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TO: 
FROM: 
SUBJECT: 
DATE: 

All Engineers 
Mike 

OFFICE MEMORANDUM 

Data Electronics Correction in Formula 
July 24, 1986 

Several Delta Electronics instruction books for the Model 
OIB-3 impedance bridges contain an error in the formula for the 
resistance correction factor having large reactive component. 
The correct formula as per the graph (which has been verified 
with the manufacturer as correct*) is as follows: 

Examples: (1) 31 +j200at 1 mHz 

(2) 
CR = 0.994 
o -jlOO 'at 1 mHz 

(3) 
CR = -0.900 
60 +j160 at 1 mHz 

(4) 
CR = 0.192 
40 -j40 at 1 mHz 
CR = -0.152 

/ * Manufacturer confusion indicated the graph was in error. 
They later corrected themselves by inqicating a correction to 
the formula: hence, the above • 
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here is a new technology avail
able for AM directional antenna 
design that can dramatically re

duce land and capital equipment costs. 
Instead of using two towers, for example, 
many applications could simply use one 
tower and a hot guy wire. Theoretically, 
for a new station, this technique would 
require roughly half the land and half 
the number of towers compared to con
ventional design. It might also be used 
when modification of an exist-
ing pattern was required. By 

Lower-cost 
directional antenna 
systems 

Hot guy wires can make AM 
DAs more cost-effective. 

mulas. The moment-method is consid
ered superior because it makes fewer 
assumptions and Simplifications of the 
current distribution on the radiating 
elements in a directional array. This 
implies that less actual interference can 
be expected at night from directional 
antennas designed with the moment
method. 

There is now some regulatory activ
ity on this front. A Notice of Inquiry has 

been issued under MM 
Docket No. 93-177 

signs in place of the old sinusoidal cur
rent distribution designs. Meanwhile, 
consultant Clarence Beverage has stud
ied hot guy wire antenna designs for 
implementation at WXCT, Hamden, CT. 
As a result, a Proposal for Rule Making 
recently has been filed specifying the 
technical characteristics of the active 
slant wire antenna. 

South of the border 

tuning existing guy wire(s) or 79M -<, 
adding a simple slant wire, a ~ 
station might be saved from 73M '?, 

under which the 
FCC may even

tually accept 
moment

method 

This type of antenna has already been 
implemented outside of the United 
States. Consider the case of XEWB, a 
50kW station that desires maximum 
coverage in and around Veracruz, 
Mexico, while reducing signal strength 
toward sister station XEW in Mexico 
City (both at 900kHz). To this end, a 
directional pattern with a minimum to 
the west and a maximum to the south
east is desired. The original 2-tower ar
ray was at the end of its useful life and 
was replaced by a single tower with a 

having to relocate its antenna Y HIGH-VOLTAGE 
site, as is often required for such INSULATORS 
modifications. 

This hot guy wire technology 
has been proven outside of the 
United States, but the FCC has 
yet to accept it. The commis
sion requires certain traditional 
formulas to be used to calcu
late radiated fields. Although 
exceptions have been allowed 
in the past, additional measure
ments are usually required to 
prove that what the antenna 
designer has predicted is true 
if the standard formulas appear 
to be violated. 

Studies indicate that better 
skywave radiation predictions 
could be obtained using such 
moment-method antenna design 
than with the existing FCC for-

Bingeman is senior engineer at Continental Elec· 
tronics, Dallas, TX. Respond via the BE Radio 
FAXback line at 913-967-1905. 
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65m 

a n -
tenna 

de-

hot guy section. This was achieved by 
tuning a portion of the northwest 

guy wire as a reflector. A variable 
capacitor was used near the guy 

anchor to adjust the electri
cal length of the guy wire. 

(See Figure 1.) 
XEWB is located north

west of Veracruz on sandy 
soil close to the ocean. 
Comparison of the (hot 

- -:::::-;'~.~,:::: -- ----
20 #10 GND RADIA~~-.~:,··::,:-;·T;\::~<::-· 

SOm LONG ~ ### ... ~ \, "'.\ .. 

guy) directional to the 
non-directional mea
sured field intensities 
shows a reduction in gain 
toward the west of 4dB to 
5dB, depending on exact 

Figure 1. Section view of XEWB tower, showi~ top tw~ nof.th~est guy 
wires used as directional reflectors. . 



bearing, and a maximum 
increase of 3.5dB toward 
Boca del Rio, southeast of 
Veracruz. (See Figure 2.) 

Thus, the creation of a 
2-element directional ar
ray out of a single tower 
by exciting a guy wire as a 
parasitic element is a vi
able and economical 
means of doubling radi
ated power in a particular 
direction, and providing 
protection on one or two 
other bearings. Of course, 
if the guy wire was fully 
driven (via transmission 
line, power divider and 
phasing networks ), so that 
independent current 
phase and ratio control 
were provided, additional 
pattern control would be 
available if needed. 

Installation 
Some of the following 

details of the modification 
from a 2-tower to a 1-
tower/hot guy configura
tion emphasize current 
and voltage concerns because of the 

GcroUJn. 19 broadcast 

high power of XEWB. These would be 
moot in the 
case of a signifi
cantly lower
power station 
(5kW or less). 

Crownls FM Transmitters 
Our Package Includes: 
Audio Compressor 
Audio Limiter 
Stereo Generator 
30 Watt Exciter 
100 or 200 Watt Amplifier 
Low Pass Filter 
Remote Control 1/0 
And Much More ... 
To learn more call us at 219-294-8050 

A Division of Crown International, Inc. 
1718 W. Mishawaka Rd. 
Elkhart, IN 46515-1000 

219-294-8000 Fax: 219-294-8329 
Broadcast Sales: 219·294·8050 

Circle (11) on Reply Card 
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Conversion 
of the quarter
wave tower to 
directional op
eration en
tailed adding 
jumpers across 
some of the ex
isting guy insu
lators, replac
ing the remain-
ing guy insula
tors with larger 
sizes having a 
higher voltage 
rating, laying 
20 ground radi
als each 50 
meters long 
around the guy 
anchor, adding 
a tuning ca-
pacitor be-
tween the 
nexus of these 
new radials 
and the bottom 
of the hot guy 
wire, and ad
justing the 
tower imped-

Figure 2. Predicted pattern 
for XEWB after installation 
of hot guy wire system .. Sub
sequent tuning adjustments 
reduced rear lobe. 

ance matcher for the re
duced base resistance 
and increased base re
actance. 

The choice of what 
appears to be too small 
a number of ground ra
dials bears some expla
nation. The minimum 
number of ground radi
als can be determined 
by knowing the RF cur
rent rating of the size of 
wire used for the radi
als. For example, if the 
wire can handle lA with
out undue temperature 
rise, and you have 20 
amperes at the bottom 
oftheguywire, then you 
know that you need at 
least 20 radials. 

The second consid
eration is a compromise 
between efficiency and 

cost. An effective empirical approach 
to this question is to measure the self
base impedance of the active guy wire 
while radials are added to the circuit 
(the tower is detuned in the usual man
ner). When the self resistance no longer 
drops significantly with increasing radi
als, you have a good compromise. Keep 
in mind that the existing radials from 
the tower can assist. Thus a "standard" 
ground system of 120 long radials and 
another 120 short radials would clearly 
be overkill in this particular hot guy 
wire situation. 

For 50kW XEWB, it was decided that 
the guy current was better shared be
tween two guy-wires, so the top two 
northwest guy wires were excited simul
taneously. They were simply jumpered 
together near the anchor and received 
the same insulator modifications. (See 
Figure 2.) It is important to note that the 
voltage gradient at the top of the hot 
guy wire can be quite high, and requires 
careful corona treatment. The insulator 
needs to be a high-voltage type with 
corona rings for all but the lowest power 
stations. Experiments at XEWB deter
mined that a closely spaced string of 
large (8-inch long) egg insulators is ad
equate for no more than 10kW with 
modulation for the given tuning. Other 
patterns and guy wire configurations 
may limit this to 5kW. 

Theoretical antenna analysis indicates 
that a reflector configuration is pref

Continued on page 22 
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RE: Radio continued from page 20 

erable to a director arrangement, based on current/voltage 
stresses and bandwidth. Nevertheless, if a director is re
quired, it can easily be produced by adjusting the guy wire 
tuning reactance, or using a shorter portion of the guy as the 
active element. 

Application notes 
A weatherproof tuning box and a fence need to be erected 

around the hot guy wire anchor, because considerable volt
age may be developed across the guy wire's bottom insulator. 
It is a good idea to provide an RF ammeter in series with the 
tuning reactance, and sampling for the antenna monitor. 

In general, in order to avoid uncommonly high voltages and 
currents, and possible bandwidth problems, it is good prac
tice to keep the guy wire base current below the level of the 
tower base current. At XEWB, guy wire current was about 80% 
of tower current. More gain can be obtained with higher 
currents, but the cost of increased insulation, bigger compo
nents or bandwidth treatments may not be justified for a iew 
tenths of a dB higher gain. 

Using a guy wire as a radiating element in a directional array 
will require fewer towers and thereby shrink an antenna site's 
requiSite dimensions. The consequent reduction in capital 
outlay and debt service for land allows more room for profit 
at the radio station. 

Acknowledgment: The author wishes to thank Sr. Miguel Barrientos of Sistema Radiopolis 
and Sr. Aguilar and his staff at XEWB. Thanks also to the Secretaria de Comunicaciones 
y Transportes (Mexico's FCC) for their cooperation and foresight. 

Editor's note: For further technical information see· An Economical Directional Antenna 
for AM Stations," 41st Annual Broadcast Engineering Conference Proceedings (NAB 
1Wn • 

BE Radio 
Reader FAXback 

We want to know what you think. Fax 
your comments to the BE Radio editors 

at 913-967-1905 

FM Audio Processing continued from page 12 

provided by the processor manufacturer. This allows engi
neering and programming staffs to adjust a processor lo
cated at the transmitter site while listening in a controlled 
environment at the studio (or elsewhere). 

Implementation issues 
Installation of FM audio processors varies, depending upon 

a number of factors. When the studio and transmitter are co
located, the processor is generally placed in a rack adjacent 
to the exciter/transmitter. The cable run containing the com
posite signal should be kept as short as practical between the 
processor and exciter input. Where long runs cannot be 
avoided, a composite signal distribution amplifier may be 
required, along with use of the exciter's balanced input or an 
external isolation transformer (to maintain signal levels and 
guard against the introduction of ground loops). 

Some radio formats can tolerate a reduction in 
dynamic range more transparently than others. 

When the transmitter site is at a remote location, a studio
transmitter-link (STL) must be employed, using either an RF 
path or leased telephone circuit(s). Either 'analog or digital 
transmission can be implemented, and signals may be deliv
ered to the transmitter as discrete left audio, right audio and 
subcarriers, or as a composite signal ready for transmission. 

With analog aural STLs, a discrete system will yield better 
signal-to-noise performance at greater distances than a com
posite approach because less bandwidth is required. This 
means that audio processing equipment must be located at 
the transmitter site, making the comprehensive (pC/modem) 
remote control available in the latest generation of audio 
processors all the more valuable. Subcarrier equipment, 
including REDS, must also be located at the transmitter under 
this scenario. In addition, some peak protection or prepro
cessing must be placed in front of the STL transmitter to 
prevent overdeviation of the STL system. Similar concerns 
exist with equalized telco STL circuits. 

A composite analog RF system allows all processing equip
ment to be kept at the studio, which can be advantageous, 
assuming that the STL signal-to-noise is still acceptable. 
Composite digital transmission is possible using T1 telco 
circuits or 23GHz RF links. The bandwidth limits of 950MHz 
aural STLs will not allow composite digital signals. In fact, 
they can only allow transmission of discrete digital signals 
with the use of bit-rate reduction via perceptual coding 
techniques. 

STICK -ON s TM 
The processes of digital conver

sion, processing and rate reduction 
all generate delay in the audio path. 
Although this throughput delay is 
relatively low, some operators may 
find it annoying. Of course, it is only 
noticeable when the operator is an
nouncing on-air because that is the 
only time when a real-time refer
ence is available. To solve this prob
lem, a matrix can be built that is fed 
by both the off-air signal and a con
sole program output (the latter may 
include audio processing). The ma
trix is activated and steered by the 
console microphone logic output. 

When Quality, Performance and Value Count 
in Broadcast Utility Products, 

Take a Closer Look at the Innovators, Look to RDL TM 

BE Radio 

RDL Radio Design Labs 
SPECIALISTS IN PRACTICAL PRECISION ENGINEERING 

(805) 684-5415 or (800) 281-2683 

, Circle (9) on Reply Card 

July 1994 
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FCCDA 11:04EST 01/10/86 

WMRF 
670. KHZ 1.00 KW 

VERT.HEIGHT* 
TWR FEET METERS 

TOP-LOADING 
FEET METERS 

SPACING 
FEET METERS 

1 411.86 125.53 10. (!j. 0. 0. 
* ABOVE BASE INSULATOR 

ELECTRICAL PARAMETERS, DEGREES: 

TWR HEIGHT TOPL 
1 101.1313 10. 
LOOP 

FIELD SPACING 
1.101010 (!j. 

L.O.T. 
0. 

PHASING 
0. 

LOSS: VALUES IN t"lV/M 
OHM= 0 RMS= 197.453 K= 197.453 RMS 1 KW= 197.45:3 
OHM= 1 RMS= 195.526 K= 1 '7'5.526 RMS 1 KW= 195.526 
OHM= ..,. 

j;. RMS= 193.655 K= 193.655 RMS 1 KW= 193.655 
OHM= . -, 

.:;, RMS= 191.836 K= 191.83e . RMS 1 KW= 191.8:36 

FOR A CURRENT LOOP RESISTANCE OF 1.0 OHMS 

RSS= 195.526 RMS= 195.526 RSS/RMS=1.00 
0.1325*RSS= 4.89 6.215*SQR{ 1.00KW)= 6.21 QUAD FILL= 6.21 

AZIl"iUTH 
DEG. TRUE 

o 
45 
90 

1:35 
180 
225 
270 
:;:15 

HORIZONTAL 

HORIZONTAL PLANE RADIATION PATTERN 
THEORETICAL STANDARD 

MV/M MV/M 
VERTICAL ANGLE= 0 DEGREES 
195.5 205.4 
195.5 2105.4 
195.5 205.4 
195.5 205.4 
195.5 205.4 
195.5 205.4 
195.5 205.4 
195.5 205.4 

PLANE R.M.S. - STANDARD PATTERN= 205.4 MV/M 

USED 17.57 UNITS 



FCCDA 11:05EST 01/10/86 

WMRF 
670. KHZ 1.@0 KW 

VERT.HEIGHT* 
TWR FEET METERS 

TOP-LOADING 
FEET METERS 

40.78 12.4:3 

SPACING 
FEET METERS 

1 411.86 125.53 0. 0. 
* ABOVE BASE INSULATOR 

ELECTRICAL PARAMETERS,DEGREES: 

TWR HEIGHT TOPL 
1 101.00 10.0@ 
LOOP 

FIELD SPACING 
1.@00 0. 

L.O.T. 
0. 

PHASING 
0. 

LOSS: VALUES IN MV/M 
OHM= 0 RMS= 1'":!9.688 K= 199.688 RMS 1 KW= 19'":!.688 
OHM= 1 RMS= 198.117 I{= 198.11.7 RMS 1 KW= 198.117 
OHM= 2 RMS= 1'':J6.582 K= 196.582 RMS 1 KW= 1'":!6.582 
OHM= 3 RMS= 195.@8:3 K= 195.083 RMS 1 KW= 195.083 

FOR A CURRENT LOOP RESISTANCE OF 1.0 OHMS 

RSS= 198.117 RMS= 198.117 RSS/RMS=I.00 
0.@25*RSS= 4.95 6.215*SQR( 1.@0KW)= 6.21 QUAD FILL= 6.21 

HORIZONTAL PLANE RADIATION PATTERN 
AZIMUTH THEORETICAL STANDARD 
DEG. TRUE MV/M MV/M 

VERTICAL ANGLE= 0 DEGREES 
@ 198.1 2@8.1 

45 198.1 2@8.1 
9@ 198.1 2@8.1 

135 198.1 2@8.1 
180 198.1 208.1 
225 198.1 208.1 
27@ 198.1 208.1 
315 198.1 208.1 

HORIZONTAL PLANE R.M.S. - STANDARD PATTERN= 208.1 MV/M 

USED 17.61 UNITS 



FCCDA 11=07EST 01/10/86 

WMRF 
670. KHZ 1.00 KW 

VERT.HEIGHT* 
TWR FEET METERS 

TOP-LOADING 
FEET METERS 

81.56 24.86 

SPACING 
FEET METERS 

1 411.86 125.53 ,!to 0. 
* ABOVE BASE INSULATOR 

ELECTRICAL PARAMETERS,DEGREES: 

TWR HEIGHT TOPL 
1 101.00 20.00 
LOOP 

FIELD SPACING L.O.T. PHASING 
1.000 0. 0. 0. 

LOSS: VALUES IN MV/M 
OHM= 0 RMS= 201.528 K= 201.528 RMS 1 KW= 201.528 
OHM= 1 RMS= 200.149 1<= ,::00.149 RMS 1 KW= 200.149 
OHM= 2 RMS::; 198.798 K= 198.79E: RMS 1 KW= 198.798 
OHM= .-, 

.~ RMS= 197.474 1<= 197.474 RMS 1 KW= 197.474 

FOR A CURRENT LOOP RESISTANCE OF 1.0 OHMS 

RSS= 200.149 RMS= 200.149 RSS/RMS=1.00 
0.025*RSS= 5.00 6.215*SQR( 1.00KW)= 6.21 QUAD FILL= 6.21 

HORIZONTAL PLANE RADIATION PATTERN 
AZIMUTH THEORETICAL STANDARD 
DEG. TRUE MV/M MV/M 

VERTICAL ANGLE= 0 DEGREES 
o 200. 1 210 • :3 

45 200.1 210.:3 
90 200.1 210.3 

135 200. 1 210. 3 
180 ;(:00.1 210.3 
225 200.1 210.3 
270 200.1 210.3 
315 200.1 210.3 

HORIZONTAL PLANE R.M.S. - STANDARD PATTERN= 210.3 MV/M 

USED 17.64 UNITS 



FCCDA 11:08EST 01/110/86 

WMRF 
670. KHZ 1.100 KW 

VERT.HEIGHT* TOP-LOADING 
TWR FEET METEHS FEET METERS 

SPACING 
FEET METERS 

1 411.86 125.53 22.33 37.29 10. 10. 
* ABOVE BASE INSULATOR 

ELECTRICAL PARAMETERS,DEGREES: 

TWR HEIGHT TOPL 
1 101.00 30.00 
LOOP 
LOSS: 

FIELD SPACING 
1.000 0. 

L.O.T. 
0. 

PHASING 
0. 

OHM= 10 
OHM= 1 
OHM= 2 
OHM= 3 

RMS= 
RMS= 
RMS= 
RMS::. 

VALUES IN MV/M 
203.160 K= 203.160 
201.868 K= 201.868 
2010.6101 K= 200.601 
199.358 K= 199.358 

RMS 1 KW= 203.160 
RMS 1 KW= 201.868 
RMS 1 KW= 200.601 
RMS 1 KW= 199.358 

FOR A CURRENT LOOP RESISTANCE OF 1.0 OHMS 

RSS= 201.868 RMS= 201.868 RSS/RMS=I.00 
0.1025*RSS= 5.05 6.215*SQR( 1.00KW)= 6.21 QUAD FILL= 6.21 

HORIZONTAL PLANE RADIATION PATTERN 
AZIMUTH THEORETICAL STANDARD 
DEG. TRUE MV/M MV/M 

VERTICAL ANGLE= 0 DEGREES 
o 201 • 9 212. 1 

45 2101.9 212.1 
90 201.9 212.1 

135 £~@1 .9 212. 1 
180 £:01 .9 212. 1 
225 201 .9 212. 1 
270 201.9 212.1 
315 201.9 212.1 

HORIZONTAL PLANE R.M.S. - STANDARD PATTERN= 212.1 MV/M 

USED 17.66 UNITS 



FCCDA 11:l@EST 101/110/86 

WMRF 
67ftJ. KHZ 1.1010 KW 

VERT.HEIGHT* 
TWR FEET METERS 

1 411.86 125.53 
* ABOVE BASE INSULATOR 

TOP-LOADING 
FEET METERS 

63.11 49.72 

ELECTRICAL PARAMETERS,DEGREES: 

TWR HEIGHT TOPL 
1 101.00 40.00 
LOOP 

FIELD SPACING 
1.000 0. 

LOSS: 
OHM= 0 
OHM= 1 
OHM= 2 
OHM= 0:' 

oJ 

RMS= 
RMS= 
RI"IS= 
RMS= 

VALUES IN MV/M 
204.703 K= 204.703 
203.418 K= 203.418 
202.156 K= 202.156 
200.918 K= 200.918 

SPACING 
FEET METERS 

10. 10. 

L.O.T. PHASING 
0. 10. 

RMS 1 KW= 204.703 
RMS 1 KW= 2103.418 
RMS 1 KW= 2102.156 
RMS 1 KW= 21010.918 

FOR A CURRENT LOOP RESISTANCE OF 1.10 OHMS 

RSS= 203.418 RMS= 2103.418 RSS/RMS=l.@@ 
@.025~RSS= 5.09 6.215*SQR( 1.@0KW)= 6.21 QUAD FILL= 6.21 

HORIZONTAL PLANE RADIATION PATTERN 
AZIMUTH THEORETICAL STANDARD 
DEG. TRUE MV/M MV/M 

VERTICAL ANGLE= 0 DEGREES 

45 
90 

l o-,e:" 
.;.. ... 1 

1810 
.:-: .. -... ~ 
'-'- ... ' 
270 

203.4 
203.4 
203.4 
203.4 
203.4 
203.4 

213.7 
213.7 
21:3.7 
213.7 
21:3.7 
213.7 
213.7 

315 203.4 213.7 
HORIZONTAL PLANE R.M.S. - STANDARD PATTERN= 213.7 MV/M 

USED 17.62 UNITS 



FCCDA 11 :11EST 01/10/86 

WMRF 
670. KHZ 1. (ij0 KW 

VERT.HEIGHT* 
TWR FEET METERS 

TOP-LOADING 
FEET METERS 

03.89 62.15 

SPACING 
FEET METERS 

1 411.86 125.53 0. 0. 
* ABOVE BASE INSULATOR 

ELECTRICAL PARAMETERS, DEGREES: 

TWR HEIGHT TOPL 
1 101.00 50.00 
LOOP 

FIELD SPACING 
1.000 0. 

L.O.T. 
0. 

PHASING 
0. 

LOSS: VALUES IN MV/M 
OHM= 0 RMS= 206.256 K= 206.256 RMS 1 KW= 206.256 
OHM= 1 RMS= 204.897 K= 204.897 RMS 1 KW= 204.8''17 
OHM= 2 RMS= 203.564 K= 203.564 RMS 1 KW= 203.564 
OHM= 3 RMS= 202.257 K= 202.257 RMS 1 KW= 202.257 

FOR A CURRENT LOOP RESISTANCE OF 1.0 OHMS 

RSS= 204.897 RMS= 204.897 RSS/RMS=1.00 
0.025*RSS= 5.12 6.215*SQR( 1.00KW)= 6.21 QUAD FILL= 6.21 

HORIZONTAL PLANE RADIATION PATTERN 
AZIMUTH THEORETICAL STANDARD 
DEG. TRUE MV/M MV/M 

VEHTICAL ANGLE= 0 DEGREES 

45 
':;0 

135 
180 
.-.... -..c
L.L..J 

204.9 
204.''1 
204. ':; 
204.9 
204.9 
204.9 

215.2 
215.2 
215.2 
215.2 
215.2 
215.2 

270 204.9 215.2 
315 204.9 215.2 

HORIZONTAL PLANE R.M.S. - STANDARD PATTERN= 

VERTICAL ANGLE= 5 DEGREES 
o 203.3 213.5 

45 203.3 213.5 
90 203.3 213.5 

135 203.3 213.5 
180 203.3 213.5 
225 203.3 213.5 
270 203.3 213.5 
315 203.3 213.5 

VERTICAL R.M.S. AT 5 DEGREES = 213.5 

215.2 MV/M 



FCCDA 11:13EST 

WMRF 
670. KHZ 1.00 KW 

VERT.HEIGHT* 
TWR FEET METERS 

TOP-LOADING 
FEET METERS 

44.67 74.58 

SPACING 
FEET METERS 

1 411.86 125.53 19. 0. 
* ABOVE BASE INSULATOR 

ELECTRICAL PARAMETERS,DEGREES= 

TWR HEIGHT TOPL 
1 101.00 60.00 
LOOP 
LOSS: 

FIELD SPACING 
1.000 0. 

L.O.T. 
0. 

PHASING 
0. 

OHM= 0 
OHM= 1 
OHM= 2 
OHM= 3 

RMS= 
RMS= 
RMS= 
RMS= 

VALUES IN MV/M 
2197.918 K= 2197.918 
206.386 K= 206.386 
204.887 K= 204.887 
203.420 K= 203.420 

RMS 1 KW= 2197.918 
RMS 1 KW= 2196.386 
RMS 1 KW= 2194.887 
RMS 1 KW= 2193.420 

FOR A CURRENT LOOP RESISTANCE OF 1.19 OHMS 

RSS= 206.386 RMS= 206.386 RSS/RMS=1.00 
@.@25*RSS= 5.16 6.215*SQR{ 1.@0KW)= 6.21 QUAD FILL= 6.21 

AZIMUTH 
DEG. TRUE 

o 
45 
90 

135 
180 
.-: •• - .. C" 
L£. ... ' 

270 
:;:15 

HORIZONTAL 

HORIZONTAL PLANE RADIATION PATTERN 
THEORETICAL STANDARD 

MV/M MV/M 
VERTICAL ANGLE= 19 DEGREES 
206.4 216.8 
206.4 216.8 
206.4 216.8 
206.4 216.8 
206.4 216.8 
206.4 216.8 
206.4 216.8 
206.4 216.8 

PLANE R.M.S. - STANDARD PATTERN= 216.8 MV/M 

USED 17.62 UNITS 
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Simple, Effective, Elevated 
Ground-Plane Antennas 
Here's an easier and better way to use your grounded tower 
as a vertical antenna on 160 or 80 meters. 
By Thomas Russell, N4KG 

29836 Country Lane 
Harvest, AL 35749 

This article describes a simple and ef
fective means of using a grounded 
tower, with or without top-mounted 

antennas, as an elevated ground-plane an
tenna for 80 and 160 meters. 

Grounded towers have been used as 
shunt-fed verticals on the low-frequency 
amateur bands for many years. Generally, 
they required a gamma- or omega-type 
matching network and an extensive radial 
system for efficient operation. Recent com
puter studies reveal that simple elevated 
radial systems consisting of only four wires 
can produce results equivalent to 120 bur
ied radials. Typically, these antennas are 
modeled as isolated monopoles. Presum
ably, grounded towers could be used with 
an appropriate shunt-fed matching net
work. 

I've found an even easier method! 

From Sloper to Vertical 

Recall the quarter-wavelength sloper, 
also known as the half- sloper. It consists of 
an isolated quarter wavelength of wire, 
sloping from an elevated feedpoint on a 
grounded tower. Best results were usually 
obtained when the feedpoint was some
where below a top-mounted Vagi antenna. 
You feed a sloper by attaching the center 
conductor of a coaxial cable to the wire and 
the braid of the cable to the tower leg. Now, 
imagine four (or more) slopers, but instead 
offeeding each individually, connect them 
together to the center conductor of a single 
feed line. Voila! Instant elevated ground 
plane. 

Now, all you need to do is determine 
how to tune the antenna to resonance. With 
no antennas on the top of the tower, the 
tower can be thought of as a fat conductor 
and should be approximately 4% shorter 
than a quarter wavelength in free space. 
Calculate this length and attach four insu
lated quarter-wavelength radials at this 
distance from the top of the tower. For 
80 meters, a feedpoint 65 feet below the top 
of an unloaded tower is called for. The 
tower guys must be broken up with insu
lators for all such installations. For 
160 meters, 130 feet of tower above the 
feed point is needed. 

That's a lot of tower to dedicate to a 
single-band antenna, especially for some
one with limited real estate. What can be 
done with a typical grounded-tower-and
Vagi installation? 

A top-mounted Vagi acts as a large 
capacitance hat, top loading the tower. For
tunately, top loading is the most efficient 
means of loading a vertical antenna. The 
amount of loading can be approximated by 
using an empirical formula developed by 
John Devoldere, ON4UN.l 

Devoldere found that the electrical 
height of a top-loaded tower can be 
approximated by: 

L=O.38F (H+~2S - H/500) (Eq I) 

where 
L is the approximate electrical length in 

degrees 
F is the frequency in MHz 
H is the height of the tower under the 

Yagi in feet 
S is the area of the Yagi in square feet 

To check Eq 1, consider the case of 
no antenna on top, where S = O. Then 
L = 0.38x3.6x65 = 8S.9°, which is very 
close to the desired 90° quarter wavelength. 

The effective loading of a Vagi is the 
portion of the equation under the radical. 
The examples in Table I should give us an 
idea of how much top loac\ing might be ex
pected from typical amateur antennas. The 

1J. Devoldere, Antennas and Techniques for 
Low Band DXing (Newington: ARRL. 1994). 

Table 1 
Effective Loading of Common Vagi 
Antennas 
Antenna 

3L20 
5L 15 
4L 15 
3L 15 
5L 10 
4L 10 
3L 10 
TH7 
TH3 

Boom 
Length S 
(feet) (area, ft2) 

24 768 
26 624 
20 480 
16 384 
24 384 
18 288 
12 192 
24 
14 

Equivalent 
Loading 

(feet) 
39 
35 
31 
28 
28 
24 
20 

40 (estimated) 
27 (estimated) 

term H/500 is ignored as insignificant com
pared with 2S. 

The values listed in the Equivalent 
Loading column of Table I tell us the ap
proximate vertical height replaced by the 
antennas listed in a top-loaded vertical an
tenna. To arrive at the remaining ~mount of 
tower needed for resonance, subtract these 
numbers from the nonloaded tower height 
needed for resonance. Note that for all but 
the I O-meter antennas, the equivalent load
ing equals or exceeds a quarter wavelength 
on 40 meters. For typical HF Yagis, this 
method is best used only on 80 and 
160 meters. 

Construction Examples 

Consider this example: A TH7 Vagi 
mounted on a 40-foot tower. The TH7 has 
approximately the same overall dimensions 
as a full-sized 3-element 20-meter beam, 
but has more interlaced elements. I estimate 
its equivalent loading to be 40 feet. At 
3.6 MHz, 65 feet of tower is needed with
out loading. Subtracting 40 feet of equiva
lent loading, the feedpoint should be 25 feet 
below the TH7 antenna. 

I ran 10 quarter-wavelength (65-foot) 
radials from a nylon rope tied between 
tower legs at the 15-foot level, to various 
supports 10 feet high. I tied nylon cord to 
the insulated, stranded, 18-gauge wire, 
without using insulators. The radials are all 
connected together and to the center of an 
exact half wavelength (at 3.6 MHz) of 
RG-213 coax, which will repeat the antenna 
feed impedance at the other end. Figure 1 is 
a drawing of the installation. I used a 
Hewlett-Packard low-frequency imped
ance analyzer to measure the input imped
ance across the 80-meter band. 

An exact resonance (zero reactance) 
was seen at 3.6 MHz, just as predicted. The 
radiation resistance was found to be 17 .Q. 
The next question is, how to feed and match 
the antenna. 

My approach to SO-meter antennas is to 
tune them to the low end of the band, use a 
low-loss transmission line, and switch an 
antenna tuner in line for operation in the 
higher portions of the band. With a 50-.Q 
line, the 17-.Q radiation resistance repre
sents a 3: 1 SWR, meaning that an antenna 
tuner should be in-line for all frequencies. 
For short runs, it would be permissible to 
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25 ft 

to Shock 
(A) 

Matching Section 

RG-59,75 0 

TH7 

170:j RG-59,75 0 t: 80 0 

'-- .46 ft --I 
(B) 

Figure 1-At A, an aO-meter top-loaded, 
reverse-fed elevated ground plane, using a 
40-foot tower carrying a TH7 triband Vagi 
antenna. At B, dimensions of the 3.6 MHz 
matching network, made from RG-59. 

use RG-8 or RG-213 directly to the tuner. 
Since I have a plentiful supply of low-loss 
75-0 CATV rigid coax, I took another ap
proach. 

I made a quarter-wave (70 feetxO.66 
velocity factor = 46 foot) 37-ll matching 
line by paralleling two pieces ofRG-59 and 
connecting them between the feedpoint and 
a run of the rigid coax to the transmitter. 
The magic of quarter-wave matching trans
formers is that the input impedance (R) and 
output impedance (Ro) are related by: 

(Eq 2) 

New Products 
"SECRET" EARPHONE-MIKE 
o In certain situations, operating a radio 
may disturb others or you may prefer not to 
draw attention to your communications. At 
a hamfest or other event, you don't want to 
strain to hear and shout to be heard. Here's 
a solution for hams who want to operate in 
"stealth" mode: The Ear-Mike is a combi
nation of a tiny microphone and speaker 
developed for security applications that 
demand discreet communications. It per
mits convenient and unobtrusive two-way 

46 Q!rtz... 

ForRi = 17 n andZo= 37 n, Ro = 80ll, 
an almost perfect match for the 75-n CATV 
coax. The resulting 1.6: 1 SWR at the trans
mitter is good enough for CW operation 
without a tuner. 

The Proof is in the Log 
How effective is this antenna? Well, I 

used to install a 6O-foot aluminum tower 
and 100 radials, 100 feet long in a clear 
one-acre field every winter, and remove it 
every spring for mowing. The top-loaded 
reverse-fed elevated ground-plane antenna 
has replaced that antenna with no regrets. 
My only other 80-meter antenna is a dipole 
at 11 0 feet, broadside to Europe and the 
South Pacific. 

I use the elevated ground plane for South 
Africa, South America, the Caribbean, 
parts ofthe Pacific and Asia, both long and 
short path. With it I have worked every
thing I can hear, with 1200 W output, in
cluding HL (rare in Alabama); HS; UA9; 
UA0; UI; UJ; UL; most of the VK9s; XV; 
ZSI; ~S8MI; ZS9; 3Y5X; 8Q; 9M2; and 
9V1. 'Orhile running 5 W output, I have 
even worked two JAs with this antenna, 
which may say more for its effectiveness 
than anything else. 

Will it Work on 160 Meters? 
You bet it will, but it takes another 

tower. For the 160-meter band, a resonant 
quarter-wavelength requires 130 feet of 
tower above the radials. That's a pretty tall 
order. Subtracting 40 feet of top loading 
for a 3-element 20-meter or TH7 antenna 
brings us to a more reasonable 90 feet 
above the radials. Additional top loading in 
the form of more antennas will reduce that 
even more. 

Recently, a friend moved to the country, 
and he needed a 16O-meter antenna in a 
hurry for an upcoming contest. He had 
stacked TH6s on a 75-foot tower. I sug
gested he try four elevated radials at 10 feet 
above ground, with a tuner if necessary. He 
connected four radials about 120 feet long 
and a piece of RG-58. The SWR measured 
under 2: I and he worked everything he 
heard in the contest. Figure 2 is a drawing 
of this installation. 

Another friend had a 120-foot tower 

75 ft 
Tower 

TH6 

TH6 

Figure 2-A 160-meter antenna using a 
75-foot tower carrying stacked triband 
Yagis. 

with no antennas on it. He ran four elevated 
radials at 10 feet and obtained an SWR be
low 1.5: 1 with ~ 50-ll feed line. During the 
contest, he even beat out some big guns. 

Elevated ground-plane antennas work! 
This simple, reverse-feed system makes it 
possible to feed grounded towers easily and 
efficiently. 

References 
A. Christman, "Elevated Vertical Antenna 
Systems," QST, Aug 1988, pp 35-42 (Feed
back, QST, Oct 88, P 44). 
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voice communications. A comfortable in
ear foam earbud allows only the wearer to 
hear received audio. Voice is transmitted 
through the same transducer, and is acti
vated by pressing a push-to-talk switch on 
the interface module. The manufacturer 
states that even whispers can be transmit
ted. The miniature interface module is nor
mally clipped to the belt, and features all
metal construction, a gain control and is 
powered by an internal AA -size battery . It' s 
compatible with most commercial amateur 
transceivers. Retail price is. about $135, 
Telex Communications Inc, 9600 Aldrich 
Ave S, Minneapolis, MN 55420; tel 612-
884-4051, fax 612-884-0043. ~. 



OFFICE MEMORANDUM 

MEMO 
TO: ALL ENGINEERS 
FROM: WALTER L. DAVIS 
Date: September 13, 1974 ~ 

Re: AM Radiator Efficiency 

Harold Russell at the Commission indicates that when 120 

ground radials are used and are shorter than 1/4 wave, the Commission 

engineers are using as a guide the following table for reduction in 

radiation with reduction in length of radials: 

Radial Length Reduction 
Wave Length 

.2401-.25 No Reduction 

• 2301-. 24 - 2 mv 

• 2201-. 23 - 4 

• 2101-. 22 - 6 

.2001-.2 - 8 

· 1901-. 20 -10 

.1801-.19 -12 

.1701-.18 -14 

.1601-.17 -16 

• 1501-. 16 -18 

~/ 



DIRECT SYNTI-fESIS 
OF ANTENNA ARRAY PARAMETERS 
ACCORDING TO SPECIFIED RADIATION PATTERNS 

Jindi'ich BRADAC. TRSLA lIatiollal cllfcrjJTise, Pragllc-HlfJllblt£n 

The pajier describes 01le of the ojJtimizillg methods, called the steejJest descent technique, as a possible way for direct antenna array 
jJarnmeier design comp(),ing with specified radiation patlenzs. The description has been sUjJplemC7lted with comjJUtation results, obtained in 
designing medium wave alltenna arrays. The described method may find use even when other types of antenna arrays have to be designed. 

Signal coverage studies of the respective zones are 
being performed before taking steps to design 

a transmitting antenna system, destined for certain types 
of transmissions snch as broadcaqing or television. 
Certain criteria Jl1l1st be taken into consideration in the 

course of these studies, for example, the geography of the 

respective territory, the audience expected to listen to the 

planned transmissions and others. 
The desired shape of the I transmitting array radiation 

patterns is one of the results ~fthe ~erformed studies. The 
expected shape of radiation patterns, generally specified 
as horizontal or vertical radiation patterns, may take 
various forms, since it is desired to radiate more energy in 
some directions than in others and in some directions the 

radiation has to he suppressed. Considering e.g. television 

vertical transmitting antenna array patterns, null 
filling in a prescribed way and often tilting the main 

radiation beam lobe, are desired. 
The radiation patterns of the desired form may be 

obtained or approximated by sophisticated directional 

antenna array design. Th~ final radiation pattern shape 
of the directional antenna system is given by the radiators 

arrangement, their mutual spacing and also by feeding 
current magnitudes and feeding current phases. 

The first step in designing a transmitting antenna array 

is a tentative proposal of the antenna parameters based 
on experience. Then the radiation pattern of this antenna 

proposal is computed. The computed radiation pattern is 
compared with the desired one. If an optimum ap

proximation of the computed pattern to thc specified one 
is not obtained the antenna parameters are changed and 
the computation is repeated. This procedure is lengthy 

and it may happen that the optimum solution will not be 
found. ' 

TIIU electronics 

Direct antenna system parameter. synthesis methods, 
giving results in accordance with the specified radiation 

patterns, especially when digital computers are us('d, can 
make the antenna array design (,<lsier and more precise. 

Several general optimizing TlH'tl)()ds are described in 

[1], [2], [3]. The steepest descent method is one of the 

optimizing methods suitable for transmitting antenna 
array synthesis [4]. 

STEEPEST DESCENT METHOD 

Let function F = f (XI' x2 , x3' • •• , xn) express in a cer
tain way a deviation of computed radiation pattern 1 
(dashed lines in Fig. 1), from the specified pattern 2. 

180' 

Fig. I. The diffircnce between the computed and the specified pattern, expressed 

as an error function, obtained during the antenna f)'stem 5J'nthesis using the 
steepest descent technique: 1 - computed radiation pattern, 2 - specified 

radiation pattern 
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Only one half of the patterns is shown in the drawing 
because the pattern in this case is symmetrical about the 

lengthwise radiators axis. Values Xl' X2 , 'X3,··.·, Xn 

represent the parameters of the given antenna array, for 

example, the radiators position angles, their mutual 
spacing, the amplitude and phase values of the feeding 
CUITcnts. Function F for certain parameters xl> x2 , 

.•.. , xn will have a minimum value and the antenna 
array with these parameters will produce the radiation 

pattern that will either comply with the desired specified 
pa ttern or will be optimally near it. 

Let us demonstrate this technique giving an example 

of the function F = f (xl> x2 ) with two variables. We shall 
search for values of Xl and X2 that will minimize function 
value F. The choice of Xl and x2 starting values is ar

bitrary. We denote them xlO and x20 and proceed to 

compute Fo = f (x IO' x20). New values of F will be looked 
for in the following step. The new F will be described as 

Fl and should express a smaller computed pattern error 
from the specified pattern than Fo. Using the steepest 

descent technique we shall proceed from Fo to Fl. The 
direction of the steepest descent is expressed by gradientf 

(Xl' x2). The gradient will be designated as grad F from 
now on. The computation of new values Xl' X2, to be 
named Xli> X2l will be performed as follows: 

Xli = XIO - k gradx• Fo 

'X2l = X20 - kgradx.Fo 

(I) 

(2) 

where gradx, Fo is the Xl component of grad F, computed 

at x lO ' x20 

gradx• Fo is the x2 component of grad F, computed 

at x lO' x20• 

The computed values' Xli' X2l will be used for finding 

function values Fl =f(xlI , x21 ). 

Then Fl will be compared with Fo to see if a minimum 
is being approached. Value Fl must be lower than Fo. 

If this is not the case, the iteration cycle Uk" has to be 

100 4/,74 

~ Fig. 2. l'rorc.<.< "!IIII1'il/l: th( ,'(flIfhf"r lIIil/illllllll F "lIllle: 

, Fo = f(XIO, X20)' 

FI =f(xil. X21) 
F2 = f(XI2, x22) 
F3 = f(XI3, X23) 

Fig. 3. An eXll7n/lie of a !lOriz.olltai radiation/wI/ern which call bc abtnil/ed by ~: 
a two clelllcnt al/ttlllla S)'stem gil'clI ill Fig. <I ' 

corrected and the computation will be repeated with 
a new value of ((k". If Fl is smaller than Fo, we compute 

F2 = f (x21> xn) 
where X2l = Xli - kgradx.Fl 

Xn = X2l - kgradx,Fl. 

(3) 

(4) 

Then we compare F2 with FI and proceed in this way 
until the minimum is reached. The steps ale shown in 

Fig. 2. 

THE STEEPEST DESCENT TECHNIQUE APPLICATION TO AN ANTENNA 

ARRAY DESIGN I 
Let us demonstrate jthe method on synthesis examples 

of certain types of aritenna arrays satisfying the specified 

horizontal radiation patterns. Let us set out from the 
patterns shown in Fig. 3. These patterns may be obtained 

using the two element antenna array, shown in Fig. 4. 
(The examples have been chosen to describe the techni

que by means of simple cases, which normally would not 
be treated by the above mentioned method. Simpler ways 

exist that facilitate two element antenna array design, 
satisfying the desired radiation pattern. The two element 

antenna array has been chosen since it enables a com
prehensive demonstration on the use of the described 

method to be shown). 
Error function F may be expressed as follows: 

(5) 

n 2 n 2 
F ="'£ W (<Ii) D (<Ii) ="'£ W (<Ii)[ I E (<Ii) I - I Esp('c (<Ii) IJ , 

i=l i=l 

where W (<I;) is a weighting function that permits more -
accurate approximation to the desired pattern 
form in some specified directions during the 

synthesis computation process (for instance, 

W(<I6) in Fig. 3 may equal 3, etc.). 
E (<I;) in Fig. 3 represents the computed magnitude of 

field strength in <Ii' Espec (<I;) i~ the specified (desired)" 
field strength in <Ii. 

TUI& electronios 
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Function F is the sum from i = 1 up to i = n error 
squares, multiplied by cOITesponding weighting functions 

W (a); E (aJ and thus also F is a function of the 
treated antenna array parameters and azimuths or 
elevation angles. Thus for a two-clement antenna array 

to be dealt with we get according to Fig. 4, 

F 0= f(ALFA, 1\T\fPLI, AlvlPL2, DIST, FAZ2) (6) 

where ALFA 
A:I\lPLl 
AMPL2 
DIST 
FAZ2 

azimllth, 
antenna 1 feeding current amplitude, 

antenna 2 feeding current amplitude, 

antenna spacing, and 
antenna 2 feeding current relative 

phase as compared with antenna 1 
feeding current phase. 

Function F could be expressed otherwise as well, e.g., by 

the maximum deviation. 

Let us first choose in our example antenna system 

parameters and then compute the horizontal radiation 
pattern. The pattern computed in this way will be used 

for field strength specification in specified azimuths. Now 
suppose that one or more parameters are not known and 

try to find back their original values using the described 
techniques for computation. The problem is a simple one 

for the present since the desired pattern can be realized 
so that it enables us to verify the usefulness of the 

described method on this example. 
First we shall perform the computation for one un

known parameter and then for t)'Vo parameters. The 
field strength indications are for the present specified in 

the non-normalized form. 
The following example was chosen: Two vertical 

radiators are spaced by 1200 (the spacing between the 
radiators is 1/3 of the wavelength), the current amplitude 

in radiator 2 is 12 = 0.9 11' current 12 lags by 120 0 

against current II' 

TU14 electroruos 

(2J I o· 

iAMPL21F0 
1/ ~A \ 

.............. -.... -------- -.--

1BO' 

fig. 4. A simple two element antenna s)'stem: ALFA - azimuth; FAZ2 

- relative phase (alltelma 2 feeding current jJJwse comjJared with the current 

jJJwse of antenna 2); AA1PLJ, AMPL2 - current amplitudes in antenna 

. J and 2; DIST - spacing between antennas 
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Fig. 5. An example of function F magnitude after 10 iterations, when the 

value qf iteration cycle was k = 0.1 up to k = 1000: 

For k = 100 a value qf F = 0.0002 was reached in' eight iteration steps, 

for k = 150 a value of F = 0.0002 was reached in six iteration steps; 

k = 200, 300, 1000 - fUlution F oscillates 

We assume now that we do not know, for example, 

current 12 phase. To initiate the computation we choose 
the phase arbitrarily, for example, such a value that 

current 12 will advance by 50 0 against current II' By 
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Results of synthesIs of the two·element antenna system 
shown In FIg. 4: Xl - desired phose, X2 -' desired spoclng 
between antennas, F - deviotion of the computed pottorn 
from the specified one; kl, kz' - vulucs of the itcrotion cycles 

TABLE I 

kl = 100 k2 = 50 

F Xl x2 

37.30 37.33 40.43 50.28 

35.25 35.27 37.74 44.81 

34.66 34.69 38.43 40.28 
34.21 34.24 42.58 35.39 

33.37 33.41 51.42 28.89 

31.23 31.29 66.65 19.29 
26.03 . 26.13 87.67 5.28 

17.22 17.31 105.16 -11.56 

9.91 9.91 108.14 -25.42 
6.71 6.68 107.37 -34.26 

5.41 5.39 106.58 -39.92 

4.87 4.85 105.75 -43.65 

4.64 4.62 105.12 -46.20 
4.52 4.51 104.63 -47.97 
4.46 4.45 104.?6 -49.23 

4.4043 4.4029 103.34 -52.09 

4·4035 4.4025 103.29 -52.24 

iteration techniques we find the new phase value 

XII = XIO - kgradx,Fo, (7) 

where XII is the new value of current 12 phase, 
xlO - chosen starting value] of current 12 phase, 

and I I 
k - arbitrary iteration cy~e. 

The deviation magnitude, expressed by error function 
F must be smaller for each new value xli> with i in
creasing from I up to n, if the technique works correctly. 
The number of cycles needed for reaching the minimum 
error value has been influenced by the chosen magnitude 
of the iteration cycle. Let us demonstrate it on an 
example. Ten iterations were to be used in the com
putation, the magnitude of the iteration cycles being 
chosen as follows: 

I 

k = 0.1, I, 10,20,30,40,50,60, 100, 150,200,300 and 
1000. 

The computation results are given in Fig. 5 where the 
value of F is the deviation value according to expression 
(5) and k is the chosen iteration cycle. 

Fig. 6 shows for k = 20 how the computed pattern 
approximates the specified one, traced by a full line. The 
approximation is being shown for several phase values, 
obtained by' the .described method. 

It is obvious from Fig. 6, that using this method we 
approach the solution, although still slowly with k = 20; 
with 10 iterations chosen for the computation, we do not 
yet reach the accord of the computed aI?-d specified 
pattern. 

tOl 4/,74 

\'\Thell choosing higher values of k the sit 1I:t t ion will 
improve. The computation results for higher v<tllles o( k 
are given in Fig. 5 as well. The optill1ull1 vallies are 
k '-= 100 and k :.= 150. Using them we approach rclatively. 
quickly an 1l current phase magnitude of -120° ami thus 
the accord of the computed and specified pattenl will be 
established. 

Using the values of k = 300 and k = 1000 oscillation 
around the optimum state takes place and the specified -
pattem will not be reached. (The searched parameter 
magnitudes given in this and the followin(S examples arc 
presented with two decimal places,due to the printed 
computer outputs. In parameter synthesis for cngincering 
practice it will be sufficient to work with less accurate 

. indications, e.g., phase data of ± 2° should be ac
ceptable). 

Let us come now to the case when in the given example 
we do not know two antenna system parametel's, e.g. the 
radiators spacing and current 12 phase. Let us assume for 
example the initial phase value 50° and the radiators 
spacing 60 electrical degrees (1/6 wavelength). One 
wavelength distance represents a phase difference of 
360 degrees between current 12 and current II' if the 
direction along the radiators axis is considered (ALFA = 
= 0 in Fig. 4). Let us choose 25 iterations. Now we shall 
try to find the magnitude of the two variables XI (phase) _. 
and x2 (spacing), 

XII ,= XIO - kl gradx• Fo, 

X21 = X20 - kl gradx.Fo, 

where XII is the new current 12 phase value III the first 
iteration step, 

X21 -- the new radiatOl's spacing value in the first 
iteration step. 

The computation results for values kl = 100 and 
k2 = 50 are given in Table l. The results show that ~ 
a satisfactory approximation was not obtained. The 
specified values were XI = -120° (computed value 
103.29°) and x2 = 120° (computed value -52.24°). 
Changing the magnitude of iteration cycles kl and k2 and 
leaving values of XI and x2 unchanged, we do not succeed 
in finding system parameters that would comply with the 
desired pattern. The computed results obtained by 
using several chosen values of iteration cycl~s kl and k2 are 
presented in Table II. 

The computed results are given in Fig. 7. The dif-" 
ficulties were caused by the desired pattern form which 
was not sufficiently smooth and showed a pronounced 
minimum. The minimum error value was actually found 
but since no weighting functions were introduced, the~ 
desired approximation of the computed and the specified; 
pattern was not reached. 

Let us introduce weighting functions W (uJ with e.g. 
the following values: 

I be9150W I 
to 105 

95 105 
to 135 

w I \2 5 

135 
to 165 

3 

above 
165 
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~ Fig. G. CUllljllllrd IlOri~olllal radialion jil/lfems 

shown ill Fig. 1: k = 20, 

l'!llIlC xI: ••.•••••• 50°; 

-.-.-3r; 
- .. - .. - milpls 1.8°, 

- - - - lIIin;Js 35° 

Fig. 7. S)'IIthesis remits of two-element (l1Itelll/fl ~ 

system showlI in Fig. 1 

~ Fig. 8. S)"lfhesis resuits of two-element alltenna 

SJ'stem shown in Fig. 1 IIsing weighting 

jUlutions: 

---- specified pattern, 

-.-.- initial search XIO = 50°, X20 = 60°; 

----xl = 153°, X2 = -99°; 
- •• - •• - XI = 129°, x2 = -93° 

Fig. 9. Synthesis of two-element antenna)-

SJ'stem shown in Fig. 1 by which an accord 

between the computed and the specified patterns 

was reached: 

------ specified pattern; 

- - - - - initial search; 

- •• - •• - and -.-.- progressive ap-

proximation to the specified pattern; 

.....•• final pattern: 

tU.imuth 0 0 
10 ~ 

E specified 1.90 1.90 1.89 

E computed 1.90 1.89 1.89 

azimuth 0 100 no 120 
----

E specified 0.61 0.32 0.10 

E computed 0.58 0.26 0.12 

30 

1.88 
1.88 

130 
---

0.30 

0.38 

2.0 

\ 
180· 170' 

\ 
160' 

\ 
150' 

'130' 

'140' 

o -i-:--.-t-----t-;;p>C--+-+--+T\-_+_ goo 

\ 
\ 160' 

180' 170· 

10 50 60 
70 ~ 90 

------
1.81 1.76 1.61 1.46 1.23 0.95 

1.81 1.76 1.63 l.14 1.20 0.90 

140 150 160 170 180 
---I-

0.53 0.71 0.84 0.92 0.95 

0.62 0.80 0.91 1.01 1.04 
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Fig. 10. Tiller-dollflli 111111'111111 .1)·.llem 

Synthesis of two·element antenna system shown in Fig. 4 for different values of iteration cycles kl and kz TABLE II 

kl = 100 k2 = 100 kl = 150 

F Xl x2 F 

37.30 37.33 40.43 40.56 37.30 37.33 

34.15 34.19 45.00 29.36 33.52 33.55 

32.24 32.29 58.57 14.41 29.40 29.47 

26.64 26.73 83.02 - 8.63 13.82 13.92 

14.00 14.10 107.61 . -35.08 6.18 6.06 

4.40 4.40 103.25 -52.43 4.50 4.48 
-"~------- - -----------------

Let us choose - as in the previous example - an

initial phase value XIO = 50° and spacing x20 = 60°. Now 
Ithe iteration cycles can be chosen kJ = 100, k2 = 100. 

o TIle computation results are given in Table III, from 
which it is clear that the accord was reached as far as the 

pronounced minimum of the pattern is concerned. The 
optimum solution however, using the chosen values of 

kl and k2 and parameters values xlO = 50° and x20 = 60°, 
was not reached. The solution oscillates around the 

optimum as can be seen in Fig. 8 from the behaviour of 

the smaller pattern lobe. 
Let us perform the computation once more this time 

changing the value of initial parameters, say xlO = -10° 
and antenna spacing x20 = 60°, iteration cycle kJ = 50, 
k2 = 80 and let the weighting functions be the same as in 
the previous case. The computation results are shown in 

Table IV together with results of other computed exam

ples for the following values: 

XIO = _20°, x 20 = 100°, kl = 50, k2 = 80 and xlO = 50°, 
x20 = 60°, k. = 50, k2 = 80. 

Graphical representation of the specified pattern and 
the approximating -patterns are in Fig. 9. It is evident, 

that a good accord has been reached. 
As another example of the steepest descent technique 

application we will introduce a pattern which, we 
assume, can be realized using a three-element antenna 
array, shown in Fig. 10. In this case we choose the initial 

104 4/,74 

k2 = 150 kl = 100 k2 =: 200 

xl x2 F xJ X2 

35.65 30.84 37.30 37.33 40,43 21.12 
49.68 17.57 31.80 31.84 57.51 --- 4.65 
82.39 - 9.92 22.67 22.75 89.65 --47.58 

120.24 -48.65 5.67 5.73 105.56 --62.28 
88.85 -47.23 4.79 4.78 100.Gl -50.07 

99.87 ---51.29 4.41 4.41 102_72 -'i'2.72 -_ ....... -._-._---

Synthesis of the two-element untenna system shown in F ig_ 1\ 
for k1 = 100, kz = 100 after weighting functions introduction 

TABLE III 

k. = 100 k2 = 100 

F Xl x2 

120.08 120.20 62.53 31.24 
100.54 100.84 139.06 -- 31.67 

18.15 17.75 82.77 - 33.73 

33.92 34.22 179.95 - 89.60 
26.89 26.04 74.98 - 65.79 
26.48 26.77 153.12 - 99.07 

7.23 6.89 100.35 - 84.00 

14.18 14.29 129.67 - 93.10 

1.73 1.72 140.4 -111.48 

3.42 3.25 102.59 - 94.8 

10.68 10.79 151.83 -125.74 

14.18 13.88 78.72 - 85.36 
20.36 20.51 122.79 - 92.09 

3.27 3.22 150.42 -118.78 

10.58 10.29 85.65 - 85.37 

17.81 17.95 116.62 - 83.01 

8.59 8.68 154.49 -115.19 

12.15 11.80 84.55 - 81.65 

18.16 18.30 121.5 - 84.20 

6.04 6.11 155.28 -116.80 

13.29 12.93 82.48 - 81.16 
18.99 19.14 124.58 - 87.15 
4.16 4.20 152.55 -116.71 

11.31 10.99 85.30 - 83.37 
17.88 18.03 118.36 - 83.00 
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Fig. 11. Thr(e clclIlm/ all/Oll1a .f)·s/em S)'IIthr.<is reslIlts: ---- .IjJ((iJied 

/mtlfTn; ....... filial ((lmjm/cd jlll/lan 

parameters DISTI, DIST2, FAZI, FAZ2, ANGLl, 
ANGL2. To make the problem simpler we consider the 

current values II = 12 = Is and we will look for final 
parameters with which the antenna system would 
approximate the specified pattern. Thus we look for six 

system parameters. Using the same technique as in the 
previous case with a two-clement system we succeed in 
approaching the desired pattern - the picture on the 
cover of this journal and Fig. 11 can be taken as an 

example. 
Both examples shown here were computed using no 

weighting functions, therefore the accord of the computed 
and specified pattern is not perfect yet. Nevertheless it is 

clear from both cited examples, that the technique is 

-------------
~ 

350' O· 10' 
340' \ I 

r3~.~2.41E 

.'/ ~2'0 
/ ~1.6 

----

suitable for practical applications and also for the syn
thesis of larger numbers of unknown parameters of 

aftenna systems that would satisfy the requirements of 

s~ecifie1 radiation pattern. 

Synthesis of the two-element antenna system shown In Flg.4 by which the accord between the computed and the specified 
pattern was reached 

TABLE IV 

kl = 50 k2 = 80 kl = 50 k2 = 80 I kl = 50 k2 = 80 
XIO =_10· X20 = 60· XIO = _20· X20 = 100· XIO = 50· X20 = 60· 

F XI X2 F XI x2 F XI X2 

96.28 96.16 - 54.33 104.38 63.33 63.19 - 71.80 124.75 120.08 120.20 56.26 36.99 

31.23 31.30 - 86.26 119.28 19.10 19.13 -104.97 141.08 108.26 108.53 86.73 - 4.11 
. . 

\ 
. 
. 

'" 

0.65 0.63 -112.57 120.90 0.67 0.72 -107.92 139.97 0.58 0.61 126.63 -119.99 

0.50 0.53 -120.71 128.26 0.55 0.58 -108.09 137.38 0.66 0.61 118.01 -112.34 

0.55 0.54 -113.62 1I9.87 0.44- 0.48 -109.89 136.09 0.51 0.53 125.51 -121.27 

0.43 0.46 -121.23 126.97 0.37 0.40 -110.42 134.23 0.59 0.55 117.38 -1I3.68 

0.49 0.47 -114.40 119.12 0.29 0.32 -111.64 133.00 0.46 0.48 124.73 -122.10 

0.38 0.41 -121.60 126.01 0.24 0.27 -112.25 131.58 0.54 0.50 117.00 -114.63 
0.45 0.43 -114.98 118.58 0.19 0.22 -113.14 130.50 0.42 0.45 124.17 -122.65 
0.34 0.37 -121.86 125.30 0.16 0.18 -113.72 129.38 0.50 0.47 116.73 -115.31 
0.42 0.39 -115.42 118.20 0.13 0.15 -114.39 128.46 0.'39 0.42 123.75 -123.00 

.0.32 0.34 -122.03 124.77 0.11 9. 12 -114.90 127.56 0.47 0.44- 116.58 -115.81 
0.39 0.37 -115.74- 1I7.94 0.08 0.10 -115.42 126.80 0.36 0.39 123.44- -123.21 
0.30 0.32 -122.13 124.37 0.07 0.08 -115.85 126.08 0.45 0.41 116.50 -1I6.18 
0.37 0.35 -115.99 1I7.77 0.05 0.07 -116.27 125.46 0.34- 0.37 123.30 -123.30 
0.28 0.30 -122.19 124.07 O.M 0.05 -116.62 124.88 0.42 0.39 116.46 -116.00 
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Let m now present a flow chal-t of the main steps oftlle 
considered method: 
(I) We choose arbitrarily the initial values of· the 

required antenna system parameters. 

(2) We ,specify the desired radiation patte.rn. 
(3) For chosen antenna systcm parameters we compute 

the pattern and find the deviation from the specified 

pattern: 
(4) We compute the gradients and the new antenna 

system parameters. 

(5) Using thus computed antenna system parameters we 

compute the pattern again and once more we find 
the deviation from the specified ·pattern. If the error 

is large, we return to point (4) and repeat the 

computation. If the error is within the specified 
limits, we compute the pattern and print th_e com

putation results as well as the found antenna system 

parameters. 

CONCLUSION 

The steepest descent method - illustrated on ex

amples - is useful for the synthesis of antenna systems 
complying with specified radiation patterns. The main 

steps of the antenna system parameter synthesis in 
accordance with a specified pattern were described. It 

\\!as shown that during the synthesis it is very important 
to choose correctly the iteration cycles in order to reach 

fast convergence. 

. I 
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The choice of iteration cycles maybe made directly 1; 
during computer work, estimating the computcd rcsults'j-.. 
In doing so we observe how the magnitude of the error, ' 
as eXlxcssed by function F, changes.' The enor is in- ,; 
creasing or dccreasing and according to this we correct f 
the magnitude of the iteration: cycle. The iteration cycle 

can also be fixed automatically by the computer itself
see for example [5]. The collaboration in this field with 
specialists of the Electromagnetic Field Department of the ~ 

Czech Technical University in Prague was succesfully I 
~leveloped and positive results have already been reported. I 

In this article examples were given of antenna system 
parameters synthesis specified in non-normalized form 

and actually realizable by a given antenna system. The 
same results will be reached in those cases when the 

pattern is specified in the no~malized form (maximum 

value of field strength in certain direction equalling 
unity) and when we look for parameters of an antenna 

system, that cannot conform to the desired pattern. In 

this case we at least come as near as possible to the 
realizable minimum. 

The possibility of prescribing minimum and maximum 

limits of the wanted parameters, facilitating the physical ~ 

realization of a given antenna system is the great ad- ' 
vantage of this method; thus it may be used, for example, : 
in fixing the maximum and minimum values of spacing 

among radiators, the values of feeding cUlTents and' 
reasonable phases of these currents. 
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Reducing 
AM tower 
static 
By R.obt rt A. Jones * 

Sta..tic on AM towers has been 
a problem for all stations from 
the day the first one went up. How
ever, there are ways to reduce, if 
not eliminate this problem. Possibly 
you think you already know all 
about this kind of difficulty, but I 
have found it helpful from time to 
time, to review those subjects we 

-BE facilities Editor and Consulting Engineer, La 
GrallJ8, III. 

think we know all about. 
Let's start by defining static. 

Static electricity on AM towers is 
that effect caused by the gradual 
build up of negatively charged par
ticles on metal wires and towers. 
These little particles can be caused 
in one of three common ways. First, 
and most common is that caused by 
lightning. Second is by rain or snow, 

Fig. 1 Negative particles build up on the guys and tower. Since arcing across the 
Insulators can occur, it is standard practice to securely ground the anchor points. 
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In all cases, the at
tempt should be to 
install a low resis
tance path to ground. 
Of course, gaps and 
arrestors should be 
maintained. An in
tense lightning strike 
may still jump the 
gap. But static build
up arcing can be
greatly reduced. 

and third, is that type caused by 
charged particles carried on the 
wind, in front of storms. 

The Greeks were the first to dis
cover that static could be caused 
by rubbing amber. They attracted 
bits of cloth and caused their hair 
to stand on end! You may now know 
that the Greek word for amber was 
"Elektron". This name has stuck 
with us today and is the word we 
use to represent a negative charge of 
electricity. 

Old Ben Franklin was the first 
one to prove the connection between 
static electricity and lightning. This 
was proved by his famous Kite and 
wet string experiment. (The Zap ... 
ouch test.) 

The map of the United States in
cluded here shows a number of 
thunderstorm days to be expected in 
each part of the country. The iso
bars represent these numbers. As the 
reader will note, the greatest num
ber of thunderstorms occur in Flor
ida. In fact, almost every fourth day, 
on the average, you can expect a 
storm in Florida. 

Now let's consider what happens 
when these negative particles accu
mulate on the tower and guys. As 
you can see in Figure 1 those par
ticles which hit the guys will build 
up, since they are prevented from 
leaking off by the guy wire insula
tors. Those that strike the tower 
will bleed off to ground (normally) 
through RF chokes or tower light
ning neutral wires. In addition to 
RF chokes an lightning chokes, most 
stations will install "Ball Gaps" at 
the tower pier. These are usually 
of the ball type, or can be of the 
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flat stock type. In addition, many 
stations have found· it helpful to add 
lightning rods atop their towers. 
This' is particularly recommended 
in areas of high storm density. 

Crackle ... Bang 
The negative particles that gather 

on the guy wires can not bleed off 
to ground. As you may know, they 
continue to build up until ... Bang! 
... there is an arc across the guy 
wire insulators. 

Usually all insulators appear to 
arc, or flash, at the same time. Ac
tually this is not what hap pen s . 

'Somewhere one insulator will arc 
first. The radiation from this one, 
traveling with the speed of light, 
trips all the other charged sections 
of guy wire. This is why they all 
appear to jump at the same time. 
(I should point out that it is stan
dard practiye to securely ground the 
guy anchor points, since this lowers 
the danger of fracturing an insulat
tor.) This arcing of the guy wires 
will cause a sudden burst of static 
into the tower. And this is what 
causes the biggest headache to 
broadcasters. 

This static induced into the tower 
flows toward ground at an extremely 
high rate of speed. In most anten
nas it finds too much inductance in 
the RF choke. The result is that this 
sudden surge of current jumps the 
ball gap at the tower base. If the 
power of the transmitter is 5 kW or 
higher, the arc may be sustained. 
Once the air across the lightning 
gap has ionized, its resistance falls 
to a mere fraction. Because the re
sistance is then low, the power of 
the transmitter can maintain it. Most 

higher power stations have found 
it convenient to install some pro
tective device that effectively breaks 
this arc, by momentarily shutting 
off the transmitter. Lower power 
stations usually find their transmit
ters will recycle by themselves, since 
their power is too low to maintain 
the arc. 

Figure 3 shows how this can oc
cur. For this example I have as
sumed a typical low impedance 
tower with a base value of 50 ohms 
plus j 75 ohms. Also, let's assume 

a typical "Tee network" and a one· 
quarter wave length transmission 
line. With the values shown, the 
transmitter will look into a matched 
load. When the ball gap arcs, it in 
effect, can be considered a short 
across the tower base. Calculating 
this through the network and trans
mission line, we find the transmit
ter seeing a load of 410-j 670 ohms. 
This instantaneous change in load 
causes the plate current to shift, 
which in turn causes the plate over
load to trip. With normal'transmit-

Fig. 2 Buildup on the tower can be bled off through a choke arrangement. 

Fig. 3 With the arc at the ball gap, the air is ionized, lowering the resistance to a mere fraction. And this momentary low re· 
sistance will cause RF arcing. 
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ters, the recycling circuit turns the 
transmi tter back on in a second or 
so. 

Some people claim that shunt 

feed towers are immune from static. 
While it is true that there is no 
base insulator, the high static 
charges can be induced in the slant 

Fig. 4 The WFWM setup, using a low resistance low inductance across the tower 
base to eliminate arcing across the ball gap. Eliminating the arc eliminates trans
mitte'r load shifts and shutdown or recycling. 

Fig. 5 The WAIT circuit. This arrangement offers a fast path to ground. 
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wire and cause trouble. I would 
agree that there may be less trouble, 
but it is not eliminated. 

The big nusiance to flash-overs 
is not the danger of damage to 
equipment but one of interruption 
to station programming. These pops 
and arcs, on the air can be fatiguing 
to the listener. It is not unusual to 
sustain as many as five to ten arcs 
a minute under high static condi
tions. If your competitor's station is 
not popping off the air you may lose 
listeners. 

Standard Solutions 
There are two standard solutions 

to reducing arcs to a minimum. 
These are not new ideas I've con
cocted . . . but are common knowl
edge to most consultants. Let's re
fe·r to the first type of solution as 
that of a "Low Impedance" tower. 
For this I would refer the reader to 
the case of WFMW. The natural 
resistance of their tower is 62 + j2 
ohms. The network designed to 
match this tower is shown in Figure 
4. This is a not so typical "pi" net
work. As you will see it has two 
coils with one capacitor, whereas 
the normal "pi" has one with two 
capacitors. The idea is to use a coil 
with low inductance across the tower 
base. By using a low resistance low 
inductance in place of a normal high 
inductance RF choke, we can pass 
these sudden static strikes to ground 
without arcing the ball gaps. With 
this type of circuit the lightning gap 
seldom ever sparks. Hence, there is 
no more shift in load by the trans
mitter and few carrier interruptions. 

The second case involves what 
I would call a "Hi Impedance" 
tower. For this example I refer to 
WAIT. Their tower has a self re
sistance of 440 + j560 ohms. The 
solution employed at WFMW would 
not work in this case because we 
would have had to use a coil with 
two or three times the inductance. 
Instead of a 'pi'" network we chose 
to install a special static circuit 
across the tower base. The reason 
we couldn't use a "pi" type ap
proved is that the coils at this fre
quency with this high impedance 
would have contained too much in
ductance. For WAIT we decided to 
use a 10 fLh coil. On 820 KHz this 
would give a reactance of 51.5 
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ohms. WAIT operates with 5 kW. 
This produces a base voltage of ap
proximately 1600 volts which yields 
a branch current of 32.0 amps. 

Now any station operator knows 
you just don't go hang a 10 p,h coil 
across a 440 + j560 tower. If you 
did, the self resistance would be all 
wrong. This is solved by placing a 
capacitor in parallel with the 10 p,h 
coil. Some would call this a tank 
circuit, but it really isn't. What it is, 
is a circuit used to eliminate or ean-

. eel, the effect of the coil, at 820 
KHz, but not the advantage of a fast 
static path to ground. In our ex
ample, we found a 0.004 p,fd ca
pacitor was a good choice. We se
lected vacuum capacitors, because 
of the high branch current. Keep in 
mind that the current through the 
capacitor will be about the same as 
that through the coil. Figure 5 shows 
WAIT's circuit. 

Installation 
It is recommended that you use 

a Radio Frequency Bridge to cor-

rectly install this static circuit. The 
first step is to measure the self re
sistance of the tower. Then add the 
coil and capacitor to the circuit. 
This will probably cause the resist
ance to change slightly from the na
tural or self resistance of the, tower. 
If so, adjust the coil slightly, until 
the resistance returns to the original 
value. At this point we have the 
static circuit properly tuned so that 
it does not upset the licensed oper
ation of the station . 

One area for the reader to keep 
in mind is the need for good, heavy 
guard straps between the static cir
cuits and the ground system. For 
example, a single number 10 wire 
will not do. At WAIT we used a 
four-inch copper strap from the 
tower to the static circuit, and an
other four-inch strap from the cir
cuit to the ground system at the base 
of the tower. We installed their cir
cuit in a weatherproof box directly 
on the tower pier. By so installing 
the circuit we kept all leads to a 
very minimum. You must keep in 

mind that the object here is to con
struct the lowest possible resistance 
path to ground. 

It might be of interest to call the 
readers attention to the fact that the 
earth's atmosphere resembles a large 
spherical condenser with the iono
sphere and. earth serving as the up
per and lower plates. The atmo
sphere then serves as a leaky di
electric. The production of static is 
due directly or indirectly to atmo
spheric motions. Ben Franklin dealt 
chiefly with very intense and spor
adic electrical effects accompanying 
storms. These cummulated in his in
vention of the lightning rod. The 
sharp point on the lightning rod has 
the effect of increasing the field 
strength in its vicinity and thus ac
celerates the motion of the ions in 
the air. Under normal conditions 
this sharp point produces an attrac
tive field for the positive ions. 

In summary, there is a need to 
solve your static problems. They 
can be solved, giving you an advan
tage over your competitor. A 

FOUR WAYS TO SAVE 
ON LEASED CIRCUITS 
1. - PCL-404, late~t addition to our STL line, is 
a thrifty STL particularly well suited to AM appli
cation. Of course, suitable for FM or intercity 
service. 

2. _. PCL-303 meets more stringent performance 
requirements - ideal for FM or, in the dual con-

3. - PCL-303jC Composite STL enables figuration, FM stereo. 
the relaying of stereo programming on a 
SINGLE STU A Moseley exclusive. With 
this system, the stereo generator is located in the studio. 

4. - RPL-2 Remote Pickup Link - ALL SOLlD·STATE - studio
quality audio from remote broadcasts. 160 MHz and 450 MHz 
versions available. 

Contact us for details on a complete system fulfilling your reo 
quirements. We even have a FIFTH way for greater savings! 
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Purpose: 

EXAMINATION OF 
NON-DIRECTIONAL IMPEDANCE DATA 

VERSUS ELECTRICAL HEIGHT 
FROM INFORMATION FILED AT THE FCC 

JULY 1987 

Study whether or not a correlation from existing measurement 

impedance data can establish a relationship between physical 

height and electrical height for a vertical, base insulated, 

radiator. Compare these results with the procedure developed in 

Document 7-E of the First Session Conference "RARC to Establish a 

Plan for the Broadcasting Service in the Band 1605-1705 kHz in 

Region 2" as supplemented by Document JlWPlO-3-8/l-30 Document: 

CAN2, April 30, 1987. 

Method: 

Acquire, study and analyze impedance measurement data for 

various height towers. Supplement the study with selected 

measured RMS values (non-directional and directional) and compare 

from proof-of-performance reports to that predicted by current 

Region 2 methods. Restrict the measured RMS portion of the study 

(non-directional and directional) proof information to recent 

information having a frequency between 1500 and 1600 kHz and omit 

from consideration those proof-of-performances which are taken in 

unusually rugged terrain or in areas having multiple arrays. 

Discussion: 

The computation of an accurate base impedance value for an 

insulated vertical antenna is difficult, as many factors can 

affect its value. For example, the actual base impedance is 
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dependent upon many physical factors such as tower width, type of 

structure (guyed or self supported), length of feed line, the 

relationship of the feed point and antenna base to the ground 

system, etc. Other factors can be present such as isolation 

circuits for AC, sample line, other communications antenna (FM 

and TV~ etc). Depending upon the method of detuning isolation 

circuit( s), each may contribute to the actual base impedance of 

the tower. 

Table I provides impedance measurement data in electrical 

height order. This information is found in the FCC records and 

represents data catalogued by the Audio Services Division (AM 

Branch) of the FCC over a period of ten years. An effort was 

made to obtain only series-fed base-insulated data and to exclude 

any impedance data for less conventional configurations, such as 

top-loaded or grounded base facili ties. Documented is the call 

letter, the measured impedance, the frequency, and the free-space 

electrical antenna height. Table II provides the same 

information in frequency order. Accompanying the data are plots 

of resistance (Figure 1) and reactance (Figure 2) in ohms along 

the 

the 

ordinate and 

abscissa. 

free-space electrical height 

In addition, the resistance 

in degrees along 

and reactance 

information from Document 7-E referred to above has been 

plotted. Also shown on Figure 1 and Figure 2 is the calculated 



- 3 -

resi stance/reactance deri ved for ZO equals 600 (thin wi re) from 

the equation shown on Page 2-1-15 of the fourth edition (1949) of 

"National Association of Broadcasters Engineering Handbook". 

The tables contain over 260 sets of impedance data with over 

190 sets shown from 51. 6 through 110 electrical degrees. Beyond 

110 electrical degrees, there are 66 sets of impedance data. 

Examination of the FCC resistance values reveals the data 

behavior to be generally uniform from 51.6 through 110 electrical 

degrees. Beyond 110 electrical degrees, the data are divergent 

and are less uniform and as shown do not exhibit a predic'table 

behavior particularly when compared to that data provided by 

Document 7-E. This significant data departure represents 

one-third of the data in this segment. 

The procedure outlined in the supplementary information from 

Document 7E has been examined and a computer program was 

developed to simulate that approach to analyze the data contained 

in Table I. The data in Table I was evaluated with this 

program. Table III provides the computer program and Table IV 

provides the computer results in a format similar to supplemental 

information from Document 7E. Table V provides the "best-fit" 

evaluation method. Fourteen sets of data have been excluded due 

to the uncertainties of interpretation of Formula 2.1 in the 

supplementary information to Document 7E. 

that information. 

Figure 3 is a plot of 
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In addition, historic data is attached shown in Figures 4 and 

5. While these plots may not represent typical values currently 

observed, they demonstrate the differences occurring with the 

impedance (magnitude and shape) as a function of the type of 

tower and its height. 

Examination of FCC files was made of recent proof-of

performances conducted on stations above a frequency of 1500 

kHz. Table VI provides that information by frequency including 

call letter and state. Also provided are the listed electrical 

heights based on free-space for both the non-directional and 

directional antennas, the RMS in mV/m for 1 kW at one kilometer 

both for the non-directional and directional modes as obtained 

from Figure 1 of Annex 2/p13 of the "Final Acts of the Regional 

Administrative MF Broadcasting Conference (Region 2) Rio de 

Janeiro 1981" and the measured value obtained from the proof-of 

performance. Also provided is the non-directional impedance for 

that operation. Where possible, the type of tower structure 

whether self supporting or guyed is shown for the non-directional 

towe r. 

or in 

Proof-of-performances taken in unusually rugged terrain 

areas having multiple directional arrays were not 

considered. 

A compari son of the non-di rectional and di rectional measured 

R~·1S values reveals good correlation to the predicted values in 

accordance with Region 2 standards. However, no apparent 
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corresponding increase in radiation efficiency is observed which 

might be expected if the effective antenna height is sufficiently 

greater than the free-space value. 

Conclusion: 

To date, no correlation using the FCC data has been found 

which would permit a more accurate assessment of a tower's 

electrical height than that currently used under Region 2 methods. 



TABLE I 
MEASURED NON-DIRECTIONAL 

RESISTANCE AND REACTANCE DATA 
FILED AT THE FCC 

IN ORDER OF ELECTRICAL HEIGHT 
JULY 1987 

Free-Space 
Call Measured ImEedance Frequency Electrical Height 

ohms kHz degrees 

KBCC 11.2-j53 1410 51. 6 

WVNH 12-jl15.6 1110 52.82 

WEKU 12.3-jl14 930 54.5 

WHJB 21.5-j164.5 620 56.7 

WQBS 16.7-j128.6 630 57.62 

KWBZ 15.11-j90 1150 58.9 

WQKI 14.6+j128.2 710 59 

WMJJ 16.5-jl19 680 60 

KLFB 11.5-j87 1420 62.4 

WXCE 15.7-j63.5 1260 63.1 

WARO 18.5-j125.9 540 63.5 

KAYR 21-j44 1060 64 

WHP 28.9+j20.7 580 65 

KTHO 20-j69.3 590 65 

WAUC 20.75-j65 1310 65 

WICC 10-j28.8 600 65.9 

WDNC 12.2-j58 620 67 

KAPZ 27-j72.5 710 67 

WINI 20.4-j23.9 1420 67 

WAYS 27.8-j22.6 610 68.2 

WGTO 29.5-j48.1 540 69 

KBOX 26.1-j22.2 1480 69.3 

WUIV 16.7-j71.6 1500 69.4 

WABT 19.3-j28.2 1360 69.8 

WADS 25-j65 690 70 

WRNR 23.1-j43.2 740 70 



Free-Space 
Call Measured ImEedance Freg:uenc:l Electrical Height 

ohms kHz degrees 

WKRC 23.8-j42.9 550 70.5 

WCQL 21.8-j34.6 1370 70.7 

KLEH 25-j12 1290 70.8 

WFSO 24.9-j49.1 570 73 

WYMC 27. 5-jl. 5 1430 73 

WVOY 27.3+j7.8 1270 73.4 

KPAR 34.5-j23.9 1420 75.3 

WOBL 37.0+j16 1320 76 

WMEL 29+j3.26 920 76.1 

WSKE 26.5+jO.8 1050 76.8 

WYFE 26+j17.4 1150 76.8 

KGOE 29-j8.7 850 77.8 

KGOE 26.8-j9 850 77.8 

KVNU 32-j13 610 78.1 

KOJM 34.0-j33 610 78.1 

KHAD 34+j2 1190 78.4 

KRZJ 54+j37.8 1190 78.4 

KALV 31.8-j6.96 1430 78.5 

WRNG 30.5+j1 680 79.4 

WKED 36+j70 1130 80 

KCJJ 37.5+j40.4 1560 80 

WOKY 31.5+j35.9 920 80.8 

KQLA 32.3+j27.01 1480 81 

WKVE 30.5+j1 800 82 

. WEAK 33.8+j18 900 82.3 

WHLO 33.5+j23 640 82.4 

KIXZ 34+j53.9 940 82.5 

WINU 38+j47 1510 83 

WAVL 39.5+j36 910 83.27 

WHP 34.3+j43 580 84.9 

KRRP 38.8+j32.6 950 85 

WMCL 34+j67.9 1060 85 
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Free-Space 
Call Measured ImEedance Freguency Electrical Heisht 

ohms kHz degrees 

WQRO 43+j49.7 1080 86.9 

KNCO 66+j95.2 1250 86.9 

WPRO 43.5+j56.3 630 87.5 

WRBN 40+j77.5 1600 87.7 

KTWO 38.5+j46 560 88 

WLUZ 45.25+j75.2 1600 88 

KITI 55+j69.58 1420 88.4 

WRGI 51. 5+j96 1510 88.4 

WQBX 49.5+j74.2 710 88.5 

WJJQ 64+j55 810 88.9 

WKBN 44.5+j92.l 570 89 

KKBJ 52.2+j77.2 1360 89.1 

KKLS 48.5-jl13 920 89.2 

KAKA 46.8l+j69.2 1110 89.3 

WZAM 48+j54.1 1110 89.3 

WTHI 55+j93 1480 89.4 

WMUF 59+j94 1000 89.6 

WTNX 49+j79.2 1290 89.6 

WKDC 36.5+j44.4 1530 89.6 

~~LPQ 39+j43 1600 89.6 

WPIP 49.7+j86 980 89.7 

WTIM 92-j220 1410 89.7 

WUNN 50+j84 1110 89.8 

KBTN 57.9+j94 1420 89.8 

WEWO 46.3+j76.8 1460 89.8 

KFND 4l+j92.3 1170 89.9 

KNMX 46. 5+j 71. 8 540 90 

WDLV 44+j64.9 550 90 

WTCM 49+j70 580 90 

KQRX 44+j56.9 720 90 

KCRL 49.l+j60 780 90 

WPTB 42+j87.9 850 90 
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Free-Space 
Call Measured ImEedance Freg:uency Electrical Heisht 

ohms kHz degrees 

WLAS 47.0+j92 910 90 

WPLA 50+j64 910 90 

KSDN 3S+jl18.3 930 90 

WCAP 47+j88 980 90 

WRNJ 47+j57 1000 90 

KOTD 47+j67 1000 90 

WPMH 62+jl18.8 1010 90 

KTWO 48+j72 1030 90 

WOSO 48+jl07 1030 90 

~VVCG 55.5+j67 10S0 90 

KFAX 46+j52 1100 90 

KTEK 50+j70 1110 90 

WKEG 52+j75 1110 90 

WKWM 49.1+j72 1140 90 

KCCT 55+j94.88 1150 90 

WBRW 48.5+jl04.3 1170 90 

WJMQ 49+jS8 1170 90 

KGYN 46.4+j64.5 1210 90 

WNRK 55+j87 1260 90 

KBDF 62.5+jl05 1280 90 

WOPP 46+j76 1290 90 

WCHK 47+j75.2 1290 90 

WXRL 56+j96 1300 90 

WEGA 59+j88.9 1350 90 

WKYO 52+jl06 1360 90 

WLLN 44+j50.4 1370 90 

KLBA 52+j72.9 1370 90 

WGFT 55+j98 1500 90 

WAAY 60.5+jl13.5 1550 90 

WMAD 58+jl07.2 1550 90 

WSHY 55.2+j85.3 1560 90 

KAJN 56.8+j82 1560 90 
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Free-Space 
Call Measured ImEedance Freg:uency Electrical Heisht 

ohms kHz degrees 

WOBL 123+j130.6 1570 90 

KDJS 55+jl07 1590 90 

KATZ 51+j76.2 1600 90 

WHOY 66+j66 1210 90.3 

KMTX 48+j71 950 90.4 

KCSJ 50+jll0 590 90.5 

KRWL 52+j87 1300 90.5 

WHOY 61+j69 1210 90.8 

WEEO 56.5+j76 1130 91 

KQTI 57.5+j80 1130 91 

. KWBY 58.3+j83.2 1130 91 

KQTI 58+j75 1130 91 

KAYO 64.2+jl09.3 1190 91. 5 

WJBT 62+jl17.7 1590 91. 7 

WJBY 51+j90.1 930 91.9 

KXEW 63.5+jl14.4 1600 91. 9 

KUKA 68+jl16 1250 92 

KSXX 48.5+j78.8 630 92.27 

KAKC 45+j94.9 970 92.3 

KSUZ 54+j68 1150 92.5 

WKKX 50.5+j147.1 1310 92.5 

WMRL 60+j96.8 1270 93 

KRAD 94+jlll 1590 93 

WHPY 68+j121 1590 93.1 

WIBR 61+j99 1300 93.2 

WKRP 59.5+j90 1500 93.3 

KMAS 66.1+jl05.04 1280 93.77 

KYKR 57.9+j84 1510 93.9 

WAEB 37.5+j71 790 94 

WTJS 64+j61. 9 1390 94.6 

WARE 44+j28 1250 94.7 

WPGC 73+j134 1580 95.5 
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Free-Space 
Call Measured ImEedance Freg:uenc:l Electrical Heisht 

ohms kHz degrees 

KBOZ 7l+jl17 1090 95.7 

KEEL 70+jl04 710 96 

KRVN 5l+jl19 880 96.6 

WAGY 69+jl15 1320 96.6 

KERR 90+j171 1070 97.8 

KULF 7l+j158 790 98.2 

KANI 11l+j86 1000 98.7 

WNIS 98+j144.5 1350 99 

WKCK 76.4+j153.55 1470 99.49 

KKIK 45.3+jl17 1010 99.8 

WBDY 89+j128.6 1190 100 

KOZY 84.5+j144 1320 100 

WCOA 83+j182 1370 100 

KMJJ 88.5+j138.9 1140 100.1 

WTMP 54+jl13 1150 100.17 

KSOP 103+j167 1370 100.3 

WIND 140+j180 560 100.8 

WDJZ 57.5+j64.3 1530 100.8 

WDAT 106.5+j163 1380 100.9 

KITN 81.5+j125 920 100.95 

WPHM 95+j185 1380 101 

WNRE 88.5+j176 1540 101 

WBEV 88.5+j190.9 1430 . 102 

WINZ 154+j217 940 103 

KUCH 127+j219.9 1410 103 

WMIX 110+j159 940 103.2 

KFIA 98+j203 710 103.9 

WTAR 100+j212 790 104 

KBUF 65.5+j164 1050 104.4 

WQDI 133+j236 1430 104.6 

WROW 64+j159.3 590 105 

WHYT l15+j184.6 1110 105.6 
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Free-Space 
Call Measured ImEedance Freg:uency Electrical Heisht 

ohms kHz degrees 

WHYT 150+j207 1110 105.6 

WACO 82+j175 1460 106.9 

KVLH 212.9+j270 1470 107 

KNDE 582+j410 1470 108 

WISM 79+j204 1480 108 

WPOE 95+j193 1520 109 

WYIS 70+j137 690 109.8 

KYST 178+j257 920 110 

WLNA 200+j224.4 1420 110 

KVAN 215.1+j253.8 1480 110 

KWUN 50+j130 1480 110 

WIXY 200+j237.5 1600 110 

KDKO 193+j205 1510 110.5 

WEEP 126+j264 1080 111 

KKOY 234+j277 1190 113.2 

KBRF 169+j280 1250 114 

KGST 117.33+j232.25 1600 114.2 

WPNS 339+j187 1080 114.5 

WRDD 164+j297 1440 115 

WWCA 227+j288 1270 116 

WPMP 215+j341 1580 116 

KYOS 242+j412 1480 119.3 

KGNR 320+j289 1320 120 

WTVR 187+j298 1380 121. 2 

WNLC 140+j298 1510 121.53 

WASA 128+j268 1330 121.7 

WKIN 194+j343 1320 125 

WJCW 155+j302 910 130 

WHIO 340-j55 1290 130 

KSUM 530+j 29 2 1370 130.3 

KIRO 473+j324 710 134 

WAKY 113.65+j311.45 790 136.8 
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Free-Space 
Call Measured ImEedance Freg:uency Electrical Height 

ohms kHz degrees 

KFRN 178+j90.5 1280 137.7 

WCTW 560+j292 1550 138 

WKRS 134.8+j22 1220 142 

KCPX 80.5-j150 1320 142 

VLC 225-j350 1170 145.5 

WCMG 245+j924 1050 146 

KEYS 248.7+j418 1440 146 

WMPS 230-j475 680 149 

WEUP 50+j121. 9 1600 149 

WAMR 130-j265.9 1320 150 

WSOL 842-j86.3 1370 150 

WLAP 710-j238 630 152 

WGHB 54.5+j409.6 1250 152.8 

WEEZ 28+j155 1590 153 

WEEZ 800+j315 1590 153 

KLO 507.2-j457.98 1430 157 

KWK 267-j390 1380 161 

WIZO 548-j210 1380 164 

vlTGR 56-j297 1520 166.8 

WOKB 212-j405 1600 166.8 

WICH 133-j286 1310 168 

WEOO 36.5-j21 940 169 

KTNQ 85-j202 1020 180 

KJNP 596-j270 1170 180 

KOMA 158-j222 1520 181 

WHET 121-j541 1330 185 

WTTL 24-j214 1310 186 

WVAM 92-j249 1430 188 

WCPC 122-j306 940 189 

WPLM 36-j142 1390 190 

KHUG 82-j218 1300 190.3 

WTJZ 85-j189.2 1270 192.9 
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·" 
Free-Space 

Call Measured ImEedance Freg:uency Electrical Height 
ohms kHz degrees 

. WCKY 52-jl13 1530 198.7 

KWK 66-j196 1380 200 

WFIA 66-j249 970 201. 3 

KMTI 142-j268 1590 202.5 

WAIK 116-j865 1590 203.7 

KDTH 100-j222 1370 210 

WCRJ 56-j156 1530 210 

~vPOM 51.5-j166.8 1600 212 

WKVL 32.2-jI36.4 1550 219.5 

KAAM 31.5-jI18 1310 225 

WDOT 39.5+j106.6 1390 225 

KOLM 36-j82 1520 225 

KLLO 47.5-j228 1410 226 

WCIN 28.5-j53.0 1480 227.2 
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TABLE II 
MEASURED NON-DIRECTIONAL 

RESISTANCE AND REACTANCE DATA 
FILED AT THE FCC 

IN ORDER OF FREQUENCY 
JULY 1987 

Free-Space 
Call Measured ImEedance Frequency Electrical Height 

ohms kHz degrees 

WARO 18.5-j125.9 540 63.5 

WGTO 29.5-j48.1 540 69 

KNMX 46.5+j71.8 540 90 

WKRC 23.8-j42.9 550 70.5 

WDLV 44+j64.9 550 90 

KTWO 38.5+j46 560 88 

WIND 140+j180 560 100.8 

WFSO 24.9-j49.1 570 73 

WKBN 44.5+j92.1 570 89 

WHP 28.9+j20.7 580 65 

WHP 34.3+j43 580 84.9 

WTCM 49+j70 580 90 

KTHO 20-j69.3 590 65 

KCSJ 50+jllO 590 90.5 

WROW 64+j159.3 590 105 

WICC 10-j28.8 600 65.9 

WAYS 27.8-j22.6 610 68.2 

KVNU 32-j13 610 78.1 

KOJM 34.0-j33 610 78.1 

WHJB 21.5-j164.5 620 56.7 

vWNC 12.2-j58 620 67 

WQBS 16.7-j128.6 630 57.62 

WPRO 43.5+j56.3 630 87.5 

KSXX 48.5+j78.8 630 92.27 

WLAP 710-j238 630 152 

WHLO 33.5+j23 640 82.4 



Free-Space 
Call Measured ImEedance Freguency Electrical Heisht 

ohms kHz degrees 

WMJJ 16.5-jl19 680 60 

WRNG 30.5+jl 680 79.4 

WMPS 230-j475 680 149 

WADS 25-j65 690 70 

WYIS 70+j137 690 109.8 

WQKI 14.6+j128.2 710 59 

KAPZ 27-j72.5 710 67 

WQBX 49.5+j74.2 710 88.5 

KEEL 70+jl04 710 96 

KFIA 98+j203 710 103.9 

KIRO 473+j324 710 134 

KQRX 44+j56.9 720 90 

WRNR 23.1-j43.2 740 70 

KCRL 49.1+j60 780 90 

WAEB 37.5+j7l 790 94 

KULF 71+j158 790 98.2 

WTAR 100+j212 790 104 

WAKY 113.65+j311.45 790 136.8 

WKVE 30.5+jl 800 82 

WJJQ 64+j55 810 88.9 

KGOE 29-j8.7 850 77.8 

KGOE 26.8-j9 850 77.8 

WPTB 42+j87.9 850 90 

KRVN 51+jl19 880 96.6 

WEAK 33.8+j18 900 82.3 

WAVL 39.5+j36 910 83.27 

WLAS 47.0+j92 910 90 

WPLA 50+j64 910 90 

WJCW 155+j302 910 130 

WMEL 29+j3.26 920 76.1 

WOKY 31.5+j35.9 920 80.8 

KKLS 48.5-jl13 920 89.2 
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.. " 
Free-Space 

Call Measured ImEedance Freg:uency Electrical Heisht 
ohms kHz degrees 

KITN 81.5+j125 920 100.95 

KYST 178+j257 920 110 

WEKU 12.3-jl14 930 54.5 

KSDN 38+jl18.3 930 90 

WJBY 51+j90.1 930 91. 9 

KIXZ 34+j53.9 940 82.5 

WINZ 154+j217 940 103 

WMIX 110+j159 940 103.2 

WEOO 36.5-j21 940 169 

WCPC 122-j306 940 189 

KRRP 38.8+j32.6 950 85 

KMTX 48+j71 950 90.4 

KAKC 45+j94.9 970 92.3 

WFIA 66-j249 970 201. 3 

WPIP 49.7+j86 980 89.7 

WCAP 47+j88 980 90 

WMUF 59+j94 1000 89.6 

WRNJ 47+j57 1000 90 

KOTD 47+j67 1000 90 

KANI 111+j86 1000 98.7 

WPMH 62+jl18.8 1010 90 

KKIK 45.3+jl17 1010 99.8 

KTNQ 85-j202 1020 180 

KTWO 48+j72 1030 90 

WOSO 48+j107 1030 90 

WSKE 26.5+jO.8 1050 76.8 

KBUF 65.5+j164 1050 . ..l.04.4 

WCMG 245+j924 1050 146 

KAYR 21-j44 1060 64 

WMCL 34+j67.9 1060 85 

KERR 90+j171 1070 97.8 

WQRO 43+j49.7 1080 86.9 
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Free-Space 
Call Measured ImEedance Freg:uency Electrical Hei9ht 

ohms kHz degrees 

WVCG 55.5+j67 1080 90 

WEEP 126+j264 1080 III 

WPNS 339+j187 1080 114.5 

KBOZ 71+jl17 1090 95.7 

KFAX 46+j52 1100 90 

WVNH 12-jl15.6 1110 52.82 

KAKA 46.81+j69.2 1110 89.3 

WZAM 48+j54.1 1110 89.3 

WUNN 50+j84 1110 89.8 

KTEK 50+j70 1110 90 

WKEG 52+j75 1110 90 

WHYT 115+j184.6 1110 105.6 

WHYT 150+j207 1110 105.6 

WKED 36+j70 1130 80 

WEEO 56.5+j76 1130 91 

KQTI 57.5+j80 1130 91 

KWBY 58.3+j83.2 1130 91 

KQTI 58+j75 1130 91 

WKWM 49.1+j72 1140 90 

KMJJ 88.5+j138.9 1140 100.1 

KWBZ 15.11-j90 1150 58.9 

WYFE 26+j17.4 1150 76.8 

KCCT 55+j94.88 1150 90 

KSUZ 54+j68 1150 92.5 

WTMP 54+j113 1150 100.17 

KFND 41+j92.3 1170 89.9 

WBRW 48.5+j104.3 1170 90 

WJMQ 49+j88 1170 90 

VLC 225-j350 1170 145.5 

KJNP 596-j270 1170 180 

KHAD 34+j2 1190 78.4 

KRZJ 54+j37.8 1190 78.4 
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~ . 

.. 
Free-Space 

Call Measured ImEedance Freg:uenc:i Electrical Height 
ohms kHz degrees 

KAYO 64.2+jl09.3 1190 91.5 

WBDY 89+j128.6 1190 100 

KKOY 234+j277 1190 113.2 

KGYN 46.4+j64.5 1210 90 

WHOY 66+j66 1210 90.3 

WHOY 61+j69 1210 90.8 

WKRS 134.8+j22 1220 142 

KNCO 66+j95.2 1250 86.9 

KUKA 68+jl16 1250 92 

WARE 44+j28 1250 94.7 

KBRF 169+j280 1250 114 

WGHB 54.5+j409.6 1250 152.8 

WXCE 15.7-j63.5 1260 63.1 

WNRK 55+j87 1260 90 

WVOY 27.3+j7.8 1270 73.4 

WMRL 60+j96.8 1270 93 

WWCA 227+j288 1270 116 

WTJZ 85-jI89.2 1270 192.9 

KBDF '62.5+jl05 1280 90 

KMAS 66.1+jl05.04 1280 93.77 

KFRN 178+j90.5 1280 137.7 

KLEH 25-j12 1290 70.8 

WTNX 49+j79.2 1290 89.6 

wopp 46+j76 1290 90 

WCHK 47+j75.2 1290 90 

WHIO 340-j55 1290 130 

WXRL 56+j96 1300 90 

KRWL 52+j87 1300 90.5 

WIBR 61+j99 1300 93.2 

KHUG 82-j218 1300 190.3 

WAUC 20.75-j65 1310 65 

WKKX 50.5+j147.1 1310 92.5 
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Free-Space 
Call Measured ImEedance Freguency Electrical Heisht 

ohms kHz degrees 

WICH 133-j286 1310 168 

WTTL 24-j214 1310 186 

KAAM 31.5-jl18 1310 225 

WOBL 37.0+j16 1320 76 

WAGY 69+jl15 1320 96.6 

KOZY 84.5+j144 1320 100 

KGNR 320+j289 1320 120 

liJKIN 194+j343 1320 125 

KCPX 80.5-j150 1320 142 

WAMR 130-j265.9 1320 150 

WASA 128+j268 1330 121. 7 

WHET 121-j541 1330 185 

WEGA 59+j88.9 1350 90 

WNIS 98+j144.5 1350 99 

WABT 19.3-j28.2 1360 69.8 

KKBJ 52.2+j77.2 1360 89.1 

WKYO 52+jl06 1360 90 

WCQL 21.8-j34.6 1370 70.7 

WLLN 44+j50.4 1370 90 

KLBA 52+j72.9 1370 90 

WCOA 83+j182 1370 100 

KSOP 103+j167 1370 100.3 

KSUM 530+j292 1370 130.3 

WSOL 842-j86.3 1370 150 

KDTH 100-j222 1370 210 

WDAT 106.5+j163 1380 100.9 

WPHM 95+j185 1380 101 

WTVR 187+j298 1380 121. 2 

KWK 267-j390 1380 161 

WIZO 548-j210 1380 164 

KWK 66-j196 1380 200 

WTJS 64+j61.9 1390 94.6 
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Free-Space 
Call Measured ImEedance Freg:uency Electrical Height 

ohms kHz degrees 

WPLM 36-j142 1390 190 

WDOT 39.5+j106.6 1390 225 

KBCC 11.2-j53 1410 51. 6 

WTIM 92-j220 1410 89.7 

KUCH 127+j219.9 1410 103 

KLLO 47.5-j228 1410 226 

KLFB 11.5-j87 1420 62.4 

WINI 20.4-j23.9 1420 67 

KPAR 34.5-j23.9 1420 75.3 

KIT I 55+j69.58 1420 88.4 

KBTN 57.9+j94 1420 89.8 

WLNA 200+j224.4 1420 110 

WYMC 27.5-j1.5 1430 73 

KALV 31.8-j6.96 1430 78.5 

WBEV 88.5+j190.9 1430 102 

WQDI 133+j236 1430 104.6 

KLO 507.2-j457.98 1430 157 

WVAM 92-j249 1430 188 

WRDD 164+j297 1440 115 

KEYS 248.7+j418 1440 146 

WEWO 46.3+j76.8 1460 89.8 

WACO 82+j175 1460 106.9 

WKCK 76.4+j153.55 1470 99.49 

KVLH 212.9+j270 1470 107 

KNDE 582+j410 1470 108 

KBOX 26.1-j22.2 1480 69.3 

KQLA 32.3+j27.01 1480 81 

WTHI 55+j93 1480 89.4 

WISM 79+j204 1480 108 

KVAN 215.1+j253.8 1480 110 

KWUN 50+j130 1480 110 

KYOS 242+j412 1480 119.3 
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Free-Space 
Call Measured ImEedance Freg:uency Electrical Heisht 

ohms kHz degrees 

WCIN 28.5-j53.0 1480 227.2 

WUIV 16.7-j71.6 1500 69.4 

WGFT 55+j98 1500 90 

WKRP 59.5+j90 1500 93.3 

WINU 38+j47 1510 83 

WRGI 51.5+j96 1510 88.4 

KYKR 57.9+j84 1510 93.9 

KDKO 193+j205 1510 110.5 

WNLC 140+j298 1510 121.53 

WPOE 95+j193 1520 109 

WTGR 56-j297 1520 166.8 

KOMA 158-j222 1520 181 

KOLM 36-j82 1520 225 

WKDC 36.5+j44.4 1530 89.6 

WDJZ 57.5+j64.3 1530 100.8 

WCKY 52-jl13 1530 198.7 

WCRJ 56-j156 1530 210 

WNRE 88.5+j176 1540 101 

WAAY 60.5+jl13.5 1550 90 

WMAD 58+j107.2 1550 90 

WCTW 560+j292 1550 138 

WKVL 32.2-j136.4 1550 219.5 

KCJJ 37.5+j40.4 1560 80 

WSHY 55.2+j85.3 1560 90 

KAJN 56.8+j82 1560 90 

WOBL 123+j130.6 1570 90 

WPGC 73+j134 1580 95.5 

WPMP 215+j341 1580 116 

KDJS 55+j107 1590 90 

WJBT 62+jl17.7 1590 91. 7 

KRAD 94+j111 1590 93 

WHPY 68+j121 1590 93.1 
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-.. 
Free-Space 

Call Measured ImEedance Freg:uency Electrical Height 
ohms kHz degrees 

WEEZ 28+j155 1590 153 

WEEZ 800+j315 1590 153 

KMTI 142-j268 1590 202.5 

WAIK 116-j865 1590 203.7 

WRBN 40+j77.5 1600 87.7 

WLUZ 45.25+j75.2 1600 88 

WLPQ 39+j43 1600 89.6 

KATZ 51+j76.2 1600 90 

KXEW 63.5+j114.4 1600 91. 9 

WIXY 200+j237.5 1600 110 

KGST 117.33+j232.25 1600 114.2 

WEUP 50+j121.9 1600 149 

WOKB 212-j405 1600 166.8 

WPOM 51.5-j166.8 1600 212 

- 9 -
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ITABLE vi 
RESULTS OF LINE-FIT ROUTINE 
NUMBER OF POINTS = 249 
SLOPE = 1.0B V-INTERCEPT 7.94 CORRELATIbN COEFFICIENT .9517 
* - INDICATES POINT REQUIRES FURTHER INSPECTIOI-.J 

H(DEGREES) H(METERS) G(METERS) BEST-FIT G(METERS) DIFFERENCE(METERS) 

51.6 26.0 37.B 36.0 1.9 
52.B 26.6 30.2 36.6 -6.5 
5l.~. 5 27.4 30.3 37.5 -7.2 
~56. 7 28.6 25.4 3B.7 ·-1:3 .. . ~ 
57.6 29.0 2B.8 39.2 -,10.5 
5B.9 29.7 33.1 39.9 -1,.9 

59.0 29.7 61.B 40.(' 21 • El 
60.0 30.2 29.8 40.5 -10.7 
62.4 31.<' 33.5 41.8 -B.c, 
63.1 31.B 36.<' 112.2 --5.8 
63.S 32.0 29.0 <'2.<' -13." 
64.0 32.2 39.0 42.7 -3.7 
6S.0 32.7 48.4 43.2 S.1 
65.0 '32.7 35.6 43.2 -7.6 
6S.0 32.7 36.2 <'3.2 -7.1 
65.9 33.2 41.2 1,3.7 -2 .. 5 
67.0 33.7 37.1 1~4. 3 -7.2 
67.0 33.7 35.1 44.3 -·9.2 
67.0 33.7 41.9 4', .3 -2.S 
68.2 3'1.3 42.0 4S.0 --3.0 
69.0 34.7 38.'+ 45.<, -7.0 
69.3 3',.9 42.1 4S.6 -3.5 
69.4 3',.9 35.3 4S.6 --10.3 
69.B 35.1 41.2 '-'5.8 -4.6 
70.0 35.2 36.1 'IS.9 -9.B 
70.0 35.2 39.1 45.9 -6.8 
70.S 35.5 39. I 46.2 -7.1 
70.7 3S.6 40.3 46.3 -6.0 
70.B 35.6 43.6 46.4 -2.B 
73.0 36.B 38.3 47.6 --9.3 
73.0 36.8 4S.1 1~7 .6 -2.S 
73.4 37.0 46.S 1+7.B --1.3 
7S.3 37.9 41. B 4B.B -7.0 
76.0 3B.3 47.7 49.2 -1 . S 
76.1 3B.3 45.B 49.3 -3.S 
76.B 3B.7 4S.4 49.6 -4.2 
76.B 38.7 47.9 49.6 -1.8 
77.B 39.2 44.0 50.2 -6.1 
77.B 39.2 44.0 SO.2 -6.2 
78.4 39.5 51.1 50.S .6 
79.4 40.0 45.5 51.1 -5.6 
BO.O ',0.3 55.3 51.4 3.9 
BO.O 40.3 51.3 51.4 -.1 
BO.8 '+0.7 SO.6 51.8 -1.2 
B1.0 '+O.B 49.3 51.9 -2.6 
82.0 41.3 45.5 52.5 -7.0 



H(DEGREES) H(METERS) G(METERS) BEST-FIT G(METERS) DIFFERENCE(METERS) 

82.3 41.4 '18.0 52.6 -/1 .6 
82.4 41.5 48.7 52.7 .. -/1 .. 0 
82.5 41.5 53.1 52.7 • (+ 

83.0 41.8 52.2 53.0 -.8 
83.3 41.CI 50.7 53.2 -2.5 
84.9 42.7 51.6 54.0 -c? .. 4 
85.0 42.8 50.2 54.1 -:1.9 
85.0 42.8 55.0 54.1 .9 
86.9 43.8 52.7 55.1 -2.5 
86.9 43.8 59.2 55.1 4.1 
87.5 44.1 53.6 55.4 -1.9 
87.7 44.2 56.3 55.6 .8 
88.0 44.3 52.1 55.7 -3.7 
88.0 '.4.3 56.1 55.7 • if 

88.4 4' •. 5 55.6 55.9 -.3 
88.4 44.5 58.9 55.9 2.9 
88.5 44.6 56.1 56.0 .1 
88.9 44.8 53.8 56.2 -2.4 
89.0 44.8 58.2 56.3 2.0 
89.1 -'tLI'" 9 56.5 56.3 .2 
89.3 45.0 55. 1+ 56.4 --1.0 
89.3 45.0 53.3 56.'-l -:3.1 
89.4 ,,5.0 58.6 56.5 2.1 
89.6 45.1 58.8 56.6 2.2 
89.6 45.1 56.7 56.6 · 1 
89.6 45. I 51.8 56.6 -4.8 
89.6 45.1 51.7 56.6 -'+.9 
89.7 45.2 57.6 56.6 1.0 
89.8 45.2 57. 1+ 56.7 .7 
89.8 1,5.2 58.8 56.7 2.1 
89.8 '+5.2 56.4 56.7 -.3 
89.9 '+5.3 58.2 56.8 1.4 
90.0 45.3 55.7 56.8 --1 . t 

90.0 45.3 54.8 56.8 -2.1 
90.0 45.3 55.5 56.8 -1.3 
90.0 ',5.3 53.7 :j6.8 -3.1 
90.0 45.3 54.2 56.8 -2.6 
90.0 45.3 57.7 56.8 .9 
90.0 45.3 58.3 56.8 1.5 
90.0 45.3 54.7 56.8 -2.1 
90.0 45.3 61. I 56.8 '+ .3 
90.0 45.3 57.8 56.8 1.0 
90.0 45.3 53.7 56.8 -3.1 
90.0 45.3 55.1 56.8 -1.7 
90.0 45.3 61.7 56.8 "1.9 
90.0 45.3 55.8 56.8 -1.0 
90.0 45.3 60.0 56.8 3.2 
90.0 45.3 55.3 56.8 -1.5 
90.0 <'t5.3 53.0 56.8 -3.8 
90.0 45.3 55.6 56.8 -1.3 
'90.0 45.3 56.3 56.8 -.6 
90.0 45.3 55.8 56.8 -1.0 



H(DEGREES) H(METERS) G(METERS) BEST-FIT G(METERS) DIFFERENCE(METERS) 

90.0 45.3 58.8 56.8 2.0 
90.0 L,5.3 59.7 56.8 2.9 
90.0 45.3 57.8 56.8 1.0 
90.0 45.3 54.'7 56.8 - 2.1 
90.0 45.3 57.9 56.8 1.0 
90.0 45.3 60.2 56.8 3." 
90.0 45.3 56.3 56.8 --.6 
90.0 45.3 56.2 56.8 --.6 
90.0 45.3 59.0 56.8 2_2 
90.0 45.3 58.2 56.8 1 . 't 
90.0 45.3 60.0 56.8 3.2 
90.0 l,5.3 52.8 56.8 -It. () 
90.0 45.3 56.0 56.8 -.8 
90.0 45.3 59.2 56.8 2.4 
90.0 45.3 61.1 56.8 4.3 
90.0 45.3 60.3 56.8 3.5 
90.0 45.3 57.6 56.8 .8 
90.0 45.3 57.3 56.8 .5 
90.0 45.3 65.8 56.8 9.0 
90.0 A5. :3 60.2 56.8 3.1~ 

90.0 1~5. 3 56.4 56.8 -_ .• L~ 

90.3 45.5 55.4 57.0 -1.5 
90.4 45.5 55.6 57.0 -1.4 
90.5 45.6 60.4 57.1 3.3 
90.5 It5.6 57.8 57.1 .7 
90.8 1l5.7 55.7 57.2 -1.5 
91.0 45.8 56. :5 57.3 -.9 
91.0 45.8 57.0 57.3 -.3 
91.0 45.8 57.5 57.3 . 1 
91.0 45.8 56.4 57.3 -.9 
91.5 lt6.1 60.8 57.6 3.1 
91.7 L,6.2 61.6 57.7 3.9 
91.9 It6.3 58.1 57.8 .3 
91.9 46.3 61.3 57.8 3. 1, 

92.0 46.3 61.6 57.9 3.7 
92.3 46.5 56.7 58.0 ·-1 .4 
92.3 46.5 58.6 58.1 .5 
92.5 46.6 55.4 58.2 -2.8 
92.5 46.6 64.2 5>3.2 b.O 
93.0 46.8 59.2 58. 1t .7 
93.0 46.8 62.2 58.4 3.8 
93.1 46.9 62.1 58.5 3.6 
93.2 46.9 59.5 58.5 .9 
93.3 47.0 58.4 58.6 -.2 
93.8 't7.2 60.3 58.9 1.5 
93.9 47.3 57.6 58.9 -1 . l, 
94.0 47.3 55.4 59.0 -3.5 
94.6 47.6 54.8 59.3 -4.5 
94.7 47.7 49.5 59.4 -9.8 
95.5 48.1 63.6 59.8 1.B 
95.7 48.2 61.8 59.9 1.9 
96.0 48.3 60.4 60.1 .3 



<. 

H(DEGREES) H(METERS) G(METERS) BEST-FIT G(METERS) DIFFERENCE(METERS) 

96.6 48.6 61.4 60.4 1 .0 
96.6 48.6 61.5 60.4 1 . 1 
97.8 ',9.2 67." 61.0 '0. I, 
98.2 49.4 65.7 61.3 4.5 
98.7 49.7 60.3 61.5 -1.2 
99.0 ',9.8 65.6 61.7 3.9 
99.5 50.1 65.5 62.0 3.6 
99.8 50.3 61.1 62.1 -) .1 

100.0 50.4 63.7 62.2 1.5 
100.0 50." 65.0 62.2 2.7 
100.0 50.4 68.0 62.2 5.7 
100.1 50.4 64.7 62.3 2.4 
100.2 50.4 60.9 62.3 -1.5 
100.3 50.5 67.7 62.4 5.3 
100.8 50.8 70.4 62.7 7.7 
lC10.8 50.8 55.0 62.7 -7.7 
100.9 50.8 67.5 62.7 4.8 
100.9 50.8 63.1 62.8 .3 
101.0 50.9 68.6 62.8 5.8 
101.0 .50.9 67.7 62.8 5.CI 
102.0 51.4 68.8 63.3 5.5 
103.0 51.9 72.9 63.9 9.0 
103.0 51.9 71.9 63.9 R.O 
103.2 52.0 67.4 64.0 3.'~ 

103.9 52.3 ,,9.9 64.4 5.5 
104.0 52.4 70.5 64.4 6.1 
104.4 52.6 66.0 64.6 1 . " 
104.6 52.7 72.9 64.7 8.1 
105.0 52.9 65.6 65.0 .7 
105.6 53.2 69.4 65.3 " . 1 
105.6 53.2 72.3 65.3 7.0 
106.9 53.8 67.4 66.0 1.4 
107.0 53.9 77.0 66.0 11.f) 
108.0 54.4 85.8 66.6 19.2 
108.0 54.4 69. I, 66.6 2.8 
109.0 5" .9 69.1 67.1 2.0 
109.8 55.3 63.8 67.6 -3.8 
110.0 55.4 75.4 67.7 7.7 
110.0 55.4 75.4 67.7 7.7 
110.0 55. l t 76.7 67.7 9.1 
110.0 55.4 62.5 67.7 -5.1 
110.0 55.4 75.7 67.7 8.0 
110.5 55.6 74.4 67.9 6.5 
111.0 55.9 73.9 68.2 5.6 
113.2 57.0 77.9 69.4 8.5 
114.0 57.4 75.7 69.8 5.9 
114.2 57.5 72.2 69.9 2.2 
114.5 57.7 82.0 70.1 11.9 
115.0 57.9 76.1 70.4 5.7 
116.0 58.4 77.9 70.9 7.0 
116.0 58.4 78.5 70.9 7.6 
119.3 60.1 80.:3 72.7 7.5 
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H(DEGREES) H(METERS) G(METERS) BEST-FIT G(METERS) DIFFERENCE(METERS) 

120.0 60.4 81.0 73.1 7.9 
121.2 61.0 76.8 73.7 3.1 
121.5 61.2 75.5 73.9 1.6 
121. 7 61.3 74.1 74.0 . 1 
125.0 62.9 78.1 75.8 2.2 
130.0 65.5 76.0 78.5 -2 .. 5 
130.3 65.6 85.7 78.7 7.0 
134.0 67.5 84.5 80.7 3.9 
136.8 68.9 75.4 82.2 -6.9 
137.7 69.3 67.9 82.7 --14.8 
138.0 69.5 86.1 82.9 3.2 
142.0 71.5 51.0 85.0 -34.1 
145.5 73.3 102.3 86.9 15.4 
149.0 75.0 100.3 88.8 11 .5 
150.0 75.5 107.2 89.4 17.8 
150.0 75.5 91.4 89.4 2.0 
152.0 76.5 93.2 90.5 2.8 
157.0 79.1 96.5 93.2 3.3 
161.0 81.1 100.8 95.'., 5.4 
16l , .0 ,82.6 94.5 97.0 -2.5 
166.8 84.0 107.4 98.5 8.9 
166.8 84.0 101.7 98.5 3.2 
168.0 84.6 106.'f 99.2 7.2 
169.0 85.1 132.8 99.7 33.1 
180.0 90.6 111. 9 105.7 6.2 
180.0 90.6 94.5 105.7 -11.1 
181.0 91 .1 108.0 106.2 1.8 
185.0 93.2 100.5 108.4 -7.9 
186.0 93.7 112.2 108.9 3.3 
188.0 94.7 109.0 110.0 -1.0 
189.0 95.2 105.9 110.6 -4.6 
190.0 95.7 117.8 111. 1 6.7 
190.3 95.8 111 .0 111 .3 -".3 
192.9 97.1 112.7 112.7 .0 
198.7 100.1 120.5 115.8 4.6 
200.0 100.7 112.8 116.5 -3.8 
201.3 lOLL, 109.6 117.2 -7.7 
202.5 102.0 106.8 117.9 -11 . 1 
203.7 102.6 97.1 118.5 -21.5 
210.0 105.7 110.2 122.0 '-11.8 
210.0 105.7 116.2 122.0 -5.8 
212.0 106.7 115.3 123.1 -7.7 
219.5 110.5 118.4 127.1 -8.7 
225.0 113.3 120.3 130.1 -9.8 
225.0 113,3 124.4 130.1 -5.7 
226.0 113.8 111. 1 130.'7 -19.6 
227.2 114.4 128.3 131.3 -3.0 

[C:\FORTRANJ 
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TABLE VI 

MEASURED NON-DIRECTIONAL RMS VALUES 
OBTAINED FROM FCC FILES 

Listed 
Electrical RMS mV 1m per 1 kW at 1krn 

Hei9ht (De9·) Non-Directional Directional 
Frequency Call Cit;tlstate ND DA Theo. Meas. Theo. Meas. ND Impedance 

kHz 

1520 WEXY Wiltonwoods 86.8 86.8 304 [310] 305.7 327.8 296 37.5+j20.4(SS) 
Florida 

1500 KDFN Doniphan 90 90 306 [314] 306 461.3 460 71+j151. 8 (G) 
Missouri 

1600 KATZ st. Louis 88 88 304 [3l3] 300.8 399 395 46.2+j75.2(G) 
Missouri 

1600 KBBX C1ateville 144.1 144.1* 343 [362] 334 286.1 285.1 332+j346.7(G) 
Utah 

1550 KVAN Vancover 147.6 147.6 346.1[367 ] 336.8 351.1 361.8 856-j72.l(G) 
washington 

1510 WLKR Norwalk 90 90 306 [315] 312 325.2 325.2 54+j82.8(G) 
Ohio 

1520 KOMA+ Oklahoma City 181 181 383 [419] 385 371.9 403 158-j222(G) 
Oklahoma 

1520 KOMAI Oklahoma City 181 181 383 [419] 383 371.9 386.7 153.2-j218.9(G) 
Oklahoma 

1540 WQCC Charlotte 70 70 292.8[300] 292.8 320.3 311.9 94+j162(G) 
North Carolina 

1580 VNKO Columbus 128 unequal 332 [343] 325.4 350 326.6 176-j53.7 
Ohio Night 314.2 318.6 

1580 WPGC Morningside 90 90 306 [315] 312.5 288.1 279.7 53+j76(G) 
Maryland 

(SS) - Self-supporting 
(G) - Guyed 
* - 1 tower top-loaded - DA only 

- Anticipated using Document 7E 
KOMA+ - 1971 
KOMA! - 1987 
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APPENDIX A 
OTHER METHODS OF ANALYSIS INVESTIGATED 

JULY 1987 

From the "National Association of Broadcasters Engineering 
Handbook - Fourth Edition", pp. 2-1-15 published 1949. A first 
order approximation of the self base impedance is derived from 
the theory of non-uniform transmission lines resulting in the 
following equation: l . 

Zb = Zo [HSinG+j[(F-N)SinG+(M-2ZO)COSG] ] 
[2Zo+M)sinG+(F+N)COSG) )-jHcosG 

Where: 

F 
H 

M 
N 
15 
Si 
Ci 
G 

Zo 

Where: 

Zo 
In 
G 
a 

= 
= 

= 
= 
= 
= 
= 
= 

= 

60Si (2G)+30 (Ci (4G)-lnG- ?f) sin2G-30Si (4G) cos2G 
60 ('t +ln2G-Ci (2G) 
+30(~ +lnG-2Ci(2G)+Ci(4G))cos(2G) 
+30(Si(4G)-2Si(2G)sin2G 
60 (ln2G-Ci (2G)+ ~ -1+cos2G 
60(Si(2G)-sin2G) 
0.5772 
sine integral function 
cosine integral function 
antenna height (degrees or radians) 

60 (ln2G - 1) 
a 

= average characteristics impedance, ohms 
= base of natural logarithms 
= antenna height, degrees or same units as a 
= antenna radius, degrees or same units as G 

From the formula given on Page 793 of "Radio Engineering 
Handbook", by Frederick Emmons Terman, Sc.D., published by 
McGraw-Hill Book Company, Inc., 1943, it calculates the 
self-no-loss loop resistance of vertical radiatiors having a 
sinusoidal distribution of current. 

H /A = height (length) in wave lengths. 

I S. A. Schelkunoff, "Theory of Antennas of Arbitrary Size 
and Shape", Proc. I.R.E., Vol. 29, pp. 493-521; 
September, 1941 
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. COHEN AND DIPPELL. P. C. 

TABULATION OF 
NON - DIRECTION AL RESISTANCE MEASUREMENTS 

WRNR, MARTINSBURG, WEST VIRGINIA 
740 kHz 250 WATTS ND-D 

APRIL 1976 

-Frequency Resistance 
kHz ohms 

710 21.1 

715 21. 4 

720 21. 7 

725 21.9 

730 22.2 

735 22.6 

740 23.1 

745 23.5 

750 23.9 

755 24.0 

760 24.3 

765 24.6 

770 25.0 

Reactance at operating frequency -j 43.2 
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COHEN AND DIPPELL, P. C. 

·TABULATION OF 
NON-DIRECTIONAL RESISTANCE MEASUREMENTS 

WNPV, LA.N'SDALE, "PEN'NSYLVANIA 

Freguency 
kHz 

1410 

1415 

1420 

1425 

1430 

1435 

1440 

1445 

1450 

1455 

1460 

1465 

1470 

1440 kHz 500 WATTS DA-2 
DECEMBER 1979 

Resistance 
ohms 

50.5 

51.0 

51.8 

52.5 

53.5 

54.0 

55.0 

55.5 

56.5 

57.5 

58.5 

59.0 

60.0 

Reactance at operating frequency = +j106 , 
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COHEN AND DIPPELL. P. C. 

TABULATION OF 
NON-DIRECTIONAL RESISTANCE MEASUREMENTS 

WRAR, TAPPAHANNOCK, VIRGINIA 
MARCH 1979 

Frequency Resistance 
kHz ohms 

970 220 

975 230 

980 240 

985 249 

990 258 

995 269 

1000 280 

1005 292 

1010 305 

1015 320 

1020 330 

1025 345 

1030 355 

Reactance at the operating frequency = +j335 ohms 
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COHEN AND DIPPELL I P.C. 
CONSULTING ENGINEERS 

RADIO. TELEVISION 

ABOVE 
GROUND 

IUSHIIIGTOH. o. c. 2000~ ABOVE MEAN 
SEA LEVEL 

347'---

344'--- O 357' 

354 ' 

~':- 342' CjR 

RECEIVE STL 

~-D~ 
~ 3 BAY GATES 

~ 
~ 

~~~\j 
95 ' . :.;;--

- ~ 
IDS' 

~ 
~ 

FMC-3A 

~ 
FM AND AURAL TRANSMISSION 
LINE BRIDGE TOWER 
THRU ISOCOUPLERS 

4'---

ELEVATION 
OF EXISTING STRUCTURE 

WRAR, tAPPAHANNOCK, VIRGINIA 
MARC H 1979 

10' 
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COHEN AND DIPPELL. P. C. 

TABULATION OF 
NON-DIRECTIONAL RESISTANCE MEASUREMENTS 

WHP, HARRISBURG, PENNSYLVANIA 
580 kHz 5000 WATTS ND-D 

AUGUST 1979 

0ZS';~r~/~~ 
Frequency ~ 

kHz ohms 

550 28.5 

555 29 

560 30.5 

565 31.2 

570 32.5 

575 33.1 

580 34.3 

585 35.3 

590 36.5 

595 38 

600 39.5 

605 41 

610 42 

Reactance at operating frequency = +j43 



)-,' ,'t .. 'I, 
.. __ ~ J '. __ I ... J ._ ... 1 . _____ .1 

TO, ANTENNA 11" iitl -!]I, I nrrTi1l1r
l
l ! ~iT! 1

1
;-]1 fl : rf.1fjf11i ;--'-1 Ti COHEN AHD DIPPHl . P.C. 

POTOMAC GENERAL RADIO"" II, Ii III'!I! II![I' )'1[1 1' II) i' !!:JI I ::j I: III CONSULTING ENGINEERS 

SD-31 COAXIAL MODEL 1606A 'I: ~l 1'1
11
1 r'l; '-; Lit, - tt' -1J~ If I-I RADIO. TElEVISION 

RECEIVER- LINES RF 'II [: II ilijill ,I I II III WASHINGTON.D,C 2000~ 
GENERATOR BRIDGE T j i ' I I 'I 11111 I I . - 1- j 'ii if "'j Iii Ii i ;11 1 il'l III! -I 1- j -- - it ' J -- - t ~ ~Ut m -- ~U~ .LL 

i'l II I i I ill ' I I'll I iii I I Ii I I Ii I I I II I' 

Ii I ,II II I' 1 ,I NON-DIRECTIONAL i I~ I II III II 
,', 1 j - 'j -, - ,'RESISTANCE MEASUREMENTS I - - j I -Iii j! I 

I II' II I I II 1 I 580 kllz - 5000 WATTS - ND-O : [ ill 11111 illl I I li i JI' I 'I -- - "AUGUST 19?9 " " il! I I I I - I Iii! Illi I' 
I ! II ! II ; II II I II 111 J _ - : II I i I ! II!! II i 11 ! i !! ,! I I ~ I 1 II I I I I I j I I ! I I ! J ! I II 

50j;lli!! ii1lil1j - -[1\1[11
1 

I·
r 

-- -- Illj 1

1
1,1,1 li~~TTI~I~,~r~IY~~VI!li I Ilf' I .... .. ·1 jil jill j1iiltlj1i'IL,! 

lii,i'!lijl Ii Ii 1I1I, il,11 ' I 11'1 'l: I I I'j I ·ll'~JIII I!I: !II I I Ii I I' III j - - t I IllllJ 'Ifl illl'lllljll +!1'1 1 

I:i fili1i!I[I/1!!111 r 11 i I IIIIIII! 1 f 1111111111 !IIII 111/ III· ,Id J 11il 1
1
f

i 
·111]IIWll ijl I1II 

40 T, i I~!l !~-i-l I -li'--r f - - 1 - --- :' , -I -, -'I.l t rl - 111 :~I)1 i' L-t ~ 1-'-- 1--'-- --I -.- i-lit ~I i 1'-, ilt· ~ I! ,I i I! II I II' I I I ;1 R .. 34. 3 0 H MS ~ II III 'I ,I!: I, !! II i>~ I y- I I I I I I i I "I ! I ' 
~ i I! 'I II ' ill i III i I I I ' ' , II rx, 'I: I I ! ;;.~'~4 1 II I I I Iii Ii ' i,l 

:=: ,I!!! I J ' ljl - 1- - _jl 111II11 IlbMl,Ai'> i~! itllllill II I! 'i I I· ···1/ II ~II j1l11 
~ '"if!1 Ii t!l l

l
l ~'I '''I I ~":t I' I~il j fIn II 1IIIII'lj II ! I, I t

l
· njjjjrlil 

~ ~, .. ... ... l 1 "If I L . .... .... 11 - - ~- - -- - ! 

~ 2011:j ---'Iii - -1 ....... ·.·1 'Jj Ii .. I .... . ... .. II + ! ~lmlill . 
1 'I I I I I I, I I , , , " , I I I 
1: ____ I _____ ' I - j REACTANCE AT OPERATING FREQUENCY: II i j 

~li'I\lltlt·.I·I,,· ... , ,III'· I 1'1.. .lllli II! 'II ~1 ill jlll!'l"!' j~ I ~ iw~!flfMSI~~ I ~ I if tli lL ,iL.c.UJ u ..• til II11 I uu.1111 uJL llLl ,ill U, lU,U . '. . l I ..11 1J ,W,Jl 
550 560 570 580 590 600 610 

I F R E Q U[ N C YIN K I L 0 H [f<!Z] 



1·1 t: 
..J:' 

..... 1 i·: 
r . 

..J: 

--
r: 

1 
j 

] 

] 

] 

] 

] 

COHEN AND DIPPELL,·P. C. 

TABULATION OF 
RESISTANCE MEASUREMENTS 

FOR THE 10 KW NON-DIRECTIONAL TEST ANTENNA 
WRNG, NORTH ATLANTA, GEORGIA 

680 kHz 10n/25d KW DA-N 

Frequency 
kHz 

650 

655 

660 

665 

670 

675 

680* 

685 

690 

695 

700 

705 

710 

*Operating frequency 

JUNE 1979 

Tower # 3 (NWC) 

Reactance at 680 kHz +jl.0 ohm 

Resistance 
ohms 

28.8 

29.0 

29.2 

29.5 

29.8 

30.0 

30.5 

31.0 

31. 5 

32.0 

32.2 

32.8 

33.5 

l<t - 31 Cj I 
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CONNECTIONS AND EQUIPMENT USED FOR 

MEASURING IMPEDANCE WITH R.F. BRIDGE 

650 660 670 680 690 700 710 

FREOUENCY IN KHz 
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~"'d 'A I' , Broo cas t pp Icarron FEDERAL COMMUNICATIONS COMMISSION Section II·A 

LICENSE APPLICATION ENGINEERING DATAl Nom .. 01 applicant 

ST ANDARD BROADCAST Ring Radio Company 

purpose of authorization applied for: 
7. Operating cons fonts: (If dir"ctional system, give current at 

(Check one) 
point of resistance measurement.) 

R F common point or antenna Rr common point or antenna .. ·l 

current without modulation current without modulation 

An swer paragraph s for night power in amperS$ for day power in amperes 

(K] Station license 1·13 14.5 
1'·" 

.... 

Actual measured antenna or Actual measured antenna 0,. 

0 Direct measurement of power 2,6,7,8,9,14 common point resistance {in COmmon point reactance (in 

ohms) at operating frequency ohm.) at operating frequency 

Night 50 Day Night+j 0 Day 

1. Facililies authorized in construction permit Currents, and pnClses for directional operation 

C.II Sign File No. of construction permit Phose reading Antenna "0 se ~emote indicatIon 

WRNG BP-20252 in degreas current of antenna c:.urent 

Frequency Hours af operation Pawer in ki lowatts 
Night Day Nighl Day Nlgnl Uay 

Night 1 Day s~07/'i I- 83.1 5.20 0.573 
680 kHz Nighttime 10 25* SWC If 2 0 8.90 fl..OOO I 

2. Slalion location NWC If3 tt-108.4 6.35 ! 10.716 
I 

Stole City or town NW 114 1-l36.7 3.90 
I 0.426 I Georgia North Atlanta I 

SE 115 ;. 23.5 5.95 iO.6)5 I 
3. Transmi tter location 

Slate County SEC 116 ;.109.lj 9.30 1.045 

Georgia Gwinnett NEC n 1-146.1 6.40 0.701 

SlTeet Address (or other idenli-
NE If 13 I- 36.4i 3.58 0.392 

City or Town 

~palding Dt'~nat 
MClnufactu.ret and type. of antenna moni tor: Delta DAM-l 

Near Norcross 
~rooked Creek 

Descri4:;le equipment used for remote indication of antenna currents 

(ant .. nna monilar or other method) 

4. Main studio location 

.. 1 

] 

-] 
.. 

'; 

J 
Stole County Antenna Monitor " 

": 

Georgia DeKalb 8. Description of antenna system 

City or Town Street ond number 

North Atlanta [3954 Peachtree Rd. N .1 (If directional antenna is used, the information requested below should 
'be given for each element of the array. Use separate sheets if nec-es-

5. Remote conlTol point location (only it authorized) sary. Height figures should not include obstructio" lighti"g.) 

State Ci ty or town Ty pe rod iator Height in teet 01 complete 

Georgia North Atlanta radiator above base insulator, 

Triangular, uniform or abov" base.i.f...a...aunded. 

Street Address (or other identif/catJon) cross-section, guyed ~ feet , 3954 Peachtree Road, N.E. 
6. Tran.mi Iter Installed 

Overoll height in fe"t above If antenna is either top lood .. d or 
Make Typ .. No. Rated Power ground. (without obstruction .ectiono lize!. describe fully as 

Rarris BC-10R 10 KW lillhtin!l,) 322 feet 
EXHI81T N A . 

Lasl radio stage 

] 
, 

..... 

J 

] 

J " 
. 

Total unmodulated 
Excitation Series CXl Shunt. 0 

plote curnnt 
Plat .. voltage 

Ceo9-(ophic coordinates to nearest second. 

Night 
For directional antenna give coordinates of cenhtr of arroy. 

2.16 5610 For single vertical radiator give tower locotion. J 
North latitude . .. W .. st longitude , .. 

a 0 

Day 

33 57 42 84 15' 48 
If "ot lully describe above. give turther details and dimenSions 

Manu facturer' s recommended operating ~ffi ei ency 
87% 

including any other antennas mounted on tow., and associated isola· 

for the last radio frequency amplifier stage in poOreenl. tion circuits os EXHIBIT 

Is inver ... f .. edbaek utilized? 
Yes 0 No IX] Details and dimensions of ground system: (A ttoeh • ketch os 

If "Y ..... , to what value of feedbock 
EXHIBIT if nece.sary for complete description). 

power is transmitter adjusted (in db) 120 buried copper radials 362 feet in 

Efficiency of the lost radio frequency amplifier length, except where shortened and bonded 
.tag" as now adjusted 2 ;: (10oj to transverse copper strap or terminated 

1 
(US" {ormula a at property boundary. In addition to ~ 

E 
DA-N = 86.6% p 48 x 48 foot ground screen at the base of 

each tower. 

. ~ ,;~:r':::,j 

".~ ;:;] 
.. ····~:-:-·~·---··--·--···----7.7:7.7':7:'.~· .. ··.·':'~':·:···· ... ·:.:··.':~'::-.'.:'."::::"':.~':'''''.--:::.' 

*l~censed operat~on at d~Iferent s~te 





1,) II. ) 

7 

i , 

3 

-J..G 

7 

6, 

2. , i! 

I·I·! -I--j-I-\I-I-j! 

, ·· .• ~.i"l 
7~ 

6 , 

5 

, , 
r--t _-_:c_ 

2' , 

! I i , 
: , i : 

1, i 
Jr· , 

i 
I. 

! '~ . . ) ( ( . (j: 

+ 
i-t 

, 

i ! 

1 __ ,,,' II) 

ri 

l -I 
--, 
-j 
! 

" :: '. " 

1 "', " } lO)U 

• 

. i 

, 

I j i I 

-, , 

, 

I I 

i 

I 
I 

i I 
' I I 
I I 

i ')G 

, 

, 
, 

-, 



) 

I 
I 
I 
] 

J 
) 

J 
I 
I 
J 

I 

Ii 
IJ 

11. 

. Frequency 
kHz 

1260 

1265 

1270 

1275 

1280 

1285 

TABULATION OF 
RESISTANCE MEASUREMENTS 

FOR NON-DIRECTIONAL TOWER (#3) 
1290 kHz - 1/5 KW - DA-N 

MARCH 1975 

1290 (Operating Frequency) 

1295 

1300 

1305 

1310 

1315 

1320 

Reactance at 1290 kHz = +j 41 Ohms 

Resistance 
Ohms 

39.5 

41.0 

41.5 

42.0 

43.0 

43.0 

43.5 

44.5 

46.0 

46.5 

47.0 

47.5 

48.0 



-

1++ 

/) 

~ 50 

.. -
Delta RG I 

Receiver
Generator 

- _) ~ _,0 T~CH _ 32~ 

U~<>tt;; 7 X 10 INCHES ", ... oe IN U. S."'. 

KEUFFEL. a ESSE~ co. 

CONNECTIONS AND EQUIPMENT USED FOR 

MEASURING IMPEDANCE WITH R.F. BRIDGE 

... - - - -

Irli:tlql~ if·tl'l·jlili!, IFrT lili iF 111 111'1 I'!lj'l 11'1/1/1 'Ii rill 't1111IJillil)t If- II!! .1 11 1_ :llt ·.=.Ii H-II····.I'II:_I! IV! I:Jlij+i/r':I:JJtj Fl~ i~~mltitl H!'; . f r II Ii ·11!,1 III, !!III/, !, ,Ii I!II II· II ,!lli! I 1111:·,·111 11·1 11,,11: - -lllf.-1 III I ,.1,1 n!l ,_do! tW ,1-,./,-.-1 

1260 1270 1280 1290 1300 1310 1320 
FREQUENCY IN .Kr~OH~RTl. 
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OHEN AND DIPPELL. P. C. 

TABULATION OF 
RESISTANCE MEASUREMENTS 

WRAR, T APP AHANNOCK, VIRGINIA 
OCTOBER 1975 

Frequency Resistance 
KHz ohms 

970 180 

975 186 

980 195 

985 202 

990 214 

995 221 

1000 230 

1005 240 

1010 250 

1015 260.5 

1020 271 

1025 286 

1030 301 

Reactance at the operating frequency = +j 325 ohms 
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COH EN AND DIPPELL, P. C. 

RESISTANCE MEASUREMENTS 
NON-DIRECTIVE DAYTIME ANTENNA (NO.2 TOWER) 

WEEU, READING, PENNSYLVANIA 

Frequency 
KC 

820 

825 

830 

835 

840 

845 

850 

855 

860 

865 

870 

875 

880 

850 KHz 1 KW DA-N 
JUNE 1973 

Reactance at 850 KHz = -j99.5 ohms. 

Resistance 
Ohms 

18.9 

18.9 

19.0 

19.0 

19. 1 

19. 1 

19. 1 

19. 2 

19.3 

19.3 

19.5 

19. 6 

19.8 



ABOVE 
GROUND 

ABOVE 
MEAN SEA LEVEL 

COHEN AND DIPPELL • P.C. 
CONSULTING ENGINEERS 

RADIO - TELEVISION 

WASHINGTON, D. C. 20004 

PAINTING AND LIGHTING 
WILL BE IN ACCORDANCE 
WITH F.A.A. REGULATIONS 


