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FOTO=-VIDEO vipicoN camera FounDo TDEAL

for Commercials at KORN=TV, Mitchell,

South Dakota

Says RAY V. EPPEL, president of the

MITCHELL BROADCASTING ASSOCIATION'S STATION,
who observed that the FOTO-VIDEQ® V=313

“is an excellent tool for news and sports shows"

and

"a handy adjunct to our studio operation.”

WHAT MORE COULD FOTO-VIDEQO SAY?

-

&

i

FEATURES

® 600-line resolution ® Electronically Regulated Integral B+
Supply ® Small Size: 10 lbs.—8%"” x 3%’ x 37" ® Modular
Construction: Circuitry easily replaced, with 5 small modules that
snap out — snap into place in sure contact multiple plugs and
sockets ® H and V sweep failure protection in camera head ®
Gain stabilized preamp; long life, low noise, high-gain double
cascode circuit ® Keyed clamp maintains preset black level ®
Built-in adjustable independent aperature and phase correctors
® 1.0 to 1.5 v video output into 75-ochm cable; one cable between
camera and control unit ® Transistorized synchronizing unit at

standard ElA rates, with extra outputs for additional cameras ®
Peak-to-peak video level meter on camera-control unit, provides
metering of setup adjustments and continuous monitoring of video
output © Overall response flat to 8 mc ® Independently oriented
H and V coils may be adjusted to place long dimension of scan
in either horizontal or vertical plane ® Provides good picture at
5 foot candles ® Video monitor optional ® Cable Lengths: To
Control Unit up to 500 feet; From Control Unit up to 2000 feet
© Video amplifiers available for longer cable lengths.

Accessories:

® Automatic Light Control Unit

® Zoom Type Lens (Also a wide variety of other types © Camera Housings:

Explosion-proof, Weather-proof, Acoustical and High-temperature ® Complete line of Video Monitors ® Camera

Head with electronic view finder and 4-lens turret

® Camera Control with built-in Sync Module, with provi-

sion for Crystal Control, Line Lock or Free-running operation @ Sync Generator either Random or 2-1 interlace
® Tripods and Mounting Heads (Pan and tilt, remote control, etc)

Foro-Vipeo: -

ELECTRONICS INC.
ENGINEERING AND MANUFACTURING

36 Commerce Road ° Cedar Grove, N. J.




PRECISION MULTIPLEX EQUIPMENT

by

ELECTRO-PLEX

for BACKGROUND MUSIC - STORECASTING - DRUGCASTING

CREDITCASTING - MULTIPLEX RELAY
AND ALL APPLICATIONS INVOLVING MULTIPLEX RECEPTION

IN RECEIVERS . . .

DMR MULTIPLEX RECEIYER

CLOSE THE DOOR ON EXPERIMENTATION!

Electro-Plex brings you the ultimate in multiplex receiver design.
A design resulting from a careful study of the background music and
allied fields, and an awareness of the problems which the operators
have experienced in the past. The DMR is truly an advanced view
in multiplex circuitry. A receiver which has been in development for
I8 months.

Main Channel circuitry is more reliable because a pulse-counting
type detector, utilizing a tube, is used in place of a discriminator-
coil/diode combination. This circuitry is original and exclusive with
Electro-Plex. Drift is a thing of the past and the receiver will stay
on frequency from a cold start!

In the sub-carrier section, heterodyne circuits have been avoided
due to the several added adjustments required to keep them in
alignment.

The multiplex circuit is furnished on a separate mounting plate which may be easily removed. Other special
intermediate and control circuitry may be supplied in this area when desired.

OTHER MULTIPLEX AND FM RECEIVING EQUIPMENT: STORE CAST TUNERS, MULTIPLEX TUNERS,
MLX-10 ECONOMY MULTIPLEX RECEIVER, TRC MULTIPLEX RECEIVER, MULTIPLEX ADAPTERS.

ALL MULTIPLEX FUNCTIONS IN A SINGLE COMPACT INSTRUMENT! IN INSTRUMENTS . . .

Putting a sub-carrier on the air is greatly facilitated with instruments to

accurately check the performance of the transmitter. With the Electro-Plex
8-A Modulation Monitor, injection level of the sub-carrier may be set in
seconds as a matter of course. The main channel may be accurately indexed
to the new maximum modulation level to avoid over-modulation and
cross-talk.

All of this is done by the flick of a switch!
Simultaneous visual monitoring of both main and sub-channels provided
by two identical, fast-acting VU meters. No switching necessary. Injection

of sub-carrier constantly indicated on separate meter. The YU meters are of
new design, having special ballistics for this type of operation.

8.A MODULATION MONITOR

Demodulator circuits for both main and sub-channels are included in the monitor whose output may be checked aurally through a
separate amplifier and speaker system.

Compact design: 5'%" x |9 engraved relay
rack panel. Depth behind the panel 13",

A MUST IN FM MULTIPLEXING!

OTHER ELECTRO-PLEX INSTRUMENTS: 22-A SUB-CARRIER FREQUENCY MONITOR, FMC-1 RELAY

RECE!VER, STUDIO MULTIPLEX DEMODULATOR.

Write for free copy of “Multiplex Handbook”  \ypITE FOR
covering transinitter tzd]nstmeﬁt, antennas, niulti- LITERATURE
blex receivers and field installation, offered as a

AND PRICES
service to the broadcasters by Electro-Plex. ¢

WHEN YOU THINK OF MULTIPLEX,
THINK OF ELECTRO-PLEX

July, 1960

ELECTRO-PLEX DIVISION

Nuclear Electronics Corp.

2925 NORTH BROAD STREET
PHILADELPHIA, PENNSYLVANIA

Manufacturers of
MULTIPLEX EQUIPMENT
for
THE FM BROADCASTING
INDUSTRY
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requirements for equipment features and new broadcast products.
In this rapidly growing and changing industry we feel that this
information will be of interest to all of our readers.
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AUTOMATION AT WKRC-TV

Full-time automation system cuts operating
costs and reduces errors

By P. A. GREENMEYER* and W. H. HANSHER{

MORF. than four years ago engincers of the Taft
Broadcasting Co., under the direction of W. H. Han-
sher, viee-president, enginecring, began planning a new
plant for their Cincinnati station, WKRC-TV. Their
burning desire was lo make the new station, not only
the finest and most advanced in the industry, but also
the most efficient and reliable. To attain the latter,
they planned the world’s first full-scale, full-time auto-
mated TV station mstallation.

Preliminary studies leading up to the actual plan-
ning extended over several years. During this period
enginecrs of Taft Broadcasting studied various possi-
ble ways of building a system which would fit WKRC’s
needs. They investigated methods of accomplishing
the necessary control and switching operations, and
thev tested circuil components to be sure they had
the best solutions. With this background to go on,
they wrote specifications for an automation system
which was far in advance of anything previously in
existence. After preliminary negotiations, RCA was
chosen lo build the equipment and from tlis point on
engineers of the RCA Systems group worked hand in
hand with engincers of Talt Broadeasting to build and
install an automation system which is undoubtedly
onc of the industry’s true pioneering advances.

Since Jan. 4, 1960, when WKRC-TV first went on
the air under automatic control, there has been a
conslant stream of visiting officials from other TV
stations. The automatic programming tape, the re-
motely conlrolled cameras, and the operator-less film
operation attract a great deal of attention. But of
prime importance to station managers and owners is
the increased efficiency of operation,

Engineers like the precision that this new approach
makes possible. Its built-in accuracy affords a new
sohution to the age-old problem of human error. And
the ability to prearrange switching operations avoids
the tenscness of the station-break period.

Agencics and advertisers feel that this clectronic
conlrol system relieves them of much of the headache
of checking commercials. Smooth handling of clients’
spots scems assured. Lost air time will become a
thing of the past. In the words of one agency vice-

Manager, RCA Broadeast and Television Advertising

president: “There are some things that machines do
better than people.”

Economics of Automation

There is no doubt that automation reduces expenses
in the operating area. Fewer operators are required
for such tasks as swilching camera control, and run-
ning projectors. Furthermore, machines make fewer
mistakes than people. Finally, automuation relicves
the tension and strain that lead to errors.

On the other hand, the automation system does not
bring unmixed benefits. It is to be expected that the
maintenance load, for example, would merecase. This
would offset some of the savings in manpower.

At WKRC, the introduction of automation resulted
in reduction of technical staff from 23 to 10 men. It
is conservatively estimated that no more than three
of 13 will be replaced, because of requirements in other
arcas. The dollar savings add up to a six figure total.

Of more consequence, of course, is Lthe improvement
in operations. Since WKRC estimates that 95 per cent
of all errors are human errors, the increase in operat-
ing accuracy is somewhat tremendous.

A Complete Automation System

There have been, before this, attempts to automale
TV stations with varyving degrees of success; however,
most previons attempts have been confined to only a
small fraction of the program day, namely, the station
break periods. Al WKRC, the automalion schedule
covers the entire program day. On the control tape
are Jogged all programs and comnicereials from sign-on
carly in the morning to sign-off in (he small hours of
the following day!

Furthermore, previous attempts at automation were
restricted to control of film and slide facilities, and
for swiltching to and front the network. Local live
shows were all handled manually. At WKRC, how-
ever, even live shows are switched by the electronic
brain. Not only film and slide projeclors but live
cameras also are swiltched al the proper time accord-
ing to the master clock and control tape signals.

In the andio arca, the various sound sources are all
conlrolled by the tape. These include: sound-on-filn,

TVice-I'resident Engineering, Taft Broadcast Co.

BROADCAST ENGINEERING



announce booth, studio microphones, and tape record-
ers. They are all switched together with the proper
video source as called for by the control tape.

Thus, this is a system that covers all of the station’s
needs. It operates over the entire program day. And
it handles switching of all facilities, be they local or
network, live or film.

The Automation System Helps Freeze Schedule

The three elements of the automation system are:
(1) the control tape, (2) the electronic brain, and (3)
the master clock. Stated very simply, these three con-
trol the various equipments and switch the programs
and commereials on air. It’s all done at the proper
second.

Here is how it is done. The control tape sends sig-
nals to the electronic brain by means of a special code.
The electronie brain turns equipment on and off and
switches program sources—by means of decoders and
relays. The master clock supplies accurate time sig-
nals so that all commercials and programs are prop-
erly timed.

Automation offers a distinct advantage to stations
in firming of advertiser’s programs. Those local clients
who have a habit of dropping in do not make as many
changes as they once did. Not only so, but it has been
found that automation helps the advertiser in prepar-
ing his schedule on time. So that he can check in ad-
vance, he prepares in advance.

Control Tape

In normal station procedure, a daily schedule is
usually typed. This lists the programs and commer-
cials, the scheduled time, and the video and audio
sources. At WKRC-TV this schedule is typed on a
machine called the Flexowriter.

As the operator is typing the schedule, the Flexo-
writer also actuates an RCA-designed device affec-
tionately called “the magic box.” This produces a
narrow paper tape, punched according to a special
code. This is the control tape. It is used for automatic
control of the TV station.

The control tape contains lines of punched holes as
shown in the accompanying illustration. Ten lines
coniprise one of the events on the schedule. Each line
of holes has a meaning. Thus, the control tape con-
tains information about: mode, time, video source
and audio source.

The control tape contains in one small roll the data
to guide all operations during the 18-hour day. This
tape 1s placed on a “tape reader” in master control,
prior to start of the day’s programming.

The reader takes the information from ten lines
(one event) at one time and passes it directly to the
clectronic brain. As each event is put on air, the read-
er “steps up” to the next event and puts it in the
brain.

Figure |. Above photograph shows the control room at WKRC before automation.
Below is the operation after automation.

July, 1960
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CONTROL TAPE PERFORMS THESE FUNCTIONS:

S _ﬁ._:-_r: 3
oL e S g
Jrem o

A sceond reader is included in the installation, This
makes possible the use of a correetion lape, when re-
quired. It is placed in the second reader and lakes
over operation at the proper time to insert changes.
After correcltions have been made, control is returned
to the primary tape reader.

Data received from the tape is stored in the clec-
tronic brain. Circuit paths are then sel up to the
speeified video and audio sources. When Lhe pre-
sceribed lime is reached, the event is pul on air.

In the WKRC installation, relays are used for stor-
age of dala. Information from the reader passes di-
rectly to slepping switches. These perform several
functions, including decoding.

In the decoding operation, there arc source decoders
and lime decoders. The source decoders cause source
sclector relays to set up circuit paths for switching
shides, film, TV tape, turntables, live cameras, an-
nounce booth, and audio tape recorders. The time
decoders supply signals for comparison with a masler
electronie clock to determine when time coincidence
oceurs.

6

CONTROLS AUDIO AND VIDEO GAIN

SWITCHES TV TAPE, AUDIO TAPE
AND ANNOUNCE

*

STARTS AND STOPS PROJECTORS
SWITCHES FILMS AND SLIDES
CUES PROJECTORS

RUNS SINGLE PRINTS AS
MULTIPLE SPOTS

MAKES POSSIBLE UNATTENDED
PROJECTION ROOM

In each control area there is a wall mounted unit
called the readoutl panel, which reads oul (or dis-
plays) the information in the brain. It reveals two
events: (1) the program on air and, (2) the upcom-
ing evenl. Note in the accompanying illustration that
the following information is given: mode, time, video
sonrce, and audio source. The top litte relates to the
program Lhat is ou the air, and on this line, the sec-
onds lick away to show elasped time. The bottom
line relates to the upcoming event, sliowing the time
it is to go on air, and the sources for video and audio.

T'his information is useful to all operating personnel
as well as program people. For this reason, readout
panels are located i all control areas, announce
booths, equipment and projector rooms, and on the
floor of the stndio. They tell operating personnel
how much time until the next switeh point. They tell
program people how much time left until they go
either on or off air.

As the event in Lhe boltom (or preview) line reaches
air time, the switeh is made. Then the information on
the top line disappears, aud the information on the
bottom line is transferred to the tep line. At the same

BROADCAST ENGINEERING



ELECTRONIC BRAIN

MASTER CLOCK

CONTROL TAPE ¢

The above three elements control the various station equipment.

time, the control tapc advances and lhe next event
appears on the bottom line.

Master Clock Times Programs and
Commercials Accurately

An eleetronic clock in the automation syslem is
used lo tinie the precise second that a switeh is made
to put a program ar commercial on air. lvents can
be spaced as close as three seconds apart. The clock
15 very accurate, being timed by a tuning fork—in a
temperaturc-controlled oven.

Signals from this clock also operale slave unils
which are mounted above the readout panels, to show
the exact time. This time agrees with the time in the
program line of the readout panel when in “C” (clock)
mode. When in “A” (approximate) mode, the exacl
time and program lime may nol necessarily agree.

Signals from the master clock not only switch events
according lo lhe predelermined time, they also ad-
vance the control tupe to the nexl evenl, so that the
process 1s a continuig operation, as long as the sys-
tem is in the “clock™ or “approximate” mode of oper-
ation. Only a “manual” mode of operalion ean change
this econtinuing procedure for aulomatic switching.

July, 1960

Systern Accommodates Industry Practices

T'he svslent was designed to accommodale condi-
tions that exist in the imdustry. IFor example, some
network breaks are scheduled at “approximately” such
and such a time. Manifestly, it is impossible to pro-
gram an “approximate” break complelely automati-
callv. Hence, there is provision made for “approxi-
mate time” method of operatlion.

At other times, it is desirable to take control man-
ually. This may be necessary during certain live pro-
grams. It may also be useful when it 1s desired to
lenglhen or shorten a scheduled event. Ilence, provi-
sion 1s also made Tor releasing the TV operation from
automalic control and returning it to manuval control
—whenever desired. Furthermore, it is unusual for a
client lo request rescheduling of a commercial. Al-
though the control tapes are usually prepared 72 hours
in advanee, correction tapes can be inserted at any
time beiore an event goes on the air.

Moreover, on oceasion, it mayv be nccessary to de-
lete a scheduled event completely. This is usually a
commercial or olther short time evenl. This can be
done by nierely pushing the “by-pass” button. Then
the scheduled evenlt is eliminated.

WWW.americanradiohistorv.com
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Figure 2. Traffic director types schedule and simulta-
neously punches control information on paper tape.

Visitors are greally impressed at WIKRC. Clients
like the precision and accuracy with which their com-
mercials are handled. Agency people predict o lot less
supervision and checking of commercials. Automa-
tion helps them lo freeze schedules. Also clients do
not make so many changes. Although changes can be
made, there is less tendeney to do so.

The approximate mode of operation is designed for
breaks in network shows, when the exact time for the
break is not known. The eveuts lo occur during this
break are known, and the duralion of each event is
known, so thal they can be entered on the schedule,
and punched on the coutrol tape. However, since the
starting time for the break is only an approximate
time, such a series of events must be started man-
ually, upon receipl of nelwork cue. Once started, they
can proceed autonmatically until the switch back to
network occurs.

Again only one button need be pushed by the oper-
alor to mitiate the commercials during this break al
an approxinmate ime. It is not necessary for the oper-
ator lo perform the numerous switching operations
that complicate the routine of station operation dur-
ing a program break.

Operation of the system as a pre-set swilcher is pos-
sible. This relieves the operator of the great burden
but retains manual conlrol of liming. Also special
effects can be inserted by the operator, specially for
large live shows.

When the tape reaches a manual control point, the
operalor must push a button to initiate the next
cvent. A flashing red button on the control panel
(together with a flashing red light on the preview line
of the readout panel) tell the operalor that he musl
do something before the next event can go on air. It
1s not necessary for the operator to perform all the
manual swilehing normally associated with a manual
method of operation. It is only necessary to push the
“operate” bulton, since the system acts as a pre-set
switcher. In this arca of simplifyving operations aulo-
mation makes its most important contribution.

During the period of a station break appear the
commercials that provide opportunity for the adver-
tiser and revenue for the station. Yel it is i this
period of time that activity is severely concentrated.
The operating personnel spend much of their lime

8

sTUDI0

Figure 3. Readout panels indicate the mode, time,
video source, and audio source for the program on the
air and the upcoming event.

preparing for this and can relax once it is over. But
while it is on they are subjecl to a great deal of stress
and strain. This is a condition not conducive to good
judgment. It is this atmosphere that leads to oper-
ator errors.

In ovder to crowd in just lwo commercials during
a break, together with station ID, some 19 functions
must be performed by operators.

With automation, these 19 functions would all occur
at precisely the predetermined time, and without any
chance for error. Ouly one operator would be needed.
Ilis job would be mainly that of supervision. If the
svstem were sel up for approximate mode of opera-
tion he would need to push the “operate” butlon once
upon receiving his cue. Then the 19 functions would
all occur automatically.

With automation, advertisers have assurance that
full time is given to their commercials, Station people
are assured thal programs and commercials go on as
per schedule. The stress and stram of the human
averload are relieved.

In preparation for the advent of electronic control
of TV stations, RCA had been developing certain
essential equipment devices. These would make film
aud slide projeclors, turntables and recorders, all capa-
ble of automatic operation. These developments in-
clude: automatic light control, fast start, automatic
cue, and conlinuous loop.

Automatic hght control relieves the operator at the
film camera, by providing self-compensation for arcas
in films and slides that are either too light or too dark.

Fast start enables the film projector lo gel up to
operating speed within one second, in order lo fit into
the three second interval desired for avtomatic switeh-
ing. Antomatic cuc makes it possible to make sure
that when the projector stops, it will be in exact posi-
tion to show the next event on the filn,

Designed especially for WKRC-TV 1s a projector
accessory capable of haudling up to five minutes of
16mm film on a continuous loop. This is used for re-
peals ol connmercials, when only one print is supphed.
It is 2 most convenient way of dealing with this vex-
ing problens.

Local motion picture houses frequently supply a
tiailer, of which they have only onc copy, to be run
as much as len times daily. Public services usually
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only have a single print available for showing (be-
cause of budget restrictions). In many cases, local
advertiscrs are in the same position. It is here thal
the CLI> enables a TV station to serve its clienls’
needs al a minimnm cost,

Robot Cameras and Robot Floorman

Weird is the sight in the studio as Skipper Rile puts
on his show for the children. He is alone in the studio.
Only stient stark pieces of equipmenl stare at him.
Although unattended and without human hands to
guide them, TV cameras follow every movement of
the Skipper. Al the same lime an inanimate hul ex-
tremely accurzle readout panel blinks away lhe sec-
onds, revealing to the Skipper exactly how much time
is left until he is switched off air,

Thus, these robot cameras do everything that an
attended camera can do. Thev pan right and left, or
tilt up and down—as the action requires. A zoom lens
is used to get dolly effects for close up, medium, and
long shots. These effects are produced by the oper-
ator in the control room. He has a “joy stick” which
lie uses to control pan and tilt movements of lhe
cameria. Also a set of toggle swilches to conlrol the
zoom lens.

A slave of the master clock is located in the studio
lo guide the talent timewise. Il is mounted direetly
over a {loor monttor. The clock has two rows of win-
dows. The top row gives the exact time, ticking away
in scconds. The bottom row gives the time that the
next program is due on air. Thus, this unit acts as a
robol floorman. The talent knows exactly when to
begin, and also how much time is left lo finish the
show or commercial.

Automation’s Worst Enemy

Because of the instant nature of news shows, il is
impossible lo schedule them into control tapes that
are made 72 hours in advance of show time. Even the
provision for a correction lape is not completely salis-

faclory to cope with this situation. Producers of the
news show do not know the exact content until 30
minutes in advance of air time, which is not sufficient
for cutting and inserting a control lape to handle so
many cvents. However, the personnel al WKRC-TV
have developed a speeial method for incorporating this
show inlo the automation svstem.

An clectronie brain, when it is thoroughly under-
stood, is capable of many unusual and diverse func-
tions other than those for which it was originally de-
signed. As (raffic and operaling people have become
more and more familiar with the capabilities of their
svslem, it became evident that they could use 1t to
become their slave rather than become slave to it.
WKRC’s development of the “Possibilities Tape” 1s a
case in point.

In preparing this tape for the news show, all known
events are included in tle schedule: (1) commercials
on slides with audio from announce; (2) commercials
on film with sound-on-film; and (3) live camera shots
of newscaster—and all programmed on the control
tape. Included also are six possible film sequences,
cut into the tape at appropriate points, but giving no
exacl times.

These “possibilities” can then be used for film clips
that the newscaster wishes to show. They are usually
sandwiched between live camera shots of the news-
caster. For example, two film possibilities are sand-
wiched between three live shots and this is then placed
belween two commercials. The process is repeated
three times in the schedule. As a result, the news-
caster then has considerable leeway in making up his
show, since the system is capable of receiving as many
as six film clips, in addition to slide and rear screen
projections for still shots.

The news program begins on exact time in the clock
mode of operation. These “possibilities” are logged on
the control tape in the manual mode. Audio i1s ar-

Figure 4. Facilities at WKRC enable the station to handle films and slides for half

T ——

of the normal 18-hour day's programming.




ranged for automatically following video. Projectors
will roll in advance, then stop and cue up for next
start—all automatically. However, in order to termi-
nate an event and to begin the next, it is necessary for
the operator to push the “operate” button. (This is
pre-selected switching).

The operation is under control of the dircctor-engi-
neer. He can eliminate any of the “possibilities” by
pushing the operate button twice—instead of once.
Thus, this arrangement permits a degree of flexibility
in the automation system to accommodate the last
minute news items to be included.

Naturally, more than six possibilities could be
scheduled. However, WKRC has found this number
to be more than sufficient for its needs.

Automation Improves Efficiency

Using an automatic system for putting commercials
on air makes it mandatory thal control tapes be ex-
tremely accurate. This means more carcful attention
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to preparation of the daily schedule. Thus, the traffic
department receives more responsibility for assuring
correct on-air times for commercials and programs,

In the film department, it is now not only necessary
but vilal to insure that shides and films are properly
loaded. No longer is a projectionist around to correct
mistakes. As a result evervone is more on their toes.

After some reflection, it appears that this 1s a good
condition. It spreads the feeling for accuracy rather
than concentrating it in one area. Net result is to
make everyone more conscious of the need for exact-
ness. Thus, it improves the over-all efficiency of the
entire station staff. This is one of the side benefits
of automation.

As a direct result of automation there has been
created at WKRC a new position—that of engineer-
director. He is one who previously was an cngincer.
Having aeslhelic sense also, he now combines both
talents for the special requirements of automation.

Figure 5. A continuous loop projector makes multiple
showing of single prints possible.

Figure 6. Upper photo shows standard operation be-
fore automation. Below is the automated operation at
WKRC. These robot cameras are used to present live
shows that do not require a great deal of production.
Where no more than two live cameras and two micro-
phones are used, this can be done. News and weather
shows are typical. Also interviews, panels, and person-
ality shows. All these have been successfully handled at
WKRC. In addition, all live commercials are produced
this way, both for rehearsal and for on air.



Figure 7. The twa si'udlo cameras are remotely operated
from master control.

It has been found that the former two-man team
of director and engineer is not required for many live
presentations such as commercials, news, weather, and
interview shows. These can be adeguately, and some-
times better handled, by one who knows the equip-
ment operation. Furthermore, this also provides a
position for some of the technical personnel released
by the advent of automatic control.

In WKRC the program department formerly had
five directors, now it has two directors and three engi-
neer-directors, Still a total of five.

However, the engineer-director can do more than
the ordinary director. Since he belongs to the union,
he can move cameras, switch lights and otherwise han-
dle equipment. An engineer is not required when he
is handling a show. This makes the operation more
efficient. '

In order to provide for contimmng growth and
greater demand upon the technical facilities of the
station, three separate but complete operating cen-

g

Figure 8. A "Joy-Stick" is used for pan and tilt. Tog-
gle switches are used for zooms and focus.

ters were included in the design of the system. This
makes it possible for more than one program to be
handled by the station at the same time. For ex-
ample, while one program is being telecast, another
could be fed to the nctwork (or rehearsed), and a
third could be put on TV tape. Thus, it is possible
to handle three operations simultaneously.

This is made possible because of the three control
positions built into the WKRC system. One is at
master control, which is the main operating position.
The second is located in the directors control room.
The third is located in a special sub-control room—
just off master control.

Each control position is provided with the new
RCA transistorized switching and special effects sys-
tem. There is also complete monitoring of video and
audio. There is also provision at each control posi-
tion for remote control of the robot cameras. Hence,
any kind of film or live program or commercial can
be handled from each of the three control centers.

oy

F|nge 9. Setting for KWRC news show. The con+r0| tape programs all known evenfts.
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Figure 10. The master control console includes provisions for both primary control tape, shown on the left end, and

the correction tape which is on the right end of the console.

Design for Automation

The WKRC system was designed according to op-
erating requircments specified by the engineering
staff of the Taft Broadeasting Co., owners of WKRC.
Unlike previous systems, il operates over the entire
program by day. Further, it can swilch live shows
and commercials as well as film and slides. Thus,
the system al WKRC represents not only the most
complete but also lhe mosl advanced in the world
today.

Shnilar systems can be designed for other lelevision
stations. Since each station has its own particular
requirements, il becomes a matter of custom design.
Some future syslems may wish to include provisions
for automation of paperwork—such as billing—as
well as program control. Others may simply desive
lo automate for that intensely critical period of ac-
tivity during slation breaks. Bul all stalions seek to
use these most modern methods to attack the twin
problems of rising operating cosls and ever present
human error. It is in this area~—where 95 per cent of
all errors occur—Llhat an automation syslem serves
its chief purpose.

Since il assures accuracy in switching, lhe elec-
tronic brain eliminales those human crrors that cut
short a commercial or otherwise give rise lo a rebale
or make good. In any event, automalic machinery
can do some things belter than people. As a result
this machinery usually pays for itself in terms of
savings and improved producl,

In the area of hroadcasting, il is likewise true thal
automalic operalion can reduce costs of operation
as well as improve programming. Rebales are re-
duced. Times of tension are cased or eliminaled.

Automalion introduces television broadcasters to
a new era. Through the magic of clectronics much
of the routine labor of muan can be taken over by
the muchine. ence, the broadeasler can have Lhe
time and facilities lo concenlrale on the more im-
portant things lhal only men can do.
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Figure |l. The subcentro! room at WKRC includes

complete switching and remote control facilities.

Il |
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Figure 12. The director’s control room contains a dupli-
cate set of switching and remote camera control

facilities.
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STRAIGHT TALK

to

BROADCAST ENGINEERS

All Broadcast Equipment should meet these five qualifications

By ED GAGNON

Manager, Broadcast Sales Department

“What should I consider most impor-
tant in selecting broadcast equipment?”
is a question every broadcast engineer
and station manager must ask on occa-
sion. Naturally, there are many qualifi-
cations an equipment must meet to
gain your approval. I think the follow-
ing questions should be among those
which receive your foremost considera-
tion when buying Broadcast equipment:
e Is the design mechanically and elec-

trically straightforward?

o Is it an advanced design or a new
idea in broadcasting?

e Is it a proven design?

o Is the equipment completely tested
before it leaves the factory?

e Is trade-in and financing of equip-
ment possible and advantageous?

All broadcast equipment, if it can be
considered a good purchase, should
meet these five qualifications. Let me
explain briefly how Collins measures up
to this checklist.

All Collins broadcast equipment is
designed so that components are easily
accessible. Routine checks and adjust-
ments are simplified through straight-
forward design of circuitry and compo-
nents. For example, Collins transmit-

COLLINS RADIO COMPANY .

July, 1960

CEDAR RAPIDS, IOWA .

Collins Radio Company

ters, with straightforward design, have
less off-the-air time than any other
transmitter — a fact recently proved by
an unbiased market research survey of
1,024 U.S. broadcasters.

Collins broadcast equipment is ad-
vanced equipment — often the first of
its kind in the field. Collins Automatic
Tape Control, for instance, is the un-
disputed leader in automatic program-
ming. It is the most popular automatic
tape machine in the world. It is also
the most copied tape unit on the mar-
ket today.

Collins broadcast transmitters have
long used high efficiency, dependable
tetrode tubes in the final amplifier.
Only in the past few years have tetrode
tubes been widely accepted and used in
this application. Collins remote equip-
ments have brought about more versa-
tile broadcasting, too. Among new Col-
lins developments in this area have
been the M-60, a single unit, hand-size
remote microphone and amplifier that
eliminates as much as 45 pounds of con-
ventional remote equipment; and the
Collins Announcer, a portable console-
amplifier with two turntables which is
ideal for remote broadcasts.

COLLINS

DALLAS, TEXAS .

Too, Collins equipment is built to
last. Magazine advertisements of used
equipment seldom list Collins. This is
mainly because Collins designs are
proven designs — proven in the field
after they are proven in the Collins test
department. For example. all compo-
nents in Collins transmitters are indi-
vidually tested and then the assembled
transmitter is completely tested on the
customer’s frequency before 1t leaves
the factory.

Collins stands ready to assist you in
providing financing arrangements tai-
lored to suit your requirements. Wheth-
er you need new or replacement equip-
ment, you receive assistance with fi-
nancing and a fair market value on
trade-in equipment — regardless of
make. Advantageous financing, trade-in
and down payment are additional serv-
ices you can expect from Collins.

These are only a few of the major
considerations you must make before
you recommend or buy broadcast equip-
ment. Call your Collins representative
and ask him about the features of the
Collins complete line of quality broad-
cast equipment. Ask him for full de-
tails about Collins services, too.

BURBANK, CALIFORNIA
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Diplexing AM Transmitters
With Only Three Per Cent

Frequency Separation

Since the early 1930°s a number of broadcast stations have
realized the economic advantages made possible through
diplexing techniques. Many other stations have requested
designs of systems combining two stations into a single
antenna. 1t is believed many more would consider the pos-
sibility if it were not for the common belief that diplexing
becomes impractical if the two frequencies are closer than
50 per cent. The discussion to follow is of particular
interest to those radio stations who, through the use of a
common antenna, may gain materially in savings in land,
buildings, and tower facilities by combining their opera-
tions. Certainly, the article discloses the possibility of much
closer frequency separation than the 50 per cent figure

beretofore considered.

Bv R. S. BUSH*

A DIPLEXING network lo combine
the outpul of two transmitlers op-
erating on 2522 and 2598 kilocycles
is described. Many of the practical
limits and considerations pertinent
to all diplexing systems are dis-
cussed i connection with the de-
scription. A slightly different ap-
proach to the design of eritical sys-
tems is taken pointing out the prac-
tical limitations of prior designs.
Conclusions drawn show the def-
inite need for regular altention to
the operation of diplexing systems
in general. More specifically, the
combination of the outputs of trans-
mitters operating simultancously on
the above two frequencies is shown
to be both practical and possible,
provided the system receives regular
attention.

The successtul operation of two
transmitters simultaneously into a
single antenna with no more than
3 per cent frequency separation re-
quires a very thorough understand-
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ing of the many factors involved.
IField econditions, optimum network
responses, component refiability and
control all enter the problem in a
very positive way. This article,
then, has a twofold purpose. It is
an altempt to point out some of the
more important considerations with
their practical limits. And, secondly,
it 1s a description of a system, re-
cently built and installed. In this
way, it i1s hoped that the ever grow-
ing field of medium frequency di-
plexing will be given a clearer, prae-
tical understanding.

Operating data available on a di-
plexing svstem similar to the one de-
scribed elearly point to at least three
design arcas that must be taken into
account. First, component reliability
18 of paramount importance. Second-
ly, current and voltage ratings of
practical components are more like-
ly to provide design limits than are
the usual uetwork realizability con-
ditions. This is true even at relative-

Iv low powers. Third, and at least as
important, the system must be easily
controlled. This will be discussed in
greater detail, but for now il is well
lo remember that in any antenna
system there is a continual change in
field conditions. A network suffi
ciently complex lo provide satisfac-
iory operation of transmitters into a
single antenna with only 3 per cent
frequency separation must be capa-
ble of being adjusted from time to
time to compensate for this change.

Design and Adjustment

The units described in this article
were designed and built to meet the
following speeifications. Two one-
kilowatt AM transmitters, operating
on frequencies of 2522 and 2598 kilo
cycles, are to be fed to a single verti
cal radiator. A third transmitter
simullaneously operating on 2366
kilocycles will be fed to a second
radiator a short distance away. The
required network for the first two
transmitters shall provide suitable
coupling to the antenna and suffi-
cient attenuation that no combina-
tion of any of the three frequencies
will be re-radiated at a higher level
than 80 decibels below the desived
field of the carrier frequencies. The
networks shall have an insertion loss
of less than 1.25 db at each operat-
ing frequency.

Because undesired radiation can
originate from many sources other
than through the coupling to the an-
tenna, the specification for attenua-
tion through the network was later
revised. It was finally stated that
each filter would have a one-way loss
of at least 30 db for all undesired
frequencies. This value is arrived at
by assuming a conversion loss of 20
db. Thus, a signal traversing the fil-
ter from the antenna and combining
in the transmitter to produce an un-
desired signal would experience an
atlenuation of 30 plus 20 plus 30 or
&0 b before the undesired signal is
radiated,

Figure 1 is a two terminal network
configuration that provides the basis
for most diplexing networks. When
the two frequencies ave fairly widely
separated, I and C; are made series
resonant at the operating frequency.
C. is adjusted to make the whole cir-
cuit anti-resonant at the frequency
of the second transmilter. Theoreti-
cally, it is an ideal circuit for this
purpose. However, as the two oper-
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MODEL 642
List $330.00

reach* two to six times the distance of cardioid types

reach with ambient noise and reverberation pickup re-
duced to one third that of cardioid types

reach that greatly improves audio *‘Presence”
reach that allows the use of wider-angle camera shots

reach that frequently eliminates the necessity of
pre-recording

separation of vocalist and band, controlled to a degree
never before possible

reduction of critical audio feedback problems

substitution of the 642 for bulky parabolic microphones,
with better band pickup on football remotes

improved signal-to-noise ratio due to extremely high
level output

*Microphone Working Distance

new mlcrophone

Here's what some of
the
engineers toid S

op TV audio

For the first time ex- ‘
treme directivity, and

wide range and highest out- ~
put have been combined in one /
microphone. Unlike any other mi-

crophone available, the new E-V Model 642
allows new camera and sound techniques to

improve production quality and lower pro-
duction costs.

The 642 is so different we urge you to try it
yourself in your studio. If you have problems
with sound, this new working tool may well
provide the answer. Your franchised E-V
Broadecast distributor will soon be stocking
this amazing new microphone. Why not ar-
range TODAY for your own test of the
new Electro-Voice 6427

Write Dept. 70-V, Buchanan, Michigan,
for complete literature.

better products for better sound
ElecthoYores
07"5 ELECTRO-VOICE, INC., Buchanan, Michigan

July, 1960
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ating  frequencies  approach ecach
other, the valne of the induclance
mcreases. Assuming most of the cir-
cuit losses occur in I, these, too, in-
crease. This fact together with a
rapid increase in circulating current
in this circuit as the difference in
operaling frequencies approach 8 per
cent, make the above adjustment of
this network extremely impractical
for the purposes of this desigu,

Despile these difficultics, however,
the two ternmiinal network of Figure
1 still seemed to offer the best solu-
tion provided its svnthesis could be
nmade to furnish the desired char-
acteristics and at the same time keep
losses and currents within reasonable
values. For the 2522 ke filter, the
solution was accomplished by selting
the series resonanl frequency of L
and C; at 9 of the operating fre-
quency. The circuit was then made
anti-resonant at 2598 ke and its im-
pedance level al 2522 k¢ was sel
equal to the magnitude of the an-
tenna mpedance. In this adjustment,
assuming a coil Q of 400, the circuit
loss al 2522 ke was .5 db with an at-
tenuation of 62.2 db at 2598 ke. Cir-
culating current was compnled as 21
aniperes.

Due to the cxistence of the 2566
ke frequency and in order lo provide
additional control, the final filter ar-
rangement was made to consist of
two of these two terminal networks
n series together with a mid shunlt

L (o}
W
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Figure 1.
Basic diplexing circuit.

Figure 2.
Simplified schematic of complete
diplexing networks.

*Network Design Engineer, Gates Radio Co.

Quincy, 111,

capacitive leg. In this manner, at
2522 ke the completed filter then
formed a “T” network with the shunt
capacily leg serving primarily as an
impedance level setling device. The
actual mateh of the antenna to the
transmisston  line is accomplished
with a sccond, straightforward “1”
mnatching network., removing anv
matching requireinents from the ad-
justment of the filters.

The opposite filter for the 2598 ke
transniilter 1s simply the reciprocal
of the 2522 filter. In this case, lhe
sertes resonant frequencv hecomes
L.11L times the operating frequency,
making the completed “T” network
a liugh pass circuit at 2598 ke. A
simplified schematic of hoth units is
shown in Figure 2 as they appear in
the final mstallation.

Selection of components for the
nelworks mvolved two somewhat
conlradictory constderations. It was
desired that all components be of
sufficient size and rating that under
no possible condition would there be
any healing or cxcessive losses. Tt
was also desired that all components
be kept as small as possible in physi-
cal size. It was imperative that if
design condilions were to be met,
extrancous capacilies and lead in-
ductances would have lo be held to
very low values.

Vacuum capacitors are used
throughout the filters proper hecause
of their inherent stability and ex-

2522 KC
ZA=45- j69

2522 KC

tremely low teniperature coefficient.
The tvpes used are rated at 20,000
to 25,000 peak volts. This is a safety
{fuctor of better than 5 over the cal-
culated circuit voltages, bul as deter-
mined from a study of prior diplex-
crs, transient vollages of this magni-
tude are possible.

The coils are silver-plated, 34-inch
copper lubing, and known to have
Qs in excess of 500 at these frequen-
cies. All inter-connections are made
with Yo-inch silver plated copper
tubing Lo minimize losses and lead
inductances. Ground connections are
carried through the cabinels with 4-
inch copper strap.

Figure 3 and Figure 4 show the
interor arrangement of the 2522 and
the 2598 ke filters, respectively. The
compartments housing the individual
sections of Lhe filter are of such size
that the coils al no point are closer
than one diameter from their shiclds,
Subsequent measurements of Uhis
construction revealed that the coil
s remained very close to their free
space value and well above the as-
sumed 400 used in design calcula-
tions. The variable capacitors are
tuned with a screwdriver filting into
the end of an insulated shaft. One
inch holes appear in the mner doors
opposite cach capacitor making pos-
sible the complete adjustiment of the
filter with the doors closed.

In Figure 5 can he seen the two
units as they appear in their final

2598 KC
ZA=37-i53 OHMS

w

|

2598 KC

50 OHM
INPUT

)
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NEW Look! NEW Picture Quality! NEW 4Y2 inch 1.0.
...the First All-New TV Studio Camera in 8 Years!

RCA’s new monochrome television eamera Type TK-12 is new in every sense of the word
. ..including startling new improvements in picture quality, significant new savings in
operating costs and manpower, new features that help you sell!

4%2 INCH IMAGE ORTHICON. This new camera uses a larger image orthicon picture
tube—415 inches in diameter. The 50 per cent greater tube size makes it possible to obtain
far better picture detail than has been possible before.

FUNCTIONAL STYLING. A “new look” to identify this camera with the *‘new
picture” has been given the TK-12, in the form of a distinguishing keystone shape.
Functional in advantage, too, it provides space for an 813 inch view finder instead of
the usual 5 or 7 inch.

NEW SAVINGS IN OPERATION. High stability and reliability coupled with a
brand new control concept, permit a single video operator to handle as many as six cameras.
For the normal run he need be concerned with only two operating controls per camera.

ONE MINUTE WARM-UP. Camera set-up is the easiest ever! Turn it on and in one
minute the picture is there. Quality pictures “‘snap in’’ each time you turn on camera.

THE BEST PICTURE IN TOWN! The extremely sharp picture, the beautiful rendition
of gray scale and freedom from haleo effeet make this camera ideal for both “‘live’’ broadecast
and TV tape recording.

Ask your RCA Representative for complete ) )
information. Or write to RCA, Broadcast The Most Trusted Name in Electronics

and Television Equipment Division, Dept. RADIO CORPORATION OF AMERIGA
J-867, Building 15-1, Camden, N J.



Figure 3.
Interior 2522 k¢
filter unit.

mslallation. Each of the two cab-
inets measures 72 inches high, over-
all. At the base they are 63 inches
wide and 23 inches deep. The roof
has a 6G-inch overhang all around.
Each unit is made of an outer weath-
erproof cabinel and an inner cabinet
separated by 1% inches of spun glass
insulation. The inner doors arc inter-
locked with the transmitters and re-
main closed during operation. The
outer doors may be locked and pro-
vide access lo the controls and
melers.

Venlilation for the units is pro-
vided by a free air space between the
roof and the ceiling of the mner cab-
inet. The free flow of air through
this space pulls air through three
screened openings in the botlton of
the unit and thus up through the
cabinet and out three similar open-
ings in the ceiling of the inner cab-
inet. This has long proven a very
effective cooling method for anlenna
couplers.

Upon completion the units were
tuned and adjusted at the factorv
under conditions as near similar to
expecled ficld conditions as possible.
ITowever, because of the many facets
of ficld conditions, these factory ad-
justments can ouly be considered
qualitatively and may or may not be
indicalive of actual resulls obtained
in the field. It was exltremely inter-
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esling to note the extent to which
the actual units approached the cal-
culated design performance. Attenu-
ations of betler than 60 db were
measuved al the opposite transmitter
frequency in cach filter while thev
exhibiled less than 1 db of atlenua-
tion at then respective operating fre-
guencies. With this adjustinent, the
final filters also each measured great-
er Lhan 40 db of attenuation at 2566
ke.

Certamly by far the most inlerest-
ing aspect arising lrom lhe factory
adjustiments was the degree of flexi-
hility of conlrol which the completed
units exhibited. This was dramati-
cally demonstrated in the manner in
which the two series arms of cach fil-
ter were adjusted.

Referring agam to Figure 1, C; is
the mosl critical of the three ele-
ments in the adjustmient procedure.
It was used to hold the anti-resonant
frequency of the circuit at the main
reject frequency of the filler. L and
C. were then increased unlil the sc-
ries resonant frequency of the cirenit
approached the design value. In so
doing il was delermined that over a
relatively wide range, C, would vary
tlie anti-resonant frequency but at
the same time produce only a small
change in the amount of altenuation
at the operating frequency. Thus,
once the units were in adjustment,
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aclual control of the complete filters
reduced to only two capacitors. Fur-
thermore, cach of Lhe two series arms
of eitlier filter could be finally ad-
justed to produce maximum effect on
two shightly different frequencies.

With this knowledge it was readilv
apparent thal the two units were
capable of wide latitude of adjust-
menl depending upon particular field
requirements al any one line.
Conclusions

In this diplexing system, as with
olhers, the adjustment of each filter
for maximum altenuation of the op-
posite transmitler frequency is nol
the same adjustment which allows
each fller to see the antenna imped-
ance at its operaling frequency. In
olher words, the adjustment of lhe
filters to produce maximum altenua-
tion of the unwanted frequeuncy re-
sulls i a slight misntateh of imped-
ance al the outpul of each filter.
Also, as in this case, the fundamental
frequency of the opposite transmitter
may not be the cause of the most
troublesome interfering signal ap-
pearing in the field. A harmonic of
one of the Lransmitters may combine
with the output of the other trans-
miller lo cause more serious iter-
ference. Either of these condilions
may he of concern at the tinte of the
original adjustment, but at a later
date wilh a change of transmitter
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tubes or a shifting of soine field con-
dition, some other set of conditions
may be of more concern.

These conditions plus others pecul-
jar to each individual installation
preclude the possibility of consider-
ing diplexing networks as though
they were single anltenna couplers.
They might more properly be con
sidered as one would a directional
anteuna syslem which is kept under
regular surveillance. Conversely, if
a diplexing systemn 1s thoroughiy un-

July, 1960

derstood, regularly monitored, and
readjusted from time to time as is
done wilh a well maintained dirvec-
tional anlennu system, there appears
no reason why satistactory perforin-
ance cannot be continually secured
even though the svstem be highly
camplex.

The system (lescribed has demon-
sirated its abilily to provide a high
degree of attenuation at the specified
frequencies with acceptable loss at
the operating frequencies. Il has

www.americanradiohistorv.com

Figure 4.
Interior of 2598 k¢
filter unit.

demonstrated 1its flexibility of con:
lrol so that it mav be adjusted for
satisfactory performance under a
wide vuariety of possible field condi-
tions. Il is constructed of such com-
ponents as to make it highly stable.
If il is maintained over the years to
come in the light of the points pre-
viously discussed, it should prove
conclusively that two transmitters
separated by only 8 per cent in fre-
quency can be successiully combined
mnto a single antenna.

1

e |
v gr—ee

Figure 5.

Completed dipiexing
;' filters as they will
appear at tower
base.
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PLANNING AN
FM STATION

An outline of the engineering and economic factors that must be

considered in planning for the construction of an FM station.

By DWIGHT HARKINS*

DURII\'G the past year, the manu-
facture and sale of FM recetvers has
made a strong showimg to such an
extent that the growth of this phase
of broadeasting 1s beginning to
“snowball.” With over 800 stations
now authorized by the F.C.C., new
applications are literally “pouring”
mto the Commission with activity
over 500 per cent ahead of lasl year.

In considering a future FN op-
eration, many engineering phases
must be closely coordinated with
the economic factors of the indi-
vidual location. It is a well known
fact that many stations rushed into
FM shortly after World War 1I
only to find it economically a fail-
ure. Now that an audience is grow-
ing through the successful sale of
auto and honie FM radios, both ex-
isting AM stations and independent
aspiring broadcaslers are returning
to FM.

Choice of Frequency

The Commission has divided the
FM broadcast band into 100 chan-
nels numbering 201 through 300.
From 88.1 Mc. to 1079 Mec., each
channel occupies 200 Ke. of the
spectrum. Channels 201  through
220 are for ecdueational non-com-
mercial use. Twenty of the remain-
ing channels are designated for
Class A stations and the balance of
60 channels are for the use of Class
B stations.

Class A stations are those with
1,000 watts radiated power or less.
The Class B slations are designed
to render service primarily to a
metropolitan district and shall use
a transmitter of 1 Kw or more
power.

A Class B station operating in
Area I shall not use more than 20

20

Kw. effective radiated power from
an antenna height of 300 ft. Area I
includes southern New Hampshire,
Massachusetts, Rhode Island, Con-
necticut, southeastern New York,
New Jersey, Delaware, the Districl
of Columbia. portions of Marvland
and castern Pennsylvania.

The balance of the United States
makes up Area IL In this area, the
maximum radiated power is limited
only to that which would not cause
interference to existing stations or
probable assigninents insofar as can
be determined at the time of the
grant,

At one time, the IFM channels
were designated to specific cities
and it was necessary to follow this
allocation plan. In recent years,
however, the channels have not fol-
lowed any allocation plan. Stations
will not normally be authorized to
operale in the same city ot coverage
area with a frequency scpavation of
less than 800 Ke. In the assignment
of frequencies, the Commission has
endeavored lo provide the optimum
use of the channels available in the
band.

In certain areas, all channels are
now assigned, while in other cities
the choice of frequency depends
upon which channels are still open
for assignment. In the case of the
M band, no particular frequency
is better than another.

Coverage

The proposed coverage area to a
large extent determines the trans-
mitter sile and radiated power. The
coverage expected ean be predicted
through the use of a chart shown
in Fig. 1. This chart as supplied by
the F.C.C. enables the distance to a
particular contour to be determined.

The distances shown are based
upon an effective radiated power of
1 Kw. To use the chart for other
powers, Lhe sliding scale associated
with the chart should be trimmed
and used as the ordinate scale. The
sliding scale is placed on the chart
with the appropriate graduation for
power Imed up with the lower line
of the top edge of the chart. The
right edge of the seale is placed in
line with the appropriale antenna
height graduations and the chart
then becomes direcl reading for the
power and anlenna height. Where
the antenna height is not one of
those for which a scale is provided,
the signal strength of distance is de-
termined by interpolalion belween

curves connecling the equidistant
points,
A field intensity of 5 mv/m

should be provided over the densely
populated areas to be served while
as litlle as 50 microvolts per meter
will give good service to the rural
areas.

From the charl of ig. 1 it is oh-

vious that lhe transmilter site is
very 1mportant in oblaining the

height nccessary to provide ade-
quate coverage.
Antenna Gain

The effective transmitter power
is multiplied by using multiple ele-
ment antennas. Antennas with 16
clements are available to provide as
much as 158 power gain. For ex-
ample, a transmitter of 1 Kw. would
clfectively radiale 15.8 Kw. with
the high gain antenna. Oblaining
radiated power in this manner re-
duces the operating cost and initial
mvestment in the transmitter. The
high gain antennas operate on the
principle of focusing the signal to-
wards the horizon iustead of allow-
mg it lo radiale upwards into the
sky where it serves no practical
purpose. The nel result is the same
as increasing lransmiller power.
Programming

It the planned FM station is to
operale in conjunclion with an AM
station, the programming can be
duplicated, thus creating no addi-
tional program costs for the FM op-
cration. In many ecases, the FM is
programmed separately during some
hour of the day. If an I'M-only sta-
tion is planned, careful study should
be made of program costs and pos-
sible income before proceeding. The
majority of the new FM-only sta-
tions are having difficulties in be-
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coming comiercially sueccessful al-
though this situation is improving
rapidly.
Multiplexing

As announced last month, the
Commission has adopted new rules
that permit many added uses of
multiplex channels that will en-
hance the income of IFM stalions.
It choosing equipment, plans should
be made to permil mulliplexing in
order that this phase of the indus-
try can be utilized. All of the new
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Fquipment is available that will
permit the modification of older
transmillers to permil multiplexing

and provide up-to-date quality
transmission ol the main channel.
Most of Lthe older lransmilters,

however, use expensive lubes that
are becoming difficult to obtain,
thus making it more desirable in the

Fortunately, the design of FM
lransmitters allows them to be built
m seclions so that a new stlation
may start out with a 1 Kw. trans-
mitter and at a future date add
power amplifiers withoul losing any
of the initial investment. By using
this building block principle, a very
economical start can be made and
future growth can be paced with
the demands.
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GROUND WAVE SIGNAL RANGE FOR F M BROADCASTING

98ME, ¢ =5x%10"e.mu, E=i5,

RECEIVING ANTENNA HEIGHT 30 FEET

FOR HORIZONTAL (AND APPROX. FCR VERTICAL) POLARIZATION

*Harkins Radio Co., 4444 E. Washington St., Phoenix, Ariz.

July, 1260
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SLIDING SCALE FOR
USE WITH FIGURE 1
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Thermoplastic

Recording

By W. E. GLENN®

A wine band width recording lechnique will be de-
seribed in this article in which an clectron beam is
used to cause deformations i the surface of a ther-
moplastic film. These deformations can be delected
optically, and by using a special optical system de-
seribed in a previous paper,’ full color images can be
projected from the film. The film requires no chem-
ical processing and can be erased and reused. The
resolution is comparable to that of pholographice filin
and the bandwidth capability is well in excess of that
required for video-recording.

A recording system is described which combines the
processing speed and versatility of magnetic recording
and the storage capacity of photography. Information
is written at extremely high density by means of an
electron beam on a film consisting of a low melting
thermoplastic material. This can be projected as a
full color image, or can be converted to an clectrical
signal. The tape, which is processed by quick heating,
can be readily erased and reused. The method was
only recently developed and employs basically new
principles. Much additional technical development
must be done before it will appear in commercial
products.

Recording Technique

The recording principle is illustrated in Fig. 1. The
film used counsists of a high-melting base film coaled
with a transparent conducting coating with a thin
{film of a low-melting thermoplastic on its surface. An
clectron beam is used to lay down a charge pattern
on the surface of the thermoplastic film in accordance
with the information to be stored. The filn is then
heated lo the mdting poinl of the thermosplastic.
Clectrostalic forees between the charges on the film
and the ground plane depress the surface where the

Figure |,

The thermoplastic tape

moves from the play-off

reel (bottom), past an elec:

tron gun, a heating unit

and an optical monitor to
the take-up reel (top).

Figure 3.

Each frame of the thermo
plastic record is less than a
quarter of an inch wide and
fits easily inside a paper
clip. The image is recorded
in the form of microscopic
indentations, but when ordi-
nary light strikes the record
at an angle, the image can
be seen with the naked eye.




‘ ’
. St 2 ]

Figure 2. Dr. William E. Glenn, inventor of Thermoplastic Recording, demonstrates how the recorder fransforms a

television signal info a series of minute wrinkle patterns in a plastic coated, transparent tape and the resulting rec-
ord is projected by means of a special optical system. The tape can also produce an electrical signal.

charges occur until these forces are in equilibrium
with the surface tension restoring forces. The film
can now he cooled below its melting point and the
deformations will be “frozen” inlo the surface. With
some matevials the charge pattern will persist for
davs. It is usually nol necessary to develop the defor-
mations immedialely after charging the film; how-
ever, this is usually done so that the recorded infor-
mation can be monitored as it is being recorded.

The time required for the deformations to Yormn

depends on the viscosily of the film when il is melted
but is usually of the order of a few milliseconds.

To crase the film the charge paltern must be dis-
charged by heating the film well above ils melting
point so lhat ils conductivily will increase. Surface
lension will then smooth out the deformations and
the film 1s ready for reuse, The film is usually heated
for developing the deformations in a vacuum, It must
also be cooled back below the melting pomt before
il can be rolled up. A practical way to do this is to
Lheat only the top surface of the film by inducing
currenl 1 the transparent conducting coating for
about 0.01 scc. This 1s ample time for the deforma-
tions to form. The heat will then diffuse into the
film basc and the surface will cool. By confining the
rf fields, local erasure of areas a few mils square is
possible if desired.

A recorder was constructed as illustraled in Iig. 2.
The film plays off a reel, is driven al constant speed
by a drive capstan and is charged by the electron
beam. The electron bheam is modulated by tlie signal
to be recorded. The charge pattern is laid down in
a television-lype raster. The eleclron beam sweeps
across Lhe film, providing the horizonlal sweep of the
raster. Verlical sweep, along the film, is provided by
the tape motion, As the film passes over the pair of
rf cleetrodes, the surface is healed to the melting
point of the thermoplastic, allowing the deformalions
lo form. As the film moves on, the heat diffuses into
the film base and the deformations are irozen into
the surface. A small optical svstem, to be desceribed
later, is placed jusl after the of electrodes (not shiown
in Fig. 2) so lhat the recorded informalion can be
monitored. The enlire device is in a continuously
punmped vacuum chamber.

The charge patlern has been laid down success-

1\W_ 2. Glenn, J. Opt. Soc. A, 48, 841 (1058).

*Genery) Flectrie Research Laborator:
Schenectady. New York

This article appeared in the December, 1959, issue of
the Jowurnal of Applied Physics.
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system for converting record-
ed image to electrical signal.
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fully in air simply by dragging a fine wire, with the
voltage to be recorded applied to it, across the sur-
face of a thermoplastic film. However, recording m a
vacuum seems to be much more practical since it
permits higher writing density and speed, and is more
reproducible,
Reading

Color Images—JFor color imaging the deformations
are impressed on the thermoplastic surface in the
form of phase diffraction gratings. The optical sys-
tem described in a previous paper' permits projection
of a color image from such a pattern of gratings.
This system is illustrated in Fig. 3. In this projector
a condensing lens near the film images an aray of

24

line light sources on a set of opaque bhars in front of
the projection lens. Where the filin is smooth, these
bars intercept the light and these areas appear black
on the screcen. In an area where the deformations
torm a diffraction grating, light will be diffracted
through the slots and the projection lens will image
this light at a position on the screen corresponding
to the position of the grating. The slots are narrow
cnough to admit only one primary color of the spec-
trum that {alls on the bar system. The spacing of the
grating dctermines the color of the picture element.
The amplitude of the grating determines the inten-
sity of the diffracted light.

IFor color image reproduction more than one pri-
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mary color is necessary. A color which is the sum of
two or more primary colors can be formed by simply
“uperimposimg two or more gratings, each with a
spacing cerresponding to a primary color. A new pri-
mary system’ using one fixed and one variable color
is found to have many advantages over a system of
three fixed color primaries.

A special electron gun, to he described later, is
used to preduce the gratings in each picture element
with the appropriate spacing and amplitude.

Black and White Iinages—The optical system em-
ployed for projection of black-and-white pictures 1s
a modified Schlieren system. The slots and light
sources arc made wide enough for the entire spec-
trum to he passed by the optical system. The clec-
tron beam simply scans a normal television line, de-
positing charge in accordance with the light mlensity
of each picture element. The amount of charge will
govern the depth of the resulting deformation, and
upon projection the light intensity of the picturce ele-
ment will depend upon this depth.

Resolution—The electron beam size can resolve
wavelengths smaller than the wavelength of light.
However, the resolution of the system is limited by
optical considerations. For the black-nud-white sys-
tem each line can be resolved by the optical system.
For color, narrower slots and light sources are used.
Because of diffraction from these narrower slots,
about four grating lines are required to produce a
resolvable picture element in color. This means that
a picture element recorded in color requires about

Figure 10.
Photographic image of split
beam on phosphor.

Figure |1,

Figure 2.

Photograph of raster lines, re-
corded on thermoplastic tape,
with split electron beam.

Assumed deformation of ther-

moplastic surface (upper) and

distribution of charge on sur-
face {lower).

four times the area of the corresponding element re-
corded in black and white,

As the graling spacing is narrowed, the diffraction
angle of course increases. When the difiraction angle
is large, the optlical system of Fig. 8 simplifies to that
shown in Fig. 4.

Electrical Signal Output—To read the film to pro-
duce an electrical output, a flying spot scanner or
camera tube may be used with the optical system
described above. A simple version of a flying spot
scanner reading system is shown in Fig. 5. Here the
tilm is scanned with light of a single color from the
flving spol scanner. Photoelcctric cells are placed at
different angles to accept light dilfracted by gratings
of different spacing,

Analog or Digital Data—To record electrical sig-
nals in analog form, the electron beam is modulated
by the signal to be recorded. For a single beam, the
mtensity can be modulated. When the split beam is
used, both the grating spacing and the itensity can
be modulated.

For binary digital data, a single split beam may
be used. In this case, 1t is desirable to use only lwo
colors, one for the (0’s and another for the 1’s. In this
way all data bits appear as the presence of a single
color. Sinee a dust speck scatlers light randomly, it
appears as white light. A coincidence in the zero and
one deteclors can thus be made to reject dusl. Co-
ordinate data can be recorded as the absence of a
color. Since coordinates can be recorded in with the
data, high mechanical tolerances are not required to
realize the high resolution of the syslenm.

Electron Gun Design
A special electron gun was designed which lays
down a charge pattern that will form a diffraction
(Continued on page 39)
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Raytheon/Machlett
tubes mean highest
quality for all your FM
AM&TV broadcast needs

For immediate
delivery on the tube
types you use®...call
your local RAYTHEON
distributor.

*and at factory prices

RAYTHEON COMPANY

DISTRIBUTOR PRODUCTS DIVISION ¢ WESTWOOD, MASS.

RECEIVING AND INDUSTRIAL TUBES . SEMICONDUCTOR PRODUCTS
MECHANICAL COMPONENTS . RAYTHEON/MACHLETT POWER TUBES
VOLTAGE REGULATORS « MICROWAVE TUBES « CAPTIVE HARDWARE

WWW-americanradiohistorv.-com

Raytheon Distributors Serving
Key Markets Include

Alabama

Birmingham
Forbes Distributing Company
AL 1-4104
MG Electrical EQquipment Company
FAirfax 2-0449

Mobile
Forbes Electronic Distributors, Inc.
HE 2-7661

Arizona

Phoenix
Radio Specialties & Appl. Corp.
AL 8-6121

Tucson
Standard Radio Parts, Inc.
MA 3-4326

California

Burbank
Valley Electronic Supply Co.
Victoria 9-3944

Glendale
R. V. Weatherford Co.
Victoria 9-2471

Hollywood
Hollywood Radio Supply, inc.
HO 4-8321

Inglewood
Newark Electronics Company
ORchard 7-1127

Los Angeles
Graybar Electric Company
ANgelus 3-7282
Kierulff Electronics, Inc.
Richmond 8-2444

Oakland
Brill Electronics
TE 2-6100
Elmar Electronics
TEmplar 4-3311

Palo Alto
Zack Electronics
DA 6-5432

San Diego
Radio Parts Company
BE 9-9361

San Francisco
Fortune Efectronics
UN 1-2434

Santa Monica
Santa Monica Radio Parts Corp.
EXbrook 3-8231

Colorado

Denver
Ward Terry Company
AMherst 6-3181

Connecticut

East Haven
J. V. Electronics
HObart 9-1310

District of Columbia
Electronic Industrial Sales, Inc.
HUdson 3-5200
Kenyon Electronic Supply Company
DEcatur 2-5800

Florida

Miami
East Coast Radio & Television Co.
FRanklin 1-4636
Electronic Equipment Co., Inc.
NEwton 5-0421

West Palm Beach
Goddard Distributors, Inc.
TEmple 3-5701

Itlinois

Chicago
Allied Radio Corporation
HAymarket 1-6800
Newark Electronics Corp.
STate 2-2944

Indiana

indianapolis
Graham Electronics Supply inc.
MElrose 4-8486

Maryland

Baltimore
Wholesale Radio Parts Co., Inc.
MUIberry 5-2134

Massachusetts

Boston
Cramer Electronics, Inc.
COpley 7-4700
DeMambro Radio Supply Co., Inc.
AL 4-9000
Lafayette Radio Corp. of Mass.
HUbbard 2-7850

Cambridge
Electrical Supply Corporation
UNiversity 4-6300

Michigan

Ann Arbor
Wedemeyer Electronic Supply Co.
NOrmandy 2-4457

Detroit
Ferguson Electronic Supply Co.
WOodward 1-2262

Minnesota

Minneapolis
Electronic Expeditors, inc.
FEderal 8-7597



Mississippi

Jackson
Ellington Radio, Inc.
FL 3-2769

Missouri

Kansas City
Burstein-Applebee Company
BAltimore 1-1155

St. Louis
Graybar Electric Co.
JEfferson 1-4700

New Hampshire

Concord
Evans Radio
CApital 5-3358

New Jersey

Camden
General Radio Supply Co.
WA 2-7037 PRy

New Mexico

Alamogordo
Radio Specialties Company, Inc.
HEmlock 7-0307

Albuquerque
Radio Specialties Company, Inc.
AM 8-3901

New York

Buffalo
Genesee Radio & Parts Co,, Inc.
DElaware 9661
Wehle Electronics, Inc.
WAshington 3270

Mineola, Long Island
Arrow Electronics, Inc.
Ploneer 6-8686

New York City
H. L. Dalis, Inc.
EMpire 1-1100
Milo Electronics Corporation
BEekman 3-2980
Sun Radio & Electronics Co., Inc.
ORegon 5-8600
Terminal Electronics, Inc.
CHelsea 3-5200

Ohio

Cincinnati
United Radio Inc.
CHerry 1-6530

Cleveland
Main Line Cleveland, Inc.
EXpress 1-4944
Pioneer Electronic Supply Co.
SUperior 1-9411

Columbus

Buckeye Electronic Distributors, Inc.

CA 8-3265
Dayton

Srepco, Inc.

BAIldwin 4-3871

Oklahoma
Tulsa
S & S Radio Supply
LU 2-7173
Oregon
Portiand
Lou Johnson Company, Inc.
CApital 2-9551
Pennsylvania
Philadelphia
Almo Radio Company
WAInut 2-5918
Radio Electric Service Co.
WAInut 5-5840
Pittsburgh
Marks Parts Company
FAirfax 1-3700
Reading
The George D. Barbey Co,, Inc.
FR 6-7451

Tennessee

Knoxville
Bondurant Brothers Company
3-9144

Texas

Dallas
Graybar Electric Company
Rlverside 2:6451

Houston
Busacker Electronic Equipment Co.
JAckson 9-4626
Harrison Equipment Company
CApitol 4-9131

Utah

Salt Lake City
Standard Supply Company
EL 5-2971

Virginia

Norfolk
Priest Electronics
MA 7-4534

Washington

Seattle
Western Electronic Company
AT 4-0200

West Virginia

Bluefield
Meyers Electronics, Inc.
DAvenport 5-9151

Wisconsin

Milwaukee
Electronic Expeditors, Inc.
WOodruff 4-8820

AMENDMENTS AND PROPOSED
CHANGES OF F.C.C. REGULATIONS

OPERATION OF CO-CHANNEL AMPLIFY-
ING TRANSMITTERS IN CONJUNCTION
WITH MAIN TRANSMITTER

1. The Commission has belore it for
consideration its Memorandum Opinion
and Notice of Further Proposed Rule
Making (FCC 57-700), issued in this pro-
ceeding on July 2, 1957, proposing the
authorization of television broadeast
hooster stations for use in conjunction
with TUHF television broadeast stations.

2. This proceeding was instituted on
March 81, 1955, by a Notice of Proposed
Rule Making (FCC 55-101) designed to
elicit information on the desirability and
feasibility of licensing UILF television co-
channel amplifving transmitters. gener-
ally referred to as TV boosters. The
Notice contemplated that such devices
would be used by the licensees of UHF
television broadeast stations to receive,
amplify and retransmit the signals of the
TV broadeast station on the original
channel in order to “boost™ the signal in
areas of sub-normal signal intensity.
After reviewing the comments directed
to this phase of the proceeding, the Com-
mission, on June 27, 1957, adopted a
Memorandum  Opinion and Notice of
Further Proposed Rule Making propos-
ing speciiie rules to govern UHF televi-
sion boosters.

3. There was no opposition to the gen-
cral proposal. Some of the comments
merely  endorsed the proposal without
commenting on the specific rules; others
suggested certain modifications; and a
few requested that provision be made for
VHEF boosters.

t. Governor MeNichols of Colorado
filed comments en behalf of the Gover-
nors of several western states urging that
provision be made for licensing the nu-
merous low-power television boosters and
translators operaling in the VHEF tele-
vision band without Commission anthor-
zation.

5. Two other parties filed comments
supporting the subject proposal but re-
qguesting that it be expanded to include
VHF boosters and translators. Television
Montana, Ine. (KXLF-TV, Channel 4,
Butte, Montana) proposed the licensing
ol VHF boosters with power up to 100
watls rot only to the licensee of the pri-
mwary TV station but to other “qualified
applicants.” The Washington State TV
Reflector Association endorsad the sub-
jeet proposal but requested that the pro-
ceeding be expanded to include provision

for licensing devices such as those now
being operated by its members.

6. The Commission by a Memoran-
dum Opmion and Order of July 29,
1957, initiated a separate proceeding
(Docket No. 12116) concerning low
power TV repeater stations. In  the
judgment of the Commission, the con.
siderations involved in that proceeding
are nol sufficiently related to the muat-
ters considered in the subject proceed-
ing to be included herein. Since none of
the parties commenting with respect to
the above problem objected to the sub-
ject proposal for UHI, their comments
reed not be considered further mm this
UHF booster proceeding.

7. The following parties generally sup-
ported the proposal but did not com-
ment with respect to specitic rules:
Basin TV Company (KBAS-TV, Chan-
nel 43, Ephrata, Washington), WATR,
Ine. (WATR-TYV, Channel 53, Water-
bury, Connecticut), Prairic Television
Company (WTVP, Channel 17, Deca-
tur, Illinois), Great Lakes Television
Company (WSEE, Channel 33, Ere,
Pennsylvania), KCOR, Inc. (KCOR-
TV, Channel 41, San Antonio, Texas),
Sir Walter Television Company
(WNAO-TV. Channel 28, Raleigh,
North  Carolina), WBRE-TV, Inc.
(WBRE-TV, Channel 28, Wilkes-Barre,
Pennsylvania), Committee for Competi
tive Television and American Broad-
casting Company.

8. Six parties submitted comuents
which support the proposal generally
but suggest certain modifications. These
are discussed in the following para-
graphs.

9. Adler Electronies, Inc., which s
engaged in the production of UHF
transmitting apparatus. has operated an
experimental UHF booster in conjunc-
tion with WATR-TV (Channel 53,
Waterbury, Connecticut) since July,
1955. Adler endorses the general pro-
posal and subscribes to the comments of
Electronies Industries Association (for-
merly RETMA). Adler suggests that
the required suppression of emissions
more than 8 me above or below the as-
signed TV channel be reduced from 60
decibels to 10 decibels below the peak
visnal carrier power, with additional
suppression added in individual cases if
cbjectionable interference occurs. Adler
contends that the proposed 60 decibels
of suppression would add considerably
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Andrew Corporation
P.0O.Box 296
1 Westwood, Massachusetts

Attention: Mr. John Wyman
Gentlemen:

i As you know we recently purchased one of your six-bay
Multi-V FM broadcast antennas. and over 1000 feet of your
H-1 Heliax for use on our new FM installation on the WBZ-
] TV tower.

Qur chotce of the antenna was based on our previous
experience with antennas of this type, which have always
performed very well. We are happv 1o say that our new
antenna and co-ax are exceeding our best expectations, and

4 giving excellent coverage for both our main channel and our
4 multiplex transmissions.

We do not hesitate to recommend highly this Multi-V Antenna
to any broadcaster proposing new or improved FM facilities.

Yoyrs truly,
Bilod ( Ko

Richard L. Kave
Station Manager
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"exceeding our best expectations"

The ANDREW Multi-V is the standard of
the industry. Over 353 Multi-V units have
been installed to date, accounting for more
than 509 of the stations presently licensed.
Installations have been made in all climates
and service is uniformly acclaimed both for
standard and multiplex operation. De-icers
are available for use when icing conditions

#U.S5. PATENT 2,637,533 — Exclusive ANDREW design

occur and can be added to units already in
service. Similarly, the VSWR tuner can be
added to existing installations without
modifying the antenna.

A new warehousing program assures
quick deliveries of all standard units. Con-
sult our Field Service group for installation
quotations.

Measured VSWR on a 16-bay production unit. Note band-
width. VSWR tuner, Type 19893, is avoilable for tuning
out tower effect, thus, assuring optimum performance
and eliminating need for field tuning individual bays.
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HELIAX

the flexible air dielectric cable
HELIAX is the preferred cable for FM. Low VSWR,
greater mechanical strength and flexibility have

made it the favorite of broadcasters. Available in
continuous lengths in diameters up to 3% inches.

)Zm

CORPORATION
P.0O. Box 807, Chicago 42, lllinois
Boston - New York - Washington - Los Angeles -

ANTENNAS < ANTENNA SYSTEMS + TRANSMISSION LINES

Toronto
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to the eost of basic equipment and
would be unuccessary al the majorily
of the actual installations.

10. Columbia Broadeasting System,
Ine,, supports the proposal generally bul
recommends the following modifications:

(a) CBS suggests that the rules ex-
pressly state that there is no numerical
limit on the number of boosters used by
a licensee to fill in shadows in its nor-
mal service area.

(b) CBS urges that the rules should
clearly show that there is no fixed mini-
mum separation required between boost-
ers or hetween a booster and other TV
broadeast stations since potential inter-
ference is controlled to a great extent
by hmitations on power and field mten-
sitv as well as the provision limiting
boosters to the Grade A service area of
the parent station.

(¢) CBS submits that the provision
 § 803 (a) suggesting adjustment of
tie differential as a corrective measure
for interference is inpractical and should
be deleted.

(d) CBS urges that the reference to
“principal community” in §§4.835 and
4.837 should be deleted since the prinei-
pal communily might be difficult to de-
termine and the provisions could im-
pose an artificial and unnecessary bar-
rier Lo providing service lo two adja-
cent communities from a single booster.
CBS suggests that “center of the area
of highest concentration of population”
could be used instead.

(¢) CBS believes that the proposed
requirement  of  §4.803 (¢) that the
booster licensee “assume full respousi-
bility for resolving all valid complaints
of interference” may be impossible to
nieet and recommends that the respon-
sibility of the booster licensee be limited
to “reducing the interference to a mini-
mum.”

(f)y CBS suggests that the provision
of § 1.883(b), which states that the
Commission may request the operator
on duty at the TV broadcast station to
interrupt  the lransmissions of the
booster for short intervals to aid n
identification of a  particular  booster,
should be modified to limit such re-
quests Lo times when the booster is nol
transmitting programs since such inter-
ruptions may prove annoying to viewers.

11. Radio-Electronics-Television Man-
ufacturers Association (RETMA), now
Electronies Industries Association
(EI1A), supports the proposal generally
but comments specifically with respect
to the following:

(a) EIA now supports the proposal
to restrict the use of boosters to areas
within the Grade A contour of the pri-
mary TV station.

(b) EILA agrees that a reduction in
out-of-band emissions should be speci-
fied but recommends that the proposed
requirement be reduced from 60 decibels
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to 40 decibels below the visual carrier
power, with additional attentuation re-
quired in individual cases of interfer-
crice.

‘¢) EIA opposes any maximim limit
6 power since such a restriction may
raise problems when a booster operates
close to the primary station. EIA is of
the opinion that the amount of power
which may be employed will be auto-
matically limited by design considera-
tions, which restrict the possible gain in
the amplifier because of  “feed-back”
problems. The ontput power would thus
be controlled by the strength of the
signal available from the primary station
and would deerease with distance from
the primary station.

(d) EIA recommends against impos-
ing a maximum field intensity over the
area to be served since Lhis will be gov-
erned by the automatic hmil on power
oulpuat. In this connection, EIA believes
the political boundaries of a “principal
community” would be difficult to define.

{¢) ETA supports the proposal which
would limit the field strength to not
more than 5 millivolts per meter at 68
miles from the primary station.

() IXIA suggests that the term “max-
imum overall gain” in § 1850 (d) be
changed to “maximum utilized gam” to
cmbrace circumstances where the boost-
er amplitier might be operated below
its maximum capabililies.

12. Joint Council on Educational
Television (JCIET) supports the pro-
posial generally but expresses concern
that boosters operating In localions at
less than the minimum separalions re-
quired by regular TV broadcast stations
may cause interference under ecrlain
conditions, JCET suggests that an ap-
plicanl proposing a booster at less than
the normally required separation from
any TV broadeast station be required
Lo submil a special showing with regard
to potential interference.

13. Indiana Broadeasting Corporation
supports the proposal generally but be-
lieves that the requirement of § 4.834 (a)
(8), that a manned control point be es-
tablished in the areas served by the
booster, would add substantially to the
cost of operation and might discourage
the use of boosters. Indiana Broadeast-
ing suggests Lhal the rules also permit
remote control of boosters from the pri-
mary station if automatic devices are
incorporaled whieh will transmit a warn-
ing signal to the control point by wire
lines it the booster equipment mallunc-
tions.

14. National Broadcasting Company,
Ire., supports the proposal generally
and stated that il was considering the
use of boosters in conjunction wilh its
UHTF stations at Buffalo, New York,
and New Britain, Connecticut. NBC
suggests the following modifications:

Wwww._americanradiohistorv.com
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*From an Engineers’ Viewpoiat

The‘Bauer Kit”Model 707 isthe only
1000/250 watt AM transmitter with
Silicon Rectifiers in all power sup-
plies, a Variable Vacuum Capacitor
and a Constant Voltage Transformer.
Your assurance of maximum reli-
ability and optimum performance.
Note the simplicity of design with
easy accessibility to all components,
tco. All components are standard
items available at local sources.

Assembly of the “Bauer Kit” is
actually easier than many consumer
audio kits — the wiring harness
is furnished completely pre-fabri-
cated and coded. And when you
complete the transmitter it will be
fully inspected, tested and guaran-
teed by the Bauer Electronics Cor-
poration,

Bauer 1 Kw Transmitter
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Bauer 1 Kw Transmitter $4495.00*

*FCB Burlingame, California
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1011 Industrial Way - Burlingame, California

29



(a) Delele the provision in § £.832 (b)
(1) that would require a showing that
50 per cent of the locations in the area
proposed to be served by the hooster
receive signals of less than 5 millivolts
per meter from the primary station.
NBC contends that this requirement
would be burdensome, thal making such
a determination with respeet to the
“principal community” would nol neces-
sarily indicate that the area adjacent to
the “prineipal communily” and served
by the contenmplated booster had less
than 5 millivolts at more than 30 per
cent of the locations, and that the pur-
pose of the rule is obscure. NBC urges

that  delegation of this requiremenl
would not lead to abuses since sell-
interest would deter broadeasters from

placing boosters in areas where they arc
not actually needed.

(b) Delete the restriclion on maxi-
mumn power in §4.835(¢) and let this
be governed by the strength of the sig-
nal available from the primary station
al the hooster location. NBC contends
that the provisions of §4.803(c) and
(d) afford adequate protection to other
serviees from interference by the booster
and that limiting the 5 millivolt per
meter field to within the Grade A con-
tour of the primary station guards
against extension of the service area of
a TV slalion.

(¢) NBC states that the reference in
§4.835 (a) to political boundary of the
principal commnity may be difficult to
determine and that elimination of the
limit on maximum power and maximum
field intensily would remove any need
for such a reference point,

Discussion
15. The Commission agrees with CBS
that the sentenee in § 4.803 (a) concern-

i

THE FINEST OF ITS KIND

SINGLE FREQUENCY AND BROAD-
BAND FM RECEIVING ANTENNAE

HIGH GAIN YAGI CUT TO YOUR FRE-
QUENCY FOR LONG DISTANCE PICKUP.
HEAVY DUTY DESIGN FEATURING ALL
STAINLESS STEEL HARDWARE.

Literature on request.
Send 25¢ for booklet
on FM Antennce and

FM Reception,

APPARATUS DEVELOPMENT CO.

WETHERSFIELD 9, CONN
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ing adjustment of the time differential
of the modulation envelope should be
deleted.

16. On the basis of the comnents of
NBC with regard to §4.8%2(b) (1), we
have reconsidered the proposed require-
ment thal booster applicants indicate
the quality and extent of direct recep-
tion in the area proposed to be served,
and agree that the cost and complexity
of the necessary field strength survey
outweighs the importance of the data so
obtained. This requirement has there-
fore been deleted.

17. We do not agree with the sugges-
tion by CBS regarding § 4.803 (¢) —that
the licensee of a booster should assume
respousibility  for interference only to
the extent of “reducing it to a mini-
mum.” On-channel amplifiers used for
“boosting” and re-radiating TV signal:
mherently are a source of potential in-
terference. The subject rules stress this
fact and there will undoubtedly be
places where bhoosters cannot he oper-
ated because of insoluble interference
problems. Where a TV booster is au-
thorized. the burden of resolving inter-
ference must, in our judgment, rest with
the licensee. Tn the experimental UHF
booster operations that have been con-
ducted to date, it has been found that
when a UHF hooster is properly located.
it is possible to eliminate interference
through the use of readily available en-
gineering procedures. If the ecircum-
stances are such that the booster can-
not be properly located, the operation
is not feasible, The Commission is plac-
ing the burden of eliminating interfer-
ence on the licensce to prevent the use
of boosters to provide service to one
group of poople at the expeuse of serv-
ice to another group, even though such
use might result in a net gain in audi-
ence.

18. We have carefully considered the

- comments of Indiana Broadecasting Cor-

- by the booster and conclude that

poration econcerning the establishment
of a monitoring point in the area served
the
additional protection against interfer-
cnee  caused by improper operation,
whieh might be afforded by the estab-
lishmenl of a local monitoring point is
not sufficient to warrant the cost of cs-
tahlishing such a mouitoring point. The
most important featurs of the originally
proposed local monitoring point was the
provision for manual on and off control
of the booster, particularly in the event
of failure of the remote on and off con-
trol. This problem has been met by
adding a requirement to the remole con-
lvol provision which makes necessary
the periodie transmission of a “cue” sig:
nal by the primary station. Failure of
the primary slalion lo transmit the cue
signal or failure of the booster control
cireuil to receive the cue signal will
aulomatically place the transmitter in

an moperalive condition. The cue signal
need not be transmitted more frequently
than intervals of one hour.

19. CBS, NBC, and EIA commented
extensively with respeet to § 4.885. It is
their consensus that using the political
houndaries of a “principal community”
as a refercnce point in conneetion with
the maximum limit on field intensity
radiated by a booster is impractical and
might introduce artificial restrictions on
the use of boosters. All of the parties
subscribed to the provisions of para-
graph (b) (4) of this section, which
would prohibit the radiation of a field
having an intensilv in excess of 5 milli-
volts per meter bevond the theoretical
Grade A contour (68 miles) of the pri-
mary station; and ETA and NBC sub-
mitted that the further restriction limit-
ing the radiated field to 5 millivolts per
meter over the “principal community”
1s unnecessary. CBS suggested as a ref-
crenee point “‘the center of the area of
highest concentration of population” in
the area proposed to be served by the
booster in applying the proposed re-
triction. NBC and EIA recommended
that paragraph (¢) be deleted and that
no maximum power limit be speeified.
Both expressed the view that there is an
automatic limit on power imposed by
the practical limits on the amplification
of the signals received from the primary
station which ean be accomplished. They
maintain that since the strength of the
direct signals diminish with the distance
from the primary station, less power
can be employed at the booster as the
distance from the primary station in-
creases, and no specified limit is neces-
sary.

20. We adhere to our belief that a
ceiling on the maximum power which
may be used by a television broadcast
booster station, should be included in
these rules. However, we have recon-
sidered the original proposal which
would have delermined this “ceiling” on
the basis of a predicted field strength
over a “prineipal community” and con
clude that this would add an unneces-
sary complexity to the rules. Accord-
ingly, the rules adopted herein limit the
power in only two regards; (1) the
maximum  effective  radiated  power
which will be authorized is 5 kilowatts,
and (2) no boosler installation will be
authorized which would produce a pre-
dicted field of more than 5 millivolts
per meter bevond lhe normal Grade A
(68 mile) contour of the primary sta-

tion.* The problem of interference to
olher television slations, raised by
JCET, is met by the provisions of

*The proposal in Docket 13340 if adopted
as proposed would eliminate the definition
of Grade A service and revise the Field
Sirength Charts used for estimating service
ranges. If these changes are adopted the
rules relating to TV boosters will be appro-
priately amended to be consistent with the
changes.

BROADCAST ENGINEERING



§4.80F which require the TV booster
licensee to correct any condition of in-
terference to other TV stations which
oceurs as the result of a field strength
from the booster in excess of that which
could be produced at the place where
the interference occurs, by the primary
station if it were operating at its au-
thorized location with an cffective ra-
diated power of 5,000 kilowatts from an
antenna 2.000 feet above average terrain,

21. Deletion of the rules which would
have required delermination of  field
strength over a “principal community”
climinates the need for establishing such
a reference point. For record purposes
a booster will be identified with (he
largest communitly in the area which it
serves, Le., the licensce, in addition to
the geographic coordinates, will specify
such community.

22. With regard to CBS’s suggestion
that the rules clearly show that no nu-
merical limit is placed on the number of
TV boosters that may be used by a
single licensee, we have added language
to §4.832 (¢) which makes this clear.

23. On the basis of the comments of
Adler and EIA, the Commission has re-
considered the proposal in § 4.836 (c)
which would require that spurious emis-
sions, including any emissions more than
3 megacycles above or below the upper
and lower limits of the assigned channel
be suppressed al least 60 decibels below
the peak visual carrier amplitude. Adler
and EIA have suggested thal a suppres-
sion. of only 40 decibels would be ade-
quate. In view of the statements that
achicving the additional 20 decibels of
suppression above 40 decibels will add
substantially to the cost of equipnienl
and our experience with UII translators
whieh have been operating for over a
vear with less than 60 decibels suppres-
sion, we are incorporating the suggestol
reduetion in the suppression require-
ment in §§ 4.836 (¢) and +.850. However,
¥ 4.836 (¢) will continue to provide that
additional suppression may be required
- individual cases where interference is
caused by out-of-band emissions.

24. JCET urges adoption of minimum
geographic separations between boosters,
and between a booster and a regular TV
broadeast station. CBS on the other hand
urges that the rules clearly show that no
minimum spacings are required. JCET
expresses concern al the possibility of in-
terference if no separation requirement is
specified. Application of the separation
requirements of Part 8 of the rules to
boosters would make it virtually mpos-
sible to find satisfactory locations in re-
gions where boosters are needed. UHF
eperation is concentrated in areas of high
population density. In such areas there
i= often Iittle flexibility in the allocation
of UHF channels since many of the allo-
cations have been made at or near mini-
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cal placement of stylus, hairline
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quest, Electronic Applications,
Inc., Stamford, Connecticut.
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mum spacings. Thercfore, booslers pro-
posed to serve cominunities beyond the
immediate arca around the TV station
would, in many cases. nol inect minimum
spacings to other UHFE stations or assign-
ments. By confining boosters within the
theoretical Grade A contour, limiting the
power to 5 kilowatts and vequiring cor-
rection of interference which oceurs as
the result of fields in excess of those
which conld be produced by the primary
station, we accomplish substantially the
same degree of protection to other co-
channel TV stations as is provided by the
minimum  separations.  Interference can
be controlled in most cases by the judi-
cious choice of booster sites and the -
telligent use of the directive properties
of transmitting antennas and individual
TV receiving antennas in the areas served
by the booster. In circumstances where
such  measures are inapplicable, other
means, such as translators or satellite
operation may be employed to provide
the needed service.

25. Sections 4.803, +.804 and 4.832 (b)
are intended to insure that the use of a
TV baooster does not deprive people of
ctherwise satisfactory service. These rules
are designed (1) to guard against the
destruction of the service of a TV station
other than the primary station whether
o1 not u substitute serviee is provided by
the TV booster and (?) to prevent the
degradation of service received directly
from the primary station unless the sub-
stitute service provided by the booster
is of ecquivalent quality. [owever, in
neither of the above cases is it intended
Lo provide protection over and above that
which is provided under the rules govern-
ing TV broadeast stations. Therefore,
the responsibility of the licensee of the
TV hooster with respect to interference,
applies only in those cases where the in-
terference resulls from the existence of
signals from the booster having a strength
in excess of that which would be pro-
duced at the same location, by the pri
mary station operating with the maxi-
nm power and antenna height permitted
under the TV rules. The provisions of
§ 1.804 place a continuing requirement
en the licensee of the TV booster and the
responsibility  for resolving valid com-
plaints of interference applies not only to
interference to stations existing at the
time the TV booster is placed in opera-
tion but also to interference which may
develop as the result of new TV stations
coming into operation. Although the
rules are concerned only with actual in-
terference, applicants should carvefully
consider potential interference and the
hazard of interrupted operation  posed
thereby.

26. EIA suggested that § 4.850 (d) re-
fer o “maximum utilized gain®™ rather
than The
term “over-all gain” as used in this sce-

“Inaximum  over-all  gain.”

32

tion simply means the net gain of the
booster amplifier between the input and
autput terminals, and refers to the actual
utilized gain, not the maximum capabil-
ities of the amplifier.  Therefore, no
change in the wording of this rule ap-
pears necessary.

27. We have found it unnecessary to
require these boosters to transmit indi-
vidual call signs. They are licensed only
te the licensee of the TV broadcast sta-
ton they are retransmitting and the
transmission of the TV station call sign
provides rapid identification. 1f it be-
cames necessary to oblain emergeney sus-
pension of operation due Lo interference,
these deviees can be turned off from the
TV station by the transmission of a coded
signal. The proposed rule contained a
provision whereby the Commission could
request that the transmissions of a boost-
er be mterrupted for short intervals of
time to facilitate identification. CBS
suggested that such interruptions be lim-
ited to periods when no program is being
transmitted. The importance of rapid
identification outweighs the slight annoy-
ance of inconvenience of program inter-
ruption. I a TV slation licensee oper-
ates more than one booster selective cod-
g may be employed to control each
booster separately. This would
having to turn off all the boosters when
mterruption of the signal of only one is
needed to identify improper operation or
climmate interference. 1t should not be
necessary to interrupt the transmission of
the primary TV station for this purpose.

avoid

28. The present Television Agreements
wilth Canada and Mexico do not cover
the matter of “booster” amplifiers. Under
rules such as those adopted herein, boost-
crs may not be used to extend the serv-
ice range of a TV station bevond that
which it could obtain with the maximum
power and antenna height at the site of
its main transmitter. Consequently, such
cperation may be considered to come
within the purview of the Agreements.
However, in the interest of good inter-
national relations, the Commission will
not act unilaterally in this matter and
will initiate action looking toward secur-
g concurrence of the governments of
Canada and Mexico in the matter of li-
censing these devices i the vieinity of
the borders. Pending the completion of
such an arrangement, applications pro-
posing UHF boosters in conjunction with
assignments listed in the Canadian or
Mexican TV located
more than 15 miles from the site of the
main transmitter in the direction of the
horder of Canada or Mexico, will be re-
ferred to the appropriate Government on
a case-by-case basis.

Agreements  and

29, In order to implement the rules,
we are adopting FCC Form 313 to be
nsed in applying for a Construction Per-
mit for a Television Broadeast Booster

Station. This form will be available
shortly.

30. Authority for the adoption of the
rules herein is contained in sections (i) .
301, 303 (a), (b), (¢), (d), (e). (f),
(g). () .and (r),and 307 (h) of the Com.
miunications Aet of 1934, as amended.

31. Accordingly, it is ordered, That
cffective July 5, 1960, the Commission’s
1ides and regulations are amended as set
lorth below.

1. Section 1.822(a) is amended by add-
ing the following new subparagraph.
§1.322 Application forms for authority to

construct a new station or make changes

in an existing station.

(il) * % *

(6) FCC Form 3138 “Application for
Authority to Construct or Make Changes
m a Television Broadeast Booster Sta-
tion.”

2. Section 1.325(b) is amended by
adding the following new subparagraph:
§1.325 Application for license to cover

construction permit.

(6) I°CC Form 344 “Application for
Television Broadeast Booster Station

License.”

3. Section 1.328(d) is amended by
adding the following new subparagraph:
§ 1.328 Application for renewal of license.

(6) FCC Form 315 “Application for
Renewal of Television Broadeast Booster
Station License.”

4. Section 115 is amended by adding
the following new paragraph:

§ 4.15 License period.
* * * * *

(¢} The license of a television hroad-
cast booster station will he issued for a
period  running  concurrently  with  the
license of the television broadeast sta-
tion (Primary Station) with which it is
used.

5. Add a new Subpart H 1o read as
tollows:

Subpart H — Television Broadcast

Booster Stations
Definitions and Allocation of Frequencies
Sec.

4.801 Definitions.
4.802 Frequency assignment
4.803 Interference to primary station.
4.804 Irtterference to other stations and
services.
Administrative Procedure
4.811 Administrative procedure.
Licensing Policies
4.831 Purpose and permissible service.
4.832 Eligibility and licensing require-
ments.
4.833 [Reserved.]
4.834 Remote control operation.
4.835 Power limitations.
4.836 Emissions and bandwidth.
4.837 Antenna location.
Equipment
4.850 Equipment and installation.
4.851 Equipment changes.
4861 Frequency tolerance.
4.862 Frequency monitors and measure-
ments.
4863 Time of operation.
4.864 Station inspection.
4.865 Posting of station and operator’s
licenses.
4.866 Operator requirements.
4.867 Marking and lighting of antenna
structures.
4.868 Additional orders.
4.869 Copies of rules.
Operation
4881 Station records.
4.882 [Reserved.]
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Sec.
4.883 Station identification.
4884 Rebroadcasts.

DEFINITIONS AND ALLOCATION OF
Frequuncres
§ 4.801 Definitions.

(a) Television broadcast booster sta-
lion: A stalion in the broadcasting serv-
1ce operated for the sole purpose of re-
transmitting Lhe signals of a television
broadeast station by amplifying and re-
radiating such signals which have been
received directly through space, without
significantly altering any characleristic
of the incoming signal other than its
amplitude.

(b) Primary station: The television
broadeasting slation radiating the signals
which are retransmitted by a television
broadeast booster station.

§ 4,802 Frequency assignment,

A television broadcast booster station
will be assigned the channel and carrier
[requencies assigned to its primary sta-
Lion,

§ 4.803 Interference to primary station.

(a) An application for a new televi-
sion broadeast booster slation or for a
change in the facilitics of an existing sta-
tion shall be accompanied by a detailed
showing and discussion of the arcas of
potential interference. The showing shall
melude:

(1) A suilable map of the area in
which the booster is proposed to be oper-
aled showing the location of the booster,
the direction from the bhooster toward the
primary slation and the distance to lhe
primary station, the radiation patltern of
the booster, and the arcas in which an
unfavorable ratio is likely to exist be-
tween the direct signal and the boosted
signal. TIf certain terrain fealures are ex-
pected to confine or otherwise minimize
interference, these shall be clearly marked.

(2) A statement as to the approximate
number of existing receiving installations
which may be adversely affected by the
proposed boosler operation and the meas-
ures which will be employed by the appli-
cant to restore reception. inchiding an
estimate of the cost of such restoration
and how this cost will be borne.

(b) T shall be the respousibility of the
licensee of a television broadeast boosler
station to corect any condition of inter-
ference resulling from the operation of
the booster to a recelving installation
existing at the time the booster is placed
in operation, which causes loss or degra-
dation of on otherwise acceplable service
from the primary station if requested to
do so by the owner of the affected TV
receiver. The licensee of the booster is
expected to provide such advice, tech-
nical assistance, and malerials as may be
required to restore the losl service cither
by rejecting the booster siguals to the
extent necessary to restore the direct
service lo its original condition or by
utilizing the booster serviee to replace the
lost direct service. Refusal of the com-
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plainant to permit the application of
remedies whicli are demonstrably capable
of restoring the lost service will relieve
the booster licensee of further responsi-
bility for the correction of interference
to thalt complainant.

§ 4.804 Interference to other stations and
services,

(a) The licensee of a television broad-
casl booster station is responsible for the
correction of interference to reception of
olher television broadeast stalions or
stations in other services, caused by:

(1) Radiation of radio frequency
energy outside the channel assigned to
the booster.

(2) Radialion of spurious emissions,
Le.. emissions not contained in the visual
and sound signal received from the pri-
mary TV station, within the channel as-
signed to the booster.

(3) Authorized emissions which pro-
duce a field strength at the affected re-
ceiver in excess of the theoretical field
which would be produced by the primary
TV station at that same location if the
primary TV station were operating with
5 megawatts effeclive radiated power
from an antenua 2,000 feel above average
terrain, over a path of normal terrain.
The theoretical value of field strength
which could be produced by the primary
stalion under the conditions stipulated,
shall be determined by the use of the
IF (50.50) field strength charts for Chan-
nels 14-83, contained in § 3.699 of this
chapter.

(b) Upon notification by the Commis-
sion that such interference has been re-
ported, operation of the hooster shall be
suspended and shall not be resumed until
the interference has been eliminated or
it can be demonstrated that the interfer-
ence is not due lo any of the above causes:
Provided, however, That short test trans-
missions may be made during the period
of suspended operation to cheek the effi-
cacy of remedial measures. In each case
where suspension of operation is required,
the licensee of the TV booster shall with-
in 10 days after operation is resumed,
submit a full report to the Commission
of the cause and nature of the interfer-
cuce and the remedial steps taken lo
eliminate the mterfereunce.

(¢) An application for a new televi-
sion broadcast boosler station shall con-
tain a suilable map showing the locations
of the proposcd bouvster and all other TV
boosters and television broadeast stations
within 75 miles of the proposed booster
site and operating on the same channel
as the proposed booster or on any re-
lated channel shown in the eolumns oppo-
site the proposed booster channel in
Table TV of § 8.698 of this chapter.

ADMINISTRATIVE I’ROCEDURE

§ 4,811 Administrative procedure.
See §8 £.11 to +.16 inclusive.
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Licensing PoLicies
§4.831 Purpose and permissible service,

Television broadecast booster stations
provide a means whereby the licensees of
Llelevision broadcast stations operating in
the UIIF television broadcast band may
provide service to areas of low signal in-
tensity in any region which would be en-
compassed by the theoreical Grade A
contour if the station were assumed to
be operating with an effective radiated
power of 3,000 kilowatts from an antenna
2,000 feet above average terrain over a
transmission path of normal terrain. For
the purpose of this section, the distance
ifrom a UHF television broadeast station
to its theoretical Grade A contour under
the above assumptions is 68 miles.

1) A television broadeast booster sta-
tion is authorized to retransmit only the
signals of its primary station. It shall
not retransmit the signals of any other
station nor make independent transmis-
sions:  Provided. however, That locally
generated signals may be used to excite
the booster apparatus for the purpose of
conducting tests and measurements es-
sential to the proper installation and
maintenance ol the apparatus.

(b) A television broadeast booster
station will not be authorized to operate
at any location more than 68 miles from
its primary stalion and shall not be op-
crated to produce a field strength greater
than 5 millivolts per meter at a height
of 80 feet above ground at a distance
of more than 68 miles from its primary
station.

(¢) The transmission of a television
broadeast booster station shall be intend-
ed for direet reception by the general
publie. Such stations may nol be used
te establish a point-to-point television
relay system.

§ 4.832 Eligibility and licensing require-
ments.

(a) A license for a television broad-
cast booster station will be issued only
lo the licensee of a television broadcast
station operating in the UHF television
broadcast band, and solely for the pur-
pose of retransmitting the signals of such
television broadeast station.

(b) An application for a television
broadeast booster station shall econtain
arr adequale showing thal:

(1) The proposed booster can be -
stalled and operated so as to provide sal-
isfactory reception without causing harm-
ful interference to existing service, by the
application of acceplable techniques.

(2) That a signal of sufficient magni-
tude is available from the primary sta-
tion at the site of the proposed booster.

(¢) No numerical limit is placed upon
the number of boosters which may be
licensed to a single licensce. A separate
application is required for each booster
transmitler. Television broadcast boost-
er stations will nol be counted as TV sta-
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tions in applying the multiple ownership
provisions of § 3.636 of this chapter.

§ 4.833 [Reserved]l

§ 4.834 Remote control operation.

(a) A television broadcast booster sta-
tion may be operated by remote control
provided that sueh operation is conduct-
ed in accordance with the conditions set
forth in subparagraphs (1) through (4)
of this paragraph.

(1) The transmitter shall be equipped
with automatic devices, which, in the ab-
sence ol a signal from the primary sta-
tion, will render the transmitter incapa-
ble of emitting radio frequency energy.

(2) The transmitter shall be further
cquipped with a device, which mayv be
acluated by a ceded signal or tone trans-
mitted by the primary station, and which
will permit turning the transmitter on
and off at will from the primary stalion.
The signal required to be transmitted by
the primary station for this purpose shall
be of such nature ov of duration so short
that it will not appreciably degrade nor-
mal rcception of the primary station.

(3) As a precaution against loss of
control due to failure of the control cir-
cuit. the circuit shall be designed so as
Lo require reception of a cue signal from
the primary station at intervals of one
hour or less and failure to receive the
cue signal will automatically place the
booster transmiticr in an inoperative
cendition.

(4) The transmitler and its associated
controls shall be so installed and protect-
ed as 1o be inaceessible to unauthorized
persons.

(h)  An application for a new tele-
vision broadeast booster station or for a
change m the facilities of an existing sta-
tionr which proposes remote control oper-
ation, shall he accompaniced by a satisfac-
tory showing as to the manner of com-
pliance with the above conditions. Unless
remote control is specifically authorized
pursuant to the above requirements, the
booster transmitter shall be under the
direet supervision of a qualified operator
in accordance with § 4.866.

§4.835 Power limitations,

(a) A television broadcast booster sta-
tion will not be authorized to operate
with power in excess of thai required to
provide an adequale signal over the area
intended to be served by the booster.
Due consideration should be given to
the provisions of § 4.804 which requires
the licensce of a television broadeast
booster station to correct any condition
of interference which resulis from field
strengths in excess of these which could
be produced by the primary station al
the place where interference occurs.

(b) In no event will a television broad-
cast booster station be authorized to op-
crate with an effective radiated power of
more than 5 kilowatts peak visual.

(c) In no event will a television broad-
casl booster station be authorized to op-

erate at a location, and with an effective
radiated power, and antenna height above
average terrain, which would produce a
predicted field strength of more than 5
millivolts per meter al any location more
than 68 miles from the primary station.
The predicted field strength of a televi-
sion broadeast booster station shall be
determined in accordance with the pro-
cedures set forth in Section 3.684 of this
chapter. If a directive transmitting an-
tenna is to be used to suppress radiation
so as to comply with this requiremnent,
the proposed directive pattern shall be
supported with adequate e¢ngineering
data.

(d) No minimum power is specified
for television broadeast booster stations.
§ 4,836 Emissions and bandwidth,

(8) The license of a television broad
casl booster station authorizes the trans-
mission of the visual signal by amplitude
modulation (A3) and the accompanying
aural signal by frequeney modulation
(F3).

(b) Standard width television chan-
nels wili be assigned and the emission of
a television broadeast booster station
shall be confined to the authorized chan-
nel in accordance with the Television
Technical Standards contained in Part
3. Subpart E, of this chapter, excepl as
provided in paragraph (c¢) of this section.

(¢) Radio frequency harmonies of the
visual and aural carriers shall be atten-
nated no less than 60 decibels for trans-
mitters operating with more than 1 kilo-
watt power output. For transmitters op-
crating with power output of 1 kilowatt
or less. the power in such radio frequency
harmonics shall not exceed 1 milliwatt,
Other spurious emissions on Ifrequencies
more than 3 megacycles outside the as-
signed channel, including intermodula-
tion products, signals other than those
received from the primary station, and
radio frequency cnergy genervated within
tha booster apparatus, shall be attenu-
ated no less than 40 decibels below the
peak visual carrier amplitude. Greater
attenuation of all spurious emissions may
be required if interference is caused to
any radio service.

§ 4.837 Antenna locations,

(a) The transmilling anlenna of a
television broadeast. booster station shall
be lTocated within the Grade A contour
of the primary station, as defined in
5 4.831.

(b) An applicant for a new television
broadcast booster station or for changes
in an existing slation shall endeavor to
select a site which will provide a line-of-
sight lransmission palll to the area in-
tended to be served and at which there
is a suitable signal available from the
primary station. The transmilting an-
tenna should be placed above growing
vegelation lving in the direction of the
arca intended to be s2rved to minimize
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the possibility of signal absorption by
foliage.

(¢) Consideration should be given to
accessibility of the site al all seasons of
the year and to the availability of lacili-
ties for the maintenance and operation of
the television broadcast booster station.

(d) Consideration should be given (o
the existence of strong radio [requency
ftelds from other transmitlers at the
booster site and possibility that such
fields may result in the retransmission of
signals originaling on f{requencies other
than that of the primary station.

Equrieate~t
§ 4850 Equipment and installation.

(n) An application for a new televi-
sion broadcast booster station or for
changes in the facilitics of an existing
station shall supply complete technical
details of the apparatus to be employed
and the over-all instalation. The fune-
tioning of such automatic features or
other safeguards as may be incorporated
to prevent improper operation shall be
fully described. It the apparatus is to
be remotely controlled, a detailed de-
scription of the control features shall be
meluded.

(b) The overall characteristies of the
complete installation shall be essentially
linear so as to accomplish retransmission
of the incoming signals of the primary
station without significantly altering any
clectrical characteristics other than the
overall amplitude. Intermodulation prod-
vets which may be generated shall be
adequately removed fromn the transmnis-
sions of the booster so as not to consli-
tute a source of potential interference.
Provision shall be made in the circuits
cmployed, to prevent the amplifier being
driven inlo a non-linear condition over
the full range of signal intensities within
which the booster may be called upon to
operate, or to cause it to cease radiating
should non-limear operation or oscillation
of any stage occur.

(¢) The isolation between the input
and oulput circuits of the booster, in-
cluding the receiving and transmitting
antenna systems, shall be at least 20 deei-
bels greater than the maximmum overall
gain of the booster amplifier.

(d) The overall response of the ampli-
fier shall not vary by more than 2 deci-
bels over the entire assigned channel:
I'rovided, however, That the amplitude
of the aural signal may be decreased by
a suitable amount if necessary lo mini-
mize intermodulation effeets or eliminate
interference between the sound and pie-
Lure signals. The apparatus shall be capa-
ble of complying with the requirenients
of § 4836 (c) with respect to spurious
cImissions.

(¢) In general, the transmitter shall
be mounted on racks and panels or in
totally enclosed frames protected as re-
quired by Article 810 of the National
Electrical Code.
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(fy The installation of a television
broadeast booster station shall be made
ouly by, or under the direct supervision
ol, a qualified electronies engineer and
any repairs or adjustments made during
or subsequent to the installation, which
could result in improper operation. shall
he made by or under the direet supervi
sion ol such an engineer or an operator
holding a valid first or second class radio-
telephone operator’s license issned by the
Commission.

(g) In cases where the eleclrical char-
acteristics of the transmitting and receiv-
ing antennas of a booster stalion are used
to provide the required degree of isolation
between the input and output circuits,
the installation of such antennas shall
be sufficiently rugged and protected as lo
withstand such hazards as may reason-
ably be expected to be encountered due
to their exposure to the elements and the
local environment.

(h) Prior to placing a lelevision broad-
cast booster station in regular operation,
the permittee shall perform sulficient
nieasurements of the completed installa-
tion to insure compliance with this sec-
tion. These measurements together with
a detailed deseription of the methods
used in oblaining the measurements shall
be submitted with the application for
license for the hooster station.

(1)  Tvpe acceplance of television
booster amplificrs may be granted upon
request i accordance with the type ac-
ceplance procedure set forth in Part 2
of this chapter; provided that measure-
ment data and descriptive information
submilted shows that the amplifier is
capable of meeting the technical require-
ments of this subpart. The following
measurement data must be supplied:

(1) Radio frequency power oulput
(visual peak power).

(2) Over-all gain of the amplifier vs.
frequeney throughout the entire cliannel
m which it is designed to operate.

(8) Spurious emissions appearing on
frequencies outside the chanuel in which
it 1s designed to operate, including radio
frequency harmonics up to 2,000 mega-
cycles.

5 4.851 Equipment changes,

(a) Formal application (FCC Form
343) is required for any of the following
changes:

(1) Replacement of the transmilter as
a whole, except replacement with an iden-
tical transmitter, or any modification
which could resull in a change in the
clectrical characteristics or overall per-
formance of the booster installation.

(2) A change in the transmitting an-
tenna system, meluding the direction of
radiation, directive paltern, or transmis-
sion line.

(3) Anincrease in the authorized over-
=1l height of the antenna above ground
of more than 20 feet or which will result
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m an overall height above ground of
more than 170 feet.

(4) A change in the control systemn.

(5) Any change in the location of the
transmitter except a move within the
same building or upon the same tower or
pole, and any horizontal change in the
antenna location of the transmitting an-
tenna in excess of 300 feet.

(6) A change of frequency assignment.

(7) A change of authorized operating
power.

(b) Other equipment changes not spe-
cifically referred to above may be made
at the discretion of the licensee, provided
that the Engineer in Charge of the radio
district in which the television broadeast
booster station is located and the Com-
mission’s Washingtlon, D. C,, office, are
notified in writing upon completion of
such changes, and provided, further, that
the changes are appropriately reflected in
the next application for renewal of license
of the television broadecast booster sta-
tion.

Ticunrcar OPERATION
§ 4.861 Frequency tolerance,

The visual carrier frequency and the
awral center frequeney of the television
signals transmitted by a television broad-
cast booster slation shall be identical
with those of the primary station.
§4.862 Frequency monitors and measure-

ments,

The licensee of a lelevision broadecast
booster is not required to provide means
for measuring the operating frequencies
of the booster transmitter.

§ 4.863 Time of operation.

(a) A television broadeast booster sta-
Lion is nol required to adhere to any reg-
ular schedule of operation. However, the
licensee of a television booster station is
expected to provide a dependable service
lo the extent that such is within its con-
trol and to avoid unwarranted interrup-
tions to the service provided.

(b) Tf causes beyvond the control of
the licensee require thalt a television
broadeast booster station remain inoper-
ative for a period In excess of 10 days,
the Engincer in Charge of the radio dis-
trict in which the station is located shall
be notified promptly in writing, deserib-
ing the cause of failure and the steps
taken to place the station in operation
again, and shall be notified promptly
when the operation is resumed.

(¢) Fuailure of a television broadcast
hooster station to operate for a period
of 30 dayvs or more, cxcept for eauses
bevond the control of the licensee, shall
be deemed evidence of discontinuance of
operation and the license of the station
will be automatically forfeited.

(d) A television broadeast booster sta.
tion shall not be operated during periods
when the primary station is not operating.
§ 4.864 Station inspection.

The licensee of a television broadcast
booster station shall make the station
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and the records required to be kept avail-

able for inspection upon request by rep-

resenlatives of the Commission.

§ 4.865 Posting of station and operators
licenses.

(a) The station license and any other
mistrument of authorization or individ-
ual order concerning the construction of
the cquipment or manner of operation
shall be posted at the place where the
transmitter 1s located, so that all of the
lerms thereof are visible: Provided, how-
cver, That if the booster transmitter is
operated by remote control and is lo-
cated more than 20 miles from the pri-
mary station, the station license and
other instruments of authorization shall
be posted in the above-described manner
at the transmitter of the primary station.

(b) The call letters and assigned
channel of the primary stalion shall b
displayed at the booster site on the strue-
Lure supporting the transmitting antenna
so as to be visible Lo a person standing
on the ground at the booster lransmitter
site. The display shall be prepared so as
te withstand normal weathering for a
reasonable period of time and shall be
maintained in a legible condition by the
licensee.

¢) The original of each station oper-
alor license shall be posted at the place
where he is on duly: Provided. howewver,
That if the original license of a station
aperator is posted al another radio trans-
mitting station in accordance with the
rules governing that class of station and
is there availlable for inspection by a
representative of the Commission, a veri-
fication card (Form 758-F) is acceptable
m lieu of the posting of such license:
Provided further. however, That if the
cperaior in charge holds a restricted
radiotelephone operator permit of the
card form (as distinguished fromn the
diploma form). he shall not post thal
permit bul shall keep it in his personal
possession,

§ 4.866 Operator requirements,

(a) The actual operation of the trans-
mitting apparatus at a television broad-
cast boosler station shall be earried on
only by a person holding a valid first or
second class radio-telephone  operators
license: Provided, however, That where
the booster transmitter is remolely con-
trolled by the transmission of coded sig-
nals from the primary station, an un-
liccnsed person may turn the power sup-
plied to the booster by the power mains,
on and off upon instructions from the
cperator on duty at the primary station.

(b) The licensed operator on duty
and in charge of a television broadecas!
booster station may, at the discretion of
the licensee, be employed for other
duties or for the operation of another
station or slalions in accordance with
the class of license which he holds and

the rules and regulations goverming
such stations. However, such duties

shall in no wise interfere with the op-

eration of the television broadcast

boosler staltion.

§ 4.867 Marking and lighting of antenna
structures,

The marking and lighting of antenna
structures  employed at a  television
broadeast booster station, where re-
quired, will be specified in the authori-
zation issued by (he Cominission. Part
17 of this chapter sets forth the condi-
tions under which such marking and
lighting will be required and the re-
sponsibility of the licensee with regard
thereto.

§ 4.868 Additional orders,

In case the rules contained in this part
do not cover all phases of operation or
experimentation with respect to external
effects, the Commission may make sup-
plemental or additional orders, in cach
case as may be deemed necessary.

§ 4.869 Copies of rules.

The licensee of a television broaceast
booster station shall have current copies
of Part 3 and Part , and in cases where
antenna marking is required, Part 17 of
this chapter, available for use by the
operator in charge, and is expected to
be familiar with those rules relating to
the operation of a television broadeast
booster station. Copies of the Commis-
sion’s rules may be obtained from the
Superintendent of Documents, Govern-
ment Printing Office, Washington 253,
D. C., at nominal cost.

OrerATION
§4.881 Station records.

() The licensce of a television broad-
cast booster station shall maintain an
operating Jog showing the following:

(1) Hours of operation.

(2) A record of all repairs, adjust-
ments, maintenance, tests, and equip-
ment changes, showing the date of such
cvents, the name and qualifications of
the person performing the operation,
and a brief description of the matter
logged.

(b) Where an antenna structure is
required to be illuminated, see §17.38
of this chapter.

(c) The operating log shall be made
available upon request to any author-
ized representative of the Commission.

(d) Stalion records shall be retained
for a period of two yeuars.

§4.882 [Reserved]
§ 4.883 Station identification.

(a) Television broadeast hooster sta-
tions will not be assigned individual call
signs. Station identification will be ac-
complished by the retransmission of the
call sign of the primary station.

(b) The Commission may request the
cperator on duty at the primary station
lo interrupt the transmissions of the
booster station for shorl inlervals of
time in order to facilitate identification
of a particular booster.

§ 4.884 Rebroadcasts.
(a) The term “rebroadcast” means

BROADCAST ENGINEERING



the reception by radio of the programs
or other signals of a radio or television
station and the simultaneous or subse-
quent retransmission of such programs
or signals for direet reception by the
general public.

(b) A television broadcast booster
station is authorized to rebroadeast only
the signals of the primary station with
which it is associated. In cases where
the booster is located at a site where
the signals of other lelevision broadeast
stations or other classes of stations may
be received, care shall be exercised in
the installation to insure that such
other signals are not  retransmilted:
Provided, however, That occasional in-
advertent retransmission of the signals
of other co-channel TV stations caused
by abnormal conditions,
will not be non-
compliance.

propagation
considered 1o be

TABLE OF GEOGRAPHIC ASSIGNMENT
OF CALL SIGNS

Al a session of the Federal Commu-
nications Commission held at its offices
in Washington, D. C., on the 25th day
of May. 1960:

The Commission, having under con-
sideration § 2.308 of its rules and regu-
lations. Table of Geographic Assignment
of Call Signs, and

It appearing that the geographical as-
signment plan was devised primarily 1o
aid the Field Lngineering and Monitor-
ing Bureau in certain of its enforee-
ment functions, that it has been of little
or no valuz in this regard in recenl
vears, and that elimination of the plan
will increase opcrating cfficiency under
present methods of call letter assign-
ment;

Tt further appearing that the amend-
ment adopted herein pertains to a mat-
ter of procedure, and hence that com-
pliance with the notice, procedural. and
cffective date requirements of the Ad-
ministrative rocedure Act is unneces-
sary; and

1t further appearing that the amend-
ment adopted herein is issued pursuant
to authority contained in scctions 4 (i),
303 (0) , 303 (p), and 303 (r) of the Com-
munications Act of 1931, as amended;

It is ordered, That, effective May 25,
1960, § 2.303 of the rules and regulations
1s deleted.

TELEVISION BBROADCAST STATIONS;

TYPE-APPROVED, FREQUENCY AND

MODULATION MONITORS; EXTENSION
OF TIME FOR COMPLIANCE

At a session of the Federal Commu-
nications Commission held at its offices
in Washington, D. C.. on (he I8th day
of May, 1960;

The Commission having under con-
sideration the provisions of §¥ 3.690 (a)
and 3.691(a) of its rules, which require
that television broadeast stations have

July, 1960

modnla-
whenever

type-approved frequency and
tion monitors at the station
the transmitter is in operation;

It appearing, that the time specified
for compliance with the requirements of
§§3.690(a) and 3.691 (a) was last ex-
tended to June 1, 1960. and

It further appearing, that since the
requirement of §8 3.690 (a) and 3.691 (a)
have not, as yet, been placed in effect
and in view of the possibility that these
rules may be amended in the near fu-
ture, the Commission
able to postpone the effective date of
these sections of the rules for an addi-
tional period of six months; and

deems it desir-

It further appearing, that the amend
ment herein ordered is procedural in na-
ture and effeets a relaxation of the
rules; therefore, compliance with the re-
quiremnents of section + of the Adminis-
trative Procedure Act is not required;
and

It further appearing, that authority
for the amendments adopted herein is
contained in sections 303 (e), (f) and
(r) and 4 (i) of the Communications
Act of 1934, as amended;

It is ordered, That, effective June 1,
1060, §§3.690 (a) and 3.691 (a) are
amended by substituling the date “No-
vember 30, 1960,” in the parenthetical
sentence to cach of these sections.

VHF TELEVISION CHANNEL ASSIGN-
MENTS AND ENGINEERING STANDARDS

Notice of Extension of Time for Filing
Comments

In the matter of Interim policy on
VHF Television Channel Assignments
and amendment of Part 8 of the rules
concerning Television Engineering
Standards, Docket No. 18340,

On January 4, 1960, the Commission
adopted a notice of proposed rule mak-
mg in the above entitled matter which
among other things, proposed to revise
the Field Strength Charts of the rules
on the basis of additional data and
measurcments obtained sinee the orig-
mal charts were adopted. The revised
charts were shown in that document.

On May 5, 1960, the Commission
issited a further notice of proposed rule
making proposing a single set of Field
Strength Charts for both the upper and
lower VHF television bands, in licu of
the two scts of charts originally pro-
posced. This latter proposal was based
on a recomniendation by the Radio
Propagation Advisory Commiltes
(RPAC)  composed of industry and
Government engineers. Preliminary ex-
amination of the data
ported this proposal.

The data have been meanwhile re-
view by RPAC and there is general
acreement that the measurements and
data oblained on tropospheric  signals
show rather conclusively that these sig-
nals ave not significantly frequency sen-

available sup-

sitive in the VIIF television broadeast
bands and a single set of curves may be
drawn for all VHF television channels.
The data and measurements with re-
spect to groundwave signals are not so
conclusive. Further study and analysis
is needed to establish definitely the rela-
tion of frequency to groundwave prop-
agation,

The single set of curves proposed in

the May 5, 1960, notice were derived
by merging the groundwave curves

based on elosc-in measurements, with
the tropospheric measurements made at
greater distances. The resulting curves
are substantially the same as would be
developed if the new tropospheric data
curves were merged with the low VHF
curves (Ad Hoce curves) of our presenl
rules. Consequently. the revised curves
issued with our May 5, 1960, nolice
are still valid for the low VHF channels.
In view of the fact that the further
study of the available data for the high
VHY channels may take considerable
time and perhaps require additional
measurciments, we believe that consis-
tent treatment should be given the high
VHF curves. Therefore, revised curves
derived by merging the present high
VHF Ad Hoc groundwave curves with
the new and accepted tropospheric
curves, will be prepared and issued in
a Further Notice of Proposed Rule
Making in Docket No. 13340. At the
same time, the May 5th curves will be
reissucd and limited to use for the low
VIHFEF channels. These curves will be is
sued as soon as they can be prepared
and printed.

Since this will go beyond the present
expiration date for filing comments in
Docket No. 13340, the Commission is
extending the dates for filing comments
and replics to comments in order to
allow computation of pertinent  data
based upon the revised curves. Data
prepared for low VHEF channels and
based upon the May 5th curves will
still be valid. Data and comments for
high VHI' stations should be held in
abevance until the revised high VHF
curves are issued.

Accordingly, it is ordered, This 8th
day of June, 1960, that the time for fil-
ing comments herein is extended from
June 20, 1960, until September 1, 1960;
and that the time for filing reply com-
ments 1s extended from July 5, 1960,
until September 16, 1960.

NOTICE OF INQUIRY CONCERNING
FULL CARRIER SINGLE SIDEBAND
TRANSMISSION ON STANDARD

EROADCAST BAND

In the matter of inquiry inlo amend-
ment of Part 8 of the Commission’s
rules and technical standards to permit
standard broadcast stations to operate
with full carrier and single sideband,
Docket No. 13596 (RM-156).

1. On Dec. 81, 1959, Kahn Research
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Laboratories, Ine., Freeport, Long Is-
land, filed a petition for rule making
(RM-156) requesting an amendment of
Part 8 of the Commission’s rules to per-
mit standard broadeast stations lo op-
erate with a “compatible single-side-
band system of modulation” known as
CSSB.

2. In support of the request. peti-
lioner urges that the adoplion of its
proposal would benefit both broad-
casters and the public; that the single
sideband transmission system will per-
mit reception on existing receivers with-
out any modification: that the resulling
signal will be more listenable; and that
the mmprovement over the present sys-
tem has “been foreshadowed through
voluminous data compiled by means of
developmental broadeasting.” Petitioner
claims that the proposed mode of op-
eration will result m improved high
frequency response, increased signal to
noise ratio, reduetion in co-channel and
adjacent channel interference, redue-
tion in television recciver radiation in-
lerferenee, and reduction of ecertain
types of fading distortion.

3. Several standard broadcast sta-
tions' have in the past been authorized
to conduet experiments in order to test
the CSSB system and to gather dala
regarding this tvpe of operation in the
standard broadecast band. This data
and the information made available by
the petitioner indicate that the proposal
has sufficient merit to warrant further
inquiry. However, they are not conclu-
sive with regard (o establishing the ad-
vantages claimed for the system and in
some very Important respects do not
throw any light on the problems in-
volved. For example, little information
is available with respect to the advan-
tage claimed m the reduction of selec-
tive fading. No information or data is
available with respect to the potential
of interference to other stations.

4. Before deciding upon the desira-
bility of instituting rule making and in
order to provide time in which parties
may gather data and information neces-
sary for such a procecding, we believe
that it would be appropriate and useful
to afford all interested parties an op-
portunity to submit such data and
views as they feel should be taken into
account.

5. Written comments may be filed on
or before September 80, 1960,

6. Authority for the institution of
this proceeding is found in sections
303 (¢) and 403 of the Communieations
Act of 1931, as amended.

7. In accordance with the provisions
of §1.54 of the Commission’s rules, an
original and 14 copies of all statements.
briefs, or eomments shall be furnished
the Commission.

8. Data and views are desired, in par-
tieular, on the following issues:
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(a) Is there a sufficient interest in
single sideband operation in the broad-
cast band by the publie and broad-
casters lo warrant the institution of
rule making?

(b) What are the methods available
for obtaining single sideband operation
which are compatible with present op-
eration, and what are the advantages
and disadvantages of each?

(c) Are there any supporting data or
measurements to support the claimed
advantages and to evaluate the disad-
vantages of the methods?

(d) TIs there a potential of greater
interference lo existing stations from
such operation? If so, what means may
be taken to reduce this interference to
the level encountered by the present
assignments and method of transmis-
sion, and with such reductions what
are the advantages to these systems?

(e) What burdens are placed on ex-
isting receivers relative to tuning. band-
width, quality, ete. in order to receive
signals equal in quality to that possible
under the present method of transmis-
sion?

(f)  What parameters  should  be
adopted in order to derive the maxi-
mum benefit of the proposed operation

and lo insure no greater level of inter-
fercnee to existing stations?

(2) What would be the effect on the
coverage of a station operating under
the  proposed  system  and  proposed
standards?

() What co-channel and adjacent
channel ratios of desired to undesired
signals should be applied in the evalua-
tion of proposals to utilize this system
to insure that other stations will re-
ceive protection from interference equiv-
alent to that afforded such stations by
conventionally modulated stations un-
der §38.182(w) of the Commission’s
rules?

(i) In what respects is the proposed
operation contrary to the terms of the
North American Regional Broadeasting
Agrecment (NARBA)?

9. The comments should be in the
form of technical data and measure-
ments which in general may be obtained
in a laboratory without lhe need for
radiation through space. In the event
radiation is  necessarv, consideration
will be given to requests for experimen-
tation for limited periods of time.
1KDKA. Pittsburgh,

Freeport, L. 1.
and WMGM, New

WSM, Nashville, WGBB,
WABC, New York, N. Y
York, N. Y.

Industry News

Daly Named Vice-President
For Magnecord Sales

ITugh J. Daly
has been named
vice - president,
Magnceord sales,
for Midwestern
Instruments, M.
E. Morrow, chair-
man of the board,
MI, annonnced
recentlyv. In his
new posilion
be responsible for the

Daly will
sales and marketing program for the
entire Magnecord product line man-

ufactured by Midwestern Instru-
nients in its Tulsa, Okla., plant.

Daly, formerly sales manager for
Magnecord, Ine., Chicago, came lo
Midwestern Instruments in 1957
Midwestern purchased the asscls of
Magnecord, Inc., in December, 1956,
and moved the operation to Tulsa.
The Magnecord tape produect line
was placed into production along
with Midwestern’s other electronic
products, and Daly moved to Tulsa
to become general sales manager for
the Magnecord portion of MI’s
products,

New Manufacturer of Muzak
Background Music Amplifiers

Ray B. MecMartin, president of
Continental Mfg., Inec., inspects an
engineering prototype of the Model
920 amplifier which was scheduled
to come off Continental’s line start-
ing June 1. In addition to doing sub-
contract work for many electronics

iy

T, O™

{irms, and marketing a line of cus-
tom receivers for the broadcast in-
dustry under the trade name Mec-
Martin, Continental also manufac-
tures and markets world-wide a com-
plete line of Hi-Fi components and
radio intercom systems under the
trade name ITarmony.
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Thermoplastic Recording
Starts on page 22

grating of appropriate amplitude and spacing in each
piclure element.

For recording color piclures on film, the electron
beam is split into several beamlets, whose amplitude
and separation can he determined by potentials ap-
plied to appropriate electrodes in the electron gun.
This split beam forms the diffraction grating in each
picture elentent. The superposilion of two such mul-
tiple beams, one of fixed spacing, the other of variable
spacing, bul both of conlrollable intensity, creates
the gratings required for fixed and variable color pri-
maries. It 1s also possible, using a slightly diflerent
optical svstem, to project color images from patterns
laid down with a single split beam. A schematic
drawing of the electron heam-splitting gun is shown
in Fig. 6.

The beam emerges from the point of the hairpin
cathode, and 1is accelerated by the field between
cathode and anode. A fine wire splitter grid, slightly
positive with respect to the anode, is placed in the
electron beam. Electric ficld lines terminating on the
grid wires deflecl different portions of the beam by
a discrele amount for all electrons passing between
two wires. This creates a row of apparent sources
back of the wire grids. Their separation depends upon
the potential of the splitter grid, thus controlling the
color of the picture element. The intensity of the ele-

ment is controlled by either modulating the beam
current or the focus of the grating. The average
splitter grid potential is chosen such that the bun-
dles of electrons interscet in the middle of a vertical
focusing cylindrical lens. This lens focuses the heam-
lets in the vertical direction into a row of lines on
the film, Focus and deflection in the horizontal direc-
tion is provided by another eylindrical lens and set
of deflection plales. Since high resolution but no de-
flection is required in the verlical direction there is
a considerable advantage in focusing in the two direc-
tions separately.

For alignment and focus of the gun a transparent
phosphor plale replaces lhe film. A pholograph of
the split beam lrace on lthe phosphor is shown in
Fig. 7. In the photograph the defocusing at the ends
of the trace was due lo curvature of field of the
nuicroscope objective. The split trace was in focus for
a deflection length of about 1'% inches.

A photograph of raster lines recorded ou thermo-
plastic lape wilh a split electron beam is shown in
Fig. 8. Each raster line is split into five grating lines.
In the photograph the last grating line of one raster
line overlaps the first grating line of lhe adjacent
raster line to produce the heavier lines.

Acknowledgyments—The author would like to ac-
knowledge the contribution of Dr. E. M. Boldebuck
and her colleagues of the Chemistry Department of
this Laboratory for developing thermoplastic mate-
rials. The assistance and suggestions of Mr. J. L.
Henlkes have been valuable in all phases of this work.
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RADIO REMOTE CONTROL AND MULTIPLEX SYSTEMS
FOR

STUDIO TRANSMITTER LINKS

JOHN A. MOSELEY ASSOCIATES

BOX 3192 WOODLAND 7-1469

SANTA BARBARA, CALIFORNIA

Your ldeas Are Worth
MONEY!

Five dollars will be paid
for all suggestions published in
"Technical Hints."

Send yours today to

BROADCAST ENGINEERING
1014 Wyandotte St. Kansas City 5, Mo.

July, 1960

HOW’S THIS FOR
RELIABILITY?

The Daven attenuators originally installed in Radio City 23
years ago are still in active use today!!

Audio, video and RF units available as rheostats, potenti-
ometers, ladders, "T” networks, balanced "T" and balanced
“"H" and balanced ladders.

Write for complete catalog.

Available from your local Daven Distributor

THEA VENCO.

LIVINGSTON, NEW JERSEY

TODAY, MORE THAN EVER, THE DAVEN (D) STANDS FDR DEPENDABILITY
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Product Newa

PBS-10 PUSH BUTTON SWITCH

Nems-Clarke Co., 919 Jesup-Blair Drive,
Silver Spring, Md., has announced its new
PBS-10 push-button switch which serves as
a patching field for a ten-wire control bus
from the unit to the device being controlled.
It features one line push key operation only
at one time, positive locking of all line keys,
and rugged durability. The switching unit
is designed to perform a two-fold function:
first to permit instant association of any
equipment with any line and second to ex-
tend a ten-wire control bus from the switch-
receiving apparatus to the device to be con-
trolled. Ten conductors issuing from the
equipment are inserted into a ten-wire
parallel bus which is multiplied through suc-
ceeding line switching units in such fashion
that all equipments associated with a given
line will also be associated with the ten-
wire parallel bus corresponding to that sig-
nal line. Ten control leads are thus switched
whenever the associated line pair is
switched. These control leads are employed
to carry pulses concerned with automatic
switching devices. Switching of the control
leads simultaneously with the signal line
pair provides complete changeability of
equipments and lines. No equipment is
permanently connected to a line or to
another equipment.

TRANSISTOR CHECKER

A compact Model K & K tester is now
available from Kierulif & Co., 6303 Corsair
St.. Los Angeles 22, Calif. Power and gen-
eral purpose types of transistors may be
tested to determine if the transistor is open,
shorted, noisy or has a high value of leak-
age. It is suited for matching transistors in
push-pull audio circuits. The ability of a
transistor to oscillate in the test circuit, in
which feedback is controlled, accurately and
instantaneously determines the value of the
unit under test without reference charts or
meters. Two sockets are provided to accom-
modate power, general purpose, PNP or
NPN types. It is powered by two 6-volt bat-
teries and weighs 22 1b.
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SINGLE SIDEBAND RECEIVER FOR AM

Kahn Research Laboratories, Inc., 81 South
Bergen Place, Freeport, N. Y., has an-
nounced a single sideband receiver using
modern communications techniques and in-
tended for use by AM broadcasters. Spe-
citically designed for relaying radio broad-
cast signals, program monitoring in difficult
reception areas and various Conelrad ap-
plications, the model RSSB-59-1A receiver in-
corporates advanced techniques for minimiz-
ing selective fading distortion and improving
the signalto-noise ratio of conventional AM
and Compatible Single-Sideband transmis-
sions. High front end selectivity redues ad-
jacent channel interference, even when the
interfering signals are much stronger than
the desired station. Product demodulation,
utilizing local carrier or reconditioned car-
ried insertion to minimize selective fading
distortion, or conventional AM diode detec-
tion can be selected by front panel switch
to suit local reception conditions. Upper or
lower sideband reception is also selected by
front panel switch. Conservative design and
long life transistors insure maximum relia-
bility for continuous duty service.

LIGHTWEIGHT AUDIO AMPLIFIER

The Langevin Division of the W. L. Maxon
Corp., 475 Tenth Ave., New York, N. Y., is
offering an eight-watt compact amplifier
which can be mounted in consoles, cabinets,
portable carrying cases, racks, or directly
in a monitor speaker housing. Special fea-
tures include self-contained power supply.
four interchangeable input panels, and out-
put transformer taps for matching 4, 8, 16.
150, and 600 ohms.
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PROFESSIONAL SERVICES

Precision Frequency Measurements
AM-FM-TY
COMMERCIAL RADIO

MONITORING CO.

103 S. MARKET ST. LEE'S SUMMIT, MO,
Phone Kansas City, BR. 1-2338

PAUL DEAN FORD
Broadcast Engineering Consultant
L
4341 South 8th Street Crawford 4496
TERRE HAUTE, INDIANA

VIR N. JAMES
Specialty
Directional Antennas
]

232 S. JASMINE DExter 3-5562
DENVER 22, COLORADO

Advertising rates in the Classified Sec#ion
are ten cents per word. Minimum charge is
$2.00. Blind box number is 50 cents extra.
Check or money order must be enclosed
with ad.

EQUIPMENT FOR SALE

TV VIDEQ MONITORS—8Me., Metal cabi-
nets starting at $189.00. Never before so
much monitor for so little cost. 30 differ-
ent models, 8” thru 24”. Miratel, Inc., 1083
Dionne S$t., St. Paul, Minn. 2-60 11t

TEFLON COAXIAL TRANSMISSION LINE
133”, 51 ohm. Unused. Suitable for AM,
FM, VHF-TV, Communication Systems, and
some Microwave frequencies. RETMA
flanges. Write: Sacramento Research Labs.,
3421-58th Street, Sacramento 20, Cazlif. ot
-60

For Sale—Andrews 260-foot self-supporting
microwave tower. May be used for AM-
FM TV. Our price is $10,000. Ready for
loading. Save almost half. Call or write:
Mr. R. E. Snider, Box 9697, Tulsa, Okla-
homa. Phone: HI 6-6184. 7-60 1t

Combination Recording Studio and home
for sale. Business is good. Repeat clientele.
I want to retire—you take over. No junk
equipment. Cook Recorders. 3905 W. Slau-
son Ave. Los Angeles 43, Calif. 7-60 tf

SERVICES

Cambridge Crystals Precision Frequency
Measuring Service. Specialists for AM-FM-
TV. 445 Concord Ave., Cambridge 38, Mass
Phone: TRowbridge 6-2810. 3-60 12t

BROADCAST ENGINEERING



3 v ¥

i}u* ‘@

Mo

S
:

TELECHROME ¥ .-
¥

\’l* W
“Joy Stick”
Positioner

490WA1 Waveform
generator.Generates
~ keyingsignals forthe
72 different wipes.

490SAl Switching
Amplifier. Combines

two picture signals |
in accordance with §

applied keying wave-

490RA1. Remote Con-

trol Unit. Selects and }
controls desired ef-
fect. Designed for
console or desk
mounting. Easily
modified for inte-
gration into existing
studio facilities.
Complete with pow-
.er supply— 512CR1



....install ’em ....depend on ‘em

.... vidicons from c=c

It’s as simple as that when you specify GEC Vidicons. You no longer need to bother with bulky, space consuming
shipping cartons for your replacement stcck since ali GEC Vidicons are of special internal construction which
allows the tube to be shipped, stored, and operated in ANY position, and after installation you can depend on
their maximum performance the first time. @ For live pick-up in black & white, or color film pick-up, specify
GEC 7336. This camera tube features high sensitivity, excellent lag characteristics at low light levels, and has
provision for dynamic focus. ¢ For black & white film pick-up, specify GEC 6326A. This is a high resolution
camera tube with particular flatness of field and freedom from blemishes. It also has provision for dynamic
focus. Specify GEC 7291 for the same quality features as GEC 6326A, but without the provision for dynamic
focus. ¢ |If your weather radar pick-up doesn’t hold optical images long enough for optimum telecast
advantage, you should investigate the GEC 1326 storage vidicon. This tube is designed to store optical images
for extended or delayed electrical readout, retaining the image after the scene is removed. & For further
information contact General Electrodynamics Corporation.

....where tube research begins

GENERAL ELECTRODYNAMICS CORPORATION

4 4 3 0O F O R E S T L A N E , G A R L A N D, T E X A S

WWWaamericanradiohistorv.com
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