BROADGAST

JUNE 1957

95

No.

VOL.



Planning a Radio Station?

PLANNING ASSISTANCE

RCA is interested in helping you in your
initial phases of planning, even before you
have your C.P. 25 years of RCA station
experience are at your service day or night
. . . before and after you’re “on-air.”

EQUIPMENT COUNSEL

Expert product analysts, specializing in
audio, transmitter, antenna and tower, who
know their product lines thoroughly from
first-hand station experience are here to
advise you, and answer any questions.

R C A ... your first source of
help wn station planning

FIELD SERVICE

Technical field service by broadcast
specialists is available through RCA Service
Company, Inc. strasegically located
throughout the United States . . .

in Dallas, Los Angeles, Chicago,

Atlanta, and Camden.

EMERGENCY REPAIRS

Your business 1s our business. When an
emergency develops, you can call your
RCA Field Man or EMERGENCY
SERVICE in Camden. Twenty-four hour
service, 7 days a week. We provide exact
replacements. You get service in hours—
not days—to keep you on the air!

RADIO CORPORATION of AMERICA
BROADCAST AND TELEVISION EQUIPMENT - CAMDEN, N.J.

In Conada: RCA VICTOR Company Limited, Montreal
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Assures flexible arrangement for economical floor plan

Combining all the newest design features of the recently an-
nounced RCA 6 KW TV transmitter and the enviable per-
formance record of RCA’s famous 25 KW power amplifiers,
the new TT-25CL is today’s best value! No other transmitter
in this power class embraces so many advantages... advantages
that engineers and station managers have asked to have incor-
porated in a single transmitter.

FLEXIBLE FLOOR PLAN—The “block build”’ design of
the TT-25CL permits several combination arrangements. The
layout may be as illustrated in the accompanying floor plan, or
a modification of this general plan. The 6 KW Driver and
P.A. Rectifier and Control Cabinets can be arranged in “U”
fashion with the P.A. tanks moved forward and the driver
power supply enclosure placed at a remote location to further
conserve space.

PRECISE COLOR PERFORMANCE — Built-in linearity

correction circuits and intercarrier frequency control, which
accurately maintains frequency separation between aural and
visual carriers, assure excellent color signal transmission.

EXCELLENT ACCESSIBILITY —Broadband tuning con-

trols in the 6 KW Driver are accessible without opening
any doors. All important driver circuits are adjusted from

the front of the unit. Exciter and modulator units have
“tilt-out” construction for quick, complete accessibility.

THERMOSTATICALLY CONTROLLED HEATERS —

for rectifier tubes are suited to ambient temperatures as low
as 0° C. Designed for attended or remote-control operation.

ECONOMICAL OPERATION — A well-chosen tube
complement affords lower power costs. Complete overload
protection with “grouped” indicator lights makes trouble-
shooting quick and certain.

TIME-PROVED TUBES —Long life RCA 5762 tubes in
both P.A.’s and Driver. Many broadcasters using other RCA
transmitters which employ the 5762 tubes report “‘extra
dividends” due to their long-life, economical operation. Over
100 RCA 25 KW amplifiers have been in '
continuous service to date—each employs
the famous 5762.

PLUS . . . OTHER ADVANCED FEATURES—
too numerous to mention here! Get the
complete story from your RCA Broadcast
Sales Representative or write for descrip-
tive literature (Catalog Bulletin B-4011).
In Canada, write RCA VICTOR Company
Limited, Montreal.




NOW
“ON-AIR”

Reports from stations with TT-25CL’s “on-air”
tell of excellent results and audience response.
Particularly gratifying comments come from
color program viewers who are im-
pressed with the fidelity of

color transmission.

(Type TT-25CL, Low Band)

FLOOR PL AN

VESTIGIAL SIDEBAND FILTER

VISUAL P.A, AURAL P.A,
PLATE TRANSFORMER  PLATE TRANSFORMER
[ | [
||
AURAL POWER AMPLIFIER - VISUAL POWER AMPLIFIER
——— | —— " DRIVER PORTION OF THE ABOVE
AURAL | AURAL VISUAL | VISUAL
RECTIFIER | CONTROL J RECTIFIER | CONTROL 25 KW TRANSMITTER ( LESS
TT% AL DRIVER — |
L Y ~NO T

AMPLIFIERS) IS AVAILABLE AS A
COMPLETE 6 KW TRANSMITTER

Where floor area is at a premium...

such as in "down-town' buildings, or where space must be yielded to other equipment, the
TT-25CL is highly adaptable. When new transmitter buildings are contemplated, the space-
saving TT-25CL helps to save building costs. The rectifier sections of both the 6 KW Driver and
also the Aural and Visual Amplifier Rectiflers can be separated and placed in an adjacent
room or basement. This is an added feature that saves valuable operating area.

RADIC CORPORATION of AMERICA

BROADCAST AND TELEVISION EQUIPMENT o CAMDEN, NEW JERSEY




New High-Capacity TP-7 Slide Projector. Dual drums hold a total
of 36 slides. For top performance in color and monochrome.

REMARKABLE NEW FEATURES ASSURE

MECHANICAL VERSATILITY PREVIEW CONVENIENCE
“Free wheeling” principle, with simple lever release (A}, permits either All slides are illuminated for easy viewing making it
drum to be twirled for easy inspection and slide changing. Slides easy for projectionist to preview them. Last-minute
move smoothly and lock securely in show position. Each drum can be changes can be made before they reach the

operated independently of the other, “show’' position,



DESIGNED
THE WAY
YOU WANT IT!

You told us what you wanted . .. we listened,

designed, field tested ... with the result:

Recognizing the increasing importance of slides in
programming at every television station, RCA
resolved to do something about the projection
equipment.

SURVEY OF USERS—At the outset, a survey
was made among users of film-slide equipment to
find out what was wanted most.

NEW DESIGN PROJECTOR—The result is a
truly professional projector for television use that
1s exactly tailored to your needs ... with so many
operating advantages it’'s a pleasure to use! It has
an ideal capacity of 36 slides—large enough for
handling 999, of all station needs, yet just right
for ultra flexibility.

This new professional slide
projector excels in performance

and operating convenience!

SUCCESSFUL FIELD TEST—The TP-7 Slide
Projector has been field tested in actual day-to-day
service at a busy television station—WBTYV,
Charlotte, N.C. So successful was this trial run,
the station people did not want to part with the
projector when the test was completed!

“OPERATION VIRTUALLY FLAWLESS" —
According to Thomas E. Howard, WBTV Vice
President and Managing Director of Engineering
and General Services, “During the testing period,
the TP-7’s operation was virtually flawless. An
estimated 12,000 slides were run, 170 slides per day
on-alr, 60 slides in previews and rehearsals.”

Write for wllustrated brochure containing complete information

Broadcast and Television Equipment

In Canada: RCA VICTOR Company Limated, Montreal.

RADIO CORPORATION of AMERICA

Camden, N. J.

OPERATIONAL CONVENIENCE AND FLEXIBILITY

QUICK LAMP CHANGE

Use lamp to failure—reserve lamp instantly slides into place. High-

est type optics for uniform brightness over entire field of projected

image.

One-lamp source eliminates color balance problems.

UNITIZED CONSTRUCTION

Designed for ease of operation and servicing. Drums,
drum-covers and optical assemblies are easily re-

moved for cleaning and maintenance.



WHH

BUDDY

MAKES EXTENSIVE USE

OF MOBILE UNITS FOR
RADIO BROADCASTING

Extensive use is being made of mobile
units in our programming at WHHM. A
large trailer unit is used three hours daily,
six days a week. The time is sold to a
meat packer in Memphis and the trailer
is moved daily since the broadcast orig-
inates from a different store each dav. Ior
on-the-spot news coverage we use a red
Corvette equipped for both remote broad-
cast and tape recording. We designed the
nstallations ourselves, using standard RCA
broadcast equipment.

Station  WHHDM was established in
July, 1946, and is owned by the Mid-
South Broadcasting Corporation. Studios
and business offices are located in the
Russwood Building, Memphis, Tennessee.
WHHM is a 250-watt station operating
full time on 1340 kc.*

*See BROADCAST NEWS, Vol. No. 56.
September, 1949, for complete storv on Station
W HHAL

&

REMOTE PICKUPS HANDLED BY TRAILER UNIT

AND

SPORTS CAR UNIT DESIGNED AND BUILT BY STATION

by WILLIAM MARSH, Clicf Engineer. HWHTM . Mewphis, Tennessee

and General Manager of WHHM,
Avery, Commercial Manager,

FIG. 1. Cecil K. Beavers, right, Vice-President

and Allan



The main station transmitter is a BTA-
250C and, in addition, there is a BTA-
250K alternate main 250-watt transmitter.
These transmitters are remotelv operated
from the studio. Also, there are two com-
pletely separate, but duplicate control
rooms at the studio. For the link from the
trailer unit to the studio 450 mc Carfone
equipment is used. From the Corvette (o
the studio 150 mc equipiment is used.

Trailer Remote Unit

We procured a standard two-wheeled
house trailer, which is approximately 25
feet in length. We had this remodeled so
that the whole front part of it had as much
glass window area as we could put in it
so that the d.j. could be seen {rom three
different directions.

We built in a table across the front part
of the trailer, and on this we mounted a
BC-5A Consolette ancd three turntables
with suitable controls nearby for the oper-
ator. In a compartment under the table is
mounted a P.A. system amplifier which is
bridged to the console. Also on drawer
slides in this same compartment is a small
RCA tape recorder.

Running between the forward part of
the trailer and the back part on each side
is a one-inch conduit for making connec-
tions between the forward and after com-
partments. The forward compartment is
formed by means of a wall placed across
the trailer at approximatelv the position
where the wheel wells protrude through
the floor. These wheel wells are covered
and the whole thing dressed up by a built-
in lounge, which is in the form of a “U.”
This also enables air-conditioning equip-
ment to be mounted in the dividing wall

FIG. 3. WHHM mobile studic showing
BC-5A Audio Console inside the unit.

[

FIG. 2. Buddy Moreno, dj, running program from mobile studio.

and accordingly cuts down on the space
required to be air-conditioned. The trans-
mitter is mounted in the rear compartment
because there is no reason for any con-
trolling to be done to it while it is in
operation. It mayv be switched on and off
from the operating position. Monitoring
speaker is placed underneath the lounge
and is grilled into the operating area.

Two coax leads are brought out to the
roof of the trailer, one being permanently
attached to a coax antenna which is raised
and lowered via a pipe ell. The second
coax lead terminates in a plug. and this is
used to connect the corner reflector when
this is required. The corner reflector is

normally carried in the rear compartment
of the trailer to protect it from overhang-
ing branches of trees during travel. Also
mounted by means of pipe flanges on top
of the trailer are external P.A. horns which
may be taken off or rotated as desired.

Safetv glass, of course, was used in the
trailer glass windows. A regular bell svs-
tem mobile telephone was installed with
its associated equipment mounted in the
rear compartment. A 12-volt storage bat-
tery used with this telephone is connected
to a trickle charger. The usual connections
from the trailer to the towing vehicle are
included, namelyv, turn lights, obstruction
lights and electric brakes.




FIG. 4. Close-up of coax and corner reflector antennas atop mobile unit.
These are used for 450 mc transmission to WHHM studios.

Power Supply

The intention was to make the trailer
completely sustaining, which involved
mounting a 5 kw electric plant in the rear
compartment. This was almost completely
successful, in fact was so nearly so that the
unit was operated a few dayvs this way.
However, periodic variations in the vibra-
tion of the gasoline generator, coupled
with weight problems, vapor lock caused
bv overheating, fume ventilation, etc..
necessitated removal of this power plant
into the towing vehicle—which in our case
is a jeep. This enabled complete removal
of vibration from the operating compart-
ment and gave needed traction to the jeep.

FIG. 6. Power for the mobile studio is provided by power plant mounted
in jeep. This jeep is also used to transport the mobile studio.

Remote Pickup Performance

The receiver and associated antenna are
mounted in the penthouse on the roof of a
nearby tall building. So far, we have not
discovered any identifiable dead spots or
low signal areas within a reasonable radius
of the receiving point, which is approxi-
mately 15 stories high in the middle of the
citv. The greatest distance we have tested
so far definitelv requires the use of the
corner reflector antenna, but this distance
is at least 15 miles from the receiving point.
How much farther this unit will carry is
not known vet. The orientation of the cor-
ner reflector. although not critical. had to
be in the general direction at 15 miles.

FIG. 7.

Because of the size of power plant it
generator extend between seats of jeep.

FIG. 5. The 150 mc and 450 mc receiving an-
tennas mounted atop high building near WHHM
studio.

was necessary to let




Distances of a few miles are not affected
by the directional qualities of the corner
reflector, as it appeared not to cut com-
pletelv off from the rear. Close-in opera-
tion seems to be very satisfactory with the
coax antenna. Extremelv close-in operation
may result in overloading the receiver if
the corner reflector is used.

The fdelity of the unit and general
signal-to-noise ratio is quite satisfactory,
and is not noticed as being other than stu-
dio quality by discriminating listeners.
Generally, new listeners must be told that
the program is coming from remote pick-up
equipment. Tests have been made while
the equipment Is in motion, indicating no
fading or extraneous noises whatsoever,
rendering the equipment suitable for riding
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FIG. 8. The WHHM on-the-spot news car is a red Corvette,
equipped for both remote broadeast and tape recording.

in parades, following moving news, or mak-
ing quick on-location pick-ups.

Newsmobile

Along with WHHDM's trailer remote
pickup is another unit which operates on
another band and is associated exclusively
with the news department. Figure 8 gives
a fair indication of the sponsor and also
indicates some technical problems due to
this sponsorship. In this small Corvette.
we removed the spare tire and installed re-
mote pick-up 150-mc broadcast equipment.
mobile telephone, tape recorder and bat-
tery-powered 110 volt power supplv. This
enables on-the-spot newscasts to be made
without advance preparation other than
the time that it takes to reach the location.




FIG. 9. Chief Engineer, William Marsh, beside the 450 mc Carfone unit mounted in mobile studio.

FIG. 10. WHMHM's master control room at the main studios.




The Corvette body being made of Fiber-
glas requires the use of coax antennas
rather than roof mounts. The further fact
that everything is batterv-operated requires
heavy-duty generators and heavy-duty
fusing to be installed. Additional compli-
cations showed up on this job due to
strange and peculiar fields caused by basic
Jack of shielding as the result of area mate-
rials being made of Fiberglas. In spite of
all the difficulty involved, this unit has
done a terrific job and is used at a mo-
ment’s notice throughout an 18-hour broad-
cast day.

Both of the receivers associated with
these remote pickup broadcast units oper-
ate all the time and feed into the studio
on their own separate telephone loops. The
news loop has its own separate loud-speaker
monitor in the newsroom allowing the
newsmobile to call in directly.

SRR G

Cues are given and received at both of
these units via portable radios at the re-
mote originating point, resulting in an
excellent cuing svstem. The cues are so
airtight that broadcasts are not sometimes
believed to be originating from the remote
point. A number of times during an after-
noon a show originating at the trailer will
go directly from the trailer to the Corvette,
back to the studio and return to the trailer
within a total elapsed time of two minutes.

Conclusion

Operation has Dbeen satisfactorv from
every point of view. Maintenance on the
equipment has been negligible from an
electronic standpoint, and has caused very
little off-air time except when due to
wrecks and minor mishaps. The equipment
has performed as perfectly as in the main
studio. Finally, our listeners like the va-
riety introduced by our mobile units,

FIG. 11. Mobile studio connected to jeep-mounted
power plant and ready for operation.



FIG. 1. Front view ¢f RCA "Ampliphase” 50-KW AM Transmitter,

HOW THE RCA AMPLIPHASE
SO=-KW ANM TRANSMITTER
ACHIEVES UNUSUAL CONMPACTNESS
AND OUTSTANDING PERFORMANCE

by J. Q. LAWSON, RCA Broudcast and Television Enginecring
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Appmximately one vear ago RCA intro-
duced a new tvpe of AN transmitter, with
numerous acdvantages, called “Ampliphase.”
This term is a coined name for the “I’hase-
to-Amplitude” system of modulation. Until
recently its use, although successful in both
the U.S.A. and Europe, had heen quite
limited. However, with the development
by RCA of certain circuit techniques andl
components. the svstem reliabilitv and the
overall economy have both been substan-
tiallv improved. The following step-byv-step
presentation in circuit and diagrammatic
form will help to familiarize AM Dbroad-
casters with the principle of operation.

The transmitter has excellent perform-
ance characteristics with a low distortion
and flat frequency response. Tt is very
stable in operation and the use of two
exciter-modulator units provides an addi-
tional safeguard against off-air time. Other
built-in features such as the reflectometer.
parallel rectifiers and conservatively rated
components in the power stages provide
the maximum in protection and operational
reliabilitv. Iurthermore, the Ampliphase
requires up to 50 per cent less space than
previous 50-kw transmitters and costs con-
siderably less to install.

How it Works

In the “Phase-to-Amplitude” svstem.
used in the RCA Ampliphase transmitter,
the RI signal is phase modulated by audio
intelligence at a low level. This signal is
then amplified via separate high-gain class
“C” amplifier channels to the desired
power. The outputs of the separate chan-
nels are then combined through a suitable
network into a resultant amplitude modu-
lated signal. The basic circuit details are
illustrated in block diagram form in Fig. 2,
showing the exciter-modulator. and the
intermediate and power amplifier stages.
Now let us consider the circuit details.

EXCITER- MODULATOR

FIG. 2. Basic circuits of RCA Ampliphase Transmitter.

FIG. 3. Bear view of Ampliphase Transmitter showing left to right:

a. Rectifier and control.

b. Power amplifier,

c. Exciter-Modulator and IPA.
d. Power amplifier.
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FIG. 5. Front view of Exciter-Modulator cubicle showing use of two
E-M units. At extreme bottom is drive regulator (right) and feedback
rectifier assembly (left). At the top are first and second IPA stages.

FIG. 4. Exciter-Modulaior circuit.

Exciter-Modulator

Figure 4 shows details of the circuit pre-
ceding any of the phase shift functions.
Output of a single cryvstal oscillator is fed
to a buffer amplifier with a push-pull out-
put tank. Excitation to one of the follow-
ing separate radio frequency channels is
thus 180 degrees out of phase with ex-
citation to the other channel.

The resultant of these two signals if im-
pressed on a common load would, of course,
be zero. A finite combined signal is de-
veloped, however, if phase through either
or both channels is shifted so that resultant
phase difference at the combining point is
some angle less than 180 degrees. Fixed
adjustment of this phase angle sets up the
desired carrier output.

Vector relations are shown in Fig. 6.
Output current shown as the resultant vec-
tor OA will varv in accordance with rela-
tive position of the channel vectors. A
phase difference of 180 degrees, as repre-
sented by channel vectors OB; and OC,,
results in zero output corresponding to the
trough of 100 per cent modulation.

A shift of these vectors to the positions
OB and OC results in a phase difference
of 135 degrees and finite output current
along vector OA. This vector position
corresponds to carrier output in the ampli-
phase svstem. A further shift to approxi-
matelv 90 degrees phase difference in-
creases the resultant OA vector to twice
the carrier value and corresponds to a 100
per cent modulation peak.

It will be noted that the 135 degree vec-
tor position, corresponding to carrier con-
ditions, can be achieved by applying a plus
22.5 degree fixed phase shift to one of the
two channels following the bhuffer ampli-
fier and a corresponding minus 22.5 degree
shift to the other channel.

This is accomplished in an adjustable
phase shift amplifier which is the first stage
in each of the two channels. A single chan-
nel adjustable phase shifter is shown in
simplified schematic form in Fig. 7. Values
of Ly, C; and R, are chosen so that, with
the variable portion of Ry set at one end
of its range, a plus phase shift of approxi-
mately 25 degrees is obtained. Conversely,
with R; set at the opposite end of its
variable range, the phase shift is minus 25
degrees.

Common shaft drive and differential
connection of the two variable R, elements



(one in each channel) provides convenient
control of carrier level. At present this is a
local control but motor drive can be added
easily for remote or automatic carrier con-
trol to maintain rated power output if
power line voltage varies.

Modulated Amplifiers

Following the adjustable phase shift
amplifier, there are three stages in each
channel designated as modulated amplifier
(see Fig. 2). They are almost identical to
the adjustable phase shift stage except that,
instead of a variable resistor in each plate
tank circuit to vary the phase, a triode
tube, capable of variations at audio fre-
quencies, is substituted to serve as a vari-
able resistance (see Fig. 8). An audio sig-
nal applied to each modulator tube, then
produces a phase-modulated signal in the
tank circuit of its corresponding modulated
amplifier. Modulator bias is set for max-
imum linear symmetrical phase shift when
the audio signal is applied.

The three modulated amplifiers in each
channel make up what can be referred to

FIG. 7. Adjustable Phase Shifier.

CARRIER
SET

<

Values of L and C chosen so change
in R does not change load impedance,
only phase.

I

C, PEAK OF MOD.

C CARRIER

TROUGH OF MOD.
C.[OR ZERO OUTPUT)

CHANNEL "A”

CHANNEL "B’

as a cascade modulator. This circuit tech-
nique makes it possible to produce a low
distortion phase-modulated signal by a
simple resistance variation method inas-
much as phase excursion per stage is lim-
ited to plus and minus 7.5 degrees.

Following the modulated amplifiers there
1s a conventional amplifier stage in each
channel providing isolation and drive to
the first intermediate power amplifiers.
Intermediate amplifiers are tuned and
loaded in a conventional manner.

FiG. 8. Modulated Amplifier and Modulator.

Al

AUDIO o
INPUT

L
@}
@

FIG. 6, Ampliphase vector diagram.

[t will be noted that the fixed phase shifter
and the modulated amplifier circuits are sim-
ilar except that a tube (in place of R, of
Fig. 7) is now the resistor which is varied at
an audio rate by program input.

All three modulated amplifiers and modulators
are identical.

15




Tuning Procedure

An outline of tvpical PA output circuit
tuning procedure may be helpful at this
time:; see Fig. 10 and note the following
procedure:

1. Set up harmonic filter with an RF
bridge in accordance with well-known
procedures to an input resistance of
80 ohms.

2. Set C3/C4 at 180 ohms (calculated).

3. Set each coil L; and L. at 360 ohms
(calculated).

4. Short the output circuit at point X
to ground.

5. Tune each plate circuit to resonance
using Cy and C. respectively.

6. Remove short at X and adjust C; five
turns off resonance in one direction;
then C. five turns in opposite direc-
tion.

The foregoing procedure sets up PA tun-
ing for 50 kw carrier output when the
PA input signals are 135 degrees out of
phase. The variable vacuum capacitors, C;
and C.» (Fig. 10) provide a convenient and
accurate means for stable adjustment of
the offset tuning (step 6).

Operating Simplicity

The Power Amplifier and TPA setup
and tuning procedures just described are
familiar to broadcasters. The exciter-modu-
Jator section. however. is new to manv and,
even though one understands how it func-

FIG. 9.

Front view of PA cubicle.
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tions, there is frequently some concern
about setup and tuning procedures. This,
however, is merelyv a matter of becoming
familiar with the procedure.

A tvpical initial tuning procedure using
an oscilloscope is presented at this time.
Reference to the block diagram (Fig. 2)
and the simplified schematics (Figs. 7 and
8) will help in following this description:

1. Turn on the exciter-modulator.

2. Check to see that the oscillator, buf-
fer. and stages in each channel are
functioning.

Connect the wvertical plates of the
oscilloscope, using normal sweep, to
the output of the adjustable phase
shift of one channel. Tune I, (see
Fig. 7) for minimum output change
when R is shorted and unshorted.
This indicates that the circuit is tuned
and that a change in R; will not
affect load impedance, only phase.

[ON}

4. Applv an audio signal to the audio
input. then check to see that each
modulator stage is functioning simply
as an audio amplifier.

5. Move the oscilloscope to the output
of modulated amplifier No. 1 and
adjust L» (see Fig. 8) for minimum
amplitude modulation.

6. Do the same for modulated ampli-
fiers Nos. 2 and 3.

7. Tune the 1614 amplifier convention-
ally.

8. Complete steps 3 through 7 for the
second channel.

If it is desired, a bench check of the
exciter-modulator can be made.

Drive Regulation

It will be realized that the output tubes
see an impedance varving over a wide
range during the modulation cvcle and it
is desirable that the grid drive varv in a
synchronous manner if the efficiency is to
remain reasonably constant over the modu-
lation cvcle. At the peak of the 100 per
cent modulation cvcle each output tube
must supply four times its carrier load cur-
rent, while at the trough of the 100 per
cent modulation cvcle no load current is
required.

Because of this, if the grid driving volt-
age is constant, the radio frequency plate
voltage on the output tubes would ob-
viously not be constant (due to regulation)
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4 FIG. 10. Simplified circuit of PA output. Note that phase
variation of PA input produces change in output load
- currents.

FIG. 11. Rear view of Exciter-
Modulator cubicle showing com-
bining network and harmenic fil-
ter components.
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and modulation peaks would not rise to the
required value. Conversely, at the trough
of modulation, the tube would be over-
driven to such an extent that the efficiency
on the negative swing would be quite low.
To overcome these undesirable effects, the
driving tube is grid modulated by the in-
put signal in such a fashion that the drive
voltage is raised at the peak of modulation
and lowered at the trough.

This modulation is applied in parallel to
both driving tubes from a cathode follower
utilizing 3 RCA Type 807 Tubes in parallel
(Fig. 12). The amount of modulation is
adjustable and is set for minimum carrier
shift and distortion. This results in about
90 per cent amplitude modulation of the
drive for 100 per cent modulation of the
output. Under these conditions, the output
tubes are approximately cut off at the mod-
ulation trough for 100 per cent modulation
resulting in high efficiency over the modu-
lation cycle essentially the same as at car-
rier. The drive modulation also removes
the necessitv for precise balance of the
two amplifier chains to reach an absolute
100 per cent negative peak.

Built-in Standby

Some additional features of general in-
terest include the feedback circuit and
provision for standby operation. A small
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amount of over-all feedback effectively re-
duces the nonlinearity inherent in com-
bining the two phase-modulated signals,
and reduces the residual noise level to a
value below 60 db. Feedback is accom-
plished by sampling and rectifying the
amplitude modulated signal with a full
wave detector employing germanium type
diodes. The resultant audio signal is ap-
plied in phase opposition to the incoming
audio.

The Ampliphase transmitter is supplied
with two modulator-exciter units (see Fig.
5). Each of these units is complete, and
arranged so that either may be selected
instantly by means of cut-over switches.
Thus, while modulator No. 1 is in opera-
tion, modulator No. 2 is in standby condi-
tion. Further, two complete oscillators are
supplied with provisions for instantaneous
switching to either modulator. These pro-
visions together with the extreme reliabil-
ity designed into the high power stages
assure maximum continuity of service.

Built-in Protection

A reflectometer is supplied, for installa-
tion at the output of the transmitter, which
is sensitive to the standing wave ratio on
the output transmission line to the antenna.
When an arc develops in circuits beyond
the transmitter, the resulting mismatch acts

FIG. 12. Simplified circuit of Drive Regulatior.

through a rectifier and relays to short the
excitation to an intermediate amplifier thus
removing carrier momentarily so that the
arc can clear.

A holding relay is used to prevent long
carrier interruptions in case of a momen-
tary power-line dip or outage. When this
happens, filament timing relays drop out
instantly and must recycle. However, a
holding relay which is sealed across the
contacts of the filament relay does not open
instantly, having a drop-out delay of about
two seconds. Consequently, if power is re-
turned within this time, the carrier will
not be interrupted. For longer outages the
holding relay can be made to seal across
the contacts of filament time-delay relays
by manual operation of the TIME DELAY
BYPASS switch.

During periods of 100 per cent modula-
tion the 5671 power amplifier tubes require
16.2 kv dc at 7.5 amperes which is obtained
by using twelve 6894 mercury vapor recti-
fiers in a three-phase double-way rectifier
circuit. Each pair of 6894 tubes is operated
in parallel for two reasons. First, the 6894
is an economical rectifier tube with a good
life record in more severe service. Secondly,
the disturbing surge effects if one tube fails
to fire are greatly reduced since the other
tube would momentarily carry the total
current. The 6894 rectifiers and the 8008
intermediate voltage rectifiers are housed



in a temperature controlled cubicle (see
Fig. 13) to insure proper operation under
severe ambient operating conditions.

In line with anticipated requirements
concerning spurious radiation, a completely
shielded multi-element network is incorpo-
rated in the PA output. A two-section low-
pass flter is used. Each section is a tee
network, and each inductive series element
is completely shielded. Two series tuned
sections are used to provide added attenua-
tion for the second harmonic. Over-all at-
tenuation to all harmonics is sufficient to
limit harmonic output to a value at least
83 db below the fundamental output at the
fransmitter terminals.

Performance Specifications Exceeded

In the first year since its introduction
several of these Ampliphase 50-kw trans-
mitters have been installed by broadcasters
in the U.S.A. Those installed by U.S.
broadcasters have now gone through the
usual settling-down period and elimination
of “bugs” encountered by new equipments.
Reported operating characteristics are very
encouraging since performance specifica-
tions are being exceeded. This together
with the advantages of smaller space re-
quirement than a conventional 50-kw plus
the unusuvally low installation costs makes
the Ampliphase the most attractive frans-
mitter for the AM broadcaster,

13.

Front view rectifier and control

cubicle.
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INSTALLING ANTENNA SYSTEMS

FOR AM OPERATIONS

by JOSEPH NOVIK, Broadcast and Television Sules

The installation procedures suggested in
this article represent the views of numerous
consulting engineers and the years of ex-
perience gained by RCA in supplying
equipment for installation of both direc-
tional and omnidirectional AM systems.

The sequence of suggested construction
procedures in the accompanying table in-
dicate the manner in which the construc-
tion of an antenna installation is usually
approached. However, individual installa-
tions may call for a departure from this
sequence of construction. In general, the
recommendations made in this article will
hold true irrespective of the order of
construction.

Engineering Consuitation

In most cases, it is not advisable for the
average broadcaster to undertake a project
of this magnitude without the help of a
qualified consulting engineer. The broad-
cast industry is fortunate in having quali-
fied experienced consulting engineers who

Suggested Construction Procedures

1. Review plans and equipment require-
ments with your broadcast sales repre-
sentative and your consultant. Make sure
that the equipment list is complete.

2. Obtain the services of a qualified civil
engineer or surveyor to lay out the an-
tenna system.

3. Proceed with tower foundations and

tower erection.
4. Construct the building.
5. Install the ground system.

6. Install transmission line, sampling line,
ac lines and intercommunication line
supports.

7. Complete electrical work, transmission
and sampling line runs, line terminating
units, etc.

8. At this point, you should be ready to
contact your consultant for setting up
the array and making your Proof of
Performance.
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specialize in the preparation and engineer-
ing data for the design, installation and
licensing of broadcast antenna systems.

The Federal Communications Commis-
sion requires that a radiation pattern of
the proposed antenna system Dbe filed by
application prior to the grant of a con-
struction permit. This radiation pattern is
mathematically derived, based on existing
electrical concepts. A pattern so developed
is based on ideal conditions. Therefore, it
is necessary to exercise great care in the
installation of the antenna system so that
any variations from the ideal conditions
are held to an absolute minimum,

A directional antenna system is required
when it is necessary to operate a broad-
casting station so as to provide a service-
able signal in the main city or metropolitan
district of the main studio and at the same
time limit the radiation toward other sta-
tions operating or proposed to operate on
the same or adjacent frequencies.

Survey for Proper Tower Orientation

Spacing and orientation of the towers is
extremely important. A reference azimuth
at true north should be determined and
the bearing of the line of towers should be
plotted with a high degree of precision from
this reference. It is important that this
hearing be determined accurately and in-
dependently from other sources. An error
in the true tower alignment may make it
impossible to achieve the required direc-
tional antenna pattern.

The only acceptable means of accurately
determining true north is by the observa-
tion of Polaris (the North Star). Because
of the earth’s motion, this observation is
most conveniently determined only once
in 24 hours. Therefore, obscured skies may
make several observations necessary. Other
means of establishing true north, such as
reference to bench marks, are unacceptable.

In order to provide an accurate layout of
the antenna towers and satisfy the terms of
the specifications, the services of a regis-
tered civil engineer or survevor should be
obtained. An accurate traverse of his meas-
urements, duly attested, should be supplied
to the consultant.

Tower Construction

Towers must be designed and installed
to safely withstand the maximum wind
velocities that may be encountered. Figure
1 shows the wind velocity and suggested
ratings for towers based upon U.S.
Weather Bureau statistics of past history.
The suggested ratings do not provide safe-
guards when wind velocities exceed pre-
vious Weather Bureau statistics. The de-
gree of protection in this matter is at the
discretion of the individual station.

The concrete for bases and guy anchors
should be poured at least a week or ten
days before any steel load is applied. If
possible, more time than this should be
allowed for curing to maximum strength.

In both tvpes of antenna systems 4
check for plumb and for proper guy ten-
sion should be made in order to obtain the
required radiation patterns. Insofar as di-
rectional systems are concerned, the towers
should be as nearly identical as possible
with respect to guy wire, height, azimuth
location, positioning of guyv insulators, etc.

After the towers have been erected, all
joints should be weld-bonded to assure a
continuous steel radiator. This should be
done prior to the painting of the tower and
will provide a stable conductivity path for
r-f current which will not be affected by
oxidation or movement of bolted tower
joints. No section of guy wire should be
greater than a »§ wavelength of the oper-
ating frequency in order not to affect the
radiation pattern. In some cases, towers
are painted prior to erecting and care
should be taken to assure that a good sur-
face contact exists at all joints. Towers
should be painted to conform with FCC/
CAA regulations.

Building Construction Details

Certain points should be borne in mind
in constructing buildings at the antenna
site. With respect to tuning houses, where
desired, these should be constructed at each
tower and should be as “entry-proof” as
possible. Thev should be provided with a
feed-through insulator and an opening in
the wall to provide for transmission line,
control wire for switching purposes, and a
power line. The location of these openings
is determined by the size of the open panel,
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FIG. 1. Wind Velocity and Pressure Map.

In the event that the main transmitter
building is close to one of the towers and
in a heavy r-f field, it will be necessary to
insulate or bond to the ground system anv
metal or metal-to-metal contacts. The
paint should be removed from an area of
metal at least two inches wide and a copper

line terminating unit and connections to
the unit.

The tuning houses need not be shielded.
A light should be provided and at least
two duplex convenience outlets located
near the tuning panel. A heavy direct-

ground strap will be required to bond the
tuning panel to the ground system. If con-
duit is used for lights or control wires, this
will also require bonding to the ground
system at 20-foot intervals.

strap soldered or brazed to each cabinet or
panel to be grounded. This strap in turn
should be taken to the ground system by
the shortest possible path and electrically
bonded to the ground svstem. Under no
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circumstances should a loop be permitted
to exist in this ground lead. The ground
strap should not run up the inside wall of
the building, go through the wall and then
down the outside wall to the ground
system.

Figures 2 and 3 are suggested building
plans for a tuning house and combination
tuning-house-and-transmitter building. Fig-
ures 4 and 5 show methods of installing
line terminating units in either tuning
house or weatherproof cabinet.

Tower Grounding

The base plate of the base insulator
should be bonded to the ground system
through one or more heavy cables or a cop-
per strap. Until the system is in operation,
the tower should be strapped across the
ball gap and tied to the ground svstem to
prevent lightning strikes from damaging
the piers and foundations. After the in-
stallation has been completed and the
transmitter has been tied into the svstem,
the lightning gaps should be set to flash
over at 100 per cent modulation. Then the
gaps should be opened to twice the flash-
over distance.

As an additional aid in lightning con-
trol, it is suggested that if “Johnny Ball”
insulators are used they should be ganged
at the tower and at the anchor, using two
or three in a series instead of just one.

A fence is usually located around each
tower to prevent unauthorized entry and,
in addition, vandalism. This protective
structure can be made of metal or wood.
If it is constructed of metal, it should be
carefully bonded to the ground system, and
its construction completed in its entiretv
before any resistance measurements are
made on the tower,

Ground Systems

Since the radiation pattern is computed
on the basis of a perfectlv conducting
plane earth, and since earth’s conditions
depart radically from this assumption, a
ground system of buried copper wires or
ribbons must be installed in order to ap-
proach this ideal as closelv as possible.
The FCC minimum requirements consist
of buried radial wires at least 4 wave-
length long. They should be as evenly
spaced as practicable and in no event
should less than 90 radials be used. This
1S a minimum requirement (FCC) and
where possible a better ground system
should be installed. A properly installed
and adequate ground system can con-
tribute much to the efficiency and stability
of a radiation pattern® and actual specifi-

cations for installation should be deter-

mined bv the consultant.

[t is common practice, in either a direc-
tional or omnidirectional antenna svstem,
to plow slits six inches deep radiallv out-
ward from the base of the tower. These
furrows, usuallv 120 for each tower, are
spaced three degrees apart and the length
of the radials are determined bv the oper-
ating frequency.

Ground Screen

It is suggested that a ground screen be
used if high base currents are encountered.
If a ground screen is used, it should now
be placed in position at the base of the
tower. The ground screen is normally cov-
ered and usually measures 12 by 12 feet.
This ground screen should be 23 gauge,
expanded copper mesh, or equal. Each
radial wire must be electrically bonded
to the ground screen. A simple twisted con-

'G. H. Brown and H. E. Gihring, “General
Considerations of Tower Antennas for Broad-

nection will not suffice—-each connection
must be soldered.

There will be some installations in which
the consultant will suggest the use of ad-
ditional radials in lieu of the copper ground
screen. These radials are interspaced with
the aforementioned 120 radials. Lhe length
of these radials is determined by the speci-
fication. Thev should be placed around the
base of each tower and installed in the
same manner as the other. All of the
radials used should be bonded to a heavy
bus consisting of a copper ribbon three
inches or more wide, or to a bundle of
seven copper wires next to the concrete
base of the tower.

The insulator base and the lightning gap
are bonded to the screens or to the bus
around the concrete tower base. A bus or
bundle of wire previously mentioned is
used to tie the tower screen or buses to-
gether. This replaces the radials which
would normally fall in line between the
towers, see Figs. 6 and 7. This is to be

cast Use.” Proc. THR, 25, Jan. 1937, also . . .
BROADCAST NEWS. Vol No. 15, buried and will probably require handwork.
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HEAVY LINES ARE
COPPER RIBBON

FIG. 7. Ground system for typical three towers in line.

A similar bus or bundle of wire is re-
quired to tie together the shert (inter-
secting) radials between the towers (Figs.
6 or 7). If the towers are spaced greater
than a 1% wavelength apart, radials should
be extended to a point where thev overlap
and be bonded in the same wav as the
short radials.

In all bonding operations, only silver
solder, brazing or copper welding should
be done. Lead-tin solder will corrode too
easily and melts too readily under light-
ning surges. In the installation, close su-
pervision should be made to insure con-
formance with bonding specifications. It

is recommended that a No. 10 soft drawn
copper or a No. 10 copper weld be utilized
for the radials and for the bundle of wires
making up the bus.

(Care should be taken that no two ground
wires come in contact with each other un-
less a firm bond is made (except within a
two- or three-foot area of the tower base
or within the same footage relating to the
copper screen).

Wires are so close within this three-foot
area that it is impossible to get them apart
and accidental contact in this area is not
serious.
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A Plow for Wire Laying

The use of a special construction plow
and reel for wire laving is highly recom-
mended even if the plow has to be fabri-
cated. In the long run, this plow will pay
for itself.

For a suggested detail drawing of such
a plow, see Fig. 8. The steel blade on the
plow merely opens a slit in the ground.
The shape of the blade is designed to aid
in pulling the plow into the ground. It is
sometimes necessary to add rocks, scrap
iron or other ballast to help keep the blade
in the ground. A tube has been welded to
the trailing edge of the plow, so designed
that the wire can be fed from the reel right
into the bottom of the slit in the ground
in one operation of the plow. This tube
should be large enough, and properly
shaped and flared so as not to cut or bind
the wire. Rounded shoes are provided fore
and aft to keep the plow from digging in
too deeply and to tamp back the slit after
the wire is placed in it. These shoes extend
six to twelve inches on each side of slit.

Depending on problems of power and
traction, either a jeep or a farm tractor
may be used to pull the plow. Usually, the
plow can be pulled out from the tower for
one radial and back toward the tower for
the next. Some hand labor mav be neces-
sary to cover the ends of the wire, par-
ticularly close to the tower, as the plow
cannot maneuver properlv in this restricted
area.

Transmission Line

The next aspect of the svstem is the
transmission line for feeding the line-termi-
nating unit. This can be buried, but it is
desirable to install the line above ground,
particularly in the case of aluminum sheath
cable, as it will deteriorate very rapidly
underground unless it is covered with a
protective sheathing such as polyethylene.

Support posts should be completely in-
sulated (wood) or bonded to the ground
svstem 1if of steel. If air-dielectric coax is
used, this installation should be laid out
as straight as possible—with no horizontal
bends, vertical sags or bumps. This is im-
portant as the flanged seals may begin to
leak if there is a bending strain. One end
of the line should be anchored and the
other left free to move as the line expands
and contracts.

If a trough is used, it should measure
at least 4 by 8 inches, have a removable
top and be above the maximum snow level.
IFor convenience, the trough should not be
over 36 inches above the ground unless
terrain conditions make this impossible.



The outer conductor of the line should be
bonded to the ground system every 20
feet, preferably to the heavy copper strap
running between the towers. (See Fig. 9.)

Provision should be made so that dry
air can be flushed through the line and
held at a pressure recommended for the
transmission line used. Air may be pro-
vided by a hand pump and a small silica-
gel chamber or by an air-pressure tank and
dehydrating equipment. All joints, plugs,
end seals, etc. should be tested for leaks
with a soapy water solution.

Extra gaskets should be available in
case of damage or defects in the original
gaskets. Insulated end seals will be re-
quired at both ends of the transmission
line, one at the phasing and branching
equipment and the other at the antenna-
tuning unit. The outer conductor of the
transmission line is connected to the
ground system at the phasing unit and at
the tower-tuning units.

Sampling Lines

Coaxial lines of either the semirigid or
flexible type may be employed for a
sampling system. All lines should be of
the same electrical length, whichever tvpe
is employed, in order to obtain correct
phase indication; i.e., all lines must be of
the same length as the longest line from
antenna to phase monitor. The excess line
on the shorter runs may be coiled and
stored at either the antenna or the phase

The characteristic impedance of the
transmission line must be chosen to match
the input impedance of the particular tvpe
of phase monitor emploved. These trans-
mission lines, either semirigid or flexible,
can be buried in the ground or carried
back In the same trough that supports the
transmission line. Tf the semirigid type 1s
used, suitable provision should be made for
variations in length due to temperature
changes. The semirigid type of concentric
line utilizes dry air as the dielectric. The
air in these lines must be kept dry, and the
same procedure should be followed as de-
scribed previously.

Methods of Sampling

One method of sampling consists of
mounting a sampling coil in the tuning
house. The sampling coil can thus be made
a part of the tower-tuning unit or a
sampling coil kit can be supplied sepa-
ratelv bv RCA if desired.

The other method of sampling is with
a shielded or unshielded loop on the tower.
With the tower height at less than a half
wavelength at the frequency of operation
and if the power is not too high, the
sampling cable can be insulated from the
tower and isolation coils need not be in-
cluded in the svstem.

There are two tvpes of transmission-line
hangers. One tvpe can be wrap-locked to
the tower member, another tvpe is bolted
to the tower members. If isolation coils

FIG. 8. trough installation for trans-

Typical
mission and sampling lines, power cables, elc.

to the tower members and then connected
to the isolation coils maintained in the
tuning house at the base of the tower.
From the isolation coil, the cable is con-
nected to the phase monitor in the trans-
mitter building. It should be remembered
that the cold end of the isolation coil
should be bonded to the ground system.
Actual specification for method and type
of sampling svstem and tvpe of transmis-
sion line to be provided, should be deter-
mined by the consultant. Figures 10 and 11
are sketches showing two methods of sam-
pling with loops on tower and sampling
coil in the tuning house.

Antenna Feed Lline
Line-terminating units can be connected
to the tower by means of copper tubing.

IZ!SAMPLI NG Cotl
-

ekl d 17777

FIG. 10.

Method of sampling that employs «
sampling c¢oil in the tuning house.

L

FIG. 11.

Method of sampling
sampling loop on the tower.

that employs a

monitor end. Alternatively, it mav be are requested or required, sampling cable The line should be flattened at one end
folded back upon itself. or air-dielectric coax can be wrap-locked and drilled for connection to the antenna-
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FIG. 12. Note two-turn coil formed in the antenna
feed line to retard lightning.

FIG. 13. Use of lighting choke
to isolate ac and rf. (Note this is
mounted at left of isolation coil
in typical installation in weather-
proof cabinet shown above.)

FIG. 14. Typical installation of Austin lighting
transformer to isolate ac lighling circuit from rf.

tuning unit terminal. This line is then run
through a feed-through insulator in the
tuning-house wall and the line is attached
to the tower by a bolt or by brazing. At a
point between the tower and feed-through
insulator, the line should be formed into
a one or two-turn coil, 12 to 18 inches in
diameter. This coil can be self-supporting
and is intended to retard lightning and
ald in the breakdown at the ball or horn
gap provided at the tower base to keep
lightning discharges from damaging the
equipment. (See Fig. 12.)

In the construction of these antenna sys-
tems and for future service, it is recom-
mended that intercommunication be pro-
vided between the towers and the trans-
mitter building. The simplest type is an
air-sound powered phone. This system
requires no battery and practically no
maintenance.

Tower Lighting

Lighting equipment must conform to
FCC/CAA requirements as specified on
the construction permit. All ac lines can
be buried or mounted on the poles carry-

ing the transmission lines. It is recom-
mended that isolation of lighting and r-f
lines be obtained. In addition, further iso-
lation of r-f and ac power must be made
when feeding the ac to the tower lights.
This can be provided by utilizing either
an antenna lighting choke (see Fig. 13) or
an Austin lighting transformer, as shown
in Fig. 14. Either device provides a means
of supplying energy to the tower-lighting
circuits and at the same time prevents any
appreciable loss of r-f energy supplied to
the tower by the radio transmitter.

Proof of Performance

In order to obtain authority to go on
the air with the directional antenna, it will
be necessary to submit a proof of perform-
ance that the directional antenna as in-
stalled meets the requirements of the con-
struction permit and good engineering
practice. There are three steps in this final
stage of the engineering. The first step con-
sists of tuning the omnidirectional radiator
and making proof of uniformity of radia-
tion. This proof will require 20 to 30
measurements at distances up to 20 miles
on a minimum of eight radials. This will
be a total of 500 miles or more in the field,
mostly on existing roads, but sometimes
in fields without roads. Radials must be
selected at angles of each null or maximum.

Secondly, networks for the directional
are then set according to calculations and
the cut-and-try method is used to refine
the adjustments until the required pattern
is achieved. These adjustments are checked
by spot measurements at key locations and
compared with the nondirectional measure-
ments at the same spots which are made
before the directional measurements. In
the third step, when spot checks indicate
that an acceptable pattern has been ob-
tained, it is necessary to repeat the meas-
urements made on the nondirectional an-
tenna at all of the 150 to 250 locations
as a check on the previous measurements.
In addition, the usual proof of transmitter
performance measurements are required.
These measurements will be made from
microphone terminals at the studio to an-
tenna output, and so include the effect of
the telephone line.

The foregoing material has been pre-
sented with the hope and intention of mak-
ing the broadcaster aware of certain tech-
niques which, if followed, will provide him
with an antenna system as efficient as
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