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A NEW UHF TELEVISION ANTENNA
TFU-24B

r.

FIG. 1. TFU24-BH Antenna Setup for
Icing and Horizontal Pattern Tests.

By 0. 0. FIET*
RCA Broadcast Engineering

RCAhas pioneered in research and
development of UHF transmitting equip-
ment since World War IL'. 2' 3' 4* 5' 6' 7
Much work has been done on UHF trans-
mitting antennas' 2' 6 and two experimental
television transmitting installations were
made by RCA using slotted cylinder an-
tennas.2.° This experience, combined with
that obtained with the RCA 8 -section
Pylon FM broadcast antennas.° having a
power gain of about 12, has contributed
to the design of the new RCA Type
TFU-24-B commercial antenna.

The TFU-24-B antenna has the highest
gain of any omni-directional antenna yet
developed for high frequency transmission.
The improvement in performance and sim-
plicity of the TFU-24-B antenna is readily
apparent when comparison is made with
its prototype antenna installed at Bridge-
port, Conn. during 1949°, which has given
continuous trouble -free operation for more
than a two-year period.

The many features of the Bridgeport°
model antenna which contributed to its
excellent reliability have been included in
the commercial TFU-24-B antenna. How-
ever many improvements which have been
made are evident when the typical experi-
mental performance data are considered.

The RCA TFU-24-B antenna is of

slotted tubular steel construction as shown
in Figs. 1, 2, 3, 4, 5 and 6. Each radiating
layer consists of 1 -inch wide slots approxi-
mately 1.3 wavelengths long parallel to the
axis of the cylinder and equally spaced
around the circumference of the cylinder.
Adjacent layers of slots are staggered or
rotated 60° to obtain maximum mechan-
ical strength and a circular horizontal pat-
tern. The energy is distributed to the 16
to 18 layers of slots by means of a single
coaxial line feeder system within the self-
supporting slotted cylinder radiatiliThe

.

inside of the slotted steel radiator serves
as the outer conductor of the coaxial line
and a coaxial copper tube within the cylin-
drical radiator serves as the inner con-
ductor. A coaxial line is installed within
the inner conductor to obtain center feed
with attendant benefits of adjustable ver-
tical pattern tilt, symmetrical patterns for
any frequency, and greatei bandwidth than
obtainable with an end -fed antenna.

The antenna incorporates many mechan-
ical features and qualities not available in
any other high frequency broadcast an-
tenna. The slotted cylinder is constructed
of hot -rolled open hearth structural steel,
hot dip galvanized to obtain a structural
life which is expected to exceed 50 years.
The outer fiber stress for the highest wind
loadings (50/30 lbs./sq. ft.) is less than
half that permitted by most building and
structural steel codes as shown in Fig. 7.
Particular attention has been given to all
parts of the antenna to assure maximum
durability; all parts and materials are se-
lected for high corrosion resistance and
galvanic compatibility. Slot cover end caps
are cast aluminum; small hardware and
metal parts aluminum or stainless steel ;
pole steps hot dipped galvanized forged
steel; mounting flange bolts stainless steel
or hot dip galvanized high strength alloy
steel; leveling plates hot dip galvanized
steel; transmission line copper with brass
or bronze parts and teflon insulators;
coupling loop capacitors teflon; shorting
plugs brass and bronze; beacon mounting
and ventilator aluminum or hot dip gal-
vanized steel; and slot covers polyethylene
containing antioxidant and ultra -violet in-
hibiting dye.

The pole mounting flange is of special
high strength alloy steei having high im-
pact resistance at temperatures of -60°C.
This is particularly important since ordi-
nary carbon structural steel does not have

* Part of a Dissertation to be submitted to
the Graduate School of the University of Penn-
sylvania as partial fulfillment of the require-
ments for a degree of Doctor of Philosophy in
Electrical Engineering.
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FIG. 2. Top View of TFU-24-BH Antenna
with Beacon Mount Removed Showing
Spoke Type Shorting Plug and Trans-
mission Line. Harness is moved by
use of Ring for Electrical Pattern Tilt
Adjustment.

very good impact resistance at low temper-
atures. The weld neck mounting flange is
welded to the structural tube by an auto-
matic machine and the weld is "gamma
rayed" using a radium capsule within the
tube and a photographic film around the
outer circumference of the weld. The weld
exceeds requirements of the American
Welding Society. Each weld photograph is
filed by the fabricator for a period of 10
years.

The slots are cut in the steel cylinder by
an automatic oxyacetylene cutting torch.
This process is fast, less expensive and pro-
duces tolerances and finish comparable to
those of milled slots. The automatic cutter
utilizes a photo -electric or magnetic fol-
lower following a master template or lay-
out and has sufficient "intelligence and
skill" to cut the semi -circular slot ends
without the necessity of drilling holes at
each end of the slot.

The entire antenna is a complete one-
piece assembly which is shipped to the
customer completely tested and adjusted.
Experience has indicated that UHF an-
tennas shipped "knocked -down" will re-

quire a large amount of adjustment and
test after installation to obtain satisfac-
tory performance for UHF television. The
cost of such extensive field adjustment and
test greatly exceeds the small additional
shipping cost of an antenna completely as-
sembled and tested. Because of the critical

nature of UHF antenna equipment, it is

recommended that an RCA Service Com-
pany Television Broadcast Engineer "check
out" the antenna system on arrival and
after installation to assure a minimum of
installation trouble and expense. Experi-
ence has shown that many outages of tele-
vision transmitting antennas are caused by
lack of specialized installation experience
and tests.

The TFU-24-B antenna (see Fig. 7) is
inexpensive and easy to install and in most
cases may be installed in one or two hours
after the rigging is set up. Two wedge-
shaped disk leveling plates are installed
under the antenna mounting flange to pro-
vide a level base for the antenna mount-
ing. The leveling plates may be adjusted
prior to the antenna installation by using
a sensitive machinist's level to obtain a
very accurate adjustment. If desired, the
antenna may be tilted mechanically using
a level and feeler gauges to adjust the lev-
eling plates to the required slope. Electrical
tilt may be incorporated by shifting the

harness a few inches during or after the
initial installation. The simplicity of this
adjustment permits determination of opti-
mum tilt by field experiments after the
antenna has been put into operation.8 A
combination of mechanical tilt and elec-
trical beam tilt is desirable for many ter-
rain conditions existing at suitable UHF
television antenna sites.

Both types of beam tilt adjustment as-
sure that the high gain of the TFU-24-B
antenna will give the best possible coverage
with presently available UHF transmitter
powers. If the FCC should decide upon
no limit, or a very high ERP limit for
UHF -TV, a station will obtain maximum
Class A service area when a combination
of highest practical gain and highest avail-
able transmitter power are used.

Where economical operation is not an
essential consideration and UHF transmit-
ters of sufficiently high power are available,
perhaps some UHF stations may consider
the use of 500 to 1000 KW UHF trans-
mitters and low gain antennas. Propagation

FIG. 3. Bottom View of TFU-24-BH Antenna Mounted on Turntable for Vertical Pat-
tern Measurements. Showing Mounting Flange and Transmission Line Connection.
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FIG, 4. Closeup of TFU-24-BH Antenna Showing Removal of Slot Cover.

measurements made at Princeton, N. J. on
UHF signals transmitted from Bridgeport,
Connecticut indicate that interfering sig-
nals beyond the useful service area of a
UHF station can be greatly reduced by
tilting the vertical pattern of a high -gain
antenna down a suitable amount.'"

A high -gain tilted beam antenna can
give greater ERP within its service area
than at the horizon. If ERP limitations
by the FCC are based upon interference
signals at and beyond the radio horizon
and stated in terms of maximum permis-
sible ERP directed at the horizon, stations
with high -gain tilted beam antennas will
have the advantage of greater signal
strength within their service areas. Fig.
8 shows the relative advantage of a

TFU-24-B antenna (Directivity gain 27.3)
compared with a low gain horizontally
polarized isotropic radiator (Directivity
gain .61) which radiates equal signal in
all directions. Fig. 8 considers both
mounted on a 5000 -foot tower and driven
by a 10 KW transmitter. The advantage
of higher signals within the service area
is characteristic of the TFU-24-B antenna.

Recordings of field strength of Bridge-
port UHF Station KC2XAK made on top
of the RCA Building in New York City
during 40 to 50 miles an hour winds at
Bridgeport, Connecticut indicated received

field strength variations of approximately
-±-1070.3.4 The tower used in the Bridge-
port installation is self-supporting and does
not provide an antenna base stability
nearly as great as that of most guyed
towers supporting a similar antenna load.

This experience is particularly signifi-
cant because width of the main beam and
locations of first nulls are almost identi-
cal for the Bridgeport antenna and the
new TFU-24-BH antennas. Greater field
strength variations were observed at some
close -in locations at Bridgeport during high
winds. However, satisfactory reception was
obtained at all locations since the signal
variations were well within the control
range of the receiver A.G.C. system. Ex-
perience indicates that A.G.C. is required
on all UHF TV receivers to obtain satis-
factory reception for many reasons. Con-
sequently, signal variations caused by
mechanical oscillations of a properly in-
stalled high gain transmitting antenna will
not cause unsatisfactory reception during
high winds which occur occasionally. Ex-
ceptionally strong storms may cause un-
favorable reception in some locations.

The effect of high winds on lead in and
receiving antenna stability will have a
more disastrous effect on the quality of .re-
ception than any possible transmittifis an-
tenna variation for a well designed/rans-

mitting antenna and support installation.
The bending stresses in the TFU-24-B
antenna at the highest wind velocities are
quite conservative (about 9000 psi) in

comparison with permissible structural
stresses (about 20,000 psi) to minimize
bending and deflection of the antenna
structure during high winds.

Horizontal Pattern
The horizontal pattern in the principal

plane of the TFU-24-B antenna may be
calculated from assumed boundary condi-
tions on the outside surface of a perfectly
conducting slotted cylinder." 12.13 In the
case of the TFU-24-B antenna, excellent
agreement is obtained between calculated
and measured results as shown in Figs.
9 and 10.

Assume an infinitely long perfectly con-
ducting cylinder of radius, a, with three
slots parallel to the axis equally spaced
around the circumference. The slots are
excited with equal in -phase voltages and
the field is assumed to be uniformly dis-
tributed across the slot and polarized to
produce only a circumferential component
of electric intensity E0 (in cylindrical co-
ordinates). In the case of the principal
plane pattern, Ect, through the center of
the array normal to the axis of the cylin-
der, the amplitude and phase of the field
along the slot does not affect the pattern.
This is true for the TFU-24-B antenna
whose horizontal pattern may be computed
from an array of six equally spaced in -
phase slots on the circumference of a cylin-

FIG. S. Closeup of TFU-24-BH Antenna
Slot Showing Tuned Coupling Loop.
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der or by vector addition of two 3 -slot The coefficient Co is:

patterns similar to Figs. 9 and 10 rotating E.)C = sin (n8)
one pattern 60° relative to the other. nlr

Eq. 3

For a 3 -slot cylinder with slots equally
spaced around the circumference and par- The field at any radius r outside the
allel to the Z axis, a is the radius of the cylinder may be represented by an infinite

cylinder and 2 8 is the angular width of the series of Hankel Functions."

slots. The boundary conditions are:

-S «< 8
2 r

Eb = Eo eial for 3 )
r = a 4r \

83 j

Em jk p w ao 11(2). (kr)
n = -co

2r
[n cut] [n

(00

Eq. 1
j 4) + j (9s_

+e 3

F.,/, I = 0 for all other real 4.
r = a [n

4r For ra > > a and ro > > A we may

When r = a, equation 4 must be equal
to equation 2 and the coefficients of the
exponentials are therefore equal.

En
sin (n 8 )= jk fir o.) ari H.(2)' (ka)

Eosin n 8a =
j k nv1-1(2)' (ka)

Eq. 5

The horizontal radiation pattern may
then be determined at a large fixed radius

ro from the antenna.

j (4) -
+ e 3

) + (a]
use the asymptotic expression for Hankel

These boundary conditions may be ex- Eq. 4 functions.

pressed by a Fourier Series of the cylin-
drical field distribution on the surface of where H(2) (Z) = Hankel Function of
the conducting cylinder of the form: Second Kind

oo j [no + rot] H(2)' (Z) = Hi.(2)
= C e dZ
n = -00

r = a
k_ 27r

+ ej [n(4) 3)
cot] A

in

47r M.k.s.A = wavelength in space =

+ e j [n (4) --3) + wt] v = velocity of light in space units

Eq. 2 Ai =permeability

Also for narrow slots

sin n
8 for In' no

n
Eq. 6

where no is defined as the largest n for
which the approximate equation 6 is true.

If the maximum number of terms n of

the Hankel function series is such that

n < no for good accuracy, then
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PRELIMINARY ENGINEERING DATA
UHF SLOTTED TELEVISION ANTENNAS

ELECTRICAL SPECIFICATIONS

POWER HANDLING 10 Kw UP TO 5000'
MAXIMUM AMBIENT  45C
INPUT IMPEDANCE - 50 OHMS V.S.W.R. LESS THAN 1.1
INPUT CONNECTION SINGLE 3.1/8 U.H.F. FLANGED

COAXIAL LINE.

HOR. PATTERN CIRCULARITY . 2 0-5 DB

MECHANICAL SPECIFICATIONS

DESIGN ASSUMPTIONS

 me... wind velocity 11/2' red. ice/ 95 AO.
 mew, wind velocity /no left I/O mph. 150/30 Del

Tensile s P bele. 20,000 psi

 Actual wind velocity

may. Stress on Botts l0,000 psi.
B

CHANNEL

FREO. BAND (APPROX.)
TYPE NUMBER
MI NUMBER
w LBS.
A IN. (DIA.)
B IN.

C IN. (BOLT CIRCLE)
D IN. (DIA.)

E IN. (BOLT DIA.)
F NUMBER HOLES
H FT.

H1 FT. & IN.

H FT. & IN (ELEC. CT.)
R1 (50/30 VIIY) NO ICE
M FT/LBS (MOMENT)
TENTATIVE GAIN

G TOP CAP HOLE
IN. (DIA.)

LOW
470-625 MC
TFU-24 BL

MEDIUM
625-750 MC
TFu.24 Elm

HIGH

750.900 MC
TFU-24 BH

2300 1900 1600

10-3/4 8.5/8 6.5/8
39- 32 25
15-1/4 13 10.5/8
17.1/2 15 12.1/2

1-1/8 I 7/8
16 12 12

40 37 34

21.6 19-4 18

20 18.6 17
1200 960 630
26000 18500 12000
24 26 28

9-3/4 7-5/8 5-3/4

FIG. 7.

j [n(4, ) + cod j [n(4,- 2r-) + cut] j (n(4, -
E, A e 2 +e

6

+e
j2r n = H0(21' (ka)

r > > a

A= 2ES a/ 2 e

V irkr

-j (kr - )

A
E [34 + a,,o j, n = 1

r >> a

6

I

sw
) + cut]

6

Eq. 8

cos n + cos n (4, -120°) + cos n (¢-240°)

1a =
2 MP" (ka)

a =
H0(2)' (ka)

ka = 2 r a
A

a and A are in the same units.

Inspection of equation (9) will show
that the coefficients of ao are = 0 except
for n -= 3m, where m is any positive in-
teger. For the TFU-24-B antenna, the
single layer pattern may be evaluated with
good accuracy by using only ao and a:,.
Substitution of the following numerical
values in equation (9) will give the hori-
zontal pattern shown in Fig. 9.

f = 850 Mc.

A" = 11800

fine

D = 2a = 6Y8"

Slot Width = 1".

The relative phase of the field given in
Fig. 9 is shown in Fig. 10. Vector addition
of the field pattern of Fig. 9 with a sim-
ilar pattern rotated 60° will give the field
pattern of 6 equally spaced slots on the
6Y8" diameter cylinder which is the hori-
zontal pattern in the principal plane of the
TFU-24-BH antenna at 850 Mc. for an
even number of layers. Fig. 12 shows the
measured and calculated horizontal pattern
for the TFU-24-BH antenna in the prin-
cipal plane for which the angle of eleva-
tion = 0.

For one layer of the TFU-24-B antenna,
the horizontal pattern becomes from equa-
tion (9) for B = 0°.

Eq. 7 .

Eq. 9

Ely =
3A 1 cos 3 4,

2H0(2). (ka) 'H3(2)' (ka)
r>>a Eq. 10

B = angle of elevation.

The horizontal pattern of a TFU-24-B
antenna with an even number of layers is,
by vector addition of two patterns, given
by equation (9) which are shifted relative
to each other 60°.
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For 0 = 0°
no

E0 -.
a ..6 . -I- I a0

r n = 1
r >> a

cos n cos n (0° -60°)
cos n (4°-120°)

+ cos n (0° -180°) cos n (sb° -240°)
cos n (0° -300°)

Eq. 11

Inspection of coefficients of a. in equa-
tion (11) reveals the coefficients of a. are

0 except for n = 6m, where m is any
positive integer; therefore, considering only
ao and a6 we obtain the horizontal pattern
of the TFU-24-B antenna with an even
number of layers:

for =- 0°

6A r 1 cos 60
pr 21-lot2) (ka) H0(2)' (ka)

r > > a Eq. 12

From equation 12, it is apparent that
the phase of the field does not vary with 40.
If a6 were neglected, the horizontal pattern
would be a perfect circle. For the TFU-
24-BH antenna at 850 Mc. a6 is .232 per-
cent of a0. Consequently, the horizontal
pattern is theoretically a perfect circle

within ±.232%. Fig. 12 confirms this
within the accuracy of measurement for

10'

= 0°. If each layer of the TFU-24-B
antenna had six slots instead of three slots,
the horizontal patterns shown in Fig. 12
for other values of 0 would' approach a
perfect circle as closely as the measured
pattern for 0 = 0°. The calculation of
Figs. 9 and 10 was done by H. B. Yin.

Directional horizontal patterns may be
obtained using TFU-24-B antenna com-
ponents to suit special applications. Fig. 13
illustrates a horizontal pattern obtained by
using 1 set of colinear slots in a TFU-
24-B M antenna cylinder. Directional UHF
antennas would be custom designed for a
particular application and the RCA Broad-
cast Transmitter Engineering Department
should be consulted regarding directional
UHF antennas.

Vertical Pattern
The measured vertical pattern of the

TFU-24-B antenna closely resembles the

HORIZONTAL PATTERN FOR ONE -LAYER TFU-24-BH ANTENNA

THREE EQUALLY SPACED SLOTS I.WIDE FED WITH
EQUAL IN PHASE VOLTAGES

FIG. 9. Horizontal Pattern of One -Layer of TFU-24-BH Antenna at 850 Mc.
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FIG. 10. Relative Phase of Radiation Field for One -Layer of TFU-24-BH Antenna at 850 Mc.

calculated pattern obtained by the product
of an array factor for a colinear broadside
array and a suitable element pattern.'3

For the 18 -layer TFU-24-BH antenna,
the vertical pattern for the horizontally
polarized component of electric field, Ea
is given by the equation:

E018(0) =
sin

2

F1080° cos
L 2

cos

Ea.2(0)

Eq. 13

where E0(8) = the relative field inten-
sity, Em, of the array at a fixed radius, r,
as a function of 8, maximum E0(8) = 1.

Ea,2(0) = the vertical field pattern of
the radiating element, maximum Ea,2(0)
=1, at a fixed radius r. To obtain sym-
metry in the TFU-24-B case E02(0) is the
field pattern of two layers of a slotted cyl-
inder spaced 1.5 A between centers. A
typical E02(0) is shown in Fig. 14.

8 = angle from Zenith, in the spherical
coordinate system shown in Fig. 17.

For a 16 -layer TFU-24-BL and TFU-
24-BM antenna, the theoretical vertical
pattern is given by the equation:

sin

E016(9) =
8 sin

8 (1080°) cos 0
2

1080° cos 0
2

E0 2(0 )

Eq. 14

The TFU-24-B antenna may be consid-
ered approximately as an array of infini-
tesimally spaced circular current loop an-
tennas whose diameter is the same as the
TFU-24-B antenna. The total aperture is
equal to the TFU-24-B antenna. Each loop
has a uniform in -phase circumferential
current.

Such an idealized array of uniform cur-
rent loop antennas would radiate only a
horizontally polarized component of elec-
tric field, E0.18 Actual measurements of
E0 and Ea on a TFU-24-BH antenna
show the cross or vertically polarized com-
ponent of electric V field, Ea, to be very
small, as shown in Fig. 14. The power
radiated by the Ea component shown in
Fig. 14 is about .3% of the total power
radiated and hence causes a .3% reduction
in measured gain. It is quite possible that
the measured Ea component is greater than
that actually radiated due to non -ideal
conditions in the measuring site, which

13 Ibid. page 163

cause conversion of some of the Ea, com-
ponent of polarization. This polarization
conversion could be caused by irregular
terrain, trees, weeds and brush, fences,
wires, etc.'314 In any case, the Ea com-
ponent of field in the TFU-24-B antenna
is negligible for broadcast applications.
However, it should not be concluded that
all omni-directional antennas intended to
radiate only an E, or E9 component of
field have negligible radiation in the un-
desired plane of polarization. Antennas
whose radiating elements yield elliptic
polarization may depend on interfering
fields in adjacent elements to cancel un-
desired polarization in the principal plane.
Such cancellation in the principal plane
can still leave large amounts of cross polar-
ized energy at other elevation angles. A
measurement made on an antenna con-
struction using the polarization interfer-
ence principle indicated the gain was re-
duced approximately 25% by the unde-
sired E9 component of electric field. Some
omni-directional VHF television broadcast-
ing antennas radiating predominantly hori-
zontal polarization have been shown theo-
retically and experimentally to have a gain
reduction of 5 to 15% due to radiation of
the Ea component of field. It has been
commonly accepted practice in the past to
measure only the polarized component for
which the antenna was intended to radiate
and ignore the cross polarized undesired
component. This was often justified by
theory and measurements which showed
the undesired cross polarized field to be
zero or negligible in the principal horizontal
plane. However, a later, more detailed
study has shown the power radiated at
other angles may represent 5 to 15% of

13 Ibid. page 431.

FIG. 11. Cylindrical Coordinate System
Used for Three Slots in a Circular Cylinder.
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the total power. The practical effect of
15% reduction of ERP on the coverage
is negligible, and such an error should be
acceptable; but as the state of the art de-
veloped and more accurate measuring tech-
niques were used, an attitude approaching
perfectionism has appeared. For this rea-
son and because some more recent antennas
have undesired cross polarized radiation
which is not negligible, it is very desirable
in pattern and gain measurements to ac-
count completely for both the E0 and Et,
components of electric field.

Power gain and patterns are measured
in a setup where the antenna whose pat-
tern is to be measured is set on a rotating
spindle with its center of radiation over
the axis of the spindle as shown in Figs. 1
and 3. The plane of the antenna in which
it is desired to measure the pattern is

placed parallel to the ground.

The antenna whose pattern is to be
measured is used as a receiving antenna

TPA

o

which drives a recording voltmeter. The
recorder chart is driven by a gear and
servo system connected to the antenna
spindle. A transmitting antenna which pro-
vides the received signal of the desired fre-
quency is located at a point sufficiently
distant to obtain nearly the lowest possible
relative field strength in the nulls of the
vertical pattern. In the case of the setup
shown in Fig. 3, the transmitting antenna
is about 2400 feet from the turntable and
results in a waveform phase error of less
than 15.7 electrical degrees at the extremi-
ties of the antenna aperture. Both com-
ponents of electric field E, and E9 are
measured- for each antenna position. The
polarization of the distant fixed transmit-
ting antenna may be changed from the pat-
tern recording position by means of a re-
mote controlled motor drive which rotates
the dipole in the parabolic disk from hori-
zontal to vertical as desired. Remote con-
trol of the dipole motor is obtained by use
of a telephone dial selector system. Many

other functions are controlled .remotely
such as frequency, transmitter power out-
put and 60 cycle power by the same dial
systen. The remote control system and an
automatic computer is being developed
which will integrate the radial component
of Poynting vector to obtain the rela-

tive power radiated while the antenna is
rotated.

Altaough the TFU-24-B antenna is

omni-directional and it might be assumed
that the total radiated power could be
evaluated by the single integral of one ver-
tical pattern,9 assuming rotational sym-
metry of the vertical pattern, such an ap-
proaca can produce errors for patterns in
certain meridians as great as 10% in power
gain due to the slight variation from rota-
tional symmetry shown in Fig. 12. The
power gain should be computed from a
sufficient number of vertical patterns for
both components of polarization E8 and E4,
to produce the desired accuracy. The mag-
nitude of the vertical pattern field should
be normalized to agree with the correspond-
ing relative field intensity in the principal
plane horizontal pattern, Fig. 12, for the
corresponding meridian angle gs. In the
case of the TFU-24-B antennas, the ver-
tical patterns in the plane of any line of
slots are all the same and the vertical pat-

NOAIZOP.TAL PILO PA OP 0HOGL2
SLOT UWO AAAAA

10i INC. 00 POP 1.1.2 SNOW WA 500

FIG. 13. Horizontal Pattern at 550 Mc.
for a Pipe the Same Size Used for the
TFU-24.11M Antenna Except for Slots in
One Side Only.

9
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FIG. 14. Typical Calculated and Measured Vertical Patterns for TFU-24-BH Antenna.

terns in a plane half way between slots are
the same. The variation with cf) of the field
between the two vertical patterns at any
particular angle from Zenith, 0, is approxi-
mately sinusoidal, as shown in Fig. 12.

Consequently, the average of the two ver-
tical patterns mentioned above may be
used in a single integral to evaluate the
gain of the TFU-24-B antennas.

Referring to. Fig. 17, the power radiated
may be integrated over the surface of a
sphere whose radius is sufficiently great.
For purposes of this derivation, the radial
component of power flow at the surface of
the sphere may be assumed to be dissipated
(or radiated) in the intrinsic impedance of
free space which is approximately 120r or
377 ohms per square. If the tangential
components of electric field, Ea and Em,
at a particular point on the surface of the
sphere are measured the power dissipated
in the intrinsic impedance (or radiated)
at the particular point is simply

E2

R. = E2G. watts per square meter.

1R. =
G.

Intrinsic impedance of space

accounting for both Ea and E0 then the
total power dissipated (or radiated) in the
particular square meter on the surface of
the sphere is

10

E02 E92 = p watts/sq. meter
377

where E0 and Ea are in volts per meter.

The total power radiated is obtained by
integrating the power density at the surface
of the sphere over the entire surface as
shown in Fig. 17.'3

13 Ibid. pages 540-543.

I 0
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Pradtated = r /217r Eo2 (0, 0)
377

71- E..2 (0, 0) }sin 0d0do

Eq. 15

where r is in meters.

It is usually convenient for purposes of
gain calculation to normalize the maximum
value of (E02(0, E.2 (0, 4)) to unity.

The directivity gain, D, relative to an
isotropic radiator is the ratio of .powers re-
quired to produce unit field strength at a
fixed radius r in the direction of maximum
field.

D = Pradiated 190Erope

eradiated TFU-24-B
Eq. 16

The power radiated by a horizontally
polarized isotrope is

Pleotrow =

Plootrolw =

r2 2r f212

377 0 Jn
4irr2

377

E4,2 sin Balc')

Eq. 17

Since E4,2 is normalized to unity and is
constant for an isotropic radiator.

Substituting equations 17 and 15 in

equation 16, we obtain the gain relative
to an isotropic radiator, D

FIG. 15. Typical Measured Vertical Pattern of TFTJ-24-BH
Antenna with Phasing Adjusted for .920 Pattern Tilt.
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RELATIVE GAIN VS. ANGULAR BEAM DISPLACEMENT
FROM THE VERTICAL
RCA TYPE TFU-24BH

UHF TRANSMITTER ANTENNA

'IN 90 65

-aougoo
-.1 Gr

GNT

1141Ur

.s
90' 91'

-13kiANGLE FROM VERTICAL) DEGREES
FIG. 16. Typical Relative Gain vs. Pattern Tilt for TFU-24-B Antonia'.
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27r 7r

Jo Jo
{E92 0,40 E4,2 (0,0) } sin Odth-14)

Now, the directivity gain of a half wave

dipole D is:9
'6/2

D,
Al2

4r

7r
r cost ( -C os 0)

27r 2
d0

sin 0

The gain, G, of any antenna relative to
a half wave dipole, using equations 18 and
19 is then given by:

G= 47r 1

- 1.641

1.641 f 27r f rr {E02 (0, 0) + E02 (CO

Consider the integral of equation 20
for a particular angle from Zenith

27r{Eo2 (0, 4) -4- Em2 (0,0}d4,

B=b
Now Ece2 (0, ¢)19

= b

is a scalloped circular pattern for a par-
ticular value of 0 as shown in Fig. 12. The
magnitude of the scallop is quite small in
comparison with the magnitude of Em, par-

Eq. 18

Eq. 19

sin 0d0do

Eq. 20

Eq. 21

92.

FIG. 17.. Spherical
Coordinate System
Used for Gain
Calculations.

r SIN e

r CONSTANT
r>>ANTENNA LENGTH

nn

PRADIATEO ra AE20+E;) SIN 0.110cD
377

r. 'UNIT VECTOR IN r DIRECTION
UNIT VECTOR IN 0 DIRECTION

0, 'UNIT VEC7OR IN DIRECTION
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ticularly when E, is large and contributes
appreciably to the total radiated power.
By inspection of the measurements shown
in Fig. 12, we can express any horizontal
pattern by the equation

E4,(¢)=A+Bcos64)
g=b

where B and A are functions of 0 only
and B/A << 1

E6,2 (4)) = [A + B cos 6 =
A2 + 2AB cos 6 4) + B2 cos2 6 4)

= b

E02 (4)) = A2 + 2AB cos 6 4)

0 = b
1 + cos 12 4)

2
Eq. 22

A similar expression results from meas-
urements of Ea (4))

E62 (4)) = C2 + 2 CD cos 6

I 0 b

+ cos 12 4)
2

where D/C << 1 Eq. 23

C and D are functions of 0 only.

I
e.

0

FIG. 18. Equivalent Circuit of One Sec-
tion of Antenna Feeder System Used for
Gain Calculations.

Substituting equations 22 and 23 in

equation 21.

I
0 = b

12

2w
{E*2 (0, 4) + E02 (0, 0)) d4) =

A2 + C2 + 2 (AB + CD) cos 64)

+ cos 124)
2

27r{A2 +, B2 ++

0 = I)

2w
sincef cos n 4)d =

sin n4
n

2,r =0

where n is any integer
Eq. 24
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TYP CAL CALCULATED GAIN
Vs. FREQUENCY FOR UHF
ANTENNA SIMILAR TO
TFU -24 B
20 LAYERS SPACED I WAVELENGTH AT
CENTER FREQUENCY, f., ARRAY CENTER
,FED, GAIN AT f.. 25.9

-os -02 -.01 0 0 .02 .03
FRACTIONAL OeTUNING , 4+4.

FIG. 19. Calculated Gain vs. Frequency for Early UHF Antenna.

Since B < < A and D < < C we may
neglect the second order terms containing
B and D in equation 24.

f2>rE
, E02 (0, 4)) }scl gt) =

9 = I)
27r {A2 + C2}

Eq. 25

A=

C=

where

(19, 4,) 4-- E,,, ,h, (0, 4))..

2

0=6

and

(P) E611111,(0, (6)

2

0 = b

J 27r{
(0 + E b 2 (0,¢)=

0 = I)

2.77. Eomn(0, ck) EN,m).(0, \2
2

+ Ea .0.(0 . 412
2 0=b

Consequently for the TFU-24-B antenna
we may take the average of 2 vertical pat-
terns A (0) and C (0), one taken in the
plane of the slots and one half way between
slots and evaluate the gain by a single in-
tegration of the average E0 and E0 fields.
Substituting equation 25 in equation 20
we obtain a simplified equation which can
be used to accurately evaluate the gain,
referred to a half wave dipole, G0.

2 1G =
1.641 r {A2 (0) +C2 (0)) sin d

Eq. 27

The indicated integration is readily per-
Eq. 26 formed on a rectangular coordinate plot

FIG. 20. Simplified
Schematic Diagram of
14 -Layer Center Fed
Antenna Similar to the
TFU-24-11 Antenna.
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using a planimeter.9 In the case of the
TFU-24-BH antenna considered here, the
gain calculated from measured patterns
was about 1.3% below theoretical, .3% of
this is accounted for by the cross polarized
field component E8 and 1% is due to fill-
ing of the nulls in the measured vertical
pattern.

The filling of the nulls in the vertical
pattern may be caused by slight depar-
tures from uniform, in -phase, current dis-
tribution assumed for the theoretical pat-
tern calculations. In a practical antenna
using an iterated feed system for the

radiating system, shown in Figs. 6, 20 and
24, small dimensional errors and variations
in impedance of different layers due to
different mutual impedances will produce
the null filling shown in Fig. 14, which
helps to assure adequate field strength at
all locations within the service area. It is
probable, however, that even without null
fill-in a high gain antenna will produce
greater field strength in its low signal areas
than a low gain antenna with the same
power input; because ground reflections
and scattering help to distribute the signal
from a highly directive source. With a low
gain antenna which radiates signals of com-

FIG. 21. Block Diagram of RCA UHF Antenna System.
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BLOCK DIAGRAM

ANTENNA

DIRECTIONAL

COUPLER

COAXIAL

MISSION

LINE

- 
VESTIGIAL
SIDEBAND
FILTER AND
DIPLEXER

R -F LOAD

AND WATT.
METER

DIRECTIONAL CjAi

COUPLER

AURAL
TRANSM.

VISUAL
TRANSM.

UNF ANTENNA EQUIPMENT

LOCATION

TOWER OR
BUILDING -

TOP

CONNECTS BE-
TWEEN AN-
TENNA & DI.
PLEXER & TO
TRANSMITTERS

OUTPUT OF
VSBF AND
DIPLEXER

CONVENIENT
LOCATION IN
TRANSMITTER
ROOM.

FUNCTION AID DESCRIPTION

RADIATES TRANSMITTER POWER. E.R.P.
EQUALS: ANTENNA GAIN X TRANSMISSION
LINE EFFICIENCY X TRANSMITTER POWER.

NEW UHF 3.1/8- 0.0. OR LARGER LOW LOSS
PRESSURIZED LINE: OLDER VHF COAXIAL
LINE IS NOT SUITABLE FOR UHF. ONLY
ONE LINE REQUIRED. ADDITIONAL STANDBY
LINE AND ANTENNA ARE OPTIONAL.

REFLECTIONLESS CONNECTION BETWEEN
TRANSMISSION LINE AND DEMODULATOR PER.
MITTING FAITHFUL REPRODUCTION OF RA-
DIATED SIGNAL NDEPENOENT OF SAMPLIN
POINT.

DIPLEXER PORTION CONNECTS VISUAL AND
AURAL TRANSMITTERS TO SINGLE ANTENNA
INPUT WITHOUT INTERACTION. VSBF POR.
TION ABSORBS UNUSED PORTION OF LOWER
VISUAL SIDEBAND TO PREVENT RADIATION
OUTSIDE OF ASSIGNED CHANNEL WHILE MAIN-
TAINING A CONSTANT RESISTANCE LOAD ON
TRANSMITTER.

NEAR TRANS. THIS IS TEST EQUIPMENT USED IN MEAS.
MITTER. (MAY URING POWER OUTPUT AND IN ADJUSTING
BE PORTABLE.) TRANSMITTER. IT MAY BE CONNECTED TO

THE FOLLOWING: TRANSMITTER VISUAL OR
AURAL OUTPUT OR SIDEBAND FILTER/DI.
PLEXER OUTPUT.

2 MONITOR
4 RACK

7

COAXIAL LINE
BETWEEN
VISUAL TRANS-
MITTER AND
VSB FILTER/
DIPLEXER

PROVIDES VIDEO SIGNAL EQUIVALENT TO
HIGH -QUALITY HOME RECEIVER FOR PIC-
TURE MONITORING, WAVEFORM MONITORING.
AND MEASUREMENT OF DEPTH OF MODULATION.

OPTIONAL. USEFUL FOR SPECIAL TESTS
OF VISUAL TRANSMITTER AND VSB FILTER/
DIPLEXER.

parable magnitude at all angles of eleva-
tion, low signal areas are produced by in-
terfering reflections. Fig. 8 shois a field
strength radial comparing the TFU-24-B
antenna with a low gain antenna having the
same power input and height. A null fill-in
of 2% of the maximum field was assumed
for the high gain antenna. The actual null
is approximately 10% of the maximum field
for the antenna null at greatest distance
from the high gain transmitting antenna,
consequently, the field strength in this null
may be expected to be about 5 times

greater than shown in Fig. 8. This is clearly
much better than obtained with a low gain
antenna using the same transmitter, tower
and locations. In general, a fiigh gain an-
tenna (gain 20 to 30) will produce field
strengths 4 to 7 times greater than a low
gain antenna (gain approx. 1 or 2), with
the same power input over most of the
service area.

Electrical Vertical Pattern Tilt

By shifting the feed point from the cen-
ter of the array, the phases of the top half
and the bottom half of the array are shifted
relative to each other, causing the vertical
pattern to tilt up or down as desired. This
is mechanically accomplished by loosening
the clamp on the hub of the lower short-
ing bar which holds the harness in posi-
tion, as shown in Fig. 6, and shifting the
harness longitudinally as required. This
may be easily accomplished in the field to
assure optimum coverage as was described
for the 8 section Pylon,9 or it may be pre-
set to a calculated position.

In the case of the TFU-24-B antenna
the spacing between the radiating centers,
d, of the upper and lower half of the array
is 12 to 14 wavelengths, consequently the
mutual impedance between the two halves
of the array is very small in comparison
with the self impedance of each half and
the driving point impedance is therefore
equal to the self impedance and practically
independent of the relative phase of the
current of the upper and lower half of the
antenna. Since the input impedance of each
half stays constant for any phase adjust-
ment, 8, the current and power distribut-
tion on each half is independent of the
adjustment.

13



FIG. 22. Antenna Transmission Line Center-
ing Insulator Showing Teflon Bearing Cap.

For the TFU-24-B antenna, the relative
gain for various phase adjustments de-
pends only upon the value of S or beam
tilt angle 0,s,, required for the par-
ticular antenna."

The ratio of the gain tilted, GT, to the
gain without tilt, GT, is

GT F1/2(em,..) cos -cos 0,., -I- 8 Jj
GNT 2

Eq. 28
where 9 = angle from Zenith or the axis
of the array; 28 = relative phase of cur-
rent or voltage driving each half of the
array; F112(0) = vertical field pattern of
the upper or lower half of the TFU-24-B
array; F1/2(0,x) = value of field inten-
sity (normalized to F112(6-900) = 1) at
the angle 0,x, measured from the Zenith,
for which the total field produced by the
entire antenna is a maximum when the two
halves are driven 28 out of phase. 13d is the
spacing between the centers of the upper
and lower arrays of the antenna.

The expression [I3 -L cos S
2

in equation 28 is the array factor for 2

radiators separated Pd electrical degrees
and driven with a phase difference of 28
electrical degrees.

To find the value of 0,x at which the
total field F(0) becomes a maximum one

would set - F(9) = 0; neglecting con -
di)

COS

stants:

d
{F1/2 (9) cos [1-1cos 0 + 81}d= 0

2

9 = emnx Eq. 29

Equation 29 may be solved for 9 max..
using Newton's method, or successive ap-
proximations, for various values of 8. Fig.

I Ibid. pages 292-295.

14

16 is a typical solution, obtained by use
of equations 28 and 29. Fig. 15 shows a
measured vertical pattern for the TFU-
24-BH antenna with .92° of pattern tilt.

Theoretical Impedance and Gain
vs. Frequency Calculations

As early as September 1949, performance
ch.aracteristics of antennas with feed sys-
tems similar to the TFU-24-B antenna had
been calculated by use of simple transmis-
sion line theory and Smith Charts.

Calculations were based on a simplified
schematic similar to Fig. 20 except for 20
layers center fed. Fig. 25 illustrates the
method of using the Smith Chart for im-
pedance calculations. A similar chart cal-
culation is used for each value of fractional

2 detuning. In the case shown, the center
frequency, fo, is the frequency for which
the spacing between layers. is exactly one
wavelength in the transmission line. Fig. 26
shows a voltage standing wave ratio vs.

frequency characteristic calculated by use
of the Smith Chart using constant coupled

o
and

Z
10 5

It is apparent from Fig. 26 that a coupled
impedance per layer which produces a min-
imum ratio of stored energy to energy
dissipated in the feeder system should

resistances per layer of

produce the maximum impedance band-
width. The use of a pure resistance Coupled
impedance is a reasonably accurate as-
sumption for long arrays similar to the
TFU-24-B since the bandwidth is largely
determined by the Q of the feeder system.
Later impedance calculations for the TFU-
24-B were made using measured image
parameters for a symmetrical section; each
section being 1.5 wavelengths long at fo

and having a complex iterative impedance
and propagation constant. The use of

charts" of complex hyperbolic functions,
facilitated the calculation of the required
input impedance for 8 or 9 sections or
layers.

By making some simplifying assumptions
which are fairly accurate for antennas sim-
ilar to the TFU-24-B antenna, we may
calculate the relative gain vs. frequency
characteristic of the antenna system using
data obtained from Smith Chart calcula-
tions similar to Fig. 25. The assumptions
are:

,The loss in the transmission line feeder
is negligible and all dissipation occurs in
the coupled radiation resistance of each
layer of the antenna. Mutual impedance
between layers is small and can be ne-
glected in comparison with the resistance
component of self impedance. The coupled

FIG. 23. Typical Measured Power Gain vs. Frequency for 7F1.I.24BH Antenna.
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FIG. 24. Simplified Illustration of Current
and Voltage Distribution Principle Used
in the TFU.24-B Antenna Feed System.

impedance per layer is constant and equal
to a pure resistance. The coupled resistance
is lumped at a discrete point on the feeder.

Since the coupled resistance is lumped,
the currents Ik in and out of the coupled
resistance R. must be equal. (Fig. 18).

Ik In = Ik out = Ik

The power in and out of the transmis-
sion line connecting two adjacent coupled
resistances is equal

Ik-' Rk = 1(k-1)2 Rk-1

Rk = Re (Z4); Rk-1 = Re (Zsk-i)
Eq. 30

Rk = Re ( R Zsk)

The current ratio, m, between adjacent
antenna layers is

m=

For a

Rk

Ik

V
Rk_1

zero loss transmission line

- cos 131 j sin lit
I , Z

= m z =
II.

1k

250 3.50 4 . 4.50

DISTANCE FROM SHORT IN WAVELENGTHS

FIG. 25. Example of Method Using Smith Chart to Calcu-
late Input Impedance of TFU-24-B Type of Feeder Systems.

5

m z = cos (31 71- j j Z )sin (31

m Z 9 = cos (31 --
X
-sin (31 j

R
--sin 131Z.

sin 0 =
-s in (31Z

m

where 0 is the phase angle of the current
in the k-1 section relative to the kth sec-
tion.

Power gain at f

k 2

N I Info

G= n= I
WT

where WT is the total power input at any
frequency f and N is a constant.

TYPICAL IMPEDANCE CALCULATION FOR
UHF ANTENNA SIMILIAR TO TFU - 24 8

20 LAYERS SPACED I WAVELENGTH AT CENTER FREQUENCY f.. COUPLED
RESISTANCE PER LAYER '5 ; DISTANCE FROM SHORT TO FIRST LAYER
t WAVELENGTH AT f. IMPEDANCE CALCULATED FOR f..91110 WHERE
DISTANCE BETWEEN LAYERS BECOMES .96 2.  -.02)
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Gr =

Power gain at any frequency f

k 2

N I N' tur
n = 1

If there are K layers in an equivalent
circuit similar to Fig. 20 between the
feed point and the shorting plug, the gain
ratio is

Gf

Gfo

k

In
n = I

2

k

Inf
n= 1 °

2

Now the power input must be main-
tained constant if power gain at f is com-
pared with power gain at fo.

For equal power input:

I21r,-o
1.3 = I2if Rif Eq. 32

Where the R1 and II are respectively
the input resistance and currents to the
array at the feed point which is shown at
the center of Fig. 20.

If / Int is written as

Iir {1 1
Ilr

and Irois written

Isr
Iiro{X 1 -1- . .

'Ir°

then equation 31 becomes gain ratio becomes

FIG. 27. Typical Measured Voltage Standing Wave Ratio vs. Frequency for TFU-24-BH Antenna.
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k k 2

121
GI

I' III

n=1
Eq. 33

Rifo
Gf n = 1

I'nf

G1 k 2 k
-To Eq. 34

12.r. _ IInro
n = 1

Rif X
n = I

no

where I'of =--,In(
I'm, The ratio

f . introduced to correctand =
0 Iv. fo

for the constant physical length of aper-
Combining equations 32 and 33, the ture which would make the gain directly

proportional to frequency if properly
illuminated.

Mechanical Features of Antenna Harness
The harness may be removed from the

antenna by loosening the same clamp which
was loosened for the beam tilt adjustment.
Low loss ceramic pin centering insulators
similar to those shown in Figs. 6 and 22
support the transmission line harness in the
center of the antenna cylinder. A teflon
cap on the end of the ceramic pin prevents
abrasion of the transmission line during
removal or installation, and when the an-
tenna is swaying in the wind. This same
type of support insulator was used in

the Bridgeport antenna which has given
trouble -free operation for a period greater
than two years. The teflon end cap has a
hard waxy feel with a very low coefficient
of friction which permits easy adjustment,



removal,*or installation of the transmission
line within the antenna, without disturb-
ing the centering insulator adjustment.

Icing

Voltage standing wave ratio measure-
ments were made on the antenna at Bridge-
port during a severe ice storm and the
change in voltage standing wave ratio was
found to be small. The antenna system and
transmitter were able to operate with the
antenna in an iced condition without diffi-
culty, and the transmitted picture was of
normal quality. Because of the improved
performance characteristics, it is believed
the TFU-24-B antenna may not require
de-icing. However, if further tests indicate
de-icing is desirable in locations where icing
is very frequent and severe, de-icing equip-
ment will be available as an accessory.
Fig. 1 shows the TFU-24-B antenna setup
at Camden, N. J. A sprinkler is included-
at the top for icing tests. These tests will
be made as weather permits.

The data presented here on the TFU-
24-B antenna is representative of the gen-
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40
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20
400

eral characteristics and principles. Since

the development and design of this antenna
is intensively continuing, improvements
and minor changes may be incorporated
in the first production units delivered. At
the present time, engineering work is being
done on a large number of engineering
model antennas to obtain statistical data
for production. Two TFU-24-B UHF TV
transmitting antennas will be shipped to
experimental UHF transmitting stations
about April 1952.
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PATTERN -TESTING THE TFU-24B UHF ANTENNA

in September of 1951, the first TFU-
24-BH antenna, designed for channel 76,
was completed at Camden, and after pre-
liminary impedance tests and adjustments
there, was taken to the Medford site for
pattern tests. The following material out-
lines the principles involved and describes
the test procedure, including data.

The pattern testing of a television broad-
cast antenna leads to two important re-
sults: (1) The radiation field intensity as
a function of direction (radiation pattern)
is measured and recorded ; (2) The ratio
of total radiated power from a dipole re-
quired to produce a given field intensity
at a specified distance to the power radiated
by the antenna when yielding equal max-
imum field at equal distance is measured.
This is the directivity gain of the antenna.

The Basic Principle
Consider the antenna to be placed at the

center of a sphere of radius large compared
to the dimensions of the antenna, Fig. 1.
All of the radiated power will flow through
the surface of the sphere, and the surface
integral of the radiated power density on
the sphere will yield this total power.'
That is

W= ffP  ds

where P is the Poynting vector and ds is
an increment of surface.

If then, a half -wave dipole be placed in
the center of the sphere and the total radi-
ated power adjusted so that the field in-
tensity at the maximum point on the sphere
is equal to the maximum field obtained
with the unknown antenna, the gain of this
unknown compared to the dipole will be:

Power Gain - W of dipole 11 P,, . ds
W of unknown f f P.  ds

The total radiated power of each an-
tenna is obtained by integrating the power
density over the surface of a sphere. In
the case of the dipole, this can be calcu-
lated by analytic methods. The total rad-
iated power of the unknown must be de-
termined graphically, since it is related to
the recorded pattern which is not readily
expressible as an analytic function.

"Antennas," by J. D. Kraus, McGraw-Hill
Rook Company, 1950, pp. 11-40.
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TOTAL RADIATION
ELECTRIC FIELD

POINTING VECTOR FLOW OF
POWER OUTWARD THROUGH
SURFACE OF SPHERE

HORIZONTAL COMPONENT OF
RADIATION ELECTRIC FIELD

SPHERE OF VERY LARGE RADIUS

FIG. 1. Antenna in Imaginary Sphere

The spherical coordinate system is shown
in Fig. 2. The incremental power radiated
is that flowing through the area dA. In
this system dA = r2 sin9dOdcA, and the
total power is

2r rW =f P(9,¢)r2sin9d0d4

Since P = E X H, the normal component
ET2 ET2of P = = 377

FIG. 2. Spher-
ical Coordinate
System.

where ET is the rms tangential component
of the electric field on the surface of the
sphere and n is the intrinsic impedance of
free space, 377 ohms. Thus

W = r2 2r w

fE. sin d 0d cp.

O

The total tangential electric field ET (9, CA)
is ordinarily determined by its components
E0(0, cp) and E0(0, cp), which, by reference
to Fig. 1, are the vertically and horizon-
tally polarized components, respectively,
so that

r.2 r
r

(E82 Eth2) sin 0 d 0 d

For practical measurements, it is neces-
sary to be able to express the definite in-
tegral of B as a function of 0. In the TFU-
24-B antenna, where the horizontal pattern
is perfectly circular in the horizontal plane
and the scallops are not appreciable at

=0°
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ANTENNA
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PEST EQUIPMENT
CABINET
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E

INCOMING SIGNAL /

TURNTABLE

RECEIVING SITE

PARABOLA

/U UNDERGROUND
PHONE LINE PART

OF CONTROL SYSTEM

TEST EQUIPMENT
CABINET

higher angles, it has been shown that it is
sufficient to measure a vertical pattern in
the plane of the peak of a scallop and in
the valley and average the readings point
by point during the plotting process. -

The Practical Considerations
The radiated field intensity as a function

of 9, the latitude angle, for any fixed 4),
the longitude angle (Fig. 1), may be found
by mounting the antenna horizontally on a
turntable and rotating it while the rad-
iated signal is received at a remote point.
Due to the principle of reciprocity,3 the an-
tenna may just as well be tested in receiv-
ing, and this is usually preferred, since the
major quantity of test equipment is at the
receiving location.

In order for the pattern to be accurately
recorded, the chart of the recorder must
be driven in synchronism with the antenna
turntable. This is done at present by a

2 "A New UHF Television Antenna, TFU-
24-B," by 0. 0. Fiet, BROADCAST NEWS, VOL (01.
March -April, 1952, pp. 8-23.

3 "A Generalization of the Reciprocal Theo-
rem," by J. R. Carson, Bell System Technical
Journal, 3, July, 1924, pp. 393-399.

FIG. 3. Pictorial View of Antenna Teat Ground.

selsyn link driven from a ring gear on the
turntable shaft.

The antenna test ground thus comprises
(Fig. 3):

1. A transmitting site, from which the sig-
nal is beamed.

2. A receiving site at a distance, where
the antenna under test is located, to-
gether with the turntable and associated
test equipment.

3. A control system to link the transmit-
ting and receiving sites so that opera-
tions may be carried on from one point.

The receiving site, shown in Fig. 4, com-
prises a wooden framework turntable carry-
ing the antenna in a horizontal position
and provided with anti -friction bearings so
that the entire upper half may be very
easily rotated. A gin pole (extending out
of the picture to the right) may be raised
to a vertical position and guyed to permit
placing antennas on the turntable by chain
hoist. A light framework is provided so that
a tent may be set up in inclement weather.

A closer look at the turntable base, Fig.
5, reveals the test equipment. The signal
from the antenna is received on the UHF
converter (lower left corner), where it is
transformed into a VHF signal and enters
the RCA type WX-1A field intensity meter
(lower center). The DC output current
from this instrument drives the recorder
pen I center). The chart is driven by the
receiving selsyn according to information
from the selsyn transmitter geared to the
turntable spindle (upper right center). The
angular position of the antenna thus auto-
matically positions the chart. This position
may also be read directly on the compass
rose (behind recorder) which is provided
with a vernier to permit angular readings
to be taken to within -±0.10°. In setting
the compass, the antenna is "aimed" at
the transmitting site by mounting a pair
of sights, similar to rifle "peep sights" on
the pipe. With the axis of the antenna thus
pointing at the distant site, a clamp is
loosened and zero on the rose set to zero
on the vernier.

A heterodyne frequency meter is provided
to check oscillator frequency. The cable is
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FIG. 4. The Receiving Site with UHF Antenna.

removed from the UHF converter, the an-
tenna signal is applied directly to the fre-
quency meter, and the oscillator frequency
at the transmitting site is adjusted through
the dial system.

At the transmitting site, Fig. 6, is lo-
cated a high gain parabolic antenna sup-
plied by a signal generator housed in a
cabinet under the platform. This enclosure
is shown in. Fig. 7 and contains, beside the
oscillator, the telephone stepping equip-
ment, the motors for oscillator control, a
sound powered telephone handset, and a
constant voltage transformer. The phone
permits contact with the receiving site
when it is occasionally necessary to do so.

The knobs were removed from the os-
cillator and small geared motors of high
ratio were coupled to the shafts through
friction clutches. In this way, the motors
could drive the shafts to the limit of travel
without damage to either. A similar motor
rotates the dipole assembly in the parabola
in order to change the plane of polarization
of the transmitted signal remotely.

The switching equipment (contained in
the steel case with lid raised) is shown in
schematic in Fig. 8. The system comprises
a standard stepping switch (upper left in
both schematic and in case) together with
the necessary power and auxiliary relays.
Ten operations may be performed inde-

pendently by dialing the appropriate num-
ber at the receiving site. Two separate AC
power circuits and three motors may be
controlled.

As currently connected the phone book
reads:

#1-AC outlet #1 on
#2 --AC outlet #1 off
#3-AC outlet #2 on
#4-AC outlet #2 off

After each of these operations the step
switch is automatically returned to its home
position. In positions 5-9 the stepper re-
mains on the contact until "0" is dialed
and it is released.

These operations are:

#5-raise frequency
#6-lower frequency
#7-increase signal output
#8-decrease signal output
#9-rotate dipole assembly

Once any of these are started the opera-
tion will continue until "0" is dialed.

All relays in this cabinet operate from
110 volts AC and there are no power sup-
plies or rectifiers to cause a continual cur-
rent drain. The metallic rectifiers shown
in the schematic are used for time delay
operations only. The only exception is the

stepper, which is supplied by theDC pulses
from the dial and its power supply. The
overall schematic is shown in Fig. 9. The
talking -dialing isolation, though not perfect,
is sufficiently good that phone conversations
may be continued while dialing is in prog-
ress. The only failure of the switching
equipment in one year of service consisted
of an "open" appearing in the step relay
coil, in contrast to contact troubles, which
might be expected.

Null Fill -In

Since all pattern calculations are made
on the basis of parallel rays from the vari-
ous elements of the antenna, the transmit-
ting site should be at infinite distance from
the receiving site. Obviously, the best com-
promise is to separate the sites as far as
possible and then make allowances for dis-
crepancies in the pattern due to the de-
parture from a plane wave front as the
wave arrives at the antenna. These dis-
crepancies are caused by the currents at
the various layers differing slightly in phase
along the aperture.

This is shown in Fig. 10, wherein the
wave front from the transmitting site is
assumed to be spherical. In this case, the
separation distance is r, the antenna aper-
ture is a, and the distance from antenna
center to any point A is 1. The phase error,
or time delay distance 6, at A is for 1<<r

FIG. 5. Test Equipment
at the Receiving Site.
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FIG. 6. The Transmitting Site
at Marlton -Medford Airport.

8 - 2rin units of length.

36012 in elec. degrees.
2r2

Thus, the phase variation along the array
due to finite separation may be calculated,
and this variation used to predict the
amount of null fill-in to be expected.

Using the concept of the Fourier series
representation of the antenna pattern, the
far field at any angle 0 from the axis of
an array of in -phase sources whose ampli-
tudes are distributed symmetrically about
the center of the antenna (Fig. 11) may
be represented by the series:4

N

E = 2 AKcosKtp
K = 0

where N =
n-1

2

n = Number of sources (here
assumed to be odd)

v = d cos 0
d = distance between sources

in elec. deg.
AK = Amplitude of Kth source.

All sources are in phase, and the nulls in
the pattern are clean, that is, are theoret-
ically zero.

If the sources also have differing phase
angles the Fourier series representation
may be considered as the sum of two series:

4 "Antennas," by J. D. Kraus, McGraw-Hill
Book Company, 1950, p. 99.

E = 2 [
N N

AK cos K j I BK COS K ip
K = 11 K 0

where the first series is due to the "in -
phase" components of the sources and the
second, the "quadrature" components.

For phase angles due to finite separation,
the B's vary as the square of the distance
from the array center, so that

1 2 2 3 2

E = j 2 [ 0 + B cos .tio + (-2) B cos hp +4) B cos 311) B cos 4q,

However, since the distribution of the
B's is in general different from that of the
A's, the nulls in the two series will not
occur at the same 0, and, therefore, the
far field will have a phase angle and the
nulls will be filled in generally.

Since the main field (due to A com-
ponents) is zero at a null position, it is

merely necessary to calculate the field due
to the B components at this position and
this yields the theoretical null fill-in.

N

E = j 2 BkcosKtp
K 0

The eighteen layer TFU-24-BH antenna
is equivalent electrically to rune sources
spaced 3 A and arranged symmetrically
about the center source, so that the quadra-
ture field is:

where B = Amplitude of end source

= A tan S

For example:

The first null of the TFU-24-BH 844
Mc. antenna occurs at 0 = 88°. How much
null fill-in is expected for the Medford site?

:=206021= -T =12A

360 12 360 (12 2)2
8 = 22r 2 A (2060 2)-

12.6°

B=Atan8
1

9
tan 12.6° = 0.0248

= d cos 0
= 1080 cos 88°
= 37.7°

E = j 2 [B0 + B1 cos tp B2 COS 2W + B3 cos 31, ± B4 COS 411/

FIG. 7. The Test Equipment Cabinet at the Transmitting Site.
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E = j 2 [ B cos 37.7° + -4 B cos 75.4° ±
16

1

= - j 1.96 B = .049 L-90°
This, then, shows a theoretical null fill-in

of 4.9% due to finite separation between
transmitting and receiving sites, at 844 Mc.

Reference to Fig. 10 will show that since
the path length error is a fixed distance
for any given aperture, the phase error is
a function of frequency, being much less
at lower frequencies.

As shown in Fig. 12, the measured null
fill-in is about 10%, and consideration of
this result will reveal that the actual null
at this point will have a fill-in of from 5
to 15%, depending on the phase of the far
field of the array relative to that of the
site.

Greater fill-in than that shown in Fig. 12
may be provided by several methods, such
as operating the antenna above design fre-
quency, Fig. 13, beam tilting, Fig. 14, and
by minor design changes. However, experi-
ence at the Bridgeport, Connecticut trans-
mitter KC2XAK with the prototype of the
present antenna has shown adequate signal
uniformity in that region covered by the
side lobes and nulls.5

5 "Experimental Ultra -High Frequency Tele-
vision Station in the Bridgeport, Connecticut
Area," R. F. Guy, J. L. Seibert, and F. W.
Smith, RCA Review, March 1950.
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In general, the signal received at any
point will be the vector sum of the direct
and ground -reflected waves. The geometric
relations are as shown in Fig. 20, in which
a plane smooth earth is assumed. Since,
for a horizontally polarized wave, the elec-
tric field reverses direction on ground re-
flection, there will be cancellation of the
fields at the receiving antenna for path
length differences of integral multiples of a
wavelength.

As a receiving point is moved outward
at constant height, the path length differ-

110V. 600=
AC

45V DC
POWER

SUPPLY

DIAL

ence of the two waves will continually de-
crease, and there will be cancellations and
reinforcements as this occurs. The cancella-
tions are ordinarily not complete since the
ground absorbs part of the signal and
the direct wave is always stronger at the
receiver.

With an isotrope or low gain antenna,
the wave at the angle a is equal to that
at angle b for D large compared to the
antenna height h1.

Near a cancellation point, the vectors are
as shown in Case I and since Er and E.
are almost equal, the resultant field will
be very small.

With a high gain antenna, the waves at
angles a and b will, in general, differ in
magnitude so that, as in Case II, the can-
cellation is less complete and a greater field
results. If, for example, the wave at either
a or b comes from a null there will be no
cancellation and the resultant field strength
at the receiver will be greater than in either
of the previous cases.

Fig. 23 shows a radial calculated for a
transmitting height of 500 feet and receiv-
ing height of 30 feet over plane earth of
common characteristics

(a = 5.10-14 e.m.u., E = 15),

wherein the less severe effects of ground
reflection interference can be seen and in
which the effect of antenna nulls is subor-
dinate to that of reflection. These curves
are for equal effective radiated powers. For
equal transmitter powers, the isotropic
curve must be lowered by the gain of the
antenna relative to an isotrope, i.e., by ap-
proximately 16 DB. Calculations must, of
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course, be made on the basis of an earth
surface of simple geometry, such as plane
or spherical, but the same theory holds for
other earth surface shapes, except that the
interference positions may not occur at the
same distances from the transmitter.

® ANTENNA
UNDER TEST

WAVE FRONT

FIG. 10. Geometry of
Path -Length Difference.

TRANSMITTER.

Recording System Accuracy

With high gain antennas having half -

power beam widths in the order of 2 de-
grees, the recording accuracy requirements
become quite critical, especially when it is

A4

A3

AlA2

Ao

Al

A2

A3

A4
FIG. 11. Array of Point -Sources.

necessary to measure beam tilts. In this
particular application, it is necessary to be
able to record to within -±-0.1°.

With the recording of narrow beams, it
is necessary to "spread out" the chart, i.e.,

make each degree of turntable rotation
equal to a considerable space on the chart.
In the test here described, one degree
equalled 4/4 inch of chart. At these low gear
ratios between selsyn and recorder, the
input frictional torque supplied by the sel-
syn is considerable and the machine will
drop behind its theoretical angular position
until it develops sufficient torque to pick
up the load.

A gear train of appropriate type must
be interposed between selsyn and recorder
to prevent the angular error in the selsyn
from causing the recorder to fail back too
far. These considerations are shown in

Fig. 15.

Notation:
Driver teethAll gear ratios =
Driven teeth

N1 = Ratio turntable to selsyn trans-
mitter.

N2 =_ Ratio selsyn receiver to recorder.

KT = Selsyn torque constant =
Degree of rotational lag

Inch -Oz.

constant =
Unit of chart

Degrees of drum rotation

S = Angular error of recorder, in chart
units.

0

0

0

0

S' = Angular error of receiver selsyn,
in degrees.

T = Frictional torque required to drive
drum, oz. -in.

9 = Degrees of rotational movement of
turntable.

Torque seen by receiver selsyn (neglect-
ing acceleration) is N2T.

A perfect gear system is here assumed.

The receiver selsyn will drop behind the
transmitter until sufficient torque is devel-
oped to carry load.

= N2 T KT

This angular error appears at the re-
corder drum multiplied by N2-

S = N22 TKT (in degrees of drum
rotation)

= N22 TKTKR (in chart units)

However, it is convenient to refer this
error to 9, that is, express it in degrees of
turntable rotation-

Angular error of recorder drum8 =
Gear ratio, turntable to recorder drum

N22TKT
NIN0

N.,
= -2:- TKT (in degrees of turntable rotation)
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VERTICAL FIELD PATTERN
OF UHF ANTENNA TYPE TFU-24-BH

18 BAY CHANNEL 76 844 MC
MEASURED AT 850 MC SHOWING

EFFECT ON NULLS NEAR MAIN BEAM
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FIG. 13. Vertical Pattern of TFU-24BH Operated 6 Mc. above Center Frequency.

.12 +10

2NUsually, that ratio
N

is to be deter-minedIwhich will allow recording to a speci-
fied accuracy. In this case:

N2 8
(1)

N1 TKT

However, the overall ratio is determined
by the degrees per unit of chart.

1

(2) NI No =
211/

If N2 in (2) is substituted in (1):

(3) NI =1/ TKT
SKR

This allows a direct determination of the
gear ratio required to drive the transmitter
selsyn. The second half of the overall train
is determined by equation (2). Thus N;
and N2 are specified for any allowable re-
cording accuracy.

For example, for the recorder in use at
Medford during this period.

Kr = 2.84°/oz.-in.
T = 3.5 in. -oz.

5=0.1°

K11 = .7--10 chart division/drum degree

N1

V3.5 (2.84)
0.1(1) =77.5

60

1 60- = 0.775
N2 = N1 K1; 77.5

-s -10 -12 -14

In the actual Medford installation, the
nearest lower combination for N2 was 2/3.
This dictated N1 = 90, and is the ratio
now in use.

Many quantities not ordinarily consid-
ered assume prime importance. For ex-
ample, some elastic angular deflection of
the turntable and shaft will appear between
antenna and bearings due to the bearing
frictional torque, since the turntable is

a

0

O

0
N

; 0

goz

rotated by torque applied to the top of the
rotating members. Because the selsyn must
be mounted on a fixed support, its position
is necessarily at the top bearing, and it

will read the position of the shaft at f it
point with respect to the bearing.

The actual position of the antenna devi-
ates from this due to the elastic angular
deflection, and thus the antenna and its
pattern (which appears at the pen) are
ahead of the chart; consequently, a record-
ing error results.

This effect is complicated by the fact
that the bearing (on which the selsyn is
mounted) itself is constrained by the elas-
ticity of the mounting timbers, so that as
force is applied to the top of the turntable
and the antenna begins to rotate, first the
lower bearing then the shaft and timbers
at the top twist until the static bearing
friction is exceeded, thus putting the an-
tenna further ahead of the chart.

The effects are exaggerated in this de-
scription, being in the order of 3 to 5 min-
utes of arc; nevertheless, they do affect
the results. The deflection of the bearing
mounts has been measured by mounting a
mirror on the bearing and sighting a transit
on a distant object. Torque is applied until
the turntable is on the verge of rotation,

FIG. 14. Tilted Vertical Pattern.
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and the movement of the object measured
in minutes of arc. If the transit shows

0
6 minutes, the bearing rotates 2 -minutes.

An overall test of the system was made
during this period. A transit was set up
on the turntable beside the center of the
antenna, Fig. 16, and a push button ar-
ranged in a circuit to apply a voltage pulse

SCHEMATIC
OF APPARATUS

TURNTABLE
514AF T

CM N,TH,

4111.1.
SELSYN

RCVR

N. 0

Ir "
I"' " .N,'

RECORDER
N,

SE L SvN
WITTER

FIG. 15. The Recorder Drive System.

to the recorder. The transit was first sighted
on the center of the transmitting parabola.
2400 feet away, and the recorder set on a
main chart division. Then, as the turntable
was slowly rotated, an observer set the
transit ahead by ten degrees, locked it

down, and waited for the cross -hairs to
reach the center of the parabola. As they
crossed, the button was pushed and a pulse
appeared on the recorder. Enough readings
were taken to average out the human er-
rors, and from one of the charts shown in
Fig. 17, it can be seen that the pulses
do not lag the main divisions by more
than 0.1°.

The Test Procedure

In taking a pattern, the antenna is turned
approximately broadside to the incoming
signal and the cable connected' to the heter-

100

FIG. 16. Transit Test on Overall Recording Accuracy.

odyne frequency meter. The oscillator fre-
quency is then measured and set to the
desired value by dialing the appropriate
numbers.

With the cable connected to the held in-
tensity equipment and the antenna rotated
until maximum signal is obtained, the cor-
rect gain and zero adjustments are made
on the equipment.

The antenna is returned to zero (axis
pointing at the transmitter) by means of
the large compass rose and vernier. After
exciting the selsyns and setting the recorder
chart so the pen is on a main division, the
run is begun. At this time, any aircraft in
the vicinity of the airport invariably decide
to land. Since the transmitted beam crosses

FIG. 17. Transit Test Recorder Chart.

the runway, an anomalous pulse is applied
to the pattern which is marked and dis-
counted later. The same effect which

started radar development operates here
also.

It is always desirable to check the power
wasted in crosspolailzed radiation in a new
antenna. For this test, a small dipole, iso-
lated from the re -radiated field of the main
antenna by a metal reflecting sheet, is set
up on the turntable and oriented parallel
to the main antenna's normal radiation.
The received field strength is read in rela-
tive units to give Eo.

The transmitting dipole is then rotated
by the dial system until a null occurs, at
which time the incoming signal is a plane

1 I I I MI I I KM 111KM 1W11 MV !MEM KIM
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3
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FIG. 19. Power Gain vs. Frequency.

II

MEASURED
RELATIVE POWER GAIN VS. FREQUENCY

FOR

UHF ANTENNA TFU-24
18 BAY CHANNEL 76-842 MC -646 MC

7.......

......\

820 830 840 850
FREQUENCY MC

880

TRANSMITTING
ANTENNA

"cc
fre

EARTH SURFACE
0

RECEIVING
ANTENNA

E. Et
CASE I 'ISOTROPIC

RADIATOR

e.

CASE II -HIGH GAIN ANT

VECTOR RELATIONS OF
DIRECT AND REFLECTED
WAVES FOR PHASE ANGLES
APPROACHING ISO DEGREES

FIG. 20. Vector Diagram for Field Strength
Relations In Ground Reflected Waves.
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870

wave with electric field perpendicular to
the receiving dipole axis. Then, the receiv-
ing dipole is positioned for maximum signal
and this read in relative units to give Ed.

In general Ed will differ from E0 be-
cause the reflection coefficient of the ground
varies with polarization. However, the gain
of the field intensity meter may be varied
to give Ed =

A pattern is taken in this condition,
though with antennas having very low
cross -polarized radiation such as the TFU-
24-B series, the attenuator on the field in-

tensity meter must be decreased 20 db. to
allow a readable chart to be recorded.

Patterns are taken in this way in both
"vertical" planes (which are actually hori-
zontal because the antenna axis is hori-
zontal) through a line of slots (4, = 0°)
and halfway between a line of slots
(4, = 30°). These two patterns are each
repeated six times in going around the an-
tenna in a plane normal to its axis.

A typical vertical field pattern of the
TFU-24-BH is shown in Fig. 12, where
the very low crosspolarized radiation can
be seen.

In computing gain, the average of field
values in the two planes vs. B is plotted
on power coordinate paper, Fig. 18, in
which the ordinates are squared and multi-
plied by sin 0, so that it is merely neces-
sary to plot the normalized field values
vs. 8 on this paper and integrate the re-
sult by planimeter. The area under the

FIG. 21.
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FIG. 22. Curve of Beam Tilt vs. Harness Shift.

curve is proportional to the power radiated,
and so the gain is:

G=

fE2 sin (0)s in Od0

= K
area

Where E:, is the normalized field pattern,
average of patterns in the two principle
planes, 0 is the angle from vertical, and
K is a constant determined by the paper
dimensions, the gain of the reference an-
tenna, etc.

As was mentioned previously, as long as
the solid pattern is a figure of revolution,
or at least has cyclic variation of small
magnitude, so that the average of the field
patterns in two vertical planes may be used,
vertical patterns in those planes of the
Kb and E# components describe the total
field and thus the total power radiated.
This does not apply to some other types
of antennas in which the vertical pattern
varies greatly around the axis, or is not
cyclic.

Accordingly, a plot is made of each on
power coordinate paper and the resulting
areas added in order to get the total gain:

A number of patterns are taken for
various harness positions at the center fre-
quency of the antenna. The position of
the maximum of the main beam is meas-
ured and the gain evaluated for each posi-
tion. Curves of beam -tilt vs. harness shift,
Fig. 22, and of gain vs. beam -tilt, Fig. 23,
result.

The process of antenna pattern measure-
ments is continually undergoing changes in
the direction of higher accuracy and greater
speed; and this naturally points the way
to greater mechanization. Effort, at the
present time, is being directed along these
lines in order to yield better patterns faster.
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THE EMPIRE STATE
TELEVISION ANTENNA SYSTEM

By
H. E. GIHRING

Manager, Broadcast Antennas
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 broadcasting
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
Mt. Wilson near Los Angeles, quite a num-
ber of stations operated in close proximity
to each other with no difficulty.

(LEFT). High over Manhattan, three work-
men perch on the WNBT array, as a fourth
climb:: 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 0. 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 0. 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.

(RIGHT). Shown in lull height, the
Empire State 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
FM 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 capability 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

30

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.

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 equal
gain to each, with the exception of Chan-
nels 7 and 11 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 any
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 5 antennas, and
a gain of 5 for Channels 7 and 11

antennas.
4. Circularity: ±2 db.
5. Power Handling: Possibility of trans-

mitting 100 KW ERP.

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 types 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



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.

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

the junction box is 1- of the dipole im-
n

pedance if n is the number of dipoles. Im-
mediately below the junction box, a two -
stage transformer is used to match the com-
mon junction box impedance to the main
transmission line impedance of 51%2 ohms.

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

less than those used in
and also since the feed
larger because of power

previous designs,
cables used were
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.
Fig. 3 indicates the type of connection
used.

A more detailed description of the
Supergain antenna has been given in a
previous paper.2

Coupling
Possible coupling resulting in crosstalk

or other disturbances was oneof 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 considered
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.

FIG. 3. One of the Junction Boxes and Feed -
linos 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

14
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11

10

CO

0 co

1.i.1 8

0a 7
0
tu 6

11.1

U
I -

'Li 4

3

2

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

0

POWER LOST IN REFLECTED WAVE
VS

VOLTAGE STANDING WAVE RATIO

2 3 4 5 6 7 6 9 10 20 30 40 50
VOLTAGE STANDING WAVE RATIO

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,. < I A Gt Gr
Pt k 4 r R nt nr

where equality, under the assumptions, ob-
tains for nr = nt = 1.

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

Pr is the power received by the receiving
antenna.

R is the distance between the antennas.
Gr, Gt are the directive gains of the adja-

cent end bays of the neighboring an-
tennas in each other's directions relative
to an isotrope.

nt is the number of bays of the transmit-
ting antenna.

nr 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.

70 100

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.
Fig. 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.

I
Channel 5

IN: Upper Group
Channel 5

Upper Group
Channel 7

Visual
Channel 7

Aural

OUT:
Channel 7 II

Visual
Channel 7

Aural
Channel 5

Upper Group
Channel 5

Upper Group

Frequency 1

77.25 Mc. 65.8 db. I 55.7 db.
79.0 54.1 50.7

81.75 46.5 46.2

175.25 I 51.2 db. 51.2 db.

177.0 j 52.6 I 52.6

179.75 51.3 I 50.2

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

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-

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

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.

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

Channel 7
IN: Visual

Channel 7
Visual

Channel 7 Channel 7
Aural Aural

Channel 11
Visual

Channel 11
Visual

Channel 11
Aural

Channel 11
Aural

Channel 11
OUT: Visual

Channel 11
Aural

Channel 11
Visual

Channel 11
Aural

Channel 7
Visual

Channel 7
Aural

Channel 7
Visual j

Channel 7
Aural

Frequency
175.25 Mc. 48.9 db. 36.9 db. 36.9 db. 48.9 db-.

177.0 55.1 36.6 36.6 48.3

179.75 59.3 36.8 35.5 51.9

199.25 I
42.8 db. 31.8 db. I 32.6 db. 48.8 db.

201.0 I 45.0 30.9 I 31.3 44.5

203.75 I 41.7 30.7 I 30.4 j 59.0

Channel 7
IN: Visual

Channel 7
Visual

Channel 7 j Channel 7 Channel 11 I Channel 11
Aural I Aural Visual ' Visual

Channel 11
I

Channel 11
Aural I Aural

OUT:
Channel 11

Visual
Channel 11 I Channel 11

Aural Visual
Channel 11 Channel 7

Aural Visual
Channel 7

Aural
Channel 7

Visual
Channel 7

Aural

Frequency
175.25 Mc. 36.9 db. 52.4 db. 40.2 db. 36.4 db.
177.0 37.1 . 58.1 40.1 36.6

179.75 36.3 51.3 41.1 35.3

199.25 I
32.0 db. 50.6 db. 54.8 db. 31.3 db.

201.0 I
31.1 49.5 I 48.0 30.9

203.75 I 30.3 52.8 I 42.4 30.8

'Quarter -wave phasing section in E -W half of Channel VII and N -S half of Channel XI antennas.
Above data adjusted for mismatch loss looking into the individual halves of antenna.
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This calculationcalculation 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 parallel to the ground are
energized. For 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, 9, (meas-
ured from the array axis) on rectangular
coordinate paper.

FIG. 8. Method of Determining Vertical Pattern.

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 FM 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-

FIG. 9. Results of Gain Measurements for Various Conditions.

TELEVISION FM

Channel 11 7 7

Rephased

5 4 4 2
97.1
Mc.'

95.5
Mc.

101.1
Mc.

Equally
Phased

Equally
Phased

Re -

phased
Visual Aural Visual Aural Visual I Aural Visual I Aural Visual Aural Visual Visual Aural

Antenna Direc-
tivity Gain 5.40 5.55 5.591 5.74

1

194 1 4.04
I

4.17 1 4.50 4.481 4.79 3.95 4.00 4.43 6.24 .707 .707
Upper Portion - - - - -

1
- 1.451 1.57 - - *- 2.49 2.75 - - -

Lower Portion - 1 - - - -
1

- 2.521 2.72 - - - 1.61 1.78 - - -
Feed Cable ER. % 95 195 94.4 94.4 94.4 1 94.4 95.4 195.2 97.2 96.7 97.2 95.1 94.8 96 94.8 94.8
Power .Equalizer

Eff. %
1- 1 - - - -

1
- 98.9 98.1 - 1 - - 97/ 96.9 - - -

Net Gain 5.121 5.28 5.28 5.42 3.721 3.80 3.931 4.21 4.361 4.63 3.85 3.71 I 4.06 6.00 .67 .67
Triple;ed on the Channel 4 antenna.
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FIG. 10. Schematic Portrayal of Antenna System Showing Inner Conductors Only.

10a. Bridge Diplexer Feed
System Chosen by Stations
on Channels 4, 7 and 11.

106. Notch Diplexer Feed System with Split
Antenna Arrangement for Emergency Service
Chosen by Stations on Channels 2 and 5.

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

specified. For the Empire State antenna
system, 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

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.

FIG. 11. Smith Chart Indicating Improvement Due to Power Equalizer for Channel 5
Antenna. It will be noticed that before power equalizir.q the max. VSWII ,s 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
of the bridge diplexer is well known, hav-
ing been described in a previous article!
For Channels 2 and 5, power equalizing
is desirable to achieve the required band-
width since at the lower frequencies the
percentage of bandwidth with respect to
the transmitted frequency is greater. The
power equalizer inherently improves the
VSWR over the band by trapping reflected
energy from the antenna. Fig. 11 indicates
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.

In the split antenna arrangement, two
coaxial lines are brought into the trans-
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
as required. The visual and aural signals
are combined in a notch diplexer which is

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

Feed cable max. VSWR 1.20

Feed cable VSWR derating factor I 0.950
Feed cable temperature derating factor I 0.788
Feed cable total derating factor . I 0.749
Feed cable power capacity before derating I 1400 Watts
Feed cable power rating after derating I 1049 Watts
Feed cable average power, visual, for 100 KW ERP 479 Watts
Feed cable average power, aural, for 100 KW ERP i 396 Watts
Power Carried

feed for 100 KW ERP 0.835
Rated Power

of cable

*Average power output of transmitter for 100 KW ERP I 24.8 KW
**Maximum ERP possible within limit of feed cables I 120 KW

 Assumes that diplexer handles 25 KW
** Assumes that diplexer handles 30 KW
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a frequency selective network permitting
simultaneous operation of visual and aural
transmission into one antenna system with-
out interference.

The VSWR over the band was measured
for a number of conditions including the
N -S and E -\V portions of each antenna be-
fore diplexing or power equalizing: and

4
FIG. 13. Typical Calculations Establish.
ing the Power Rating of the Feed Cable.



also the upper and lower portions of each
antenna individually and combined by the
power split transformer. Fig. 12 is a typ-
ical chart of VSWR vs. 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 relatively
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.

FM Considerations
Tree FM services were desired in addi-

tion to the five television services. Of these,
the one for NBC, on 97.1 Mcs. was tri-
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.

111

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 FM 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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WSB-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. F. 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 Fig. 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 guyed 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

l "High Gain and Directional Antennas for
Television Broadcasting", L. J. Wolf, BROAD-
CAST NEWS, Vol. No. 58, p. 46.

FIG. 1. Towering 1062 feet
above downtown Atlanta. is
the world's first tallest TV
tower cnd 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."

Fig. 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 very 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
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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 Supergair 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?

10



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

the measurements such as the one shown
in Fig. 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.

Mounting a Four-sided Antenna
on a Three -sided Tower

Since WSB-TV requires an omnidirec-
tional horizontal radiation pattern, it was
necessary to place four screens and dipoles
on the triangular Ideco tower. This was
easily accomplished by having special out-
riggers built to support the screens (see
Fig. 2). These outriggers essentially trans-
form a triangular tower to a square tower
to accommodate the 4 -sided antenna array.
The Supergain Antenna lends itself per-
fectly in placing a 4 -sided antenna on a
triangular tower, thus still maintaining
good symmetry from the ground to the top
of the FM -Pylon. See Figs. 2 and 5.

Advantages of High Tower
and High Gain Antenna

The foregoing performance results and
measurements obtained on the WSB-T\'
Antenna, confirm the advantages of using
a high gain antenna and a high tower.

The advantages of height for TV an-
tennas is indicated by the F.C.C. predicted

FIG. 6. An electric motor
driven winch is used to haul
a single -man capacity hoist to
the upper levels of the tower.
See Fig. 8.
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A. EARL CULLUM, JR.
CONSULTING RADIO ENGINEERS
DALLAS TEXAS

RADIO STATION WSB- TV
ATLANTA, GEORGIA

520305 FIGURE 68
Ah.

FIG. 7. Contour lines for
0.5 my m (59 dbu) and the
5.0 my m (74 dbu) are
shown. The average ra-
dius is approximately 50
miles and 22 miles respec-
tively, which meets the
predictions of the FCC.

FIG. 8. In addition to effi-
cient handling of screens
and dipoles by the riggers,
there are a few other
points of interest in this
picture: The one -man -ca-
pacity hoist which ascends
between a twin -girder
track with the cable at.
tached to its top is shown
at lower right. A peaked -
roof shed is built to pro-
vide protection of the 61 8"
transmission lines from
falling ice.

coverage data. For Class B coverage and
with 100 KW ERP, the coverage is ex-
tended from 57 miles to 70 miles when
the antenna height is increased from 500
feet to 1000 feet. To obtain the same in-
crease in range by increasing power, it
would be necessary (with a tower of only
500 feet) to increase Effective Radiated
power from 100 KW to 630 KW. With
power ceilings being in effect, the only in-
crease in range that can be obtained is by
increasing antenna height.

The high tower can be used for land
marks, geographical interest, and as air-
craft direction land marks. The high tower
also provides greater latitude for television
microwave relay operation. Local remotes
may be beamed to.the tower with a com-
pletely unobstructed path. The high tower
provides potential for commercial micro-
wave relay. This may be pursued in the
future.

Tower and Antenna Inspection
and Maintenance

Inspection, maintenance and other activ-
ities on the antenna, because of its great
height, necessitate a means of quickly as-
cending the structure with ease. For this
purpose, a hoist accommodating one man
at a time has been built to go up the
tower to the 800 -foot level. At this level,
the hoist stops just beneath the uppermost
platform which is accessible by climbing
about 15 feet up a ladder through an open-
ing leading to the platform. The hoist is

mai iimmenw
sr nusoftvs



1000

100

FIG. 9. The first time an RCA camera has ever been
used atop a 1000 -foot TV tower. On this occasion while
strictly set up as an experiment, a major fire broke out
in the area. A telephoto lens was snapped in place and
WSB scooped the story delivering scene to televiewers.

FIG. 10. Photograph of junction box showing 2.. air -dielectric
copper coaxial feed lines which feed the individual dipoles.
Also junction box transformer of 3'8.. copper line which
connects to one of the combining tees as shown in Fig. 12.

WSB-TV
CHANNEL -2

SOUTH RADIAL
OCT.24 11151

1.0
0
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2 4 5 7 9 10
MILES

FIG. 11. For 50.1CW ERP a plot of a radial in he southern direc-tion is shown. Note that excellent close -in coverage is main.
tamed, as well as coverage considerable distant from antenna site.

guided between two girder -like tracks run-
ning the full 800 -foot height, and it is
raised and lowered by means of a cable
which is taken up or unreeled by an elec-
tric motor driven winch. See Figs. 6 and 8.
Facing the hoist is a hand ladder that runs
the full 800 -foot height. The ladder is ac-
cessible to the hoist by merely stepping
out of the hoist on to the ladder. A plat-
form is also located at the 400 -foot level.

Tower Data

Tower 1062 feet above ground
2035 feet above sea level
430,000 lbs. total weight

Tower Foun-
dations ....14 feet under ground con-

tains 15,800 lbs. reinforcing
steel, 284,000 lbs. concrete

Tower Legs ..15 feet on each side
10Y4 inches in diameter
11A inches wall thickness
28 feet in length
5,000 lbs. weight each

Top Guy
Wires VA inches in diameter

Attached at 800 -foot level

Bottom Guy
Wires 1Y4 inches in diameter

Attached at 400 -foot level



Guy Anchors 16,000 lbs. reinforcing steel
515,000 lbs. concrete

Paint 125 gallons required for one
coat

Tower Lights.. Requires approximately
10,000 watts

Tower and guys are galvanized to prevent
rust.

Top of tower designed to move only 28
inches in a wind of 120 m.p.h.

The Supergain Antenna
The Supergain Antenna (as shown in

Fig. 13) is essentially a broadside array of
half -wave dipoles, backed up by a reflect-
ing screen, stacked vertically to yield the
desired gain. Fig. 12 shows schematically
the installation of the WSB-TV 14 bay
Supergain Antenna. To incorporate an
omnidirectional pattern, four dipoles (90
degrees apart) are placed around a tower.
The dipoles are stacked vertically about
0.77 2, which was an optimum choice for
both impedance and gain. In the horizontal
plane, the reflecting screens are spaced
half -wave apart, or approximately nine
feet, in the case of Channel 2.

FIG. 12. Diagram shows the assembly of the 14 -
bay WSB-TV Supergain antenna. Each radiator
is fed by a single feed line, all identical in length.
to maintain equal phasing. Note that both N -S
and E -W feeds provide for a phasing section that
can be used to tilt the vertical pattern. Only one
transmission line connects the antenna to the
Constant -Impedance Notch Diplexer located near
he transmitter.

FIG. 13. Supergain and Superturnstile Antennas are tested on this spe-
cially built turntable. Antennas up to a length of 140 feet can be
mounted, and rotated to determine their radiation characteristics. Trans-
mitting site is located approximately 2400 feet across an open level field.

Feed lines which have equal lengths com-
ing from the junction boxes, are used to
feed the matched dipoles, thus assuring
equal power and phase in each radiatOr.
The various tees are made to provide the
proper power division to the various junc-
tion boxes, and with broadband character-
istics to maintain constant impedance. The
N -S and E -W feeds are fed in quadrature
to make use of the power equalizer.2 The
antenna is made versatile by allowing for
beam tilting facilities should it be desired
in the future. The power equalizer, which
is the input to the antenna system, is fed
by only one 6141" coaxial transmission
line from the Constant -Impedance Notch
Diplexer.

The voltage standing wave ratio of RCA
Supergain Antennas has a 1.1 to 1 sped-
fication over the entire Channel 2 band.
With the use of the power equalizer2 an
unusual large bandwidth can be obtained
thus making the antenna electrically stable
under varying weather conditions.

A power gain of 11.0 was achieved by
using 14 bays of dipoles in the aperture of
184.33 feet. The method of arriving and
checking the gain figures will now be
described.

2 R. W. Masters, "A Power Equalizing Net-
work for Antennas'', Proceedings of the IRE.
p. 735, July 1949.

Gain Definition
A review of some of the fundamental

definitions of "gain" may be helpful in
grasping the concept of power gain.

Directive gain is the absolute directivity
of an antenna. The ratio of the maximum
radiation intensity of the source under con-
sideration to the maximum radiation in-
tensity of a half -wave length dipole is de-
fined as directive gain. The word pattern
gain is synonymous with directive gain.

The definition of directive gain in the
preceding paragraph is based entirely on
the shape of the radiated power pattern.
The losses due to feed lines, dower equal-
izers, etc., are not accounted for. A quan-
tity called either the net antenna gain or
power gain is introduced which does in-
volve these losses. In the RCA publications,
the antenna gain or power gain is the figure
specified. Losses in the main transmission
line leading from the transmitter to the an-
tenna system are not reflected in the power
gain figures.

Theoretical Determination of Gain

The Supergain Antenna employs iden-
tical radiating sources connected to radiate
maximum energy in the horizontal direc-
tion. It is well known that the field of an
array at a sufficiently large fixed distance
is the product of the array factor multi-
plied by a function representing the field of
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FIG. 14. Directive gain of a 14 -bay Supergain antenna is
shown for various spacings. The solid line shows the varia-
tion of the theoretical directive gain with spacing, while
the discrete points indicate the measured data. Each point
represents several measurements, and the accuracy of
these data is approximately ±1.83%. The average of all
the maximum deviations of the measured results was
2.01%, or indicates that an average measuring of -±1.0%
is possible. The maximum deviation of any one point from
theoretical is at 0.744 2, or +1.78%. However, the average
deviation of all the points from the theoretical is 0.2%.
For all practical purposes the theoretical value of directive
gain can be used for the practical case.

one of the sources. The array factor is the
pattern of the array with sources replaced
by isotropic radiators. For uniform ar-
rays, this factor is a simple equation of a
trigonometric expansion. The element pat-
tern prescribing the individual sources will
be the same for all the sections.

The Supergain dipoles are spaced ap-
proximately 0.3 wavelength in front of the
reflecting screen in the horizontal plane.
For the element pattern in the theoretical
calculations, the assumption was made
whereby an infinitely thin half -wave dipole
was placed 0.3 wavelength in front of an
infinitely large reflecting screen. The array
characteristics of N parallel identical ele-
ments equally spaced and with equal cur-
rents and phase is

A = N sin X
N sin X

where N = number of elements

X = D
X cos 0

2

D = spacing in electrical degrees
= angle from the zenith axis

It is reasonably proper to assume the di-
poles are fed with equal -phase and power
because all the feed lines are cut to the
same length, the dipoles are matched to
the feed lines, and the dipoles are all made
physically identical.

Vertical field patterns for the 14 bay
WSB-TV antenna are plotted in Figs. 15
and 16 using the method described in the
previous paragraph.

Experimental Determination of Gain
Various methods to check the theoretical

gain figures can be done with scale models
or with the actual antenna.

First, absolute field strength measure-
ments can be made of the antenna under
test. This is unsatisfactory because of the
many obstructions and terrain effects that
distorts the readings. Comparison must be
made to the FCC propagation curves which
was determined upon smooth terrain.

Second, the substitution method. A cali-
brated dipole is placed at the center of the
antenna and power is fed alternately into
the antenna and the dipole while compara
tive readings are taken. This standard di-
pole comparison is better than the abso-
lute field strength determination, but again
only a fair degree of accuracy can be ob-
tained after a complete survey.

These two methods described for meas-
uring the power gain have been found to
be comparatively unreliable.

Third, the best method to determine the
directive gain of an antenna, is to measure
the vertical radiation pattern, since pattern
gain is a function of the vertical directivity
of the antenna. This can be accomplished
either by the use of a complete antenna
or a scale model since pattern work can
usually be scaled quite accurately. In this
method, the antenna under test is used as
a receiving antenna, is mounted on its side
and pivoted about its mid point. A trans-
mitting point is located far enough away
so that the length of the test antenna is
negligible compared to the distance be-

tween the transmitting and receiving sites.
Rotating the test antenna determines the
amplitude and angle of all the lobes. This
information can be plotted and a gain de-
termination made by means of a plani-.
meter.

The gain computations can be made
from the vertical field pattern measured
in one direction, if the horizontal pattern
is omnidirectional. In broadside arrays,
similar to the Supergain antenna, that have
nominally circular horizontal plane pat-
terns, principal plane patterns represents
an average value as determined from the
study of the horizontal pattern.

Obviously, this third method cannot be
applied after the antenna is installed. In
many cases, it cannot even be applied on
the actual antenna since the rotation of a
Supergain Antenna 186 feet in length be-
comes a major engineering feat. Hence.
such work is usually done by means of
scale models. RCA has recently built a
special turntable which will make it pos-
sible to rotate antennas up to 140 feet in
length, as shown in Fig. 13.

A ±3% accuracy was considered neces-
sary for WSB-TV's Supergain Antenna,
which is a difficult achievement for this
type of measurement. This requirement
dictated the need for the measurement of
the vertical radiation pattern, under ideal
laboratory conditions.

The antenna test site is located at the
Marlton -Medford Airport,3 in New Jersey,

3 "Pattern -testing the TFU-24B UHF An-
tenna." E. H. Shively. BROADCAST NEWS No. 69,
p. 42.
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and its adjacent property, making it pos-
sible for the transmission path to be across
an open -level field. The test antenna was
mounted approximately eleven feet above
the ground, the height being determined
by a few preliminary experiments to de-
termine when the standing waves in space
of the incoming electro-magnetic waves
would be negligible.

Standard RCA type Channel 7 Super -
gain dipoles and screens were used to scale
down from the WSB-TV Supergain opera-
tion. The same spacing in terms of wave-
lengths were used as on the 14 bay Chan-
nel 2 Supergain Antenna. The dipoles were
assembled and fed in the same manner as
in the actual antenna.

By rotating the boom about its vertical
pivot, the value of field strength as a func-
tion of vertical angle was obtained from
the horizontal sweep through one revolu-
tion. A half -wave dipole, placed in a cor-
ner -reflector comprising the transmitting
antenna and standing about ten feet off
the ground, was placed across a field about
2400 feet away, in a vertical position par-
allel to the dipoles of the measured array
which was used as a receiving antenna. The
output from the array under test was fed
into a receiver and Esterline-Angus record-
ing meter. The angular position information
was transmitted from the pedestal to the
recorder by a pair of synchros geared to
rotate with a ratio of 36 -to -1, with respect
to the pedestal. At the recorder, the gear-
ing was arranged to provide a two -degree
angular displacement per division in ab-
scissa on the Esterline-Angus recording
charts.

Results of Gain Data

From the vertical field pattern, the aver-
age pattern gain can be determined by
taking the surface integral of the normal-
ized, squared, voltage field pattern and
comparing the result with that of a half -
wave dipole. Although the measured pat-
tern is for a plane normal to the dipoles,
it also holds true for all other directions,
since the azimuth pattern of 4 dipoles
mounted around a tower is essentially
circular.

Figs. 15 and 16 (curves of vertical field
pattern) show a comparison of the meas-
ured field pattern and the theoretical field
pattern for 14 bays of Supergain dipoles
with each element spaced 0.745 apart, or
equivalent to WSB-TV Channel 2 picture
carrier frequency. The measured data rep-
resents an average of several readings.
Note that Fig. 15 (main lobe curve) shows
only the first 15° from the main lobe, and
Fig. 16 (showing side lobes) reveals the
remaining portion of the quadrant.

Directive gain vs. spacing of the ele-
ments in terms of wavelengths is illustrated
in Fig. 14 (gain vs. spacing curve). The
solid line represents the theoretical curve
while the points indicate the experimental
data. The maximum deviation on the meas-
ured data, from day-to-day is 3.65% or
the minimum measuring accuracy one can
state is ±1.83%. The average deviation
on the measured data is 2.01% or the
average measuring accuracy is approxi-
mately ± 1.0%. Note also that the max-
imum deviation of the experimental gain
figures from the theoretical value is plus

1.78%, and the average deviation from the
theoretical is plus 0.2%.

The fact that the measuring accuracy is
well within reason and coincides closely
with the theoretical prediction (Fig. 15

and Fig. 16) indicate that the theoretical
directive gain figures for Supergain an-
tennas, for all practical purposes, can be
used to represent the directive gain in
practice.

From the directive gain the net antenna
gain is determined by multiplying the di-
rective gain by the efficiency of the antenna
components. This reduces the directive
gain from 12.5 to the net antenna gain of
11.0 at the visual carrier.

Tests made on scaled models, under con-
trolled laboratory conditions, clearly indi-
cates that pattern measurements are re-
liable, and therefore, one can accept these
curves (Figs. 15 and 16) to be identical to
that found at WSB-TV. Seeking the gain
values by other means such as field
strength measurements and the substitu-
tion method is comparatively unreliable as
compared to scale model measurements.

Acknowledgment
The WSB-TV antenna was recommended

by Earl A. Cullem, Jr., consulting engineer.
The antenna itself was designed and built
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should go to Mr. L. J. Wolf who super-
vised the details of the project and Mr. D.
W. Balmer who coordinated the mechan-
ical aspects of the job.
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FIG. 15. Comparison of the theoretical and measured vertical field
pattern for the WSB-TV antenna. Note the close resemblance be-
tween the theoretical and the Measured data. The main lobe is
plotted on an expanded abscissa scale because of the narrow beam
width. For the remaining portion of the quadrant refer to Fig. 14.
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FEED SYSTEMS
FOR THE NEW 12 -SECTION
SUPERTURNSTILE ANTENNA

By L. J. WOLF
Broadcast Engineering Section

Engineering Products Department

Concurrent with FCC's authorization of
higher values of Effective Radiated Power
for VHF Television, the need for a suit-
able high -gain, heavy-duty VHF Antenna
became apparent. And now, the popular
family of Superturnstiles can point to such
an antenna in its newest member, the
RCA 12 -Section Superturnstile. Shown in
the dramatic closeup of Fig. 1 and overall
view of Fig. 2. The new antenna design in-
cludes three models-TF-12AL, TF-12ANI
and TF-12AH to cover the entire VHF
band from channel 2 to 13. They are
capable of high gain and correspondingly
higher power handling (all are  rated for
50 -KW input). The high -gain antenna
when used in combination with RCA VHF
Transmitters can provide effective radiated
power up to 600 KW, more than adequate
to meet FCC maximum limits.

The new 12 -Section Superturnstile An-
tennas provide for operation on any VHF
channel from 2 to 13. Its design includes
many distinct features which will be de-
scribed in detail in future issues of BROAD-
CAST NEWS. It is the purpose of this article
to point out several "bonus" features or
"by-products" resulting from the overall
design of the 12 -Section Antenna such as:
versatile feed systems, power switching,
beam tilting and vertical pattern shaping
by power division. Each of these considera-
tions is described in the paragraphs to
follow.

FIG. 1. 11. T. Bailey of RCA's
Engineering Products Department,
shown adlusting a batwing ele-
ment on RCA's new 12 -Section
Superturnstile Antenna.



FIG. 2. View of the new 12 -Section VHF Antenna. Type IF I2AH for high -band opera-
tion. This setup permits field measurements of both power gain and coverage patterns.

The Feed System of the
12 -Section Antenna

All of the 12 -Section Antennas have four
transmission lines brought down through
the tower top. One pair of these transmis-
sion lines is for the north -south and the
east -west radiators of the upper half ; the
other pair feeds the radiators of the lower
half in the same way. The combining tees
are shown with the notation "C" in Fig. 3.

The feature of these antennas which
permits sectionalized connections is the
separately fed upper and lower layers, as
well as the previously used arrangement
wherein the north -south and east -west

radiators are also separately fed.

Versatility has been provided in the newly
designed 12 -Section Antennas through the
arrangement of sectionalized connections

and an advanced design of the junction
boxes, feedlines and other components (see
Figs. 4 and 6). This permits the switching
of transmitter power to another part of the
antenna for lower power operation should
the occasion arise. In this way, service can
continue until complete operation can be
restored.

Vertical Pattern Shaping by
Power Division

Effective close -in coverage and the shap-
ing of the vertical field pattern to obtain
a substantially constant field throughout
the service area are accomplished by use
of optimum power ratios between the upper
and lower halves of the antenna.

Combining tees are used to divide the
power from the transmitter in any desired

ratio between two sections of the antenna.
Ordinarily, the upper and lower sections
are fed by equal feedline lengths in the
same phase and with a 70:30 power dis-
tribution. However, it is easily possible to
adjust the ratio of power division between
the upper and lower parts of the antenna
to achieve the vertical pattern and uniform
field mentioned above. For instance, if 'the
power is split in the ratio of 70%-30%
between the upper and lower sections of
the antenna respectively, the first null is

almost completely eliminated with practi-
cally no sacrifice in gain.

Beam Tilting for Special Conditions

Beam tilting is a feature, easily ob-
tained with RCA 12 -Section Superturn-
stile Antennas, which provides greater field
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TRANSMISSION LINE SYSTEM FOR FEEDING
ANTENNAS OF MORE THAN 6 LAYERS

2 LINE 4 LINE I LINE
BRIDGE DIPLEXER BRIDGE DIPLExER NOTCH DIPLExER

EMERGENCY OPERATION

2 LINE
NOTCH DIPLExER

IF

FIG.6 PATTERN I MODIFIED FIG 6 I NONE 'CIRCULAR HALF I
POWER

LEGEND
C- COMBINING TEE
T- TILTING ADJUSTMENT
Q- QUADRATURE PHASING LENGTH
A- AURAL INPUT
V- VISUAL INPUT
CIN- CONSTANT IMPEDANCE NOTCH DIPLEXER

FIG. 3. Chart showing versatility of transmission
line systems available with 12 -Section Antennas.

strength for selected portions of the pri-
mary service area. This is obtained by
changing the phasing between the upper
and lower halves of the antenna with the
standard feed system (see tilting adjust-
ment in "antenna feeding" chart-Fig. 3).
A change in the tilt angle is made by
exchanging the sections of line labeled "T"
for other sections to give the desired tilt.

Feed System and Diplexing
Considerations

In this article, the four different methods
of feeding the power to the 12 -Section An-
tenna are described. Each system is illus-
trated by diagrams showing the connec-
tions made to the antenna.

The proper choice of feed system to em-
ploy will depend upon the individual sta-
tion requirement and should be made after
a careful study of the merits of each
system.
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FIG. 4. Power enters above the junction box
through 31/2 -inch transmission line and connects
through smaUer feedlines to individual radiators.

One of the most important factors to
consider before selecting a feed system is
the choice of the type of diplexer to be
used. Therefore, it is perhaps appropriate,
at this point, to review the function of
the diplexer as applied to the overall
TV antenna system and define the term
"diplexer".

The television antenna system consists
of a coordinated chain of components
which receive the aural and visual r -f power
from the television transmitter and includes
a vestigial sideband filter to remove the
unwanted visual sidebands. The signal then
passes through a diplexer to combine the
visual and aural energy, and then carries
the combined power through the coaxial
transmission line to the antenna to be
radiated.

A diplexer can be defined as a network
arranged so that both transmitters can

couple into a single antenna without inter-
action between them. The diplexer must
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do this intercoupling and, at the same time,
maintain a constant impedance load on the
two transmitters. Diplexers are of two gen-
eral types; the bridge type, which is gen-
erally used and requires at least two co-
axial transmission lines to the antenna; and
the constant impedance notch type, which
requires only a single line to the antenna.
See Fig. 5.

Bridge diplexing, as illustrated in Fig. 7,
is a popular system since it provides a
simple way of utilizing the same antenna
for both visual and aural. The Constant
Impedance Notch Diplexer and the re-

cently announced Filterplexer (a combina-

tion vestigial sideband filter and constant
impedance notch diplexer) are other di-
plexing methods employed. Each has its
merits and the various factors of perform-
ance cost, and transmission lines involved
are discussed below.

A. Standard-Bridge Diplexer
This is shown under (A) in Fig. 3 and

is the system usually used since it requires
only two transmission lines and uses the
inexpensive bridge diplexer. The combining
tees which improve pattern circularity are
shown in Fig. 3 between the four transmis-
sion lines in the antenna and the two lines
that run from the tower top to the station.
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FIG. 9. The Filteeptaxer min mount either from the overhead or against the wall.

With this arrangement, emergency serv-
ice giving a figure -8 coverage pattern can
be obtained by disconnecting the defective
transmission line at the diplexer in the
station and substituting the r -f Load and
Wattmeter enables the diplexer operation
to be normal. Fig. 8 shows a typical cov-
erage pattern for this figure -8 condition.
Notice that the two nulls in the horizontal

50

pattern are rather sharp, so that only a
small portion of the coverage is lost. If
the other half of the antenna were defec-
tive, the nulls would, of course, be changed
by 90 degrees. Through suitable choice of
antenna orientation, it is possible to pro-
vide for the least objectionable loss of cov-
erage in case it is necessary to go to either
of the two figure -8 conditions.

B. Four -Line Feed-Bridge Diplexer
As shown in Fig. 3, this system uses

four transmission lines from antenna to
station. It is particularly applicable to
mountain -top or tall building installations
where the length of transmission line is

comparatively short. This system has a
minimum of equipment in the tower top,
since both the tilt adjustment and the com-
bining tees are located in the transmitter
room.

Emergency service is easily obtained by
disconnecting the defective line and sub-
stituting the r -f Load and Wattmeter. Only
one-fourth of the power is thus lost. The
normal coverage pattern will be unaffected
in two directions; in the other two direc-
tions, it will be reduced only slightly since
the field strength is decreased about 30%.

C. Single -Line Feed-CIN Diplexerl
or Filterplexer

This is illustrated in Fig. 3. The single
transmission line is particularly applicable
to installations which have a long run be-
tween antenna and transmitter, such as an
antenna on a very high tower for instance,
and which has other provisions for emer-
gency service. The use of a single line re-
sults in less wind -loading on the tower and
in a smaller cost for the line. With this
system, three combining tees are used, as
shown in the figure. If a filterplexer,* as
shown in the photo of Fig. 9 and the
schematic of Fig. 10 is used, the station
equipment cost is not much more than for
a bridge diplexed system.

As mentioned above, this system does not
provide for emergency low -power service
in any way; hence, it is necessary to have
a separate antenna and transmission line if
emergency service facilities are required.

D. Two -Line Feed-CIN Diplexer
or Filterplexer

As shown in Fig. 3, this system ultizes
two transmission lines, connected respec-
tively to the upper and lower sections of
the antenna. This permits emergency serv-
ice which retains the circular coverage
pattern when only one section of the an-
tenna is used. Three combining tees are
used, one of which is in the station.

For emergency operation in case of fail-
ure of one of the transmission lines, the
transmitter output is connected to the other
good transmission line. The coverage pat-

* Combination Vestigial Sideband Filter and
Constant -Impedance Notch Diplexer.

1 I. E. Goldstein and H. E. King, "Constant -
Impedance Notch Diplexers", BROADCAST NEWS,
September -October, 1952.



tern will thus remain circular. If the corre-
sponding section of the antenna is rated
for full transmitter output, then the field
strength will be 70% when full transmitter
power is being used, but with half of the
antenna gain.

The foregoing descriptions have depicted
in detail the four connection systems for
diplexing visual and aural into the 12 -

Section Antennas. The following table sum-
marizes this information:

6 -Section Antennas
The foregoing description has referred

only to antennas such as the 12 -Section
Superturnstiles which are fed with four
lines down to the tower top. The 6 -Section
Antennas have two lines only ; with these
two feed methods being possible. These,
correspond to the A. (Standard, 2 -Line,
Bridge) and the C. (Single -Line, CIN or
Filterplexer) systems. With these 6 -Sec-
tion Antennas, it is not essential to make
beam tilting or power division changes. See
Fig. 11.

A

Standard
Bridge

B
4 -Line
Bridge

C
1 -Line
CIN

D
2 -Line
CIN

Number of Trans-
mission Lines
Required

2 4 1 2

Emergency Usage Figure 8
pattern

Figure 8
with nulls
partially
filled in

None Circular
pattern
half gain

Diplexer Bridge Bridge CIN or
Filterplexer

CIN or
Filterplexer

Best Usage For most
stations

For
maximum
flexibility

Long trans-
mission line
cases where
emergency
use not
required

Where good
emergency
facility is
required

SCHEMATIC DIAGRAM OF FILTERPLEXER CIRCUIT

BALUN
NO. I

VISUAL
INPUT

0 DB

-20 DB

IVISUAL CARRIER

6 MC CHANNEL

VISUAL AMPLITUDE
RESPONSE

ANTE

AURAL
CARRIER

Fc Fb F.

The Filterplexer combines the functions of vestigial sideband filter
and notch diplexer. Both functions are accomplished with a constant
impedance load on the visual transmitter.

The visual input connects through the baluns on either end of the
Filterplexer to the antenna. Visual modulation components of fre-
quencies F F and F are reflected back to the left to Balun No. 1

where they are absorbed by the terminating resistor. Circuit A has
relatively high Q to make the 4.5 MC notch sharp so as to minimize
the effect on phase and amplitude of the visual components just
below 4.5 MC. Circuit B has a medium Q to shape the cutoff at the
lower edge of the 6 MC TV channel. Circuit C is relatively low Q
so the Filterplexer will absorb in the region between F, and FIB.

The aural input passes to the left of Balun No. 2 and is reflected
by series circuits A. The reflected aural energy passes back through
Balun No. 2 to the antenna.

FIG. 10. The frequency response and impedance characteristic
of the Filterplexer result in the excellent performance of this unit.

TRANSMISSION LINE SYSTEMS FOR FEEDING
ANTENNAS OF SX OR LESS LAYERS

A
STANDARD

BRIDGE DIPLEXER
N -S E-VJ

B
SINGLE LINE

NOTCH DIPLEXER
N -S E-w

V

EMERGENCY OPERATION
FIG. 8 PATTERN NONE

LEGEND
CIN-CONSTANT IMPEDANCE NOTCH DIPLEXER

C -COMBINING TEE
Q-QUADRATURE PHASING LENGTH
A -AURAL INPUT
V -VISUAL INPUT

FIG. 11. Transm.ssion Ene systems chart showing two trans-
mission line arrangements available for 6 -Layer Antennas.
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"CLOSE -IN" COVERAGE WITH
HIGH -GAIN, VHF ANTENNAS

n achieving the higher values of Effective
Radiated Power permitted by new FCC
rules, Television Stations will require (a)
the use of more powerful transmitters, (b)
the use of antennas with higher gain, or
(c) h combination of "a" and "b" above.
For nearly every assignment except tem-
porary, interim, or emergency-the Effec-
tive Radiated Power will exceed the actual
radiated power. This increase will be
achieved by concentrating the energy rad-

By
IRL NEWTON

Product Administration Section
Broadcast Antenna Equ omenit

iated from the antenna in vertical -plane
directions which are effective in delivering
a signal to the receivers in the service area.

Gain Considerations
The use of 316 kilowatts into a unity -

gain antenna for VHF channels 7 to 13
would be extremely impractical and un-
economical in comparison with a twenty-
five or fifty kilowatt transmitter and an
antenna gain sufficient to obtain the same

FIG. 1. (316 KW, ERP.) Coverage cbtained with
12 -Section High Gain Antenna at 10(0 ft heigbt,
0 beam tilt and 50/50 power split.

ERP and same distant coverage. In addi-
tion, the radiation of this high power at
angles considerably below the horizon
would result in excessive signal and "blan-
keting" problems within approximately two
miles of the antenna. On the other hand,
excessive antenna gain or concentration of
the radiated energy in the horizontal plane,
though permitting exceptional economy in
the initial transmitter installation and op-
erating cost, would result in an inadequate

FIG. 2. (311 KW, 1 -RP.) Cor,erace obtained with
12 -Section Ffigh Gain Antenia a 13C0 ft. height.
On beam tilt and 71/30 power split
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FIG. 3. (316 1W, ERP.) Coverage cbtained with
12 -Section High Gain Antenna at 500 ft, height,
0° beam tilt and 70/30 power split.

signal in the first few miles from the
antenna.

Normally, there are very few, if any,
receivers within a radius equal to the tower
height. Vet that extremely small area rep-
resents an arc of 45° to 90° of depres-
sion angle of the vertical pattern. This arc
plus the symmetrical elevation angles ac-
counts for one-half of the power radiated
from a unity gain or dipole antenna. Elim-
ination of power within this circle about
the base of the tower would reduce the
transmitter power by one-half for an equiv-
alent service area. Similarly, the power re-
quirement is cut 75% by antenna gain
to eliminate radiation below a depression
angle of 22.5° representing a radius of only
2.4 times the tower height. In practical
installations it is not desirable to totally
eliminate any area under the tower-par-
ticularly in the case of very tall towers in
a populated district. However, these ex -
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FIG. 4. (316 KW. ERP.) Coverage obtained with
12 -Section High Gain Antenna at 1500 ft. height,
0° beam tilt and 70/30 power split.

amples serve to illustrate the tremendous
value of antenna gain and "Effective Rad-
iated Power" as compared to Transmitter
Power.

If a given value of ERP will deliver an
adequately strong signal at a distance of
10 miles, less than 1% of the power is re-
quired to deliver the same value of signal
at a distance of one mile-a depression
angle of 5.4° for an antenna height of
500 feet. Thus it is readily apparent that
in practical antennas virtually all of the
power can be concentrated in a narrow
beam without degradation of the close -in
service.

The "Ideal"Antenna
The "ideal" antenna vertical pattern will

vary with the range of possible antenna
heights and will deliver a constant high-
level signal out to the point where normal
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I5
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oo
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FIG.. 5. (316 KW. ERP.) Coverage obtained with
12 -Section Antenna at 3000 ft. height, 10 beam
tilt and 70/30 power split.

dispersion and attenuation predominate.
This design would be unique for each in-
stallation and would be based upon an
analysis of terrain to determine the radia-
tion required at each depression angle to
produce the required signal strength at the
pertinent distance. In addition there would
be no wasted power in radiation above the
angle of the horizon. Such installations re-
quire extensive engineering development
and (although providing excellent results),
may not fall within the economic limits of
most budgets.

The objective of present day antenna
design is the production of a standardized
antenna with a gain and vertical pattern
which is optimum for the widest possible
range of conditions and a degree of flex-
ibility which permits optimizing perform-
ance for the individual installation. Such
an antenna is now available in the RCA
12 -section antennas. The versatility of
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FIG. 6. (100 KW, ERP.) Coverage obtained with
12 -Section High Gain Antenna at 1000 ft. height,
0° beam tilt and 50/50 power split.

these antennas obtained through flexibility
of the feed system is describd in a sep-
arate article in this issue of BROADCAST

NEWS.

Theoretical Coverage Curves

Following are a number of computed
"Field Strength versus Distance" Radial
graphs illustrating typical theoretical per-
formance under a variety of conditions for
the VHF high band. The charts were com-
puted using the FCC curves as contained
in the April 14, 1952, "Sixth Report,", and
the ERP at the various pertinent vertical
angles of the 12 -section antenna pattern.
The fill-in of theoretically zero nulls is

based upon typical superturnstile turntable
measuremenfs. Fig. 1 illustrates the calcu-
lated performance with uniform power dis-
tribution in the antenna for channel 10 and
a transmitting antenna height of 1,000
feet.
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FCC DATA FOR 00 KW ERP

PARAMETERS
000'- TRANSMITTING ANTENNA HEIGHT

30 -RECEIVING ANTENNA HEIGHT
1DOKW- ERP

,I0 - CHANNEL UPPER HALF OF ANTENNA70/30- RATIO OF MOWER
LOWER HALF OP ANTENNA(STANDARD)

ISO- FILL IN OF FIRST MINIMA
fl -BEAM TILT STANDARD

FIG. 7. (100 KW, ERP.) Coverage obtained with
12 -Section High Gain Antenna at 1000 ft. height,
0° beam tilt and 70/30 power split.

Why the 70-30 Power Split?

As illustrated by Fig. 2, a substantial
improvement for the same channel and an-
tenna height is obtained at a very small
sacrifice of gain by changing the power dis-
tribution to a 70-30 split between the upper
and lower six sections of the antenna. The
standard antenna will be shipped with the
70-30 split although a 50-50 or 60-40 split
is optional. Figs. 3 and 4 illustrate the
calculated performance with the standard
70-30 split for antenna heights of 500 feet
and 1,500 feet respectively.

Beam Tilt

For high -antenna locations additional
improvement without loss of signal at the
horizon may be obtained by tilting the
angle of the main beam' below the hori-
zontal plane. It will be noted from the
accompanying Table I that the horizon is
depressed below the horizontal plane for

FIG. 8. (100 KW. ERP.) Coverage obtained with
12 -Section High Gain Antenna at 500 ft. height,
0° beam tilt and 70/30 power split.

H D A°
200 20.0 .216
300 24.5 .268
400 28.3 .304
500 31.6 .343
600 34.6 .375
700 37.4 .405
800 40.0 .435
900 42.4 .452

1000 45.0 .487
1200 49.0 .530
1400 53.0 .577
1600 56.6 .620
1800 60.0 .650
2000 63.2 .683
5000 100.0 1.080

H -Height in Feet to Electrical Center
of Antenna

D -Distance to Horizon (4/3 Earth
Radius)

A -Depression Angle to Horizon

FIG. 9. Table of distance and depression angle
to horizon. This illustrates optimum beam tilt angle
for maximum coverage.

54



high antenna installations. Tilting the main
beam will result in substantial signal in-
creases in some sectors as illustrated in
Fig. 5 for a tilt angle of one degree with
an antenna height of 1,000 feet.

The FCC rules limit the maximum per-
missible radiation to 316 KW for channels
7 to 13 at any horizontal or vertical angle.
However, the licensed ERP is based upon
the radiation in the horizontal plane.
Therefore the station license will show
slightly less than maximum ERP when the
beam tilt is optimized for maximum service
and maximum signal directed at the angle
of the horizon.

The New 12 -Section Antenna
and What It Does

The accompanying curves clearly dem-
onstrate that antenna power gains in the
order of 12 for an ERP of 316 kilowatts

will produce effective close -in coverage with
strong signals of 100 mv/m or more out
to the distance of intersection with the
FCC curve for a dipole vertical pattern.

An unequal power division within the
antenna is used to fill-in the first minima
below the horizontal and to provide greater
uniformity of the received signal. Beam -
tilt is optional for signal improvement.

High -Gain Antennas for
Low Power Stations

The "Field Strength versus Distance"
data contained in Figs. 1 through 5 is based
upon an ERP of 316 KW. Assuming aver-
age values of transmission line loss this
will require a 50 KW transmitter operating
at less than maximum ratings. Where eco-
nomics dictate low power transmitters and
where stations will commence operation
with an interim power less than maximum

FIG. 10. (100 KW, ERF.) Coverage Dbtcined with
12 -Section High Gain Antenna at 1300 height.
0 beam tilt and 70/30 power split

performance must be examined for a lower
ERP. The Field Strength shown in the
preceding curves may be adjusted to any
ERP by a factor equal to the square root
of the station ERP divided by 316. Figs.
6 through 10 present the same information
for an ERP of 100 KW.

It will be noted that a signal in excess
of the FCC Minimum for Principle City
Coverage can be achieved to a distance of
beyond 10 miles with an antenna height of
500 feet and with very low values of ERP.
This will permit operation with a 2 KW
transmitter and in many cases minimum re-
quirements will be met with a 500 watt
transmitter. The use of a high -gain antenna
will provide an effective signal in excess
of the FCC minimum requirements for low
power transmitters and will permit achiev-
ing the maximum possible service area with
the available transmitter power.

FI.3. 11. (10C KW, ERP.) Coverage obtained with
12 -Section Antenna c# 100C ft. height, 1 beam
till and 70/C0 power split.
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