegraph
circuits to all networks and local trans-
mitters are available at the master con-
trol desk so that trouble at any point
of the system is immediately detected
and appropriate steps are taken to
remedy it.

Qutside Wire Lines

Line trouble is, of course, beyond
the control of the broadeast company.
The telephone company is responsible
for the maintenance of program service
between network stations, In general
the same methods of insuring program
continuity are used by the telephone
company as by the hroadecast company.
With networks covering most of the
country all extremes of conditions are
naturally encountered and the causes
of interruptions are varied; for in-
stance, & truck loaded with high ex-
plosives collided with a telephone pole,
or a tornmado tore the roof from a
farmer’s barn and dropped it on the
line. Although the telephone company
is responsible for the maintenance and
condition of the lines, transmission
characteristics of all long line networks
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are taken by the broadcast company at
intervals.

The short local lines seldom give
trouble. They are checked daily, how-
ever, as a matter of precaution, and
rechecked prior to a broadcast. Fre-

‘quency runs are also taken of the lines

to the local transmitters and in these
instances include the frequency char-
acteristics of the entire circuit from
microphone to antenna,

Studio Power Supply

The power supply for the studios is
normally furnished from a commercial
source, but storage batteries with a ca-
pacity sufficient to operate the equip-
ment for 24 hours are held in reserve.
Automsatic switching facilities also fur-
nish current for Hghting purposes in
event of failure of the outside source.
Each studio has its separate power line
and all current carrying cireuits for

studio or control room equipment are

fused.
Protecting the Tubes

The equipment of & modern high-
power transmitter represents a very
considerable investment and safeguards
must be rigidly applied, especially for
the water cooled tubes, Standard
power plant protection is utilized to a
large extent but is, of course, compli-
cated by the requirements of the radio
equipment, so that an elaborate elec-
trical system of interlocking safeguards
is necessary.

Tube protection is essential, both be-
cause their power limitations must not
be exceeded and for continuity of op-
eration, as a tube failure will often pro-
duce dangerous transient conditions
among the associated equipment. Such
protection requires a sustained supply
of cooling water to the tubes and cer-
tain operational safeguards; for ex-
ample, filament power can not be ap-
plied unless an adequate flow of water
is assured and plate power can not be
applied before the application of grid
biasg voltage. In practice thisishandled
by a step-to-step procedure which must
be followed in placing the plant in op~
eration and an interlocking relay sys-
tem which functions in the event of
failure, or overloading of any unit, re-
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moving from service any units the con-
tinned operation of which would en-
danger equipment, Water supply
protection is usually supplied by hydro-
static pressure devices, which are so
connected to the Interlocking system
that filament power can not be applied,
nor left on, when the water pressure ig
below a predetermined value.

The input temperature of the water
must be sufficiently low so that the
water will not beil when in contact
with the tube anode as this would
greatly reduce the heat dissipation at
these points and probably result in
anode punctures. Distilled water must
be used at certain geographical loca-
tions to prevent scale formation on the
tube anodes which occurs when water
with a considerable mineral content is
used for cooling. Thermometers are
generally used to indicate the input
and output water temperatures and
when used on individual tubes will
often show by a gradual temperature -
rise the presence of slight obstructions
in the water supply of a particular
tube.

Continuity of operation is provided
by spare tubes which can be rapidly
placed in service. This replacement
process is handled by a push-button ar-
rangement on the desk of the transmit-
ter engineer who can remove any tube
from service, replace it by a spare, and
resume operation in a few seconds.
Duplicate units are provided for much
of the other equipment, ranging from
erystals to transformers, and rapid re-
placement facilities are provided.

Modulation of the carrier is checked
by an oscillograph and the program is
monitored both in the control room and
in the transmitter room, radio monitor-
ing being used at the latter point. Thus,
with a monitoring system which checks
the program from the microphone to
the gir and the equipment safeguards
utilized, program protection is assured
against most causes which are likely
to arise.

It has been attempted in this paper
to outline briefly some of the precau-
tions which must be taken to insure the
maintenance of a high standard of pro-
gram quality and continuity of opera-
tion of a modern broadcasting system.
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Amy, Aceves & King, Inc.

Consulting Engineers

Office Laboratory

55 West 42nd Street 81 Seventh Avenue
New York City New York City

Research, development and design in radio,
acoustics, television, talking pictures,
and other arts closely allied to radio

One of our recent developments

The Multicoupler Antenna System

for apartment houses

T'his system comprises a well designed and suitably located
common or group antenna, provided with a downlead to
which as many as thirty radio receivers may be connected
by means of specially designed coupling devices, known as
multicouplers. The reception of each radio set is excellent,
whether one or thirty sets are connected to the common
antenna. It may readily be installed either in a finished
building or one in course of construction.

The Multicoupler Antenna System is the sign of con-
venience, safety and service to the tenant; progress and
prosperity on the part of the owner.
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lN highly efficient antenna systems when
it is especially desired to minimize ab-
sorption of electrical energy at points of
support, Isolantite insulators are particu-
‘larly valuable. An unusually low loss factor
and a completely vitrified non-porous body
immediately recommend Isolantite for this
service. Insulators types 752 to 785 meet
these electrical requirements when accom-
panied by moderate mechanical loads and
voltages. For lower voltages and less strain
at supporting points smaller insulators are
recommended.

A complete assortment of Isolantite an-
tenna insulators for use in insulating trans-
mission lines, for lead-in applications and a
variety of suspension purposes are de-

~ scribed in bulletin No. 100D. A copy will

be sent upon request. ‘

America,lnc——

SALES OFFICES — 551 FIFTH AVENUE, NEW YORK CITY
Factory ~ Belleville, N, J.

SUGGESTIONS TO CONTRIBUTORS

ONTRIBUTORS to the Pro-
ceedings, by bearing in mind
the points below, will avoid delay
and needless expense to the Club.

1. Manuscripts should be sub-
mitted typewritten, double-spaced,
to the Chairman of the Papers
Committee.” In case of accept-
ance, the final draft of the article
should be in the hands of the
Chairman on or before the date of
delivery of the paper before the
Club.

2. INustrations should invari-
ably be in black ink on white
paper or tracing cloth. Blueprints
are inacceptable.

3. Corrected galley proofs should
be returned within 12 hours to the
office of publication. Additions or
major corrections cannot be made
in an article at this time.

4. A brief summary of the paper,
embodying the major conclusions,
is desirable,

5. The Club reserves the right of
decision on the publication of any

paper which may be read before
the Club.

*For 1930 the Chairman of the
Papers Committee is Mr. F. X,
Rettenmeyer, 463 West Street,
New York City.
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CONTINENTAL RADIO

 CORPORATION

weomeeorsance 160 VARICK ST, NEW YORK. N.Y.

-

OUR SERVICES ARE AT
YOUR COMMAND

Y
oy

The pioneer house of Continental is glad to place its
extensive merchandising facilities at the command of the
buyers, engineers, and other members of the Radio Club
of America. Through this dependable service, built up
during years of steady growth, Continental is able to
recommend members to reliable dealers in their districts

or to arrange for securing such radio materials and mer-
chandise as they need.

The names of dealers in your vicinity and any other
information you may desire will be cheerfully supplied
on request.

Continental Radio Corporation
160 Varick Street | New York City
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