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-but every hit direct!
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“BOMBING THROUGH OVERCAST’’! Yet RCA
SHORAN can determine your position ‘“over
target’ to an accuracy of better than 50 feet in
100 miles or more—and do it in less time than it
takes to tell it.

Developed by RCA for the Air Force to aid
blind bombing during World War II, SHORAN
is helping to set astonishing records for pin-
point accuracy under conditions where visual
bombing would be impossible!

Here’s how it works. Two widely separated
SHORAN stations on the ground or aboard ship
form the base line of a triangle. Your plane
is the apex. Pulsed radar signals from your
SHORAN are picked up by both ground stations
and re-transmitted back to you. On your radar
screen you see one ‘‘pip”’ for each station signal.
Using calibrated dials, you triangulate these
“pips”’ for your ‘““fix.”” The operation is done
in seconds.

- :
i
AR I
e
2 e

SEEEE
T

SHORAN development js just one example of
the way RCA works in close co-operation with
the military services to guarantee U. S. suprem-
acy in electronics. Meet the RCA Engineers
and Field Technicians in your branch of service.
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OUR COVER this issue shows the north tower
ground system at WSUN. This very interesting in-
stallation is described in detail in the article start-
ing on Pg. 8.

The cover picture is reproduced from a color
photograph made especially for Broapcast NEws
by the internationally famous photographer Charles
J. Belden.

FOUR FIRSTS have been scored since our last
issue. They were scored by TV stations who made
unusual efforts not just to set records or to meet
special dates, but rather because these stations
really wanted to get “on-the-air” and get going
with commercial TV operation. They are symbolic
of a whole industry which for four years has been
in a straightjacket that precluded even taking a
large breath—much less the expansion it was so
obviously ready for. Now that the log-jam is
broken, new stations, but few (if any) new “firsts”,
will be popping almost every week.

We’re sort of proud of the fact that all four of
these stations are RCA equipped. We even im-
modestly admit to having had some part in their
getting on the air so quickly. The stations, of
course, had to do the major share of the work
but RCA engineers, factory, shipping department
and the RCA Service Company all helped some-
where along the way. It was a sporting challenge,
and everyone who took part in the endeavor got
a little fun out of it.

We’re almost hesitant to list these “firsts”; how-
ever, to date, here is TV’s post-freeze list.

FIRST POST-FREEZE TV STATION in any cate-
gory was KFEL-TV, Denver, which hit the air
July 18, just 7 days after receiving the first post-
freeze construction permit. They went on the air
with an RCA TT-500A Transmitter (500 watts),
have already changed to an RCA 2 kw, will go to
10 kw the first of the year. Story of this installa-
tion is told on Pg. 34.

FIRST HIGH-POWER STATIGN, meaning trans-
mitter power substantially greater than 5 kw, was
WSAZ-TV, Huntington, which began operation
with its RCA 20 kw Amplifier on August 4. The
installation at WSAZ.TV is described in the article
beginning on Pg. 13, by Leroy Kilpatrick, who
planned and supervised the job.

FIRST UHF TV STATIUN, that is, first commer-
cial station, was KPTV, Portland, which went on
the air on Channel 27, September 18th with test
pattern, and on September 20th with program.
Transmitter is the RCA TTU-1A from Bridgeport.
Antenna is an RCA TFU-21BL from new produc-
tion. Results at Portland have been surprisingly
good. We’ll have a complete report in our next
issue. Meantime those wishing “preprints” of this
report can get it by writing the editor.

FIRST HIGH-BAND VHF STATION since the freeze
is KBTV, Denver which took the air with an RCA
TT-2AH transmitter on October 12. Joe Herold,
recently with us in a consulting capacity, is Man-
ager of KBTV. He’s “mighty busy” these days but
we hope to have a story from him for the next
issue.

WE'RE LATE AGAIN with this issue. And we've
exhausted all possible alibis—so we’ll skip the rea-
sons. In fact, we would skip the whole matter
except that then we would get a lot of letters
saying “how come we received the July-August
issue in November”. So sorry, so sorry, since we
printed the cover back in August (it must have
been the heat). But the last copy didn’t go to the
printer ’til October 15th. So the material herein is
not as out of date as the cover would have you
believe.

SUBSCRIBERS, of course, will eventually get the
twelve copies they paid for—whether or not we
get all six promised issues out this year.



1t's all air-cooled!

- 1-kw UHF Transmitter, Type TTU-1B.

UHF 618"

Transmission Line §

UHF 318"
Mitre Elbow

UHF Connector/
Inner Conductor -
and Insulator

UHF 3Vg”

Transmission Line

UHF
Spring Hanger

UHF 68"
Mitre Elbow

UHF 38"
Gas Stop

UHF Load
and Wattmeter |



WITH THE UHF EQUIPMENT and accessories illustrated here, you
VV can build a 1-kw UHF plant capable of delivering up to
20 kw, ERP. RCA has the transmitter. RCA has the antenna.
RCA has the indispensable accessories needed to complete the
installation — transmission line, mitred elbows, line transfdrmers, :
spring hangers, dummy- loads, wattmeters, frequency and modu-
lation monitors, filterplexers, etc. In short, everything-from ONE
responsible manufacturer! W

What about a power increase later? The 1-kw transmitter can
be used to drive an RCA 10-kw high-power amplifier.

Like this 1-kw package, RCA has UHF combinations to meet:
power requirements—up to 1000 kw! Your RCA Broadcast Sales
Representative can tell you what you’ll need for the power you use
—show you a practical plan for a minimum outlay. Call him today.

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT CAMDEN. N. J.

UHF Vestigial
i Sideband Filter and
Notch Diplexer (Filterplexer)

UHF Frequency and
Modulation Monitors

duce high ERP.

-

RCA’s high-gain UHF Pylon. The
most economical way known to ‘pro-




New compaet amplifiers—use low-
noise, long-life, miniature tubes.

: ,TH-E EASY WAY the BC-2B Consolette han-
. dles is due in great measure to.the careful
‘attention RCA engineers ‘have given to
construction details—and to a number of

_unique operating features (not found: in
their entirety in any standard consolette).
Some of thése advantages are pxctured on
these pages.

_ For example, see how easy it 1s to get at

Type BC-2B is styled to mauh RCA video equipmeni—like

this familiar video console.

Every component is easy to get at for
inspection and maintenance.

the amplifiers and components. Note how
every inch: of wiring can be reached with-
out disturbing the installation. See how
the consolette fits snugly into the control

room—unobtrusively. See how the stylmg

matches other RCA audio and video
equipments.

Based on more than'25 years of experi--

ence in building studio consolettes, type

Accessibility, plus! N%\n} hinged control panel swings down;
amplifier frame swings up.

BC-2B is in our opinion a high point in
consolette design. The instrument includes
all essential elements needed by most AM-
FM and TV stations. And every feature has
been: operation-proved—many in RCA de-
luxe _custom-'built equipment. T'ype BC-2B
is available at a “package” price!

‘For details, call your RCA Broadcast
Sales Representatwe.

. and it's styled to match othef RCA audio equipment, foo

e this master switcher, for instance.




:xfar’nul connections are made to two terminal blocks. _ New, reliable interlocking push-button fmpravad, jester - aperating

_ . : aker relays eliminate ke
To Te' at them, just lift the cover. . switches are leaf-type and cam-operated, : :ﬁ:’“ °;“ 3 :u rlic: foc dbu:!:
|

16w height, and 30-degree sloping
" front and top offer maximum studio
visibility. You can install the BC-2B

-~ tight vp against your studio win-

dow. There are no rear connections.







TC-4A Control Console combmes Audlo-Vldeo

Swn‘chmg with Transmmer Control—makes it

posuble to cenrrallze all operahons at one posmon,

Now you can do all (or any desired part) of your audio-
video switching right in your transmitter room . . .

And you do not have to take a fixed group of units to
do it. You can have whatever group of audio and video
" facilities you need to fit your: particular requlrements.
~ Moreover, you canadd further audio and video facilities
as needed.

You get this economy and flexibility by bu11d1ng your
equipment layout around thé new TC-4A Control Con-
sole. The TC-4A is a two-séction unit containing basic
switching facilities for handling up to 8 audio -and 8
video signals (remote or local). It canfade to black and
“program-switch” network, remote, film,andlocal studio
signals. Up to twelve signals can be monitored including
transmitter operation.

To this two-section unit you can add as many console
sections (for “on-air”’ monitor, preview monitor, indi-
vidual camera 'monitors) as you need-to take care of
your individual requirements. In this way you can build
up a “‘céntralized” control position from which one man
can (if necessary) perform all operations.

Moreover, you do all of this with standard RCA units
exactly like those used by the largest stations and the
networks. Thus, if you decide later to expand to a
multlple studio layout you can very easily i rearrange these
‘same units for that type of setup. 3

Remember . . .in TV it’s good business to buy the
best to begin with.

TC “4A Control Console (3rd and 4th units from left)
cornbined with three monitor sections to ‘provide
cornplefe station operating control from a position
in the fransmitter room. In this arrangement the first
unll of the console (starting from the left) is the “live’’
camera confrol and monitor, the second is a film
carmera conjrol, the third unit contains audio fadeérs
and qudio and video swnchmg, ‘the fourth unit.con-
tains monitor switching and remofely localed equip-
ment controls, the fifth unit is the line master monitor.
Audio and video amplifiers, power supplies, efc.,
are mounted on the racks at’left (shown shaded).
The fransmitter in the background is the Type TT-2A
2 lew, VHF TV Transmitter. However, ‘the same ‘ar-
_rangement of controls and audio-video facilities can,
of icourse, be used with any,RCA TV ftransmitfer,
UHF .or VHF, 500 watis to 50,000 watts (providing
ERP’s of | kw to 1000 kw).

CAMDE‘N N.J.




In its twenty-fifth year of broadcasting,
Radio Station WSUN has
coverage 50 per cent in the richest market
area of Florida without increasing power.
This was accomplished by installing an
RCA BTA-SF 5-KW transmitter and two
new 500-foot Blaw-Knox self-supporting
towers at a new transmitter site more than
a mile out in Tampa Bay.

increased its

Municipally Owned and Operated

WSUN is owned and operated by the
City of St. Petersburg on the Florida West
Coast—one of the few municipally owned
and operated stations in the country.

Completion of the new transmitter and
towers was the culmination of intense plan-
ning and effort under Ross E. Windom,
Manager of the City of St. Petersburg, and
George D. Robinson, Manager of WSUN.
Robinson, known as “Major” to listeners
up and down the Florida West Coast, has
been connected with WSUN since 1935,
and station manager since November of
1948.

Chief Engineer of WSUN since 1927 is
Louis J. Link, under whose direction plans
and requirements of the new transmitter
installation were co-ordinated. The direc-
tional antenna system was designed by

8

FIG. 1. Entrance to the
WSUN transmitter build-
ing, with the northwest
tower rising in the back-
ground.

James C. McNary, Consultant. Construc-
tion of the transmitter building was done
by the Construction Division of the City of
St. Petersburg, under the direction of Paul
C. Jorgensen, City Engineer. who also de-
signed foundations for the towers. Erection
of the two 500-foot Blaw-Knox self-sup-
porting towers and construction of the
tower foundations was done by the White
Construction Companyv of St. Petersburg.

Chief Engineer, Louis ]. Link, who was respon-
sible for planning and directing the new WSUN
installation.

NEW AM TRANSMITTER
AND TOWERS AT WSUN

ST. PETERSBURG, FLORIDA

by MAURICE F. HAYES

WSUN began broadcasting in October
of 1927. For the first thirteen years time
was shared with station WFLA, using the
same transmitter but operating from sepa-
rate studios and business offices. The two
stations alternated on week-days and shared
time equally on Sundays. Air-time during
the first year was four hours daily. This
was increased to eight hours in the second
vear, continuing until May 17, 1930, when
WSUN joined NBC, and air time was in-
creased to 17%% hours daily. WSUN went
to full-time operation, 7 days a week, Jan-
vary 23, 1941 . with continued opera-
tion from Bayview.

First Directional Antenna in U. S.
In May, 1930, WSUN
downtown Clearwater

moved from
to Bavview, on
Tampa Bay, with a new 5-KW installa-
tion which included a two-element direc-
tional antenna system designed by Ray-
mond Wilmotte. This was the first direc-
tional antenna system to be used by a
commercial broadcasting station in the
United States. With the Bayview installa-
tion, WSUN began operation on 620 kc

. and since that time 620 kc has be-
come synonymous with solid coverage in
Florida.
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WSUN transmitter building floor plan.

Original Transmitter in

Smithsonian Institute

The original WSUN transmitter is now a
permanent exhibit in the Smithsonian In-
stitute in Washington.

New Transmitter Dedicated
by Don McNeill

WSUN continued transmitter operation
at Bayview until the move was made to
the new transmitter installation near the
end of the land-fill leading to Gandy
Bridge which extends nearly three miles
into Tampa Bay. The official dedication

FIG. 4. Transmiiter control room showing RCA 5-KW BTA-5F.
Phasing equipment in left cubicle. Transmitter control desk,
turntables and special audio console in center foreground.

of the new installation was made January
22,1952, by Don McNeill on the “Break-
fast
which originated in St. Petersburg that
day.

Club”, an ABC network program

Transmitter Building Planned for TV

The two 500-foot Blaw-Knox towers
straddle the highway leading across Gandy
Bridge—midway between St. Petersburg
and Tampa. The transmitter building is
about 100 feet from the highway. It is
44 by 58 feet . . . with height above floor
level about 17 feet. Rooms have 10-foot

FIG. 5.

Transmitter control
transmitter; speech racks and transmitter control desk. At left
center, custom-built studio console with two 70-C turntables.

ceilings. The floors and flat roof are of
reinforced concrete slab construction. The
walls are concrete block, with four-foot
attic and five-foot basement. All wiring
between equipment and lighting circuits is
run in galvanized conduit under the floor
and through the attic. All conduit connec-
tions in and out of boxes use special ground
lugs to insure solid ground back to the
power panel, which in turn is connected
through a copper bus to station ground. All
reinforcing rods and structural steel are
welded together and tied into the station
ground. Metal plaster lath on all interior

room showing 1-KW aquxiliary




FiG. 6. Rear of transmitier enclosure showing
metal guard for high-vollage bus, and inter-lock
fance for plate and modulation trgnstzrmers. Spun
glass filters provide cir intcke through external
louvres. Door to this room not interlocked, permits
inspection during cperation.

FiG. 7. Duplicate transmission lines io south tower
from transmitter building interior. Also dehydraior
and pressure gauges for co-ax lines. Note expanded
metal cage around high-voltage bus. Dummy an-
tenna load is shown in upper cenier.

walls is also welded together and tied into
the station ground. In addition, the studin
at the transmitter is double shielded with
copper screen. This was done in anticipa-
tion of the installation of television equip-
ment in the same building with AM equip-
ment—and the probable use of TV cam-
eras in the studio.

Behind the BTA-SF is a room eight feet
wide, which acts to some extent as a
plenum chamber. In this room are the
modulation and plate transformers, as well
as the dehydrator for the co-ax line. The
door to this room is not interlocked. The
high voltage bus behind the transmitter
is protected by an expanded metal guard
—with both transformers behind an inter-
locked fence. Louvres are provided in the
outer wall for air intake, drawn through
spun-glass filters. Transformers are so ar-
ranged that air is drawn across both. With
the door not interlocked, and high voltage
equipment behind a fence, inspection is
easily accomplished at all times.

Installation includes a BTA-SF 5-KW
and a BTA-1L 1-KW transmitter as aux-
iliarv. Audio amplifiers, modulation and
frequency monitors and other equipment
are mounted in four racks. A special cus-
tom-built audio console and two 70-D turn-
tables are provided for the studio. Micro-
phones and cue speaker in studio are relay-
controlled by a small announcer’s console in

10

studio. This same system is carried through
in the main WSUN studios on the Munic-
ipal Pier in St. Petersburg. The entire
transmitter building foundation rests on
28-foot 12-inch wooden pilings driven on
10-foot centers. Foundation footings are re-
enforced-steel concrete and tied into these
pilings. Transmitter installation includes a
50-KW auxiliary power generator. The
50-KW auxiliary generator rests on a sep-
arate foundation which is isolated
adjacent floor by a 4-inch cork vibration
isolation strip. With this power plant. plus

from

FIG. 9. Aerial view showing complete
WSUN tower-transmitter layout. Two 500-
foot towers straddle over-water highway
connecting Si. Petersburg and Tampa.

FIG. 8. View of north tower tuning house show-
ing antenna tuning arrangement. Note furring
strips bearing copper shielding screen on the
walls and ceiling. Isolation coil may be seen at
upper left.

the 1-KW transmitter, duplicate telephone
lines from studio to transmitter in differ-
ent cables, and with duplicate audio equip-
ment—the chances for time ‘“off-air” are
reduced to the barest minimum.

The BTA-SF incorporates a provision
for automatically reducing power to I KW
should any transmitter fault continue.
When this occurs the [-KW

transmitter starts automatically. Both the

auxiliary

studio and transmitter control room are

acoustically treated.

The phasing cabinet is mounted to the
in line with the front of the
BTA-5F. In addition to the usual tuning
controls on the front panel, there also are

left and

mounted the push-buttons for relay switch-
ing to day or night pattern, as well as
switching from main to auxiliary trans-
mitters. Push-button switching is provided
to permit alternate use of duplicate trans-
mission lines to south tower. A dummy
load is provided and the transmitter switch-
ing is so arranged that with one transmitter
connected to the antenna, the other is auto-

matically connected to the dummy load.

The Antenna System
500-
foot Blaw-Knox self-supporting towers are

The new antenna system’s two

spaced 365 feet apart. As noted in the



FIG. 10.

accompanying photograph, both towers
are set in the water—one on each side of
the highway leading across Gandy Bridge.
The actual location being about one and
a quarter miles out in the open waters of
Tampa Bay, permits an ideal ground sys-
tem. This, of course, was an important
reason for choosing this site. The southeast
tower alone is used for daytime operation
with the northwest tower floating. The
northwest tower is cut in at night to form
a directional pattern. The northwest tower,
located near the transmitter building, will
also support a TV antenna. The top sec-
tion is so fabricated that the elements of
a Super Gain TV antenna for channels 7
through 13 may be attached, with orienta-
tion such that a directional pattern may
be obtained. A special platform is built on
the northwest tower at a 300-foot level for
mounting a ‘“‘dish” antenna for studio-
Both

towers are fed with a 134-inch co-ax line.

transmitter microwave TV relay.
A walkway on piling leading from the
transmitter building supports the co-ax feed
line to the northwest tower. The co-ax line
to the southeast tower is in duplicate, with
line switching provisions located in the
phasing cabinets. Lines to the southeast
tower are led through a 30 x 30-inch con-
crete trough provided with a removable
Lines continue under the

metal cover.

Construction of WSUN iransmitter building, from
roadway between towers. Note pre-fabricated hollow concrete
roof-joists, and, in foreground, cast-iron conduit and con-
crete trough for southeast tower lines leading to basement.

FIG.
west
cate

from

roadway through 8-inch cast iron pipes
and into another concrete trough on the
other side of the road. On the other side
of the roadway the lines are enclosed by a
high steel fence and supported on rollers
on galvanized pipe set in concrete. As the
lines leave the concrete trough thev are
gradually raised five feet to reach the
ground screen beneath the tower. This
bend is quite gradual, along a total length
of 127 feet. Only one 90 degree bend is
used in the entire line; located below the
transmitter in the basement of the trans-
mitter building. The northwest line has
only one 45 degree bend in its entire length.

11. WSUN transmitter building and north-
tower. In foreground, fence-enclosed dupli-
south tower lines rising on roller-supports
concrete trough leading to tuning house.

The tuning houses at both towers are
ample in size—10" x 10" x 7' high.

Line terminating units are of the open
panel type mounting, located near center
feed leaves
through a bowl insulator in the roof cen-
ter. Half inch copper tubing was used to
feed all four tower legs. Sampling loops
for phase and night remote antenna cur-
rent reading are located on towers about

of tuning houses. Tower

100 feet above insulators. Isolation coils
are installed in the tuning houses of each
tower, behind the antenna tuning panels.
DC arc protection is provided to kill the
transmitter on heavy lightning hits.

FIG. 12. Foundations for northwest WSUN tower, lied together with reinforced concrete beams

—supporting center foundation for tuning house.

Note outrigger pilings for ground screen.

11



FIG. 13. Northwest WSUN tower from roof of transmitter building, showing delails
of heavy timber grid resting on concrete beams supported by foundations . . .
outrigger pilings for ground screen. Also catwalk leading to iransmitter building.

Towers and Tides

The foundation for the tower legs are
tied together by a grid of reinforced con-
crete beams, which in turn support the
tuning houses. This grid of concrete beams
also supports a transverse grid of 3” x 12"
creasoted timbers on 3-foot centers upon
which the ground screen is laid. The
ground system under the towers is about
10 feet above mean sea level. (Refer to
front cover for view of tower base and
ground system. This height was selected
after extensive research on tides in Tampa
Bay. Extra precautions were necessary
because of the exposed location, and the
possibility of high tides during stormy
weather. It will be noted in Fig. 13 that
an extensive outrigger was built around
each tower. This was designed to stabilize
the ground, since the rise and fall of tides
might affect the antenna system. The out-
rigger consists of piling set on 20-foot
centers, 35 feet outside and parallel to
each of the four sides of the towers. A
3g-inch copper wire run through eye-bolts
on these pilings level with the timber
grid is outer support of 120 radial wires
connected to a bonding strip around each
tuning house. Under each tower the ground

12

screen was laid on these radials—silver
brazed to the radials on 18-inch centers.
All connections in the ground system are
silver brazed. Radials run down each out-
rigger piling from the J%&-inch outrigger
wire and extend in a circle to a full 400
feet where possible. Along each side of the
roadway passing between the two towers,
the radials were cut off and silver brazed
to 4-foot lengths of 3%-inch copper ground
rods driven 12 inches beneath the surface.

With the complete new installation of
transmitter equipment and towers, plus the
salt-water ground in the new site—field
measurements prove WSUN has extended
its .5 mv line by an average of 30 per cent
to give 50 per cent better coverage of the
thickly populated central area of Florida
—one of the nation’s fastest-growing retail

market areas.

FIG. 14. .5 mv/m day service area contour
for new installation versus former installation.

HEW CONTOUR B3SEO O OCIOBER, 1951, PROOF
OF PERFORMANCE KD FCC SOW CONDUCTIVITIES

FORMEA CONTOUR BXSLD ON WARCH, 1936, F1ELL
WIEHSITY SURVEY 20D FCC SOW COMDUCTIVITIES

ASUN NEW 08 MM DY SCRVICE AREX

COMPERED wiTH WSUN FORMER 05 MwM D2 SERVICE AR(&

INEW 05 WvrM - GANDY BROGE SITE
(FORMER 0% WM DEVIS CAUSEWAY SITE m s mm e f
FEBRUZRY, 1952

JAMES C MCNARY




WSAZ IS Fenot
HIGH-POWER TV STATION

RCA Ships 25-KW Con-

version Equipment For

First Post-Freeze High-
Power Installation

LEROY E. KILPATRICK

Chief Engineer, Station WSAZ-TV
Huntington, W. Va.

Eie receipt and installation by WSAZ-TV
of complete high power TV conversion
equipment marked the beginning of a new
era in post-freeze television. When opera-
tion began under full power on August 4,
WSAZ-TV became the first post-freeze,
commercial, high power television station
for VHF.

WSAZ-TV had been previously serving
the Huntington area on Channel 5, using
a standard RCA TT-5A, 5-KW Transmit-
ter. For some time plans had been made
for increased power, and application was
filed for a construction permit on Chan-
nel 3. Granted a top priority rating, WSAZ-
TV was one of 30 stations in the United
States authorized to change channels as
part of the FCC’s schedule for post-freeze
national expansion. The FCC plan en-
visages nearly 2000 TV stations in this
country. Only 109 are operating to date.

The new conversion amplifier at WSAZ-
TV makes it possible for people in the
West Virginia-Kentucky-Ohio tri-state area
to enjoy high quality television reception.
The new equipment has increased by five
times the station’s former power. This
means much clearer pictures in our present
reception area, and greatlv extended cov-
erage even into parts of Tennessee and Vir-

FIG. 1.

ginia. Fringe areas particularly, have gained
the benefits from this power expansion.

Shipment of Equipment

The WSAZ 25-KW Amplifier, televi-
sion’s most powerful broadcast equipment
vet shipped for commercial use, left the
RCA Victor plant in Camden by truck
caravan. The equipment was shipped by

WSAZ.TV tower with three-section Superturnstile for Channel 3.

a “Ponyv Express” truck of Service, Inc.,
and weighed approximately 7300 pounds.
It consisted of aural and visual power am-
plifier and blower units, each weighing
1000 pounds; and aural and visual power
1000
pounds. In addition, there were aural and

supply and flter units, each of

visual control units, 900 pounds each;
aural and visual transformers, each 800
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FIG., 2. Workmen handling TT-25AL Conversion
Amplifier before its departure from Camden. Look-
ing on with the author, Leroy E. Kilpatrick, Chief
Engineer of WSAZ, is A. R. Hopkins (far right),
Generocl Sales Manager, Engineering Products
Department.

In our final arrangement of equipment.
we emploved a horseshoe lavout with all
equipment in the front. Planning had indi-
cated that our problem of spacing would
not be entirely eliminated although it woull
be greatly improved. This was found true
after installation, and the layout flexibility
in the equipment has provided all that
we anticipated. The final location of the

TT-5A Transmitter, Conversion Equip-

FIG. 4. Floor plan showing final arrangement of
WSAZ 5-KW Transmitter, new 25-KW Amplifier
and companion units. Note that new egquipment
was so placed that it was possible to instzll new
ductwork as simple extensions of the existing
ductwork. The only mcjor alteratien required was
a shift to the right of a portion of the wall, pro-
viding adequcie walk-around space.

VN

FIG. 3. Workmen lifting 25-KW Amplifier
cavity onto base assembly {(foreground).

NOTE:~ CEILING MOUNTED, 3IDE; BAND
L FILTER IS NOT SHOWN.

pounds; a vestigial sideband filter; and
tubes and accessories. A three-bay televi-
sion bat-wing type antenna was also sup-

plied in a separate shipment from the
RCA Victor plant.

Planning the Transmitter Room Layout
During early planning stages, we were
perplexed with the problem of inadequate

g

space in our transmitter room. Due to the
flexibility of the TT-25AL Conversion
Equipment, we found that it could be

easily located in front of our TT-5A Trans-
mitter and at the ends, rather than the
usual arrangement which will be used by

- FeontkroL |

-t
POWIER i

most broadcasters with larger transmitter sppLY |
Joay £l far

rooms. In these cases, the conversion am-
plifier equipment would be located at the

rear. with power and control cabinets at
each end, in line with the transmitter.

14
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FIG. 5. This photo shows the location of the
High-Power Amplifier units with respect to the
supervisory console and the 5-KW Transmitter.
Note that units are located so that operator at
console has access to all essential conirols.

ment, and associated Power and Control
Cabinets is shown in the floor plan of Tig.
4. As will be noted in Fig. 4, a wall
section was moved to provide adequate
walk-around space near the console and
power cabinets,

FIG. 6. Shown at right in this photo (not visible
in Fig. 5) are the visual power and control cab-
inets and the operator’s console. The aural power
and centrol cabinets (not visible) are locoted at
the opposite end, just behind the console.

v

Installing the Conversion Equipment

During the installation of the new power
amplifier, the chief problem we faced was
that of making a rapid changeover with
started
shortly Dbefore the antenna change

no loss in air time. This work
(see

below) and proceeded simultaneously with

the antenma changeover from Channel

-

5 to 3.

Changeover required that the following
operations be performed overnight without
loss of scheduled program service for the
following day. Sign-off time was anproxi-

mately midnight and sign-on around 11:00
a.m. the next day.

(A) Transmitter Equipment Installation

1. Installation of new tuning kits and
crystals in both sound and picture trans-
mitters.

2. Removal and modification of Dboth

Balun Units.

3. Retuning of sound and picture trans-
mitters, re-neutralizing of driver stages, re-
broadbanding of picture P. A. stage and
power output check.

4. Completion of the coaxial line run
from the new 25-KW Diplexer to the an-
tenna lines at the point where they entered
the building, including the 90-degree phas-
ing section.

5. Air test and {requency checks of both
carriers.
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(B) Antenna Equipment Installation

(1) Channel 5 antenna was removed
from tower during the night and

(2) placed on a telephone pole.

(3) Transmitter was then fed into this
antenna.

(4) Channel 3 antenna was raised to
tower and checked out.

The quality after changeover was found
to be unchanged and the new antenna.
VSWR, was excellent, showing 1.03 at pic-
ture carrier and 1.11 at sound carrier.
These are the VSWR values taken from
the TT-25AL reflectometers when first con-
nected to the new antenna.

Both sets of radiators gave almost iden-
tical traces and the opening of a gate in
a wire fence caused variations in the scope
pattern showing that the antenna really
had a better impedance match than curves
had indicated. When mounted on the tower
the match proved to be excellent. Reports
were received over a wide area indicating
increased signal strength and the elimina-
tion of “snow” from the pictures in the
fringe areas.

Description of WSAZ
Conversion Equipment

The WSAZ-TV 25-KW
Equipment consists of a linear amplifier

Conversion
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FIG. 7. Shown here is a close-up
view of one of the WSAZ.TV
High Power Amplifiers with all
access doors open. Note that the
cluster of seven air-cooled 5762
triodes and other components can
be easily reached.

for the visual carrier and a Class C ampli-
fier for the aural carrier, plus the neces-
sary power and control cabinets for the
aural and visual equipment.

Our new equipment emplovs air-cooled
tubes and transformers, metering for all
amplifier tubes and high speed a-c and d-c
overload protection. R-F circuits are single-

4

FIG. 8. Shown at right are the aural
control and power supply cabinets
which house control and distribution
equipment. Note that standard RCA
broadcast transmitter cabinets match-
ing the TT-SA Transmiltiers are em-
ployed. Cabinet doors have been re-
moved to show relays and controls.

ended. The vestigial sideband character-
istics are determined by a fixed-tuned
sideband filter.

Each amplifier consists of a single power
stage utilizing a cluster of seven air-cooled
5762 triodes in a grounded-grid circuit.
Tank circuits are completely air-cooled.
Diode monitors allow tuning and monitor-
ing at both the 5-KW and 20-KW levels.
The equipment contains the necessarv aux-
iliaries such as bias supplies and control
and protective circuits.

The amplifiers are housed in cvlindrical
cabinets which provide accessibility to all
tubes as well as their circuit components.
Air-cooling is provided from a blower in-
corporated in the base of each amplifier.
Power supplv as well as control and dis-
tribution facilities are housed in individual
cabinets which match the TT-5A. There
are two cabinets for the aural section and
two for the visual section.

The visual amplifier is sufficiently broad-
banded to prevent any substantial de-
gradation of the 5-KW picture in passing
through the amplifier. A reflectometer is
included in both the aural and visual trans-
mitters to provide direct readings of stand-
ing wave ratio and percentage of deviation

from assigned power. The conversion am-
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FIG. 9. Shown in this photo are Chief Engineer
Leroy E. Kilpatrick, Studio Supervisor John Clay,
and Transmitter Supervisor Merlin Pitts planning
the installation of the new 25-KW Diplexer. Note
that the old 5-KW Sideband Filter, Diplexer and
Phasing Line for Channel 5 operation are still
in place.

FIG. 10. Shown here is the 25-KW Diplexer com-
pletely installed and ready for high power oper-
ation. Note that it was possible to feed the TT-5A
driver into the antenna system by simply chang-
ing two co-axial runs.

v

plifiers require 208/230-volt, 3-phase, 60-
cvcle power, and have a power factor of
approximately 0.90.

TV and AM Future Studio Planning

At present, WSAZ AM studio programs
originate at 912%% 3rd Avenue in Hunting-
ton. TV studio programs are “microwaved”
from the West Virginia building 14th floor
to the WSAZ transmitter/tower site.

As a part of the WSAZ-TV expansion
and planning and in keeping with the in-
crease in station power, future AM and
TV studio facilities will be centralized
and combined in a single, modern studio
building.

4

FIG. 11. View of the ductwork
for the TT-25AL installation. Mask-
ing tape was found to serve very
well for floor layout work. The
conduit is for the three-phase
power wiring. All other wiring
has been cabled and placed in
the trench. Steel covers finish the
enclosure.
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FIG. 12 (upper left). View showing Channel 5
antenna being lowered on temporary supporting
pole. This is a 60-foot power pole guyed four
ways at two levels. During the time required to
set the Channel 3 antenna and complete the co-
axial line runs this antenna was used for normal
broadcast. RG-17/u was used as feed line.

FIG. 13 (above). View of the WSAZ Channel 5
antenna just before being mounted ctop the sup-
porting tower. Visible in this view is the micro-
wave unit used to receive studio programs from
downtown Hunlington.

Plans submitted by the Austin Company.
Engineers and Builders, for the proposed
new WSAZ studio building are shown in
the illustrations of Figs. 14, 15 and 16. The
new building when completed will provide
WSAZ with an efficient and centralized
two-studio lavout. One of the TV studios
(Studio 2) will serve as a combination AM
and TV studio and will include complete
kitchen facilities for food or cooking com-
mercials. Video control monitors will be
located to provide visibility into both TV
studios, announce booth and projection

FIG. 14. At loft is plan of first floor of
the proposed WSAZ.TV studio layout.



FIG. 15. Ariist’s conception showing appearance
of the front of the future WSAZ Studio building.

room. Just to the rear of the video console
will be located a client’s observation lounge
which will provide visibility into the main
"Television Studio, No. 1; the AM Studio,
No. 2; and into the control room. Also
located on the first floor will be ample prop-
erty and storage facilities with a ramp at
one end and generous entrance doors at
the other end leading into both TV Studios.
This arrangement will provide smooth traf-
fic flow during arrangements of shows.

Also to be situated on the first floor are
Studios “A” and “B” and a separate re-
cording room for AM programming. As a
supplement to the Television film projec-
tion room, a separate film editing room
is planned. General management, sales,
publicity, production and programming
offices will be located on the second floor

(Fig. 16).

FIG. 16. Second-floor plan of pro-
posed studio building showing man-
agement, sales, and office facilities.
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Television zone map showing three areas in which standards differ.

HOW TO ESTIMATE VHF OR UHF COVERAGE

As a result of three vears of technical
hearings and research, the Federal Com-
munications Commission has recentlv
adopted extensive revisions of the Stand-
ards of Good Engineering Practice and
the Rules and Regulations Concerning the
Television Broadcast Service.! These revi-
sions provide for the allocation of televi-
sion broadcast stations in the band from

470 to 890 megacycles, and ““‘unfreeze’ the

#Courtesy ol Erecrroxies and the MceGraw-
Il Publishing Company.
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By FREDERICK W. SMITH

Radio and Allocations Engineering
National Broadcasting Co.

New York, N. Y.

cxpansion of television service on a na-
tional basis which has Dbeen held in abey-

ance since 1948.

The new rules make available 70 chan-
nels in the uhf band Dbetween 470 and
890 megacvcles for television broadcasting,
in addition to the (welve vhf channels pres-
ently available bDetween 34 and 216 mega-
cvcles. Of the important changes to be
made in the engineering standards, one of

the most significant is an upward revision

of the maximum effective radiated power
that may Dbe transmitted by television
broadcast stations, which will make pos-
sible substantial increases in the service

radii of existing stations.

The maximum and minimum powers
that will henceforth be used in television
broadcasting depend on (ransmitting an-
tenna height and the population of the city
to be served as shown in Fig. 1. For chan-

nels 2 to 6 (54 to 88 mc) a maximum of

s




20 db above 1 kw (dbk) of power may
be transmitted for antenna heights of 1,000
feet or less: for channels 7 to 13 (174 to
216 mc) 25 dbk for antenna heights of
1,000 feet or less: and for channels 14 to
83 (470 to 890 mc) 30 dbk for antenna
heights of 2,000 feet or less. For greater
antenna heights, radiated power of a sta-
tion must be derated as shown in Fig. I,
according to the particular zone of the
country in which the transmitter is to be
located. The zone divisions established by

the FCC are shown in the map.

It will be noted that in the new stand-

ards, transmitted effective radiated power

FIG. 1. Maximum and minimum power vs.
antenna height for all channels and zones.

(erp) is expressed in terms of decibels
above a reference level of one kilowatt or
dbk. The maximum levels of 20. 25, and
30 dbk, therefore. represent power levels
of 100, 316, and 1,000 kilowatts, respec-
tivelv. Likewise, the FCC will henceforth
specifv feld strength levels in terms of
decibels above a reference level of one
microvolt per meter or dbg. This conven-
tion has the advantage that transmission-
line losses and antenna gains may be di-
rectlv subtracted and added to transmitter
power output levels. A power increase of
one decibel at the transmitter will result
in an increase of a decibel in received feld

strength.

FIG. 2.
distance for channels 2 through 6.

Coverage Prediction
Under the old standards that have been

superseded, the coverage of television sta-
tions was described in terms of contours
based on a median feld strength of 5.0 and
0.5 millivolts per meter. In the new stand-
ards. the coverage of television stations is
expressed in terms of two grades of service,
which are defined in Table I. The grade
A and B service classifications are essen-
tially specifications of the extent of signal
penetration that will prove to be satisfac-
tory to the average urban or rural observer
equipped with an average television receiv-
ing svstem, both from a subjective and a

time-availability standpoint. According to

Grade A and B contour
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FIG. 3. Grade A and B contour dis-
tances for channels 7 through 13.

the propagation characteristics of uhf and
vhf, and considering the performance capa-
bilities of the average television receiver
and receiving antenna system, if the field-
strength levels specified in Table I are
provided, then the requirements for Grade

A and B service will be met.

Another innovation is the inclusion in
the standards of television field-strength
curves that are based on a statistical anal-
ysis of the service rendered by the existing
These

strength charts, such as those in the old

television stations. replace field-

standards, or previously published else-
where,> which were based on the theoret-

ical propagation to be expected over a

22

smooth, spherical earth, and which did not
take into account the statistical effects of
terrain losses, or provide median field
strengths. Figs. 2, 3 and 4 represent con-
densed versions of these curves and are
arranged to permit convenient and rapid
computation of the distances to the Grade

A and B service contours when the antenna

FIG. 4. Grade A and B contour dis-
tances for channels 14 through 83.

height above average terrain and the effec-
tive radiated power of a station in dbk
are known.
Typical Case

Figs. 2, 3 and 4 are used as follows:
Assume that an antenna site has been se-
lected for a station to be located in Zone

II, and that the radiation center of the

Table I-Required Median Field Strength in db Above 1 uv/m (dby)
at Outer Limits of Service

Grade of
Service Channels 2-6
A 68
B 47

Channels 7-13 Channels 14-83
71 74
36 64




antenna will be 1,500 feet above mean sea
level. A topographic map, such as prepared
by the U. S. Geological Survey, is then
secured and eight or more radials are
drawn on it, each extending to a distance
of ten or more miles from the proposed
transmitter location, as described in the
FCC standards.

radials must extend through the major

One or more of these

city or cities to be served. A profile graph

for each of these radials is then con-
structed, which also shows the elevation
of the antenna radiation center, as shown
in Fig. 5. This represents a hypothetical
profile that might be obtained along a

N 30° E radial from a proposed televi-

sion site.
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FIG. 5. Representative radial showing

method of determining average elevation.

Once such a profile has been obtained,
average elevation of the profile graph of
the radial for the eight-mile distance be-
tween two and ten miles from the proposed
transmitter location is determined by
means of a planimeter or by averaging

successive points in the interval.

In the case of the radial profile graph
shown, this proves to be 305 feet above
mean sea level. The height of the radia-
tion center of the antenna above the aver-
age elevation of the radial between two
and ten miles, the antenna height above

average terrain, is 1,500 feet minus 303

feet, or 1,195 feet. This height is taken
as 1,190 feet because the FCC specifies
antenna height to the nearest 10 feet, tak-
ing the lower alternative for midway fig-
ures. The antenna height above average
terrain is usually taken as 100 feet where
it proves to be less than 100 feet or

negative.

According to Fig. 2, the coverage for an
effective radiated power of 20 dbk on
channel 2 at this site, and along this par-
ticular radial, will be about 40 miles, A,
and 73.5 miles, B. If the station were to
be located in Zone I, the coverage limit
would be set by the maximum power curve
in Fig. 1 as indicated by the dashed lines
(“A Limit Zone I” and “B Limit Zone I”
in Fig. 2) and would be 36 miles, A, and
69.5 miles, B.

The complete contours for the station

are then secured by repeating the above

process for each of the radials and by

marking off the distances obtained for all
of the radials on a suitable map. A smooth
curve that joins the appropriate points
then represents the contour at which the
specified service is obtained. If the cover-
age map is to be submitted to the FCC as
part of an application for construction per-

mit, the contours should be constructed

)

on the Sectional Aeronautical Chart for the
area.

The effective radiated power of a tele-
vision station is the sum of the transmitter
power output in decibels above one kilo-
watt, and the transmitting antenna gain
over a half-wave dipole in decibels, less
the loss in decibels in the di-
plexer, triplexer (if used), and transmis-
sion-line feed system. When the transmitter
power output rating already incorporates
the diplexer loss, the latter need not be

incurred

considered.
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No question about it, UHF are the
magic letters in televisicn. Ultra
High Frequency tfransmission will
bring millions of new viewers
within the range of TV. To broad-
casters, UHF means many things.
UHF means larger audiences. UHF
means increased revenue. And,
UHF means a host of problems.
New equipment to install. New
engineering techniques. New and
specialized fest equipment. New
methods of maintenance and
service.

How can these problems be over-
come? Write for the free "“UHF”
Booklet published by RCA Service
Company. It has the answers.

&

RCA SERVICE CO., INC.
A Radio Corp. of America Subsidiary

Camden 2, New Jersey

RCA Service Company, Inc.
Broadcast Service Section (WO-2)
Camden 2, New Jersey

Please send me, without obligation, your free
UHF booklet.
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THE EMPIRE STATE
TELEVISION ANTENNA SYSTEM

By
H. E. GIHRING

Manager, Broadcast Aniennas
Engineering Products, RCA

The Empire State Building has dominated
the New York skyline since 1929. In
1930 television broadcast frequencies were
shifted from the 2 Mc. region to the then
new and relatively unknown ultra high
frequency region now known as the VHF
band. Since the behavior of these fre-
quencies approached that of light, the im-
portance of “line of sight” transmission
from relatively high locations was recog-
nized. In line with this thinking, some
preliminary tests were made with low
power oscillators by the RCA Victor Divi-
sion on various New York buildings, in-
cluding the Empire State Building, which
confirmed this conclusion. Accordingly, the
National Broadcasting Co. installed equip-
ment on the Empire State Building and
began television broadcasting in 1931,
using a 1 KW transmitter.

When television broadcasting emerged
as a major industry after the war, the
superiority of the Empire State Building
as a transmitting site became even more
apparent not only because of its absolute
height but also because it is the tallest
structure in the area, thus minimizing the
possibility of “ghosts” or secondary images
reflecting from lower buildings. The re-
flected field from the lower buildings is
low in amplitude compared to the field
from the higher antenna. When the situa-
tion is reversed, however, the reflected field
from a higher building, compared to the
direct field from a lower antenna, can be-
come comparable so that ‘“ghosts” appear
in the picture.

Meanwhile, as television Dbroadcasting
spread to other cities, a number of cases
resulted where transmitting antennas were
installed fairly close to each other. One of
these was on the Civic Opera Building in
Chicago in which the National and the
American Broadcasting Company antennas
were only 150 feet apart. On the top of
M. Wilson near Los Angeles, quite a num-
ber of stations operated in close proximity
to each other with no difficulty.
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(LEFT). High over Manhattan, three work-
men perch on the WNBT array. as a fourth
climbs the remaining portion of WPIX below.

Hence, when the opportunity presented
itself for the multiple use of the Empire
State Building as a television center, sev-
eral facts had become established.

1. The desirability of the Empire State
Building as a transmitting site.
2.-The fact that multiple operation
seemed feasible based on previous

experience.

Once the decision had been made to use
the Empire State Building for a multiple
antenna site, many factors had to be con-
sidered, including administrative, legal,
etc., as well as technical factors. A Primary
Committee was established consisting of
F. G. Kear representing Empire State, Inc.
and all other licensees, and O. B. Hanson
representing the National Broadcasting
Company as the original licensee. Robert
L. Kennedy was designated as alternate
for F. G. Kear and Raymond F. Guy as
alternate for O. B. Hanson. This commit-
tee was assigned the task of formulating
the plans and conducting tests and gener-
ally controlling the work. The technical
factors included both mechanical as well
as electrical considerations. The architects,
Shreve, Lamb and Harmon; the consulting
structural engineers, Edwards & Hjorth;
and the general contractors, Starrett Broth-
ers and Eken; all of whom had been asso-
ciated with the building when it was first
built, were called into consultation by the
Primary Committee to consider the height
of a tower that could be placed on the
building.

RCA Victor Division antenna engineers
were consulted on the electrical factors,
including the number of antennas and the
coupling between them.

After preliminary investigations indi-
cated that the project appeared feasible,
a contract was entered into between the
Primary Committee and the RCA Victor
Division, and work was started.

4

(RIGHT). Shown in full height, the
Empire Stale Television Antenna.




General Requirements

In designing the Empire State television
antenna system, special consideration was
given to the following factors:

1. Provision for five television and three
M services.

2. Coupling effects between the eight an-
tennas involved.

3. Bandwidth sufficient for television trans-
mission.

4. Maximum gain in the aperture avail-
able.

5. Horizontal pattern suitable for area to
be covered.

6. Power handling capabilitv to permit
100 KW effective radiated power for
the television services.

To satisfy the first requirement, it was
apparent that the antennas for the various
stations had to be either above each other
or adjacent to each other or some com-
bination thereof including the possibility
of multiple use of one antenna for two or
more channels. Various methods were con-
sidered—even the possibility of a 60-foot
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diameter ring on which all antennas could
be mounted. Such approaches were finally
abandoned for appearance as well as for
structural reasons, and vertical stacking
was chosen.

The next consideration was the height
of the structure above the building. This
was decided by the architects as approxi-
mately 200 feet. It was apparent that many
of the design problems were interrelated.
Since gain is roughly proportional to height
measured in wavelengths, for vertically
stacked omni-directional antennas,® the
problem of using the aperture available to
the best possible advantage required con-
siderable study. Interleaving the antennas,
diplexing two stations into one antenna
as well as placing some of the services on
the building proper were all considered
and most of them were rejected for one
reason or another. Interleaving or diplex-
ing could result in complex situations
should one station need to work on its an-
tenna while the other station is operating.
Furthermore, each of the lessees expressed
a preference for operating his own antenna
system. Locating the antennas on the

FIG. 1. View of Supergain Structure
showing the Channel 5-7 Test Tower.

4

building proper would lower the height
above terrain and result in a more complex
antenna. The question was satisfactorily
resolved by stacking all five TV antennas
involved on the tower and allotting equai
gain to each, with the exception of Chan-
nels 7 and Il in the upper VHF band
where the gain was 20% higher. The three
FM services were to be obtained by other
means such as interleaving, diplexing or
triplexing.

The actual gain obtainable was contin-
gent upon coupling between antennas since
the closer the spacing between antennas,
the greater the gain.

All aspects of the problem were studied
in detail and target specifications were
evolved as follows:

1. Coupling: —26 db. or less between anv
two antennas.

2. Input Voltage Standing Wave Ratio:
1.1:1 over the visual band; 1.5:1 over
the aural band.

3. Gain: Directive gain of 4 relative to
a thin one-half wavelength dipole for
Channels 2, 4 and S5 antennas, and
a gain of 5 for Channels 7 and 11
antennas.

4. Circularity: =2 db.

. Power Handling: Possibility of trans-
mitting 100 KW ERP.

(¥4}

The choice of these specifications, the
method of test and the results are described
below.

Choice of Antenna Type

Since time was an important considera-
tion, it was desirable to use an antenna on
which basic development work was not re-
quired. Two commercial tvpes of television
antennas available were the Superturnstile
and the Supergain. The Superturnstile an-
tenna is widely used for single station in-
stallations but is not suited mechanically
for stacking eight antennas. The Supergain
antenna, however, with its one-half wave-
length square construction offers suitable
structural support for the antennas above
and also offers space for the transmission
line, feed system, junction boxes, power
equalizers, sleet melting equipment, light-
ing circuits and communication lines. The
Supergain antenna consists of a series of
half wavelength dipoles mounted on the
four sides of a tower one-half wavelength
square as shown in Fig. 1. The dipole is
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FIG. 2. Sketch of Screen and Dipoles.

fed by a single RG-35/U cable which
passes through one of the supporting legs
(Fig. 2). The outer conductor is connected
to one side of the dipole and the inner
conductor to the other side. The flare of
the dipole is for bandwidth reasons. While
the flare for broad-band dipoles in free
space is in the opposite direction, experi-
ments have demonstrated that this is not
true when a reflecting screen is used. The
distance btween the dipole and the reflect-
ing screens is about 0.3 wavelength for
bandwidth requirements. The reactance
component of the antenna is balanced out
by means of a series stub consisting of a
short piece of solid dielectric cable which
is placed in one of the other legs. The
triangular supporting structure is primarily
for strength. The supporting structure is
electrically isolated from the dipole by
means of a shorting bar placed approxi-
mately one-quarter wavelength from the
dipole. The two other supporting legs have
heating units mounted in them for de-
icing. This de-ices the spaces between the
dipoles where ice would have the maximum
effect on impedance.

Fach dipole is fed by means of a cable
which terminates in a common junction
box (Iig. 3). The common impedance at

the junction box is N of the dipole im-
n

pedance if n is the number of dipoles. Im-
mediately below the junction box, a (wo-
stage transformer is used to match the com-
mon junction box impedance to the main
transmission line impedance of 5174 ohms.

Since the number of elements used in
the Empire State television antennas were

SHOLTING BAL

- SLEET
AELTER

\
£G 35/0 CABLE
70 JUNCTION BOX

less than those used in previous designs,
and also since the feed cables used were
larger because of power handling require-
ments, it was necessary to develop special
junction boxes. The problem of easily dis-
connecting the cables from the junction
box, maintaining gas pressure and still
maintaining excellent impedance character-
istics was a major development in itself.
[ig. 3 indicates the type of connection
used.

A more detailed description of the

Supergain antenna has been given in a
previous paper.”

Coupling

Possible coupling resulting in crosstalk
or other disturbances was one of the major
considerations in the design of the an-
tennas. Little or no previous experience
was available except the fact that some
80 Superturnstile antenna installations had
worked successfully without any trace of
crosstalk where the isolation between the
visual and aural transmitters was of the
order of 20 db. This was true of trans-
mitters with both triode and tetrode tubes
in the output circuit. In order to allow for
a difference in power levels and as an addi-
tional safety factor another 6 db was
added, thus making the target specification
for coupling —26 db between any of the
antennas at the carrier frequencies in-
volved. In setting this specification, only
coupling between antennas was considerec
since radiation from an antenna to an-
other transmitter or interference between
transmitters is a function of shielding and
cannot be minimized by antenna design.
Similarly, harmonics could not be consid-
ered since these are generated in the trans-
mitter and could be controlled at that
point.

4

FIG. 3. One of the Junction Boxes and Feed-
lines Developed for the Empire State Antenna.
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To check the impedance of each antenna
and the coupling between them, it seemed
desirable at first to duplicate the entire
217-foot structure at the test location.
Since this was not feasible for a number
of reasons, one of which was the difficulty
of working on the structure and making
tests, the next best procedure was adopted
in which adjacent pairs of antennas were
tested on four towers, Figs. 1 and 4. The
highest tower using this method is of the

order of 100 feet for the channel 2 and 5
combination.

However, such coupling tests could not
be completed until the antennas were
available and adjusted for impedance. Since
the tower design for the Empire State
Building had to proceed immediately, some
assurance was necessary in advance of the
final tests that the target specifications for
coupling could be met. This was obtained
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FIG. 4. General View of Test Towers used
for Empire State Antennas. Each Tower
Accommodates Two Adjacent Antennas.

by two approaches: namely, by calcula-
tion and by tests with single screens.

The method of calculation was arrived
at by Mr. R. W. Masters.* The formula
for coupling between antennas is as follows:

P, «( 7 \* GG,
Pt ~ 47TR

Ny Ny
where equality, under the assumptions, ob-
tains for n, = n, = 1.

where P. is the power applied to the trans-
mitting antenna.

P, is the power received by the receiving
antenna.

R is the distance between the antennas.

G, G; are the directive gains of the adja-
cent end bays of the neighboring an-
tennas in each other’s directions relative
to an isotrope.

n; is the number of bays of the transmit-
ting antenna.

n, is the number of bays of the receiving
antenna.

A number of assumptions were necessary
to arrive at this formula.

1. That the field magnitude varies in pro-
portion to inverse distance.

2. That the major contribution to coupling
comes from the two adjacent end bays.

3. That the radiators are matched to the
branch feed cables.

4. That no coupling exists between the
N-S and E-W elements of the antenna.

The coupling between the closest pair
of half bays at the longer of the two wave-
lengths; namely, channels 5 and 7 at the
channel 5 carrier under the above assump-
tions was —17 db. However, since the
power is not all concentrated in the adja-
cent bays but is fed equally to all bays,
another 10 db can be easily obtained.
Hence, from this viewpoint, the necessary
decoupling could be achieved.

As an additional check, combinations of
single screens were checked with various
separations. This experiment was performed
in the same manner as the subsequent
measurements on the complete antenna for
which the following procedure was used.

* With Ohio State University Research Foun-
dation, engaged by RCA as consultant for this
project.

4

FIG. 5. Correction Chart Used in Coupling Tests.
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FIG. 6. Typical Decoupling Data for Chan-
nels 5 and 7. Field Rotation of Both An-
tennas in Same Direction (Normal Condition).

An antenna was driven at a known level
at its own frequency and the received
power level in the adjacent antenna was
measured. The mismatch in the antenna
occupying the receiving position was often
quite high because the frequency of the
incoming signal was outside the design
range of the antenna. By properly account-
ing for the additional power scattered by
the receiving antenna as a result of an
impedance mismatch between it and its
transmission line, it was found that the
measured crosstalk values could be ad-
justed to substantial equality for both
directions of transmission. The adjustment
amounted to the same thing as experi-
mentally matching the receiving antenna
to its line before measuring the crosstalk.
I*ig. 5 gives the required correction as a
function of voltage standing wave ratio
which the receiving antenna would set up
on its line if used as a transmitter. The
tests between single co-channel radiators
spaced 0.65 wavelength apart indicated
an isolation of about 18 db, and greater
values for dissimilar elements up to 40 db
for channels 5 and 7 screens placed in
close proximity.

Above data adjusted for mismatch loss.
Quarter-wave phasing section in E-W halves.

|  Channel 5 Channel 5 Channel 7 Channel 7
IN: | Upper Group Upper Group Visual Aural
OL_JT - Cho'nnel 7 Channel 7 Channel 5 |  Channel 5
: Visual Aural Upper Group | Upper Group

Frequency i | |

77.25 Mc. | 65.8 db. | 55.7 db. |

79.0 | 541 | 507 \ R

81.75 | 465 | 462 ' o -

175.25 i i i 512db. | 512 db

177.0 | '. 1 526 | 526

179.75 | f 1 53 | 502

Since agreement was obtained between
calculated and measured results on single
screens, and since it appeared that an ad-
ditional margin could be obtained when
the power was divided into a complete an-
tenna rather than into two adjacent bays,
the tower design proceeded on the basis
of the close spacing used in our experi-
ments in order to obtain the maximum gain
possible.

In the meantime, the antennas for Chan-
nels 11, 7, 5, 4 and 2 were fabricated and
placed on the towers and adjusted for im-
pedance. Coupling tests were then made
by the method outlined above. Typical re-

FIG. 7. Typical Decoupling Data for Channel 7-11. In the upper table,
in the same direction for both antennas; in the lower table, fields are in

sults are shown in Figs. 6 and 7. In all
cases, the specification of —26 db has been
met or Dbettered.

Gain

Gain was initially calculated by assum-
ing a thin dipole, one-half wavelength long
.3 wavelength in front of an infinite screen.
This resulted in an element pattern. The
array factor for the number and spacing of
elements decided upon was then deter-
mined and multiplied by the element pat-
tern. The resulting pattern was then in-
tegrated over a sphere to obtain the gain
of the configuration.

fields are rotaiing
opposite direction.

| Channel 7 | Channel 7 | Channel 7 | Channel 7 | Channel 11 | Channel 11 | Channel 11 | Channel 11
IN: | Visual | Visual Avural Avural | Visual | Visual Aural | Avural
| Channel 11 | Channel 11 | Channel 11 | Channel 11 | Channel 7 Channel 7 | Channel 7 | Channel 7
OuT: |  Visual Avural Visual Aural | Visual Aural |  Visual | Aural
Frequency | | ' ‘
175.25 Mc. | 48.9 db. 36.9 db. 369 db. | 48.9 db. |
177.0 | 55.1 366 36.6 | 483 | ]
179.75 59.3 36.8 355 519 | 1 }
199.25 | | | 428 db. | 31.8 db. | 32.6 db. | 48.8 db.
201.0 | ; | " 45.0 309 313 445
203.75 | ’ | | | 417 | 307 | 30.4 | 59.0
Channel 7 | Channel 7 | Channel 7 | Channel 7 | Channel 11 | Channel 11 | Channel 11 | Channel 11
IN: Visual | Visual | Aural | Avural | Visual | Visudl \ Aural | Avural
OUuT. | Char'mel 11 | Channel 11 | Char?nel 11 | Channel 11 Cha.nnel 7 | Channel 7 | Cha‘nne( 7 | Channel 7
; | Visual | Aural | Visval ! Avral Visual Aural Visual Aural
Frequency I | | " ‘ \
17525 Mc. | 369 db. | 52.4 db. | 40.2 db. | 36.4 db. ' :
177.0 | 371 | 58.1 | 40.1 | 36.6 ‘

17975 | 36.3 [ 513 410 | 353 \ ' ] 1T
199.25 | [ | | i 32.0db. | 506 db. | 54.8 db. | 31.3 db.
201.0 | \ ' ' [ 31 | 495 | 48.0 | 309
203.75 | % ) | | 303 | 52.8 | 424 | 308

Quarter-wave phasing section in E-W half of Channel VIl and N-S half of Channel X1 antennas.
Above data adjusted for mismaich loss looking into the individual halves of antenna.
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This calculation makes a number of as-
sumptions which gave a slightly optimistic
result. Safety factors were allowed for these
assumptions and the final measured gain
checked quite closely. Subsequently, more
precise methods were developed for the
calculation of gain, especially for antennas
using quadrature feed systems. These will
be covered in future papers.

On the basis of the above calculations,
it was determined that a directive gain with
respect to a thin half-wave dipole of 4 and
5 could be achieved for Channels 2, 4
and 5 and Channels 7 and 11 respectively.
These values were specified as target gains,

The experimental determination of gain
was made by measuring the principal plane
pattern of the Channel 7 antenna as shown
on Fig. 8.

In this commonly accepted method, the
antenna is mounted on its side and the

dipoles radiating paralle] to the ground are
energized. IFor operating convenience, the
antenna is used as a receiving antenna
which will give correct results in accord-
ance with the reciprocity theorem. The
vertical pattern is obtained by rotating the
antenna and recording the received signal.
A great number of precautions were taken
to assure correct results. This information
was then scaled to the other channels. The
exact procedure for determining gain is as
follows:

1. Record the field pattern of the horizon-
tally polarized field component in the
principal vertical plane.

2. Square this pattern to obtain a power
distribution and plot it against the
cosine of the vertical angle, 8, (meas-
ured from the array axis) on rectangular
coordinate paper.

4

FIG. 8. Method of Determining Vertical Patiern.

3. By means of a planimeter, or other
methods, find the area under the plotted
power pattern and under the circum-
scribing rectangle which shares the same
base line as the pattern plot.

4. The directive gain in the maximum di-
rection relative to an isotropic radiator
is the ratio of the rectangular area to
the area under the pattern plot.

5. The gain thus found is divided by 1.641.
which adjusts it to gain relative to a
one-half wavelength thin dipole.

Gain measurements for a great number
of conditions were necessary ; for instance,
the tower offset between Channels 5 and
7 had to be simulated to determine its
effect. The same was true of the tapered
dome of the Empire State Building with
respect to the Channel 2 antenna. As
pointed out later, the Channel 2 and 5
antennas were split into two separate an-
tennas of two and three bays each for the
purpose of providing emergency antenna
service. The gain for each of these condi-
tions as well as the combined antenna had
to be determined. During the investigation,
the Channel 7 antenna was rephased, at
the request of the station, reducing the
horizontal gain to obtain a higher field
close to the antenna. Later, it was deter-
mined that the best method of providing
FM service was the location of FIM dipoles
between the Channel 2 dipoles. The effect
of these dipoles on this antenna was also
determined. While some of these changes
resulted in a second-order effect, neverthe-
less, the problems merited investigation to
insure no serious changes developing at a
later date.

Fig. 9 tabulates the results of gain meas-
urements for various conditions. The direc-

F.G. 9. Results of Gain Measuremcnis for Various Conditions.

TELEVISION FM
1 - 97.1|95.5]101.1
Channel 11 7 7 f 5 4 4 2 Mc.l| Mc. | Me.
Equally - \ Equally Re- | -
Phased Rephased | Phased phased |
Visual | Aural | Visual l Aural Visual | Aural i | Ur_al | Visual | Aural | Visual | Visual | Aural |
‘Antenna Direc- | T [ ‘ N | N o I
tivity Gain 5.40| 5.55| 5.59 | 574 l 3.9 | 4.17| 4.50| 4.48 | 479 3.95| 4.00| 4.43|6.24.707 1.707
Upper Portion - [ - - [ - |—— | — | 145l 87| — T — | — | 249] 275 — | — | —
Lower Portion - | = — | 252] 272 = _I . — | 16 | 1.78] — | — | —
Feed Cable Eff. % | 95 | 95 l 94.4 I 94 4 ’ ' 94 4 95.4 | 95.2 97.2 [ 9 97 2 | 951 [94.8 96 194.8|94.8
‘Power Equalizer | o a ‘ | 7 k I
EF. % — - -l - - — 91| — | — — 972 0969 | — | — | —
Net Gain 512| 5.28| 5.28 | 5421 372 380 3.93| 421| 436| 463 3.851 3711 4.06|600] .67 | .67

! Triplexed on the Channel 4 antenna.
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tive gain, as well as the net gain, is given.
The net value takes into account losses in
the RG-35/U feed cable between the junc-
tion box and the radiator and also in the
power equalizer. The power equalizer and
its function are more fully discussed in the
paragraph under broad-banding. The di-
plexer and the coaxial line efficiencies are
not charged to the net antenna gain. For
most commercial antennas, the net gain is

FIG. 11.

specified. For the Empire State antenna
svstem, however, the directive gain was
specified. It will be seen that the target
values of directive gain were achieved in
the apertures that were available.

Bandwidth

While previous experience with the Su-
pergain antenna indicated that the re-
quired bandwidth could be achieved, the

problem was interrelated with effects due
to the close proximity of the antennas, the
necessity for different spacings between
radiators to achieve the required gain, spe-
cial junction boxes to handle the power,
and a new type of feed cable. Since it was
necessary to erect adjacent pairs of an-
tennas on towers to determine the amount
of coupling, as discussed earlier, the oppor-
tunity presented itself to make a thorough
check of bandwidth under all of the spe-
cial operating conditions required.

Since several possibilities presented them-
selves, the five stations were given a choice
of feed systems. Stations on Channels 4,
7 and 11 chose the bridge diplexing ar-
rangement shown in Fig. 10a; while sta-
tions on Channels 2 and 5 chose the notch
diplexing arrangement with the bridge
power equalizer shown in Fig. 10b. An
additional variation offered was chosen by
Channels 2 and 5 in which the upper and
lower portions of the antenna were treated
as two separate antennas with separate
feed systems, power equalizers and coaxial
lines. This permitted emergency operation
with one portion of the antenna operating
independently of the other.

As a result of experience with many tele-
vision installations, it was known that the
voltage standing wave ratio (VSWR) over
the visual band had to remain within the
limits of 1.1 to 1 to obtain satisfactory
operation. This value was indicated as one
of the target specifications.

Smith Chart Indicating Improvement Due to Power Equalizer for Channel 5

Antenna. It will be noticed that before power equalizing the max. VSWR is 1.45, and
after power equalizing, all impedances are within the 1.1 circle. Note tight cluster.
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Since the Channel 4 Superturnstile an-
tenna and the Channels 7 and 11 Super-
gain antennas had broad-band character-
istics sufficient to achieve the necessary
VSWR over the band, the standard bridge
diplexing method was used. The operation

. . . INPUT TO|POWER EQUAH_IZ R
of the bridge diplexer is well known, hav- t 5OTTOM T BAYS —
ing been described in a previous article.” PES WF

For Channels 2 and 5, power equalizing % ' A
is desirable to achieve the required band- N ) ¢
width since at the lower frequencies the 105 \ X \ !
percentage of bandwidth with respect to el N

the transmitted frequency is greater. The

(@]

power equalizer inherently improves the CHANNEL TI
VSWR over the band by trapping reflected 00 3 55 S EER
energy from the antenna. Fig. 11 indicates FREQUENCY IN MEGACYCLES ——
a Smith Chart plot of a portion of the
Channel 5 antenna before and after power
equalizing. The improvement is quite ob-
vious. A more detailed description of this
device is given in a previous article.® The
amount of energy absorbed for reasonable
VSWR’s is negligible. For instance, if the
VSWR is 1.22, the reflection coefficient
is 10%, and only 1% of the power is
dissipated.
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In the split antenna arrangement, two

o : NPUT Td TEMPOHARY T OF POWERT SPLIT TRANSFORMER }
coaxial lines are brought into the trans-

i)

VOLTAGHE STANDING |[WAVE RATIC

mitter room where they are combined by
a power splitting transformer which by [
transformation, splits the power from the

transmitter to each portion of the antenna 105 / 7
as required. The visual and aural signals

are combined in a notch diplexer which is

4

FIG. 12. Voltage Standing Wave Ratio
Curves vs. Frequency for Channel 2.
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Maximum Power Rating of Components

a frequency selective network permitting

Feed cable max. VSWR | 1.20 . . .

Feed cable VSWR derafing factor 0.950 51multa'ne.ous'0peratlon of visual and aural
Feed cable femperature derating factor 0788 transmission into one antenna system with-
Feed cable total derating factor 0.749 out interference.

Feed cable power capacity before derating I 1400 Watts The VSWR over the band was measured
Feed cable power rating after derating | 1049 Watts | for a number of conditions including the
Feed cable average power, visual, for 100 KW ERP ! 479 Waits N-S and E-W portions of each antenna be-
Feed cable average power, aural, for 100 KW ERP [ 396 Watts

fore diplexing or power equalizing; and

Power Carried
Rated Power

|

FIG. 13. Typical Calculations Establish-
ing the Power Rating of the Feed Cable.

24.8 KW
120 KW

*Average power output of transmitter for 100 KW ERP

of feed cable for 100 KW ERP [| 0.835
l
I

**Maximum ERP possible within limit of feed cables

* Assumes that diplexer handles 25 KW.
** Assumes that diplexer handles 30 KWw.
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also the upper and lower portions of each
antenna individually and combined by the
power split transformer. Fig. 12 is a tvp-
ical chart of VSWR wvs. frequency for
various conditions for Channel 2.

Circularity

Since the Empire State Building is sub-
stantially in the center of the service area,
omni-directional coverage was satisfactory.
The specification for circularity was =2
db. which was demonstrated with a single
set of screens at Channel 7. The work was
carried on in a manner similar to the ver-
tical pattern work previously described.

Power Handling

One of the requirements for the Empire
State antenna was the ability to obtain an
effective radiated power of 100 KW from
the antenna. This decision was made and
the antenna substantially built before the
later proposals were made by the F.C.C.
Since there were relatively few elements
(sixteen or twenty on the low band, and
twenty-four on the high band) and since
the gain was proportionately low, each
feed cable had to handle a
large power. Investigation revealed that
RG-35/U cable was satisfactory for the
purpose. Fig. 13 indicates a typical calcu-
lation which establishes deratings for
VSWR and temperature above ambient
for which the cable rating is made.

relatively

FM Considerations

Three FM services were desired in addi-
tion to the five television services. Of these,
the one for NBC, on 97.1 Mcs. was (ri-
plexed on the Channel 4 antenna by meth-
ods previously described.*

Two other services for 95.5 Mcs. and
101.1 Mcs. were required. A number of
experiments were made to find a location
where the FM dipoles, which are similar to
the Supergain dipoles, could be located
with negligible effect on the impedance and
pattern characteristics of the television an-
tenna. These experiments indicated that the
best location was in the Channel 2 array.
The method employed is shown in Fig. 14.
Both FM frequencies were diplexed into
the single set of four radiators. A VSWR
of 1.03 was achieved for both frequencies,
using a transformer designed for specific
matching at the two carrier frequencies.

FIG. 14. FM Dipole Located in the Channel 2 Array.

Gain was measured by using a set of
Channel 7 screens to simulate the Channel
2 antenna. The IFM dipoles were then
scaled to 320 Mcs. The gain, determined
by the method previously described, taking
into account the fact that the circularity
was not optimum, for the FM frequency
on the Channel 2 tower was .707 over a
half-wave dipole.
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DENVER’S NEW KFEL-TV IS FIRST
STATION

“POST-FREEZE’’

RCA Air Shipment of TV
Equipment Aids KFEL-TV to
Go "ON-AIR” One Week
After Construction Permit

’I‘elevision’s first  post-freeze station,
KFEL-TV, went on-the-air during mid-
July, just one week after receipt of their
formal construction permit. This unprece-
dented record was made possible by the
cooperation of many people and firms, by
several years of planning and coordination
by the station’s management, and through
all expedition possible under law by the
Federal Communications Commission. In
fact, the station was in operation months
in advance of what had been considered
the earliest possible date.

Gene O’Fallon, Manager of KFEL-TV
stated, “The Radio Corporation of Amer-
ica, suppliers of our present temporary and
of our permanent television equipment,
clinched this early starting date by a pub-
lic service job for the city of Denver which
is unbelievable even now. Only its tech-

nical skills, manufacturing facilities and

b

FIG. 2. Buftalo Bill's grave lies only a hun-
dred yards from Denver’'s first TV station.

FIG. 1. Shown at the assembly of Superturnstile Antenna on Lookout Moun-
tain are Tom G. Morrissey, Chief Engineer of KFEL-TV, and E. T. Griffith,

Operations Coordinator of Broadcast Sales,

complete willingness to go all out to ex-
pedite this event have made it possible.”

Site Near Buffalo Bill's Grave

Early planning of this station began in
1948 when a license to operate an experi-
mental, ultra high frequency transmitter
was granted. An exhaustive search indi-
cated a location on Lookout Mountain,
near Buffalo Bill’s grave, as a theoretically
ideal site for a television transmitter. It
was a perfect answer to such problems as
complete line-of-sight blanketing of metro-
politan Denver, available power and water
supply, and year-round accessibilitv by
road. Its desirabilitv was confirmed by ex-
tensive experiments, using WHXEL’s trans-
mitter from this location and, in October
of 1948, the site was purchased. The
“quonset-type” building which now houses
the transmitter was built in 1951.

KFEL’s original application for Chan-
nel 2 was filed during the “freeze” in Feb-
ruary of 1951. The corporation acquired

Engineering Products, RCA.

the building which now houses the studios
at 546 Lincoln Street in March of 1952
and promptly remodeled it for studios.

A contingent order for the station’s
transmitter was placed with RCA in Jan-
uary of 1951, and when installed at
KFEL-TV, will be RCA’s most modern
and efficient 2-kw transmitter, the TT-2AL.
This will be done by adding a 2-kw ampli-
fier to the TT-500A.

Immediately following the lift of the
television “freeze order” on May 24, 1952,
KFEL’s amended application for Channel
2 was filed, complying with the terms an-
nounced by the commission for the filing
and consideration of new applications. Fol-
lowing the July 11th announcement, KFEL
plunged into action. Telephone conferences
with RCA gave hope of having a temporary
500 watt transmitter on the air in less than
ten dayvs providing a Special Temporary
Authority for operation could be secured,
and the supply and construction schedules



FIG. 4. Temporary visual antenna that was built on the
spot while three-section Superturnstile was being assembled.

FIG. 3. Transmitter building showing microwave re-
flector which receives signal from studios downtown.

met. The station imme-
diately filed by telegram an application
for Special Temporary Authority to oper-

ate KFEL-TV.

management

4% Ton Air Shipment
Over four and one-half tons of heavy

and delicate equipment were rushed to
Denver by specially chartered planes of
the Flving Tigers Lines. An idea of the
extreme speed and dispatch used in han-
dling the order is realized in that the first
plane was headed west less than 24 hours

FIG. 5.

Tom Morrissey and Ray Colvin, RCA Service Company Field Repre-
sentative with Mastes Monitor in transmitter shack. In background is TT-500A.

after the order came in. Additional air-
borne shipments via Flving Tigers Lines
included RCA Victor TV Receivers and
various parts and accessories. Also flown
to the scene were E. T. Griffith, Opera-
tions Coordinator from RCA, and Ray
Colvin, Field Representative from RCA
Service Company to cooperate with KFEL
Engineers, Tom Morrissev, Scotty Cullen,
John Senneff, and Eddie Roman.

On July 17, the Commission considered
the application, and at a special emergency

FIG.
rushed to Denver, unloading RCA equipment.

meeting, the request was granted, and by
8:15 p.m., July 18, the first test pattern
from Denver was on the air—the first new
television station in four years.

Five Stages of Installation Planning

The construction of the permanent trans-
mitter and antenna is proceeding without
delay in a series of four stages.

STAGE ONE . ..
Transmitter—RCA Type TT-500A, 500 W
visual power and 250 W aural output.

6. One of several chartered planes




FIG. 7. The three-section Superturnstile and two-

section FM Pylon Antennas being

from plane to truck at Stapleton Airport, Denver.
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FIG. 8.
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Artist's sketch showing microwave relay system.

(I. to r.) Griffith, Morrissey and Colvin with antennas ready for
fransport to Lookout Mountain. The two-section FM Pylon is being used tem-
porarily to attain height until tower is available (see “Stage Four” below).

Antenna—Composite aural and visual di-
pole approxi-
mately 25 feet above ground, 647 feet
above average terrain.

Transmission Line—50 feet of RG-8/U to
each antenna.

STAGE TWO . . .

Two KW Amplifier to be added to the
RCA Type TT-500A Transmitter mak-
ing it a standard RCA Type TT-2AL
Transmitter with visual power output
2 KW and aural output 1 KW.

Antenna—RCA Type TF-3C, 3-Section
Superturnstile, overall height 77 feet,
center of antenna 53 feet above ground,
680 feet above average terrain.

transmitting antennas

Transmission Line—80 ft., 134" rigid coax
line, dual run using bridge diplexer.

STAGE THREE . ..

Transmitter Location—Same (Lookout
Mountain).

Transmitter—RCA Type TT-2AL, 2 KW
visual power and 1 KW aural output.
Antenna—RCA Type TF-6AL, 6-Section

Superturnstile Antenna mounted on top
of 100-foot supporting tower as speci-
fied in Application File No. BPCT-691,
as granted. Center of antenna will be
778 feet above average terrain.
Transmission Line—175 feet RCA Type
MI-19113 Rigid Coaxial Transmission
Line, 374"—same as specified in Appli-
cation File No. BPCT-691, as granted.

Date for Operation—Sept./Oct., 1952.

It is to be Noted that the installation and
operation planned for Stage Four is as

4

FIG. 12. The installation as viewed from Buffalo
Bill's grave, with city of Denver in the distance.




FIG. 9. Part of the two-section FM FIG. 10. Rear view of transmitter building. An-
Pylon being unloaded at the site. tenna was instailed in lower right foreground.

specified in Application No. BPCT-691 rr—

except for the transmitter to be used. - ‘_; ‘ _— T T : T ) EXH!B!T I!J

STAGE FOUR . TN Lo

Final construction in accordance with the :
specifications in Application File No.
BPCT-691, as granted, with visual ERP
of 56.5 KW (17.5 dbk) at an antenna
height of 778 feet above average ter-
rain. Completion expected latter part of
January or early February, 1953.
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The accompanying map shows the cov-
erage afforded by the present temporary
transmitter and antenna. Grade A service
is afforded to most of Denver, and Grade
B, a less satisfactory and weaker signal,
may be available in the arc indicated by
the “GRADE B’ line. Successive advances
in power and antenna quality will extend
this pattern greatly with each one of the
five successive steps in the permanent con-
struction. KFEL-TV is pleased to an-
nounce its temporary affiliation with the
television network of the National Broad-
casting Company, and will have available
to it on occasion programs from other net-
works as well,
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Additional key personnel already named
by Gene O’Fallon, Manager of KFEL-TV,
and Frank Bishop, Managing Director,
for the initial operation of KFEL-TV in-

clude: Bill Conklin, National Sales Manager

for both AM and TV operation; Robert L s it }(:_ = ‘
A. Hart, Jr., local TV Sales Manager; TELPORERY OPERATION - STAGE ONE A ‘ ~ ‘ !
Duncan Ross, TV Traffic Manager; Harry 500 WATT TRANSUITTER DIFOLE i ; E i
Mack, Director and Producer; and Joy CONERCIAL RADIO ESUIFLEST COMPANY f - ;
Shepard, Administrative Supervisor. Also Radlo Engineering cm:\“i"i"(“ S AP w1
named to the TV production staff are Don T b ' i‘ﬁﬁg}; -

Arthur, Harry Honstein, Warren Huskie,

Al Eirish and Morey ]ones who have com- FIG. 13. Map of present television coverage of Denver and distant flat

. .. . couniry eastward. The outer arc will be progressively extended within
pleted nearly eight months training in Y

KFEL’s TV workshop.

the next six months, giving a sirong signal to distant communities,

37



TV ENGINEERING REQUIREMENTS
FOR FCC APPLICATIONS

Most AM and IM Broadcast Stations
planning for Television, and existing TV
Stations planning expansion, are well
versed in the requirements of formal FCC
applications. However, some groups plan-
ning TV Station construction may be less
familiar with these requirements. This
article is intended to be helpful in review-
ing engineering requirements for the ini-
tiated and in clarifying the technical con-
siderations for the uninitiated. For both
classes of TV planners, familiarity of their
technical staffs with the rules and require-

By
IRL NEWTON

Product Administration Section
Broadcast Antenna Equipment

cerning site locations, equipment to be
used, station layout and other factors.

TECHNICAL REQUIREMENTS

IFCC Form 301 must be filed with the
Federal Communications Commission to
obtain a Construction Permit for a Televi-
sion Station, and Form 302 must be filed
with the Commission to obtain a station

the forms are prepared by an Engineering
Consultant. The service of a qualified Con-
sultant is highly desirable due to the many
phases of TV Station planning that require
access to FCC files and up-to-the-minute
records plus the necessity of detailed and
intimate familiarity with the FCC Rules,
Interpretations, and Procedures.

However, it is also important that the
station technical director or chief engineer
be cognizant of the information required
by the FCC in order to fully understand
the functions of the Consultant and to
permit intelligent station planning and

ments will aid them in making the neces- license after construction has been com- compliance with the FCC Rules and
sarv and correct planning decisions con- pleted. Normally, the technical sections of Regulations.
FIG. 1. These curves of antenna height versus power represent typical data for communities of 50,000 to 1,000,000 and above.
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In Form 301, Sections V-C and V-G
contain a number of questions concerning
the technical phases of its proposed opera-
tion. These must be answered carefully
and correctly. The questions are discussed
below in the proper numerical sequence
beginning with Section V-C.

FORM 301 SECTION V-C
1. Purpose of authorization applied for:
Indicate by check mark whether for

the construction of a new station or
indicate the nature of the changes pro-
posed if for the modification of an exist-
ing station or an outstanding Construc-
tion Permit.

2. Facilities requested:

The upper and lower frequency limits
of the various Television channels are
listed in Section 3.603 of the FCC Rules
and Regulations. The Channel Number
requested must be a channel assigned
to the city specified in the Table of
Assignments (Section 3.606). If no
channel is assigned to the city, and the
city does not qualify under the 15 mile
rule or if authorizations have already
been made on the channels listed in the
Table of Assignments, a prior petition
must be filed with the FCC for Amend-
ment of the Table of Assignments. Such
petitions must be submitted in accord-
ance with Section 3.609 and comply
with the separations set forth in 3.610.

The Effective Radiated Power and
Antenna Height above average terrain
must agree with the entries under 9(a)
and 12, respectively.

3. (a) Antenna Structure:
Section 3.685 of the “Rules” reads in
part as follows:

(g) Applications proposing the use
of television broadcast antennas within
200 feet of other television broadcast
antennas operating on a channel within
20 percent in frequency of the proposed
channel, or proposing the use of tele-
vision broadcast antennas on channels 5
or 6 within 200 feet of FM broadcast
antennas, must include a showing as to
the expected effect, if anv, of such prox-
imate operation.

(%) Where simultaneous use of an-
tennas or antenna structures is pro-
posed, the following provisions shall
apply:

(1) In cases where it is proposed to use
a tower of a standard broadcast sta-
tion as a supporting structure for
a television broadcast antenna, an

Antenna Height Above Average Terrain
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FIG. 2. Zone I, maximum power versus antenna height
curves for Channels 2-13 (VHF) and 14 to 83 (UHF).

appropriate application for changes
in the radiating system of the stand-
ard broadcast station must be filed
by the licensee thereof. A formal
application (FCC Form 301) will
be required if the proposal involves
substantial change in the physical
height or radiation characteristics
of the standard broadcast antennas;
otherwise an informal application
will be acceptable. An application
may be required for other classes
of stations when the tower is to be
used in connection with a television
station.

(2) When the proposed television an-
tenna is to be mounted on a tower
in the vicinity of a standard broad-
cast directional array and it ap-
pears that the operation of the di-
rectional antenna system may be
affected, an engineering study must
be filed with the television applica-
tion concerning the effect of the
television antenna on the direc-
tional pattern. Readjustment and
field intensity measurements of the
standard broadcast station may be
required following construction of
the television antenna.
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Ground level elevations may be ob- lagging) ; space phasing of elements tion characteristics of the antenna

tained from the U. S. G. S. Topograph- (in feet and degrees); and ratio of above and below the horizontal
ical Maps. The height of the antenna fields from elements. plane. The horizontal plane pattern
radiation center is the physical center (3) Horizontal and vertical plane radia- shall be plotted on polar coordinate
of the TV radiating elements if uniform tion patterns showing the free space paper with reference to true north.
power distribution is used. If a split field intensity in millivolts per The vertical plane patterns shall be
feed system and non-uniform power dis- meter at one mile and the effective plotted on rectangular coordinate
tribution is employed (such as RCA radiated power, in dbk, for each paper with reference to the hori-
TEF-12AL, TF-12AM, TF-12AH super- direction. The method by which the zontal plane.
(t:éllli.gsS:}ieir;f;niieorhgrs}:?m?i:t su[(;;}r: radiation patterns were computed (4) Name, address, and qualifications
g ] ght ol the radia or measured shall be fully described, of the engineer making the calcu-
tion center will not be the same as the including formulas used, equipment lations
physical center. This data may be ob- employed, sample calculations and '
tained from the manufacturer. See the tabulations of data. Sufficient ver- 4. Transmitters
RCA publication “Application Data tical plane patterns shall be in- The rated power should be obtained
and Filing Information for Television cluded to indicate clearly the radia- from manufacturer’s specifications. If
Stations.”

. (b) Antenna Data FIG. 3. Zone Il and IIIl maximum power versus antenna height curves for VHF and UHF channels.

The antenna specifications may be ob-

tained from the manufacturer’s lite?l'a- 1 3 6 10Maximun310Poweé‘oinll(()Blowatts 300 600 1000 3000
ture. For RCA antennas see “Applica- WAL RO MR T LA 3 T - -

. e . i 1T 1883 N N RS VR R il Fil L i U B0 [
tion Data and Filing Information for 10,000 e A 0 R AR A1 5 : i O B ije
Television Stations.” If gain is expressed S=S=sestsnes :
in power gain, the gain in db may be 9,000 = f =
obtained by the equation: S===—=cts '

Gain in db = 10 Logo power gain 8,000 ; : : : SSESEEEEES :
Normally the visual and aural sig- = == = L : : SE=s
nals are diplexed and the same antenna 7,000 Fe— . :‘ SES=Sses : : \ : ' :
employed. - T : T f ¥ ;’\13 . \ —
A directional antenna may not be i, t “\ L X =5
used for the purpose of reducing mini- 8,000 '{ mm==m ! ; ; \‘ :
mum mileage separation requirements i ] : ;
but may be employed for the purpose o 3 2 2 -
of improving service or for the purpose 5 5,000 Ee=2 ; 3 ! =
of using a particular site. The following & £ 5

requirements apply: & = - = = : EE== : ,

(1) The ratio of maximum to minimum g, 4.000 l = : === =F T 5 — X QE — e
radiation in the horizontal plane & e to 3 S = i
may not exceed 10 db. (Maximum < ’ S RammE e % 52 SR EEEEEEE -
field ratio 3.162/1). ® 0= T : e % 3 m,;% ==

(2) The minimum ERP in any hori- é B Seeee Sy ]'?, ., |
zontal direction may not be less F 3,000 e : pt S , =
than the applicable minimum in 3 A = : 3 - =
Table I under Question (2). i EEmsass b ‘ . NS

(3) The maximum ERP in any hori- g P S a X \
zontal or vertical direction may not E \ \ ] \
exceed the applicable maximum in T : . 1 \

Table IT under Question (2). S EBAR - ; N

(4) The radiation above the horizontal 2,000 r‘— —— ’l m R
must be as low as the state of the MAXIMUM POWER . I
art permits and may not exceed the ANTEVhFr?AS UHSEIGHT
value in the horizontal in the same
vertical plane. ZONES II & III

Applications proposing the use of di- |

rectional systems must be accompanied
by the following:

(1) Complete description of the pro-
posed antenna system.

(2) Orientation of array with respect
to true north; time phasing of fields 1,000 ‘
from elements (degrees leading or 0 5 10 15 20 25 30 3

Maximum Power in db above One kw.(dbk)
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Field Strength (F) in Decibels Above One Microvoll Per Meter for One Kilowol! Radicled Fower

1,000 2000 ) 4 10,000 - N . . . .

. ;-.;;-;'\:,\-:v[ LTI : T s P R P 7. "Technical Description of Monitors if not
F | | T t
d Approved Types.

: F(50,50) CHaNNELs 2-6 S,
H 14-83 8. Transmission Line:

i The transmission line make, tvpe no.,
. size and whether coaxial or waveguide
| I R e - —— —— fee1 MILE . . .

rotH /—/ is cetermined by frequency, required
: T [ BB efficiency to achieve desired ERP and
—3/ e e - cost considerations. The length is the
F<<\ miLE /"’-J _____ [ ] | . ) . )
sort] // ———————— I horizontal run from the diplexer to the
H ///’:""‘ L F base of the tower plus the length up
E/ / i C e M gx the tower to the antenna terminal point
80+ Fo— - - ..
] / ﬁ A = 3 i & where the antenna gain is rated. Db loss
i . - SR 20 g 3 . )
4 / /_ T C . Fd 3 of the line may be determined from the
Fr - 0 MILES = -~ L P 3 ] 3 . .

7{/ /: e L Fw = i manufacturer’s specifications. See RCA
H [ C E - = Tk | =~ « . . o

TE\/' omies F 2% R R ) Gl 3 “Application Data and Filing Informa-
i r E c - TR e Bl S tion for Television Stations.”

sl - E 720 k"2 /// /4“/50 /// — SOE— [SH)

H - g s o i S o

_E/r TowiLEs //_4/, // A B 5_ 2 9. Proposed Operation

- rC = 49 [ ] . . .

Heomes  F * o A VAl £ BN Lffective Radiated Transmitter

=y . o EAY - =} 3 . = . —_

T ://_ Lo 0 S = Power in dbk Power in dbk
s C = o “ L7 Py oo e a— 3 Multiplexer _ Transmission Antenna
H /_ - o 0 0 0 e S Loss in db Line loss in db * Gain in db
P75 = 50 >~ 7 = %o oot % . ..

A /_ .,o/_ ‘ g %g § Power in dbk = 10 log;o Power in KW
j/" -
H % B S . . Power in dbk

30-;”/ © f/ | soﬁL: Q Power in KW = Antllogl(,—lo—
H- L : 4 =
e w© ) o .

: % / = 8 Il a directional is employed, the RMS
B 5 3

b :/‘ - E > value should be used. However, a show-
H // & ing of maximum value is required under
m 80 2

10 L 70/// i N (b)
£ = C RCA transmitter visual output is

ofE = o E 2 P 4 specified at the output of the sideband
H E 3 ’ . :
&S E % E Zs i// d > y filter (or filterplexer, if used). Visual
140 = T F [7 .

H E =0 ————F fw,///// ';“) / tm losses of the diplexer and aural losses
H= = = L le o~ Vo / . .
ol S SRIE = o Vo S F -0 of the diplexer or filterplexer are speci-
H - = - = v . ¢ . . e

HE 5 S E S N B fied in “Application Data and Filing
=N = Ei C - S s . . . . 5

?JE ! - A Information for Television Stations.

= The RCA filterplexer is a combination
0 vestigial sideband filter and non-reflect-
Tronsmitting Antenno Height in Fee! ing constant impedance notch diplexer.

FIG. 4. Television Channels 2-6, 14-83. Estimated field sirength exceeded at 507, of potential ’Ivhe ﬁltel’Plex'el‘ is used _Wlth 8..11 RCA

receiver locations for at least 50% of the time at o receiving antenna heighl of 30 feet. UHF transmitters for Smg]e line feed

to the antenna and is optional equip-
ment for VHF transmitters. For VHI,

given in wat.ts or lu.lowalts only, dbk mgis froni t‘be clumm_\j 1.oz1cl.. Dtt|’r¥ng 111(])1; a bridge dipleser is used for dual trans-
may be obtained by: mal operation power is maintained by mission lines.
Power in KW transmitter output adjustment to main- )
Power in dbk = 10 log B tain constant reflectometer reacings. The Multiplexer Losses: )
1.0 method of power control is different with Visual — dural
All RCA transmitters except the various transmitters and is on file with MI-19028/19390
TT-500B, TT-2AL and TT-2AH are the F. C. C. . Diplexer 004 db 004 db
rated for an aural output of 60% of Tn accordance with F. C. C. Rule -II-IBQZ}SE:SE/.NSQI 004 db 004 dI
the visual peak power. These exceptions 3.689 the aural power will be measured AT 1.9?)79‘\’11{1“ ’ @ Dued
are rated at 50%. by the indirect method using the effi- - ; ' ﬂ,
i . fency factor established by Ul ) Filterplexer *
The power output of RCA transmit- ?1enc_\‘ actol }?S‘YI N ecl )’[‘ ne manu- Channel 2-6 - 223 db
ters is determined with a load and watt- acturer as shown In the “Lransmitter Cl 1 7-13 % 706 I
' Instruction Book hannel 7-13 706 db
meter. The transmitter is operated into nstruction: SOOK. \[1-19086 UHT
an RCA dummy load with a standard 5 \[odulation Monitors Filterplexer 457 db
black television picture. Po.wel 15 meas- Specifications  from manufacturer’s o . ) )
ured bv a voltmeter cartridge coupled . #Visual losses included in  transmitter
- e . : literature. ratings.
to the transmission line. Reflectometers =3
incorporated in the visual and aural por- 6. Frequency Monitors 10. RCA studio and other equipment is
tions of the transmitter are then cali- Specifications from manufacturer’s clesigned lor compliance with the Com-
brated directly in terms of power read- literature. mission’s Rules.
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11.

12.
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(a) Maps
Topographic maps for most areas
may be obtained at a nominal cost
from:
U. S. Geological Survey
Department of Interior
Washington 25, D. C.

A state index of the available maps
may be obtained from the same source.

(b) Profile Graphs.

Profile graphs of the terrain from 2
to 10 miles must be supplied for 8 or
more radials from the transmitter loca-
tion. Eight or more uniformly space
radials (with at least one passing
through the principal city) should be
plotted on a U. S. G. S. Topograph-
ical Map if available. I. U. S. G. S.
maps are not listed for the pertinent
area, the best available maps should
be used. The profile graph for each
radial should be plotted by contour
intervals of from 40 to 100 feet and
where the data permits, at least 50
points of elevation should be used for
each radial. The graphs should indi-
cate the topography accurately and
should be plotted with the distances
in miles as the abscissa and the eleva-
tion in feet above mean sea level as
the ordinate. Each graph should indi-
cate the elevation of the antenna radi-
ation center and the source of the
topographical information.

If topographical maps are not avail-
able, topographical information may
be obtained along roads generally
along the radials from the transmitter
site by mounting a sensitive altimeter
in an automobile.

Radial Tabulations.

The average elevation of each radial
from two to ten miles may be deter-
mined from the profile graphs with a
planimeter or by averaging the median
value of mile or half mile segments.

The height of the antenna radiation
center above average elevation of the
radial is the height of radiation center
above sea level (Question 3a) minus
the radial 2-10 mile average elevation
determined above.

The ERP in each radial direction is
equal for a non-directional antenna
(computed under Question 9a). For a
direction antenna the value should be
taken from the horizontal pattern for
each azimuth bearing of the individual
radials.

Field Strength (F) in Decibels Above One Microvoll Per Meler for One Kilawalt Radiated Power
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Transmitting Antenna Height m Feet

FIG. 5. Television Channels 7-13. Estimated field strength exceeded at 50% of the potential
receiver locaiions for at least 509 of the time ot a receiving antenna height of 30 feet.

The distances (o the Grade A and
Grade B contours are determined from
figures 5 and 6 Appendix C of the
“Rules.”

The required field intensities,
F(50,50), in dbu for Grade A and
Grade B contours are:

Channel Grade 4 Grade B
2-6 68 dbu 47 dbu
7-13 71 dbu 56 dbu

14-83 74 dbu 64 dbu

Example: Channel 7, ERP 17 dbk,
antenna radiation center above aver-
age terrain for radial A 2000 feet.

The equivalent contour for Grade A
service on the one kilowatt curve will
be 71 dbu — 17 db = 34 dbu: along

the 2000 feet elevation line of Fig. 6
—54 dbu is at a distance of 50 miles.

In cases where the terrain in one
or more directions from the antenna
site departs widely from the average
elevation of the 2 to 10 mile sector,
the prediction method may indicate
contour distances that are different
from what may be expected in prac-
tice. For example, a mountain ridge
may indicate the practical limit of
service although the prediction method
may indicate otherwise. In such cases
the prediction method should be fol-
lowed, but a supplemental showing
may be made concerning the contour
distances as determined by other



16.

17.

means. Such supplemental showing
should describe the procedure em-
ployed and should include sample cal-
culations. Maps of predicted coverage
should include both the coverage as
predicted by a supplemental method,
and by the regular method. When
measurements of area are required.
these should include the area obtained
by the regular prediction method and
the area obtained by the supplemental
method. In directions where the ter-
rain is such that special problems may
arise, a supplemental showing of ex-
pected coverage must be included to-
gether with a description of the method
used in predicting such coverage. In
special cases, the Commission may re-
quire additional information as to ter-
rain and coverage.

. Coverage Maps.

Sectional Aeronautical Maps for any
part of the country may be obtained
from:

U. S. Department of Commerce
Washington 25, D. C.

Maps for the surrounding area are
generally available at most municipal
airports. However, the maps without
overlay normally must be obtained
from Washington.

The transmitter location, the radials
used in 11(b) and (12) and the Grade
A and B contours should be plotted.

. Photographs.

Obtain locally. Normally facing 4
directions with the proposed tower lo-
cation in the lower center of each
photograph.

. Proposed Location.

Geographical coordinates may be ob-
tained by scaling between latitude and
longitude lines on the U. S. G. S. topo-
graphical map.

Studio Location.

Minimum value of field intensity over
the principal city. The minimum per-
missible values are:

Channel dbu
2-6 74
7-13 77

14-83 80

The depression angle below the hori-
zon should be determined from the an-

tenna height and distance to pertinent
parts of the citv. The dbu value should
be determined from Fig. 5 or 6 using
the value of ERP for the correct de-
pression angle for the antenna vertical

pattern proposed.

18. Minimum Separation Requirements.

See Sections 3.610 and 3.611 of the
“Rules.”

FORM 301 SECTION V-G
1. Location of antenna.

Should agree with Section V-C Ques-
tion 15.

. Features of surrounding terrain.

List any elevations within 2000 feet
which are 1/3 or more of the antenna
height above ground.

. Establish Airways.

May be determined from sectional
aeronautical maps.

. Airports.

May be determined locally and con-
firmed by reference to sectional aero-
nautical maps and reference to C. AL A.
list of all airports available at any
municipal airport or C. A. A. office.

. Description of Antenna System.

Type of TV antenna and supporting
tower. If a part of an AM directional
complete details must be supplied and
an application filed for modification
of AM license (see Question 3a Sec-
tion V-C). A vertical plan sketch with
tower dimensions and sea level eleva-
tions blank will be supplied on request
for anv RCA TV Antenna.

Table | — Minimum Power

Population of City
( Excludes Adjacent Areas)
(1950 Census)
1,000,000 and above
250,000 to 1,000,000
50,000 to 250,000
Under 50,000

No station will be licensed for an ERP of less than O dbk* (1.0 kw) even
though a lower power would comply with “Equivalent Coverage Requirements.”

Compliance with “Minimum Equivalent Coverage” is determined from Figure 1,

Appendix C of the “Rules.”

In addition to the above minimum power recuirements, each application must
comply with minimum city coverage requirements discussed under Question 17.

Dbk is power level i decibels referred to one kilowatt.

Minimum Effective Radiated Power for
the Antemna Height Shown (or

Equivalent Grade A Coverage)
17 dbk (50 kw) at 500 feet
10 dbk (10 kw) at 500 feet
3 dbk (2 kw) at S00 feet
0 dbk (1 kw) at 300 feet

Table 1l — Maximum Power

Maximum Effective Radiated Power

Channel No. ERP
2-6 20 dbk (100 kw)
7-13 25 dbk (316 kw)
14-83 30 dbk (1000 kw)

If the antenna height above average terrain exceeds the above heights, the
maximum permissible ERP is reduced in accordance with Figures 2a and 2b

Appendix C of the “Rules.”

Zone I Zone II & 111
height height
1000 ft. 2000 ft.
1000 ft. 2000 ft.
2000 ft. 2000 ft.
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W3B-TV

ATLANTA,

GEORGIA

BY

BOB HOLBROOK
Assistant Chief Engineer, WSB-TV

On September 30, 1951, the WSB-TV
engineering staff, headed by Chief Engi-
neer, C. I'. Daugherty, put into opera-
tion an RCA Television Antenna system,
mounted atop the world’s tallest television
tower. This was accomplished in order to
change the operation from Channel 8 to
Channel 2. Originally the antenna and
tower facilities had been installed by
WCON. The total height from the ground
up, including an RCA 14-Section Super-
gain Antenna and an RCA FM Pylon, is
1062 feet, see Iig. 1.

The Atlanta tower is the first television
tower ever built to exceed 1000 feet, the
first designed exclusively for TV and FM
service and the first to utilize an RCA
Supergain TV Antenna,! with a high gain
of 11.0. Surprisingly, this “tallest TV
tower” is located in a populated city area
close to downtown Atlanta. The site is a
thirteen acre plot located at the approxi-
mate geographical center of Atlanta. The
ground elevation at this point is 973 feet
above sea level—bringing the total tower
height to 2035 feet above sea level.

A guved Ideco tower of triangular con-
struction, 14 feet on each side up to the
800-foot level and 7 feet up to the tower
top supports the four-sided Supergain An-
tenna.

Performance Results of Supergain
Antenna

Measurements and listener reports have
confirmed the advantages of the high tower

1 "High Gain and Directional Antennas for
Television Broadcasting™, L. J. \Woli, Broap-
cast News, Vol No. 58, p. 46.

FIG. 1. Towering 1062 feet
above downtown Atlanta, is
the world's first tallest TV
tower and RCA antenna in-
stallation.

H. E. KING

RCA Engineering Products Department

and high gain antenna installed at WSB-
TV. In keeping with the WSB slogan, it
helps WSB-TV “cover Dixie like the dew.”

Iig. 7 depicts the field strength meas-
urements made on the WSB-TV installa-
tion, with 50 KW of effective radiated
power. The 0.5 millivolts/meter or 54 dbu
and the 5.0 millivolts/meter or 74 dbu con-
tour lines are shown. The average radius
of the 54 dbu and the 74 dbu contour is
approximately 50 miles and 22 miles, re-
specively, values which check verv closely
with the coverage predicted by the FCC
for this power. The indicated circularity
of the antenna is good although as usual
is affected by ground conditions such as
the variations in the southwest direction
on the 5 millivolt/meter contour and in
the northern direction on the 0.5 millivolt/
meter contour.

Fig. 4 shows the horizontal pattern ob-
tained by helicopter. This measurement
was made at distances of about a mile to
avoid distortions from ground reflections.
The horizontal circularity measured about
+2.7 db. A desirable feature of an an-
tenna is to provide constant field strength
over the service range. This assures ade-
quate signal strength without overloading
the receivers close to the antenna. Some
receivers overload when the signal at the
input terminals of the receiver exceed 200
millivolts. Fig. 11 shows a typical radial
measurement which illustrates that the sig-
nal strength is reasonably constant for the
first few miles. Excessively high signal
strengths are not encountered close to the
antenna as is a normal characteristic for
low gain antennas, but instead the signal
for the WSB-TV high gain antenna re-
mains about the same out to eight miles.

The industry has expressed considerable
interest in how much signal is available in
the first null of the vertical pattern of the
antenna. One of the reasons for making



FIG. 2. Assembling reflecting screens and dipole
radiators to special outriggers, which convert the
triangular tower to a square in order to mount
the 4-sided Supergain antenna.

FIG. 3. Howard King, RCA Antenna Engineer,
scales the FM Pylon which is mounted above the
Supergain Antenna. Obviously, the cameraman
must have been a little higher—but what's a few
more feet at this height?

v




FIG. 5. Riggers add finishing
touches to the RCA Supergain
structure. Note the methods
used to mcunt the FM Pylon
and the Supergain Antennc
to the triangular tower.

the measurements such as the one shown
in Iig. 11, was to determine the intensity
of the signal in the null. For the WSB-TV
antenna, the first null of the antenna oc-
curs at about 1.9 miles from the base of
the antenna, but without special reference
this null might be overlooked because
ground measurements are erratic as a re-
sult of terrain effects and minimums of
similar field strength were recorded on this
radial from 4.8 to 5.8 miles. There is con-
siderable signal radiated at the angle nor-
mally referred to as the null. On this par-
ticular radial, the minimum was 20 milli-
volts which is a signal considerably in ex-
cess of that required for city coverage.
There has been no evidence of inadequate
signal strength or presence of ghosts in the
null area. The antenna is designed for
beam tilting but the performance has been
so satisfactory that this feature of the an-
tenna has not been explored.
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