
SECOND 
EDITION I 

a 

BROADCAST 
ANTENNA 
SYSTEMS 
HANDBOOK 

www.americanradiohistory.com

www.americanradiohistory.com


J 
No.T-44 

$9.95 

Broadcast Antenna 
Systems Handbook 

SECOND 
EDITION 

By The Editors of BM /E Magazine 

TAB BOOKS 
Blue Ridge Summit, Pa 17214 

www.americanradiohistory.com

www.americanradiohistory.com


SECOND EDITION 

FIRST PRINTING- DECEMBER 1973 

BROADCAST ANTENNA SYSTEMS 
HANDBOOK 

Copyright ©1973 by TAB BOOKS 

Printed in the United States 
of America 

Reproduction or publication of the content in any manner, without 
express permission of the publisher, is prohibited. No liability is 
assumed with respect to the use of information contained herein. 

International Standard Book No. 0 -8306- 3044 -9 

Library of Congress Card Number: 73 -86763 

www.americanradiohistory.com

www.americanradiohistory.com


Preface 

One of the most important elements of a radio or television 
broadcast facility is the antenna system. Programming is the 
key to attracting and holding an audience; but unless that 
programming reaches the intended audience on a strong, 
clear signal, the best programming in the world is quite 
useless. Of course, the best possible signal coverage is 
achieved with an efficient, properly designed antenna system. 

Although the basic theory of signal radiation is simple, 
factors such as terrain, site location, area propagational 
characteristics, co- channel and adjacent -channel in- 
terference, etc., compound the engineering problems. Add to 
these burdens the requirements imposed by the FCC and FAA. 
And when a directional system is desirable or necessary, the 
engineering technology involved in the design and operation 
often becomes extremely complex. 

This volume, first published in late 1966, is intended to 
serve as an aid to broadcast engineers involved in antenna 
system engineering and maintenance. It begins with a look at 
the engineering data required for FCC Form 301 in applying 
for AM, FM, and TV transmitting plants. Following is an in- 
depth treatment of AM directional antenna system design, 
operation, and maintenance. Several chapters deal with TV 
antenna systems, then we go into FM antennas, including 
directional and dual polarization. 

This second edition includes most of the material that 
appeared in the first edition, plus new data on AM, FM, and 
TV antenna systems. In some cases, you may find that 
economic inflation has caused increases in prices quoted. All 
material originally appeared in BM /E magazine and is 
published in this form as a one -source reference. We hope it 
serves you well. 

The Editors 
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Preparing Engineering Data 
for Form 301 

AM Broadcast Stations Part 1 
Harry A. Eikin 

The most significant factor in 
assuring a successful filing of 

Form 301 is to supply all the 
specific data in complete detail. 
Thus, in planning a new station 
or changes in an existing station, 
a broadcaster should be familiar 
with the engineering know -how 
required. Familiarity with the 
FCC Rules will aid in making the 
necessary decisions regarding site 
location, equipment requirements, 
and antenna location and construc- 
tion. The engineering staff should 
therefore be acquainted with the 
following: Vol. 1, Nov. 1963: Part 
1- Practice and Procedure; Part 
17- Construction, Marking, and 
Lighting of Antenna Structures; 
Vol. III, Jan. 1964: Part 73- 
Radio Broadcast Services; NAB 
Engineering Handbook 5th Edi- 
tion, Section 2- Antennas, Tow- 
ers and Wave Propagation. 

Section V -A of the form applies 
to standard broadcast (AM) engi- 
neering data, Section V -B to FM 
data, and Section V -C to TV engi- 
neering data. Section V -G of the 
application specifically pertains to 
antenna and site information, al- 
though much of the engineering 
data required in the other applic- 
able sections is directly related to 

the antenna system. Therefore, 
preparing data for Section V -A, 
for example, will provide most of 
the information for Section V -G. 

Page 2 of Section V -A, item 12, 
pertains to the allocation study. 
This is the tough part, relating to 
the normally protected and inter- 
ference free contours proposed 
by the application. 

With today's crowded air- 
waves, it is becoming more and 
more difficult to find a location, 
frequency, and power that will fit 
the Commission's present alloca- 
tion standards. Once this has been 
accomplished, however, preparing 
the data is a fairly straightfor- 
ward engineering procedure. 

Cost Considerations 

One of the first points to be 
considered about costs is whether 
the chief engineer or a consulting 
engineer should make the calcula- 
tions and perform the tests to ob- 
tain the necessary data. While 
many chief engineers may be 
capable of preparing much of the 
data required, it is generally ad- 
visable to use the services of an 
engineering consultant, especially 
if the antenna system is complex 
(such as a directional array). 
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Also, present -day regulations 
make it almost mandatory to en- 
list the aid of a consultant in mak- 
ing an allocations study and re- 
port for proposed facilities. In an 
operating station, engineering 
time is too valuable to perform 
the technical determinations. For 
a new station, however, it is most 
practical and economical for the 
chief engineer to work with a 
consulting engineer. 

Engineering personnel assigned 
to the project should be advised of 
the necessity for keeping within 
the budget. Total cost for the 
engineering data will vary widely 
from station to station and area 
to area. As required tower heights 
and power outputs increase, costs 
will increase proportionately. 
Thus, the largest single cost gen- 
erally involves preparation of an- 
tenna system data. 

Preparing Section V -A 

Section V -A deals specifically 
with all the engineering data re- 
quired for a standard broadcast 
station. The reproduction in Fig. 
1 shows the information required 
for Page 1, and Exhibit E -1 is 
shown in Fig. 2. In connection 
with the information requested. 
Vol. III, Paragraph 73.33, An- 
tenna Systems, states that an ap- 
plication for authority to install a 
broadcast antenna shall specify a 
definite site and include full de- 
tails of the antenna design and 
expected performance. 

All data necessary to show com- 
pliance with the terms and con- 
ditions of the construction permit 
must be filed with the license ap- 
plication. If the station is using a 
directional antenna, a proof of 
performance must also be filed. If 
a directional antenna is proposed, 

complete engineering data and 
measurements must be submitted. 

Paragraph 73.150 specifies that 
engineering data for a directional 
antenna shall include a complete 
description of the proposed system 
showing: 

1. Number of elements 
2. Type of each element (guyed 

or self -supporting, uniform 
cross- section or tapered, 
base width, grounded or in- 
sulated, etc.) 

3. Complete engineering de- 
tails of top loading or sec- 
tionalizing, if any. 

4. Height of vertical lead of 
each element in feet, (height 
above base insulator, or base 
if grounded). 

5. Overall height of each ele- 
ment above ground. 

6. Details including sketches of 
ground system for each ele- 
ment (length and number 
of radials, dimensions of 
ground screen, if used, and 
depth buried) and outline of 
property. 

7. Ratio of fields from elements 
(identifying elements). 

In addition, calculated hori- 
zontal (ground) plane field inten- 
sity patterns for each mode of 
operation must be plotted to the 
largest scale possible (approxi- 
mately 7" by 10 ") on standard 
letter size point coordinate paper 
using only scale divisions and sub- 
divisions having values of 1, 2, 
2.5 or 5 times lOnth. The data 
must include: 

1. Inverse field intensity at 1 

mile and effective field in- 
tensity (RMS). 

2. Direction of true north at 
zero azimuth. 

3. Direction and distance of 
each existing station with 
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which interference may be 
involved. All directions 
should be determined by ac- 
curate calculation, or from 
a Lambert Conformal Conic 
Projection Map such as 
United States Coast and 
Geodetic Survey Map No. 
3060v or a map of equal ac- 
curacy. All distances should 
be determined by accurate 
calculation, or from a United 
States Albers Equal Area 
Projection Map Scale 1: 
2,500,000, or map of equal 
accuracy.' 

4. Orientation of array with 
respect to true north and 
time phasing of fields from 
elements, specifying degrees 
leading ( +) or lagging ( -) 
and space phasing of ele- 
ments in feet as well as in 
degrees. 

5. The location of all the mini- 
ma in the pattern. 

In those instances where radia- 
tion at angles above the horizontal 
plane is a pertinent factor in sta- 
tion allocation, field intensity vs. 
azimuth patterns must be calcu- 
lated for every 5° of elevation 
through 60 °. These patterns may 
be plotted along either polar or 
rectangular coordinates, but must 
be submitted one to a page. Minor 
lobe and null detail occurring be- 
tween the 5° intervals need not be 
submitted. 

Data used in computing field in- 
tensity patterns must also be sub- 
mitted, along with the formula 
used for calculating the horizontal 
patterns, sample calculations, and 

1 These may be obtained from the 
United States Coast and Geodetic Sur- 
vey. Department of Commerce, Wash- 
ington, D.C. 20235, and the United 
States Department of Interior, Geo- 
logical Survey, Washington, D.C. 20240. 
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formula derivations if other than 
standard. Any assumption made 
must be stated, along with an ex- 
planation of its basis, including 
electrical height, current distri- 
bution and efficiency of each ele- 
ment, and ground conductivity. 
Complete tabulation of final cal- 
culated data used in plotting pat- 
terns. including data for deter- 
mination of RMS value of pattern, 
is required. 

Values of field intensity less 
than 10% of the effective field in- 
tensity of the pattern must be 

UM! Or 
TOMINI 

Fig. 5. Typical two -tower ground 
system. 

shown on an enlarged scale. If the 
values determined from actual 
measurements, particularly in 
sharp nulls, are different from the 
calculated values, maximum ex- 
pected operating values (MEOV), 
as well as the calculated values, 
must be shown on both the full 
patterns and the enlarged sec- 
tions. The requirements for field 
intensity measurements are elabo- 
rated in Paragraph 73.151, Field 
Intensity Measurements to estab- 

lish Performance of Directional 
Antennas. 

Appropriate information relat- 
ing to the type of radiator, overall 
heights, top -loading or section- 
alized antenna and method of ex- 
citation is entered in the applic- 
able blocks for Question 10 (see 
Fig. 1). Special maps and charts 
may be used to tabulate the infor- 
mation and data required for the 
last portion of Item 10.2 

Some pertinent facts relating to 
standard broadcast antenna struc- 
tures are: 

1. All applicants for new, ad- 
ditional, or different broad- 
cast facilities, and all li- 
censees requesting authority 
to change the transmitter 
site of an existing station, 
shall specify a radiating sys- 
tem with an efficiency that 
complies with the require- 
ments of good engineering 
practice for the class and 
power of the station. 

2. No broadcast station licensee 
shall change the physical 
height of the transmitting 
antenna or supporting struc- 
ture, or make any changes 
in the radiating system 
which will measurably alter 
the radiation pattern, except 
on application to and author- 
ity from the Commission. 

3. The simultaneous use of a 
common antenna or antenna 
structure by more than one 
standard broadcast station, 

2Ground level elevations may be obtained from the U.S.G.S. topographic quadrangle maps. Maps for specific areas may be obtained from U. S. Geological Survey, Department of the Interior, Washington. D. C. 20240. 
Maps of areas west of the Mississippi 
are available from U. S. Geological 
Survey, Denver 15, Colorado. Section aeronautical charts are available from 
United States Coast and Geodétic Sur- vey, Department of Commerce, Wash- ington, D. C., 20235. 
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or by one or more standard 
broadcast stations and one 
or more broadcast stations 
of any other class or ser- 
vice, may be authorized pro- 
vided: 
a. Verified engineering data 

is submitted to show that 
satisfactory operation of 
each station will be ob- 
tained without adversely 
affecting the operation of 
the other. 

b. The minimum antenna 
height or field intensity 
for each station complies 
with Item 1 above. 

4. Paragraphs 73.189 and 73.- 
190 define the minimum an- 
tenna heights and field in- 
tensity requirements. Mini- 
mum physical heights of an- 
tennas permitted are shown 
in Fig. 3. Fig. 4 shows the 
requirements for effective 
field at one mile for one kilo- 
watt. 

5. Since the radiation pattern 
is computed on the basis 
of a perfectly conducting 
plane earth, a ground sys- 
tem of buried copper wires 
or ribbon must be installed 
in order to approach this 
condition as closely as pos- 
sible. A properly installed 
and adequate ground system 
can contribute much to the 
efficiency and stability of a 
radiation pattern. The FCC 
minimum requirements con- 
sist of buried radial wires at 
least 1/4 wavelength long. 
They should be evenly spac- 
ed, and in no event should 
less than 90 radials be used 
(see Fig. 5). 

6. A station with an AM direc- 
tional antenna system apply- 

Engineering Data Costs 

For construction of a new non - 
directional AM station, the aver- 
age cost for engineering, design 
work, tests and measurements, 
calculations, computations, com- 
piling of data, and the filing of 
Form 301 is normally between 
$1,500 and $2,000. This in- 
cludes $100 for personnel ex- 
penses, and the cost of obtaining 
and entering data for: 

a. 
b. 
c. 
d. 

e. 

f. 

g- 

h. 

Geographic coordinates 
Topographic maps 
Profile graphs 
Sectional aeronautical 
charts 
Aerial photography 
Predicted field strength 
patterns and contours 
Instrument approach or 
landing charts 
Other incidental mate- 
rials 

With a directional antenna ar- 
ray, the cost would not be under 
$2,500 and may approach $4,000 
for either day or night operation, 
and possibly $8,000 for both day 
and night operation. 

Changes in existing facilities, 
such as for a new transmitter or 
monitoring equipment, require no 
formal application and only a 
small consulting charge is in- 
volved. 

ing for remote control privi- 
leges must have an extreme- 
ly stable antenna system and 
must also attest to its sta- 
bility. The stability of direc- 
tional AM antenna systems 
is important to successful 
remote control operation. In 
addition to the provision of 

13 
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an adequate ground system. 
attention should be given to 
bonding of the connecting 
elements, positioning of guy 
insulators. base insulators 
with sufficient leakage paths. 
and low -loss capacitors and 
inductors in the phasing and 
power -dividing networks. 

7. The unattenuated inverse 
field strength at 1 mile is the 
field strength at 1 mile when 
the only attenuation is that 
of distance. 

8. A sectionalized tower in ad- 
dition to the base insulator, 
has one or more insulators 
in the tower above the base. 
This type of tower is usually 
constructed for the purpose 
of obtaining greater AM 
broadcast coverage. 

The engineering data required 
for Pages 2 and 3 of Section V -A 
is directly related to the informa- 
tion described in the following 
paragraphs: 

1. Paragraph 73.37 Minimum 
Separation Between Sta- 
tions; Prohibited Overlap. 

2. Paragraph 73.182 Engineer- 
ing Standards of Allocation. 

3. Paragraph 73.183 Ground - 
wave Signals. 

4. Paragraph 73.184 Ground - 
wave Field Intensity Charts. 

5. Paragraph 73.185 Computa- 

14 

Antennas For Standard 
Broadcast Stations 

Minimum Vertical Height of Antennas 
Permitted to be Installed (A.B.GC.1 

A. Class IV stations, or a minimum effective 
field intensity of 150 my /m. for 1 kw. 1100 
watts, 47.5 mv/m Cr 250 watts, 75 my /m) 

B. Class II & Ill stations, or a minimum effec- 
tive field intensity of 175 my /m for 1 kw 

C. Class I stations, or a minimum effective field 
intensity of 225 my /m fox 1 kw 

C. Where it is shown that the civil aeronautics 
authority will not approve an antenna having 
height in excess of 500 feet at any location 
within the metropolitan area concerned, a 
height of 500 feet will be accepted. 

D. 0.25 Wavelength 
E. 0.50 Wavelength 
F. 0.625 Wavelength 

tion of Interfering Signal 
from a Directional Antenna. 

6. Paragraph 73.186 Field In- 
tensity Measurements in Al- 
location. 

7. Paragraph 73.187 Limita- 
tion on Daytime Radiation. 

Section V -G, Antenna and 
Site Information 

This part of Form 301, as 
shown in Fig. 6, is for the specific 
use of the Regional Airspace Sub- 
committee, which is concerned 
with obstructions to air naviga- 
tion. Thus, even though most of 
the data requested duplicates engi- 
neering information called for in 
Section V -A, B, or C, it must not 
be entered by reference. 
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FM Broadcast Stations 
Part 2 

Harry A. Eikin 

THE first part of this series 

dealt with the data required by 
FCC Form 301 for a standard 
broadcast station. This part con- 
cerns the specific information re- 
quired by Section V -B and the 
costs involved in preparing engi- 
neering data for FM facilities. 

Selecting a Frequency 
Available frequencies for FM 

broadcasting are listed in Par. 
73.201: Numerical Designation of 
FM Broadcast Channels, Subpart 
B -FM Broadcast Stations (Vol. 
III of the Rules). The channel 
you request must be one assigned 
to your community (Table of As- 
signments, Par. 73.202) . If your 
community has no channel assign- 
ed, or is not within 25 miles of 
the assignment, or if there are 
stations already on the channels 
in your area, a petition must be 
filed with the FCC to change the 
Table of Assignments as required 
by Par. 73.203. 

Antenna Site Considerations 
Applicants who propose to oper- 

ate an FM antenna in the imme- 
diate vicinity (200 ft. or less) of 
another FM antenna, or TV an- 
tenna with frequencies adjacent 
to the FM band, must describe the 
effect the two systems will have 
upon each other.' 

If an FM antenna is to be 
mounted on a nondirectional 
standard broadcast antenna tow- 
er, new resistance measurements 
must be made after the FM an- 
tenna is installed and tested. Dur- 
ing the installation, and until the 
new resistance measurements are 
approved, the AM licensee should 
apply for authority (informal ap- 
plication) to use the indirect 
method of measuring power. The 
FM application will not be con- 
sidered until the new resistance 
measurements are filed for the 
AM station. If the FM antenna is 
to be mounted on an element of an 
AM directional array, or on a 
tower in the vicinity of a direc- 
tional array, a full engineering 
study of the effect on the per- 
formance of the AM array must 
be filed with application. In some 
cases, the FCC may require re- 
adjustment and certain field in- 
tensity measurements of the AM 
system when the FM antenna is 
in operation. 
Section V -B 

If you plan to use a dual polar- 
ized antenna, Tables I and II list 
data for horizontal and vertical 
polarization. Fig. 1 shows how 
data for dual polarization is en- 
tered on the form. 

1. FCC Rules. Par. 73.316: Antenna Sys- 
tems -Part e. 

15 
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The mathematical expressions 
for antenna field gain and power 
gain are: 

listed in Table III may be used if 
ERP is reduced by the amount in- 
dicated by the appropriate curve 

Table I- Typical Horizontal FM Antenna Data 

NO OF 

SECTIONS 

G A I N 

POWER KW DB FIELD 

1 

2 

3 
4 

0.9 
2.0 
30 
4 I 

0.5 
3 G 

48 
6.1 

0.95 
1 41 

1.73 
2 02 

5 5.2 7 15 2.28 
6 6.3 8 0 2.51 
7 7.3 8.63 2.70 
8 84 9.25 2.90 

10 10.5 10.2 3 25 
12 125 11 355 
14 146 1165 383 
16 166 1220 407 
20 21 0 13 22 4.59 

Table Il- Typical Vertical FM Antenna Data 

NO 
SECTIONS 

OF G A I N 

POWER KW DB FIELD 

I .95 .22 .97 
2 1.97 2.94 1.40 

3 3 12 4.94 1.79 
4 4.20 6.23 205 
5 531 725 230 
6 

05 7 750 875 274 
8 857 933 293 
9 976 989 3.12 
0 0.95 040 331 

I 1.87 0.74 3 45 
2 3 20 120 3 63 
3 4 03 1 47 3.75 
4 529 184 391 
5 6.30 2 12 404 
6 7,:8 243 4.18 

Field gain = field intensity in 
my /m for multielement antenna/ 
137.6 

Power gain = (Antenna field 
gain)2 

Authorized power and antenna 
requirements are illustrated in 
Table III. No minimum antenna 
height above average terrain is 
specified. Heights exceeding those 

16 

in Fig. 2. 
The height of the radiation cen- 

ter is the physical center of the 
radiating elements if uniform 

2. Ground level elevations may be obtained 
from the U. S. Geological Survey, Dept. of 
the Int., Wash., D. C. 20240. West of the 
Mississippi: U.S.G.S., Denver 16, Colo. Sec- 
tional aeronautical charts are available from 
the U. S. Coast and Geodetic Survey, Dept. 
of Commerce, Wash., D. C. 20236. 
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power distribution is used. If a 
split -feed or power divider system 
and nonuniform power distribu- 
tion are employed, the height of 
the radiation center is not the 
same as the physical center (the 
manufacturer will furnish this 
data). 

A directional antenna may not 

1. A complete description of the 
proposed antenna system. 
(a). A description of how 

directivity will be ob- 
tained. 

(b). A means of determin- 
ing the operational pat- 
tern and maintaining 
allowable tolerances, 

Table Ill-Authorized Power and Antenna Requirements 

CLASS 

A 
B 

C 

Minimum Effective Radiated Power 
CLASS A 10J watts ( -10 dbk) 
CLASS B 5 kw ( 7 dbk) 
CLASS C 25 kw ( 14 dbk) 

Maximum Erp And Antenna Height 
MAXIMUM 

MAXIMUM POWER ANTENNA HEIGHT 
(feet above average terrain) 

3 kw (4 8 dbk) 300 
50 kw (17 0 dbk) 500 

100 kw (200 dbk) 20(X) 

Table IV- Operational Formulas 

1. ERP in KW = Transmitter power in KW - Transmission 
Line loss in KW + Antenna Power Gain in KW. 
The transmission line loss includes the loss in harmonic 
filter and power divider when dual polarization is used. 

2. ERP in DBK = Transmitter Power in DBK - Transmission 
line loss in db + Antenna power gain in db. 

3 Power in dbk = 10 Logro Power in KW 

1.0 
9. Power in KW = Antilogin Power in dbk 

10 

be used solely for the purpose of 
reducing minimum mileage sepa- 
ration requirements; it is per- 
missible if it will improve service, 
or permit the use of a particular 
site, and is designed for a non - 
circular radiation pattern. Direc- 
tional antennas with a ratio of 
15 db maximum to minimum radi- 
ation in the horizontal plane are 
not allowed. 

Applications proposing the use 
of a directional antenna must be 
accompanied by: 

such as a rotatable ref- 
erence antenna. 

2. Horizontal and vertical plane 
radiation patterns showing 
the free space field strength 
in my /m at 1 mile and ERP 
in dbk for each direction; a 
complete description of how 
the measurements were 
made, including the type 
equipment used and a tabu- 
lation of the measured data. 
If you compute directivity, 
methods used, formulae, sam- 

17 

www.americanradiohistory.com

www.americanradiohistory.com


pie calculations2 and tabu- 
lations of the data must ac- 
company the application. 

3. Radiation characteristics 
above and below the horizon- 
tal plane illustrated by ver- 
tical paterns. Complete in- 

18 

strate the absence of unde- 
sirable lobes in these areas. 

4. The horizontal plane pattern 
must be plotted on polar co -. 
ordinate paper with refer- 
ence to true north. The verti- 
cal plane must be plotted on 

(b) Antenna data 

make 

Vert, Blectronica 
Eoriz: Gates 

Tyre No. or 

- 1 ' 
gr -6B 

No. of sections 

6 
6 

Effective free 
space Wert .359.3 
intensity at one 
mile in my /m for 

one 'dinar " mar>1a :3 
antenna brout purer 

Antenna field 

Tin Vert. 
.6 

rantenna o 
2.49 

Antenna power 

gain 

Vert. 
6.817 
goriz. 
6.20 

Is horizontal polarization proposed? Yes 1X1 
hop 

If "No ", attach as FXhibit No. Eng 
complete engineering data on the Both horizontal 
antenna and the effective radiated 

power proposed. Q vertical propose 
Is directional antenna proposed? Yes El No V 
1f "Yes ", attach as Exhibit No. 

complete engineering data thereon. 

Fig. 1. Sample antenna data entries 
on Form 301. 

11. Transmission Sine proposed to supply power to the antenna 

from the transmitter 

yak. 

Andrew 

'p oe2 . 

45562 A 

Description 

Coaxial 
Size (nominal transverse 

dimension) in inches 

3 -1/8 
3 -1/8 

Length in 

feet 

280 
320 

Rated efficiency 

in percent for 

this length 

90.6 83.6 
92.3 

12. Proposed operation 

Transmitter power output 

In kilowatts 

7.36 

Power dissipation within 

transmission line in kilowatts 

1.20 
Antenna input power in 

kilowatts 

Verte 2.93 
Horiz.3.23 

Effective radiated power in 

kilowatts (Must be sane as 

showvi in pare. 2) 

Vert. 20 
Horiz. 20 

Fig. 3. Sample entries for transmis- 
sion and proposed operation data. 

formation and patterns for 
angles of ±-10° from the hori- 
zontal plane, and the portion 
lying between +10° and the 
zenith of -10° and the na- 
dir, to conclusively demon- 

rectangular coordinate paper 
with reference to the hori- 
zontal plane. 

Transmission Lines 

Fig. 3 shows entries for the re- 
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quired information on the trans- 
mission line. These characteristics 
vary with frequency: size in 
inches, coaxial or waveguide, effi- 

ciency to produce the desired ERP 
and, of course, cost considera- 
tions. The total length in feet in- 
cludes the horizontal run from the 
harmonic filter to the base of the 

Expected Coverage Information 
Profile graphs of the terrain, 

from 2 to 10 miles for 8 or more 
radials from the transmitter loca- 
tion, must accompany the applica- 
tion. One or more radials must ex- 
tend through the principal city. 
All radials should be plotted on a 
topographic map.3 

Maximum Power In Kilowatts 

0.01 01 1 10 

10,000 
9000 

20 50 100 

1.........i._....1...4.. - M.i usIItr:áái.ú: isRëlMla.r..1.. tf tYN 'semen HNII..MII/II.111Ia111M,aa1z'.1..MIIUMIIIM.a 
.w1s1cg_ IMDII:/:1:.!d®tl/111M.1 ... /1i1'!;:1111nn11161 manumit N1iIN01111Nr11311.esnalnavscse 
Ist6311-"112111011 - 1 11NL11101111111151111N:0111Y1sOmFZ_NN1N1110101I1 

4; 165e911 19:11111!li1011911611.11111K11N1lINIt191's:dlt21r19M71zzu6:55 
ee 21191111lìC1l/IIIIli111161915111:1111913/1liLl1l;V3E1='3M62.iaB1211811121 

á_661_31114's3:9611111131911_1119193E11ïcG»l=E.111111119'E---E.1°aE-..1611561I91i1f 
EI 88E311E1i3.+IIEEEIlEEE1EEs3za:EEIIEI33I1.`lEE: 3 EI7iI11IlllE121 
z EEEEiilt!iiiglitil gsirz álI. C 

cs1U_5-é2= 1jé<2 E' ..31i:éL'!13 :z: aa: : I.' z -- __z:zfëaz =1rz s.c.zz ::l1:1 z-I " r_zez.zzga C e _.:r ac?S:- 
" .e i ! zz =" -9z 

=HA:iN?9 
Z...1 2"z- -z. »::B:iE?? 

610»:::' 

6000 

5000 

2000 

1000 
900 
800 
700 

600 

500 

400 

100 
-20 15 -10 -5 0 S 10 

Maximum Power in m Above One Kilowatt Mkt 

Fig. 2. Relationship between antenna height and power. 

W.W =MIL =1YW W....N% .... M. Sin 
NM= MYI.Ñ::MIIII. WIIII ttttttt .6 ffONYafNI. YNNNNINN1:N11.WYan:4V."..41,_:.::e'-fY:NI aaaM11.111NIIIIN/NNat NYN1KNNNWNY\VMIeiG:.i1:,{MNSulilll:i aS/1OMWNOO 111N:11O1 NNNOSN111.Ytic.cIM1INMON 0090®001100 OW\0O111N id11NOOONOO.gt15..RC:e9eNN1NNiS7 

111111010®11 WOMIIOOI®g001001NNN911ON1010O.Yi66:1'5;1961096i@N7 
NIM MINI 611SI 916116161i ®® 611! NIM 6191l611101QN HER! 61/1161 N1 k 111191 m lSá9 eM 
ll11®®11MILI®®9MI1NII61ME1M961EIIMM9MlIRrrv;fiaE3lEE93l E9I3IEiá. 
211IE11100ENEIiCWEIIMMIDI3II6`iii;118E;EBEI11HElfinEttlilEEIE,'13 ëE1_'EEItdàEiIE 

á__-.->£m=gE_ps3ááy30_3=-fg-l3_l;Eli ri;e6ElggsqaEii:-s--s=-ç = 

009fisi-__3_?si533saa-á.awii7äi03151OçS9'r:Eáa3z Nç-SgO®1f1`çalz'c'z.zéi7-zi4_ -z-_ 
tr..zz_-.=-=t7®Y--ies3.SSzßslzS3à c IladT366zEä -rsEE=_lEä` -s:a 1az-- : ..3:»H31i e 3--. tzz ::e--- - - - - 1E 1:l:. :Emi3c::i1 :-::::es:xr-:za ss-g1A: :3E :cc°.---- 

MAXIMUM POWER _ 0tIE.?gti7lzI3. versus Ism '0 p 
A atrrrNN1 MFIlytT YYii.iú : 

antenna tower and the length up 
the tower to the antenna terminal 
point where the gain is rated. 
Power loss for this length may be 
determined from the manufactur- 
er's specifications. (See Table IV.) 

The graph for each radial 
should be plotted by contour inter- 

3. Topographical maps for most areas are 
available at a nominal cost from U.S.G.S. If 
none is published for your area, use the in- 
formation in Par. 73.312, subparagraph (a) 
FCC R &R. 
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vals of from 40 to 100 feet and, 
where the data permits, at least 
50 points of elevation should be 
used for each radial. The graphs 
should indicate the topography ac- 
curately and should be plotted 
with the distances in miles as the 

100 , 900 1000 

source of the topographic data 
should be indicated on each graph. 

The F (50,50) field strength 
chart, Fig. 4, is used to predict 
field strength of the contours 
(Fig. 1 of Par. 73.33 may also be 
used). The chart is based on an 

®EEEEli$E9E1®EIEEWiW ®®BEE_ 

10o- r s 
Ø1I 

F(50,50) FM CHANNELS 

s mill 0010 
d 

0....ord - 
MIM®NEáEE9EEE11111i1l1E®E®®®®iE 

100 100 900 1000 2000 

Transmitting Antenna Height In Feet 

FM CHANNELS 

ESTIMATED FIELD STRENGTH EXCEEDED AT 50 PERCENT OF THE POTENTIAL 

RECEIVER LOCATIONS FOR AT LEAST 50 PERCENT OF THE TIME 

AT A RECEIVING ANTENNA HEIGHT OF 30 FEET 

Fig. 4. Chart for predicting field strength. 
abscissa, and the elevation in feet 
above the mean sea level as the 
ordinate. The elevation of the an- 
tenna radiation center and the 

20 

-1 YiM 

100 

100 

110 

120 

-140 

50 

110 

1110 

190 

o 

effective power of 1 kw radiated 
from a half -wave dipole in free 
space, which produces an attenu- 
ated field strength at 1 mile of 103- 
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db above 1 µv /m (137.6 my /m). 
The chart may be used for other 

powers; the sliding scale associ- 
ated with the chart serves as the 
ordinate. Par. 73.313: Prediction 
of Coverage, explains its use. 

If the terrain departs widely 
from the average elevation of the 
2 to 10 mile sector, in one or more 
directions from the antenna site, 
the prediction method may indi- 
cate distances that are different 
from what may be expected in 
practice. For example, a moun- 
tain ridge may indicate the prac- 
tical limit of service, while the 
prediction method indicates other- 
wise; the prediction method 

Costs for FM Engineering Data 
The average cost for engineer- 

ing, design work, test and mea- 
surements, calculations, computa- 
tions, compiling of data, and filing 
of Form 301 would be $500 to 
$1,000 for a nondirectional an- 
tenna. There is usually an addi- 
tional charge of $100 for person- 
nel expenses and the cost of 
obtaining and entering the data 
for: 

a. Geographic coordinates 
b. Topographical maps 
c. Sectional aeronautical 

maps 
d. Profile graphs 
e. Aerial photography 
f. Predicted field strength 

patterns and contours 
g. Instrument approach or 

landing charts 
h. Other incidental materials 

Charges for an existing FM sta- 
tion, such as addition of vertical 
polarization, transmitter power in- 
crease, and directional antenna, 
would cost about $500. 

should be followed, accompanied 
by a supplemental exhibit con- 
cerning the contour distances as 
determined by a method based on 

Facts About FM Antenna 
Structures 

An antenna located at a height 
above the service area, such as a 

mountain top, may have a pat- 
tern null falling in the vicinity of 
a heavily populated section of the 
principal city. 

If a populated section lies within 
the area, the broadcaster should 
have the antenna manufacturer 
apply electrical beam tilt or null fill 
or a combination of both. 

Polarization patterns, standing 
wave ratio, and gain may be af- 
fected by side mounting an an- 
tenna. A performance check should 
be made before deciding on a 

final location. 

Additional Methods of 
Determining Topographical Data 

Topographical data may be ob- 
tained on roads which are along 
radials from the transmitter site 
by using a sensitive altimeter. 

The average elevation of each 
radial from 2 to 10 miles may be 
determined by averaging the mean 
values of mile or half mile seg- 
ments. 

The height of the antenna radi- 
ation center above the average ele- 
vation of the radial is: Height of 
radiation center above sea level 
minus the 2 to 10 mile average 
radial elevation. 

The free space field intensity 
in my /m at 1 mile is measured 1 

mile from the antenna with 1 -kw 
input in the half -wave dipole. At 
this 1 -mile point, the field in- 
tensity for the half -wave dipole is 
equal to 137.6 my /m. This meas- 
urement is made under condi- 
tions of free space field intensity; 
i.e., the signal is free from re- 
flections from earth or other ob- 
jects. 

actual conditions. The exhibit 
should describe the procedure em- 
ployed and incluse sample calcu- 
lations. Maps of predicted cover- 
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age should include both methods 
of prediction. 

When measurements are re- 
quired, these should include the 
area obtained by the regular 
method and area obtained by the 
supplemental method. In direc- 
tions where the terrain is such 
that negative antenna heights or 

22 

heights below 100 feet for the 2 
to 10 mile sector are encountered, 
a supplemental showing of expect- 
ed coverage must be included with 
a description of the method used 
in predicting the coverage. The 
Commission may require addition- 
al information about terrain and 
coverage in such cases. 
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TV Stations. Part 3. 
Harry A. Etkin 

THE DATA required by FCC 
Form 301 for standard and 

FM broadcast facilities has been 
dealt with in the two preceding 
parts. This third and final part 
concerns information required by 
Section V -C and the costs in- 
volved in preparing engineering 
data for TV facilities. 

Channel Selection 
Channels assigned to TV broad- 

casting are listed in Par. 73.603, 
subpart E, Vol. III of the Rules. 
The channel you request must be 
listed in the Table of Assignments, 
Par. 73.606. If the city has no 
assigned channel and does not 
qualify under the 15 -mile regula- 
tions, or if authorizations have al- 
ready been made on the channels 
listed in the Table, you will have 
to petition the FCC to change the 
Table. (Par. 73.607). The petition 
must comply with the separations 
in Par. 73.610. 

Table I- Maximum ERP 

Transmitter 
Manufacturer's specifications 

list the rated power for both the 
aural and visual transmitters. If 
the rated power is listed in watts 
or kilowatts, the power in dbk may 
be determined by the formula: 

Power in dbk = 

10 lugio X 
l'uwcr in kw 

1.0 

Power output of transmitters is 
usually determined by feeding the 
output into a dummy load with a 
standard black picture input, and 
measured by a voltmeter coupled 
to the transmission line. Visual 
and aural reflectometers are di- 
rectly calibrated to read power 
from the dummy. During normal 
operation, transmitter power is 
maintained by adjusting for a 
constant reflectometer reading. 
Method of control for each manu- 

and Antenna Height 

Channel ERP 

Ant. Height 
Zone I 

Ant. Height 
Zones II and Ill 

2 -6 20 dbk ( 100 kw) 1000 feet 2000 feet 

7 -13 25 dbk ( 316 kw) 1000 feet 2000 feet 

14 -83 30 dbk (1000 kw) 2000 feet 2000 feet 
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e 

Maximum Power in Kilowarts 

7000 

MAXIMUM POWER 
VERSUS 

ANTENNA HEIGHT 

For Zone I 
1111111\II inn Ot1I1I1111111111111111. 
IIIIIIIJIIIIIIn1nI11 IIIIIIIIIIIIIII 11 

111111111:111111111:111111111111111111111111111111111 
IIIIIIIIIU1111111111111111111111111111111 nnlnul 
1111111111119111111112Illllmllllllllllll11111uu1 

Maximum Paw in d/ Above One /Clown Ica% 

Fig. 1. Relationship between antenna height and power for 
Zone 1. 

facturer and the accepted method 
is on file with the FCC. 

Aural power can be directly or 
indirectly measured as required 
by the Rules, Par. 73.689 (2) Op- 
erating Power. Using the direct 
method, the operating power is 
the product of the plate voltage 
(Ep) and the plate current (Ip) 
of the final stage and an efficiency 
factor: 

Operating power = Ep X I X F 

The manufacturer's data will tell 
you the established efficiency fac- 
tor. 
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Antenna Site and Structure 
Applicants proposing to locate 

an antenna within 200 feet of an- 
other TV antenna operating on a 
channel within 20% of the fre- 
quency of the proposed channel, 
or if the channel applied for is 5 
or 6 and is within 200 feet of an 
FM antenna, must describe the 
effect expected of such operation. 
(Par. 73.685) . 

If the tower of a standard 
broadcast station will be used as 
a supporting structure for the TV 
antenna, an application for 
changes in the radiating system 
of the AM station must be filed. 
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MAXIMUM POWER 
VERSUS 

ANTENNA HEIGHT 

For Zones II a III 

10 13 20 5 30 

Maximum Poke in db Above One Kaoro ¡dbk) 

Fig. 2. Relationship between antenna height and power for 
Zones 2 and 3. 

n p 

If a substantial change in height 
or radiation or radiation charac- 
teristics of the AM station an- 
tenna is necessary, a formal ap- 
plication (Form 301) must be 
filed, otherwise an informal ap- 
plication will be acceptable. When 
the tower of any other class of 
station will be used, an application 
may also be necessary. 

If the TV antenna will be in- 
stalled in the vicinity of an AM 
directional array, and it appears 
that the operation of the direc- 
tional system may be affected, an 

engineering study must be filed 
with the TV application detailing 
the effect of the TV antenna on 
the AM pattern. Readjustment 
and field intensity measurements 
of the AM directional array may 
be required after the TV antenna 
is built. 

The height of the antenna radi- 
ation center is the physical center 
of the radiating elements if uni- 
form power distribution is used. 
If a split -feed system with non- 
uniform power distribution is to 
be used, the height of the radia- 
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Table II- Required Field Intensities 

Channel 

2 -6 

7 -13 

14 -83 

Grade A 

68 dbu 

71 dbu 

74 dbu 

Grade B 

47 dbu 

56 dbu 

64 dbu 

tion center will not be the same 
as the physical center.' The for- 
mula for computing the power 
gain in db is: 

Gain in db = 10 log10 X power gain 

Normally, the visual and aural 
signals are diplexed through the 
same antenna. 

A directional antenna may be 
used only to improve service, not 
to reduce minimum mileage sepa- 
ration requirements. The follow- 
ing regulations apply: 

1. The ratio of maximum to 
minimum radiation in the hori- 
zontal plane must not exceed 10 

db. (Max. 3.162/1). 
2. Minimum ERP in any hori- 

zontal direction may not be less 
than the applicable minimum. 

3. Maximum ERP in any hori- 
zontal or vertical direction must 
not exceed the applicable maxi- 
mum listed in Table I and Figs. 
1 and 2. When the antenna height 
above the average terrain is above 
the listed heights, the maximum 
designated ERP is reduced as 
shown in Figs. 1 and 2. 

4. Radiation above the hori- 
zontal must be as low as state of 
the art allows and cannot exceed 

1. Ground level elevations can be deter- 
mined from USGS topographical quadrangle 
maps. For specific area maps. contact the 
U.S. Geological Survey. Dept. of Int., Wash- 
ington. D.C. 20240. West of the Mississippi: 
USGS. Denver 15, Colo. Sectional aeronau- 
tical charts are available from the U. S. Coast 
and Geodetic Survey. Dept. of Commerce. 
Washington, D. C. 20235. 
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the value in the same vertical 
plane. 

Applications for directional sys- 
tems must be accompanied by: 

1. Complete description of the 
proposed system. 

2. Orientation of array with re- 
spect to true north, time phasing 
of fields from elements (degrees 
leading or lagging), space phas- 
ing of elements (in feet and de- 
grees), and ratio of fields from 
elements. 

3. Horizontal and vertical radi- 
ation patterns, showing free -space 
field intensity in millivolts per 
meter at one mile and the ERP in 
dbk for each direction. Methods 
used to compute or measure radi- 
ation patterns must be fully de- 
scribed, including formulas and 
equipment used, sample calcula- 
tions and tabulations of data. 
Enough vertical plane patterns 
should be included to clearly show 
the radiation characteristics of 
the antenna above and below the 
horizontal plane. Horizontal plane 
patterns should be plotted on polar 
coordinate paper with reference 
to true north and vertical pat- 
terns on rectangular coordinate 
paper with reference to the hori- 
zontal plane. 

Transmission Line 

Transmission line make, type 
no., size in inches, coax or wave - 
guide, is determined by frequency, 
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desired efficiency to produce the 
required ERP, and cost considera- 
tions. The length in feet is the 
horizontal run from the diplexer 
to the base of the tower plus the 
length up the tower to the point 
where the antenna gain is rated. 
The manufacturer's specifications 
should be used to determine the 
power loss in db for the length of 
line. The formulas for these calcu- 
lations are: 

ERP in dbk equals transmitter power 
in dbk, less multiplexer loss in db, less 
transmission line loss in db, multiplied 
by antenna gain in (lb. 

Power in dbk = 
Power in kw 

10 log10 

Power in kw = 

1.0 

Power in dbk 
Antilogin 

10 

from 2 to 10 miles must be fur- 
nished for 8 or more radials from 
the transmitter location. At least 
8 uniformly spaced radials, one or 
more passing through the prin- 
cipal city, should be plotted on a 
topographic map.2 The profile 
graph for each radial should be 
plotted by contour intervals of 
from 40 to 100 feet, and where 
possible, at least 50 points of ele- 
vation should be used for each 
height of the antenna radiation 
center above average elevation of 
the radial is the height of the 
radiation center above sea level 
(item 7a on the form) minus the 
average radial elevation previ- 
ously calculated. The ERP in each 
radial direction is equal for a non - 
directional antenna (item 9a). 
For a directional antenna, the 
value should be taken from the 
radial. The graphs should show 

Table Ill- Permissible Field Strength 
Over Principal Community 

Channel dbu 

2 -6 74 

7 -13 77 

14 -83 80 

The rms value should be used if a 
directional array is employed; 
however, the maximum value must 
be entered for item 7(b) of Form 
301. 

The visual output is measured 
at the output of the vestigial side - 
band filter, if one is used. Visual 
and aural losses in the diplexer or 
multiplexer are given in the man- 
ufacturer's specifications. 

Expected Coverage Information 
Profile graphs of the terrain 

accurately the actual topography,' 
and plotted with the distance in 
miles as the abscissa and the ele- 
vation in feet above mean sea 
level as the ordinate. The eleva- 
tion of the antenna radiation cen- 
ter and the source of topographic 
information should be shown on 
each graph. 

2. Topographic maps for most areas are 
available at a nominal coat from U.S. Geo- 
logical Survey, Dept. of Int., Washington. 
D. C. 20240. If maps are not published for 
your area, use the information in Par. 73.- 
684: Prediction of Coverage, subparagraph g. 
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ESTIMATED FIELD STRENGTH EXCEEDED AT 50 PERCENT OF THE POTENTIAL 

RECEIVER LOCATIONS FOR AT LEAST 50 PERCENT OF THE TIME 
AT A RECEIVING ANTENNA HEIGHT OF 30 FEET 

Fig. 3. Chart for predicting field strength for Channels 2 -6, 
14 -83. 

Topographic information may 
also be obtained along roads which 
are along radials from the trans- 
mitter by using a sensitive altim- 
eter in an automobile. The aver- 
age elevation of each radial may 
be determined from the profile 
graphs with a planimeter or by 
averaging the median values of 
mile or half mile segments. The 
height of the antenna radiation 
center above average elevation of 
the radial is the height of the 
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radiation center above sea level 
(item 7a on the form) minus the 
average radial elevation previ- 
ously calculated. The ERP in each 
radial direction is equal for a non - 
directional antenna (item 9a). 
For a directional antenna, the 
value should be taken from the 
horizontal pattern for each azi- 
muth bearing of the individual 
radials. 

The predicted distance to the 
Grade A and B contours are de- 
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Fig. 4. Chart for predicting field strength for channels 7 -13. 

termined from Figs. 3 and 4. The 
F(50,50) field intensity charts 
(Figs. 9 and 10 of the Rules, Par. 
73.699) should be used to predict 
the field intensity contour dis- 
tances. The charts are based on an 
effective power of 1 kw The slid- 
ing scale associated with the 
charts should be used as an ordi- 
nate scale for higher powers .3 For 
example, if on channel 7 you have 
an ERP of 17 dbk and an antenna 
radiation center 2,000 feet above 

average terrain for radial A, the 
equivalent contour for Grade A 
service will be 71 dbu -17 db on 
the 1 -kw curve on the 2,000 feet 
elevation line of Fig. 4 (Fig. 
10 of the Rules, Par. 73.699). 54 
dbu is at a distance of 54 miles. 

The terrain in one or more di- 
rections from the antenna site may 
differ to some extent from the 
average elevation of the 2 to 10 

3. See Par. 73.684: Prediction of Coverage 
for the proper application. 
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mile sector. The prediction method 
may indicate contour distance 
values different from what may be 
expected in practice; a moun- 
tainous area may indicate the 
practical limit of service while 
the prediction method indicates 
otherwise. The prediction method 
should be followed in these cases, 
but a supplemental tabulation in- 
dicating contour distances deter- 
mined by other methods should be 
made, describing the procedure 
and including sample calculations. 
Maps of predicted coverage should 
include the predicted coverage by 
the supplemental and regular 
methods, the same information re- 
quired when measurements are 
necessary. Where there are spe- 
cial terrain problems, a supple - 
mental tabulation of expected cov- 
erage must be included together 
with a description of the method 
used to predict coverage. The FCC 
may require additional informa- 
tion about terrain and coverage. 
The transmitter location, the ra- 
dials used in items 14a and 15, 
and the Grade A and B contours 
should be plotted. 

The minimum field strength re- 
quired over the principal commun- 
ity is shown in Table III. The 
field strength in your case may be 

Significant Factors in Filing 

If an application is submitted for 
changes in an existing station, all 
paragraphs relating to the pro- 
posed changes should be com- 
pleted. The remaining paragraphs 
should be marked "On File -No 
Change." 

Furnish engineering exhibits 
to support the application, but 
data submitted in previous Form 
301 filings should not be re- 

peated. 

Costs for TV Engineering Data 

The average cost for engineering, 
design work, tests and measure- 
ments, calculations, computa- 
tions, compiling of data, and fil- 
ing Form 301 for a TV facility 
would be between $750 and 
$1250. Usually, there is an ad- 
ditional charge of $100 for per- 
sonnel expenses and the cost of 
obtaining and entering the data 
for: 

a. Geographical coordinates 
b. Topographical maps 
c. Profile maps 
d. Sectional aeronautical maps 
e. Aerial photography 
f. Predicted field strength pat- 

terns and contours 
Instrument approach or land- 
ing charts 

h. Other incidental materials 

g. 

Charges for design and meas- 
urements for a directional array 
or other changes in an existing 
facility, would cost about $500. 

Facts About TV Antennas 

Stacking one element on top of 
another and feeding the elements 
in proper phase increases the far 
field voltage. 

The field at the horizon in- 
creases with additional bays, and 
additional nulls and lobes ap- 
pear between the first null and 
the horizon. 

Nulls over populated areas can 
be avoided by phasing or power 
splitting or a combination of 
both. Determine the vertical an- 
gle to be covered. 
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calculated by determining the de- 
pression angle below the horizon 
from the antenna height and dis- 
tances to certain parts of the com- 
munity. The dbu value may be de- 
termined from Figs. 9 and 10 of 
Par. 73.610, using the ERP value 
for the correct depression angle 
for the proposed antenna vertical 
pattern. Par. 73.610 and 73.611 
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explain separation requirements. 
Figs. 5 and 6 are examples of 

typical graphs which must be 
filed for each of the eight radials 
with the transmitter at the cen- 
ter. Each radial is 45° apart and 
each is averaged for its effective 
antenna height figure; the con- 
tours are computed for the indi- 
vidual radial height. 
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Design & Operation of 
Directional AM Antennas 

Part 1 
Basic Directional Considerations 

John H. Battison 

T0 MANY radio engineers, the 
directional antenna is still a 

mystery -shrouded enigma. As a 
result, the demand for qualified 
directional antenna operators con- 
tinues to grow. The following 
articles will acquaint operator - 
engineers and management per - 
sonnel with the design and opera- 
tion of DAs to the extent that 
they can develop a working famil- 
iarity with DA systems. 

Basic Directional Considerations 

A single vertical antenna will 
radiate an equal amount of power 
in all directions, providing a bas- 
ically circular pattern. If a second 
vertical antenna is inserted into 
the field of the first, the pattern 
shape will no longer be circular; 
it may be elongated, "dented," or 
approximate a figure 8, depending 
on height, spacing, and current in 
the second antenna. Patterns 
shapes may be distorted if an an- 
tenna system is built too close to 
a water tower or a similar struc- 
ture capable of re- radiating RF 
energy. The contrived introduc- 
tion of the second antenna into 
the field of the first allows us to 
control its effects and achieve the 
pattern desired. 

Three factors determine the ra- 
diation pattern of any array: 
spacing between the towers; phase 

relationship of tower currents; 
and the ratios between the 
amounts of current in each 
tower. By manipulating these pa- 
rameters, almost any desired pat- 
tern can be achieved. In physical 
construction, each tower is treat- 
ed as though it were an individual 
antenna as far as its ground sys- 
tem is concerned. All antennas 
must have the same number of 
radials. If tower spacing is such 
that the radials would overlap, 
each radial must be terminated 
where it meets another and the 
ends bonded together (Fig. 2). 
Bonding is necessary to obviate 
any high resistance joints that 
can cause power losses in the 
ground return path. Bonding also 
reduces the possibility of cross 
modulation and harmonic radia- 
tion due to corroded connections 
in the high power field surround- 
ing an antenna. 

The ground systems of all the 
antennas in an array should be 
identical. If they are not, and one 
antenna has fewer radials than 
another, there is a possibility that 
radiation in that direction may be 
impaired due to increased ground 
losses on that side. This is a the- 
oretical problem; however, if an 
array design proposing a very se- 
riously lopsided ground system is 
presented to the FCC, a special 
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showing may be required to 
prove that the pattern and effi- 
ciency will not be impaired. 

Two -Tower Arrays 

Fig 2 is a plane representation 
of a typical two -tower array. It is 
convenient to assume that the cur- 
rents in each tower are the same, 
the height of each tower is the 
same, and the current phasing in 
each tower is the same. The only 
thing that can affect the value 
of the radiation field is the posi- 
tion of the observer in relation to 
the combination. The towers are 
indicated as #1 and #2, the ob- 
server's positions as P1 and P2; 
these positions were chosen so 
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that they are at least 10 wave- 
lengths away from the towers, 
and in fact can be treated as 
though they were infinitely far 
away. For all practical purposes, 
the distance of P1 to both towers 
is the same. But no matter how 
far P2 is from the array, its dis- 
tance from tower #2 will always 
be a maximum of a half wave- 
length (180 °) greater than from 
tower #1. P1 and P2 may be 
moved 180° (P1 to the top of the 
illustration and P2 to the right 
of the array) and the result will 
be exactly the same. 

Remembering that radiation 
from each tower is identical, let 
us look at the signals received at 
P1 and P2. At P1 the two radia- 
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tion path lengths are identical; 
therefore, each signal will arrive 
with the same phase and magni- 
tude (neglecting transmission 
path distortions). Since the sig- 
nals will be in phase (and thus 
will add), signal strength will be 

Fig. 2. The ground radials of multi - 
tower arrays must be terminated 
and bonded at their junction. 

P 

twice the amplitude as from a 
single antenna (see Fig. 4). 

At P2 the distance from tower 
#2 is the same as from P1, but 
the distance from tower #1 to P2 
is 180° (a half wavelength) long- 
er. Therefore, the signal from 

P4 

Fig. 3. Geometric 
layout of basic 2- 
tower array. P1 is 
equidistant from each 
tower; P2 is the same 
distance from tower 
#2 as P1, but 1/2 

wavelength further 
from tower #1. 

Fig. 4. Radiation of 
array in Fig. 3. 

NON -DIRECTIONAL 
RADIATION 

( ONE TOWER) 

P2 NULL -1 #2+ *I < NULL 

RADIATION 
FROM 2 TOWERS 

P4 
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Know the Rules 

Contrary to popular belief, any 
engineer can present a design 
for a directional antenna to the 
FCC. In fact, any engineer can 
file any kind of FCC applica- 
tion. All he has to do in the 
case of a directional antenna is 
satisfy the Commission that he 
is properly qualified to per- 
form the work. If he does not, 
chances are the application will 
be returned with a request for 
more information. In some cases 
it may simply be denied! 

One word of warning is in 
order: Although it is quite true 
that anyone can file an FCC 
application, it is legal, as far 
as state professional engineering 
laws are concerned, only if it 
is for one's employer, or one- 
self. An engineer, no matter 
how qualified, cannot set him- 
self up as an engineer for pub- 
lic consultation unless he has 
achieved registration as a pro- 
fessional engineer in his state. 

The following FCC Rules de- 
scribe the data to be provided 
by the applicant: 
73.33 Antenna Systems, and 
73.45 Radiating System: De- 
scribes the basic showing re- 
quired. 

73.150 Data Required with Ap- 
plications for Directional An- 
tenna Systems: Call for a com- 
plete technical description with 
an actual sample calculation us- 
ing the formula specified. Full 
constructional and antenna lay- 
out details are required in pic- 
torial (sketch) form. All actual 
pattern data such as major and 
minor lobes as well as nulls 
must be plotted. 

73.151 Field Intensity Measure- 
ments Required to Establish 
Performance of Directional An- 
tennas: Governs the making of 
a proof of performance once 
the system is built. Its main 
objective is to demonstrate to 
the Commission's satisfaction 
that the antenna conforms in 
performance with the technical 
specification. This Rule tells 
how to make the measurements, 
where to make them, and what 
to do with them. It specifies 
how the resulting data should 
be presented, and defines the 
method for determining ground 
conductivity. It also asks for de- 
tails concerning the monitoring 
points selected. 

tower #2 will reach P2 before 
the signal from tower #1. In fact, 
it will reach P2 exactly 180° out 
of phase with the signal from 
tower #1. As a result, the two 
signals will exactly cancel each 
other so that there will be zero 
signal at P2. 

The broken circle in Fig. 4 
would be the radiation pattern 
from a single antenna at the same 
power, drawn to scale so that it 
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can be seen that the radiation in 
the direction of Pl (and P3) is 
twice that expected from one an 
tenna. On the other hand, the ra- 
diation at P2 (and P4) is zero, 
as shown by the tangents of the 
two major lobes. At other posi- 
tions around the 360° circle sur- 
rounding the array, the pattern 
size and shape will vary according 
to the distances and the particular 
position. 
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It must be remembered that this 
an idealized theoretical treatment 
of the situation so that the pat- 
tern comes out evenly. In practice, 
the radiation will not go to 
exactly zero under most condi- 
tions, nor can we literally expect 
twice the radiation at the maxi- 
mum signal positions. Generally, 
these conditions may be assumed 
initially, then modifying factors 

are applied to obtain the actual 
operating parameters. It is well 
to remember that in practice the 
pattern is not formed until the 
induction field (strong signal 
field in the immediate area of the 
array) has been left behind, and 
the measurement point is far 
enough away for the field inten- 
sity to be modified by the phase 
of the arriving signals. 
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Determining Pattern Shape 
Part 2 

John H. Battison 

THE DESIGN of a two -tower directional an- 
tenna system requires computations for 

both the size and shape of the radiation contour 
pattern. Pattern size, of course, is determined 
by radiated power; however, before you can 
compute radiation you must know how far you 
want your signal to go in each direction. Thus, 
the shape of the pattern must be determined 
first. 

Pattern Shape 
Signal strength at any point around the array 

is determined by the phase and magnitude of 
the arriving waves; therefore, a prediction of 
signal strength at any particular position re- 
quires the addition of vectors. Assuming the 
currents in each tower are equal, and that the 
towers have the same height, the only remaining 
factor which can influence the signal at any 
point is the phase relationship between the re- 
spective waves. 

Two factors control the phase relationship be- 
tween the arriving waves -current phasing in 
each tower (in our example they are equal) and 
space phasing (the difference in path length 
between the towers and the reference point). 
Fig. 1 shows the mathematical relationship be- 
tween these factors. It is usual to refer to 
Tower #1 as the reference tower. Since we 
are interested only in the pattern shape at this 
point, we arbitrarily say that Tower #1 is 
carrying unity current at the reference phase, 
expressed as 1/0 °. The current in Tower #2 
is then referenced to #1, with its magnitude 
stated as "B" times the current in #1 and its 
phase designated by (Greek letter Phi). Point 
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P in Fig. 1 can be anywhere in a 360° arc (al- 
ways the same distance from the array). 

In Fig. 1, a right triangle is formed by the 
towers and point X. Side S° is the spacing be- 
tween towers, expressed in degrees, and angle 
O (Greek letter Theta) indicates the horizontal 
angle from the center of the array. Obviously, 
the distance from P to Tower #1 is greater 
than the distance to #2 by the measure from 
X to #1, expressed as S cos O. This means 
that the signal arriving at P from #2 will 
lead the signal from #1 by the distance from 
#1 to point X (determined by multiplying S° 
by the cosine of angle 9). Since this relation- 
ship is consistent, all we have to know to pre- 
dict space phasing, or the relative strength of 

Pn 

900 

I É--- S ° ---- #2 
Fig. 1. Trigonometric relationships used to compute 
the shape of a DA pattern. Symbol designations: 
sb = electrical phase; S = spacing in degrees; B - 
horizontal angle from center of array; 1/ 0° expresses 
unity current in reference tower; B/ 00 expresses cur- 
rent in #2, B times that in #1 and leading by s °. 

the signals arriving at P, is the tower spacing 
in degrees (S °) and the horizontal angle O. The 
field intensities, of course. at P are proportional 
to the antenna currents; in this case we set 
them at unity, or equal to each other. 

Center of the Array 
Whenever referring to a directional antenna, 

the coordinates are always given for a position 
at the midpoint of the array. This means mid- 
way between two towers, the middle tower 
(or middle) of a three -tower array, the center 
of a rectangular array, etc. To plot the direc- 
tional pattern, polar coordinate paper is u:;ed, 
and the center of the paper is assumed to be 
the center of the array. Therefore, the angular 
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value -0 is based on a line from the center of 
the array to P, and determined by the location 
of P in a complete circle around the array. 
When computing field intensity contours using 
the radiation pattern, all radials and radiated 
powers are measured from a map location which 
represents the midpoint of the array. A tower 
(unless it is the middle point in a 3 -tower ar- 
ray) should never be used as a measuring point 
when potting coverage or completing Form 301. 

Computations for two -tower arrays with 
equalized powers are the simplest to work with 
since only half or one side of the pattern shape 
has to be determined. (Since there are only two 
towers, the pattern has to be symmetrical. An 
angle of 110° will have the same radiation as 
an angle of 250°; i.e., each side of the line of 
towers is the same at a corresponding angle.) 

Line of Towers 
The line of towers is very important in di- 

rectional antenna design. Up to this point, we 
have considered only the pattern shape, without 
regard to the orientation intended for it. We 
can take a specific pattern and rotate it through 
360° on a map until its nulls and major lobes 
point in the proper directions to provide the 
desired coverage. The line of towers may (but 
generally do not) line up with the bearing 
joining the proposed site to the area to be pro- 
tected or covered. In Fig. 2, we have a proposed 
site X with a broken line running from it to a 
city Y which must be protected. This angle is 
285° from True North, measured in a clockwise 
direction. The proposed pattern is designed to 
serve X and protect Y; therefore, the line of 
towers is oriented as shown -in this case, at 
90° to the line from X to Y, or 15° from True 
North (285° plus 90 °). Thus, radiation has to 
be specified with reference to one meridian or 
the other, and it is very important to state 
clearly whether a given radial is with respect 
to the line of towers or True North. The term 
azimuth is used when referring to True bear- 
ings from North. 

Nulls and Lobes 
If the currents in the towers are not precisely 

equal (as they are in our example), radiation 
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Th. 

Fig. 2. Illustration of the relationship between the 
line of towers and azimuth bearings. 

in the null areas can never reduce to a zero 
value. This is quite important in practice; if the 
FCC receives a DA application in which the 
radiation in the nulls diminishes to zero, it is 
quite certain that the proposal will be carefully 
scrutinized by Commission engineers, and the 
odds are about a million to one that it will be 
rejected -especially if the proposal depends on 
zero radiation in a critical direction. Absolute 
zero is impossible to achieve because of the 
multitude of external factors which can affect 
an antenna pattern (guy wires, transmission 
lines, towers, etc.). 

On the other hand, by allowing a small pip 
of radiation in the center of a null; it is very 
often possible to obtain a broad null which quite 
easily provides the required protection. The im- 
portance of this design will become obvious 
when the engineer attempts to adjust the an- 
tenna. Antenna adjustment is very critical for 
sharp and deep nulls, but for a broader one, 
say 60° wide, with a small pip in the middle 
and no lower than 10 to 15 my /m, adjustment 
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Pattern Shape Computations 
The field intensity at P in Fig. 1 can be expressed as: 

E - 1/0" -( B/ (q I S cos 8) 

S is the spacing in degrees between towers 
B is the ratio of the tower currents 
m is current phase (leading or lagging) 
o is the horizontal angle from the center of the array, 

generally measured in steps of 10 °, except in cases 

where a small angular change is important. 

Computing the Pattern 
The data in Table I is often called a matrix, althorgh 
it is really a tabulation. Assume the directional pat- 

tern to be computed is expressed by the following: 
Spacing (S) =80° 
Tower currents: 1.0/0 

1.0 / 100° 
Current ratio 1:1 
Current phasing 100° (Note: this can also be written 

-50 : ¿ 50) 
Pattern Shape Factor equals: 1Z 00 -F B L (o + 

S cos o) = 1.0/ 0° 1.0 / (100° + 80° cos e) 

The operation shown at the top of each column in 
Table I is performed, and each column in turn is 

pioce3sed by the next one. The operation between 
columns 4 and 5, the conversions of degrees into 
rectangular vector coordinates, may not be obvious. 
Column 4 is the magnitude and phase produced by 
adding 1.0 at phase angle 100 °; i.e., the value of 
column 4 for o = 0° is L 100 °. Column 6 is merely 
the addition of the signal from #1 tower. This is ¿ Oc, 

written 1 + j0. Column 7 is completed by converting 
the rectangular coordinates into polar form to give 
the magnitude of the radial. The angular (phase) 
data provided by this conversion is not needed, so 
only the magnitude is entered in column 7. Pattern 
shape can be plotted in terms of relative values, but 
to compute cove age, radiation along each radial must 
be converted to millivolts per meter (mv /m). Pattern 
value can be computed as follows: 

Radius 
Radiation x 

Radial length 

at desired azimuth for 180° = 196 x 
3.9 mv/m 

2.73 
Column 8 has been completed using this formulation. 
Fig. 3 can also be used to scale off any other desired 
azimuth values. 
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Fig. 3. Dashed circle shows field strength of 196 mvlm for 
1 kw. DA radiation values may be scaled off. 

becomes far easier. Also. even though calcula- 
tions work out beautifully in theory, actual per- 
formance is usually very different. So when- 
ever possible. it is best to make allowances by 
developing an MEOV (Maximum Expected Op- 
erating Value). As a matter of fact, the FCC 
now requires that an MEOV be provided in all 
critical directions. Some consulting engineers 
provide an MEOV around the entire pattern to 
give themselves a buffer. 

The MEOV factor is generally computed by 
taking about 5% of the radiation and adding 
it to the minimum allowable radiation. One ap- 
proach is to compute the absolute maximum 
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permitted, then subtract 5 to 10% and use this 
figure as the desired minimum radiation. Gen- 
erally, MEOV is shown on the pattern as a 
dotted line around the solid line of the com- 
puted contour. 

Interference contours must always be calcu- 
lated using the MEOV radiation, not the base 
figures. The reason for this is that the FCC, 
when making allocation studies, relies on the 
anticipated maximum radiation that could be 
permitted under the specifications of the con- 
struction permit. If they do this, and if every- 
one does it when preparing new station applica- 
tions, there will be no difference between FCC 
figures and those of applicants. If the appli- 
cant allows himself an adequate MEOV in a null 
area, and during the proof encounters difficulty 
in meeting pattern minima, it is frequently poss- 
ible to bring the pattern within the MEOV 
figures and thus meet the CP requirements. 
Many a station has been able to get on the air 
more easily because of the existence of the 
MEOV cushion. 

Computing Power 
In order to relate the pattern shape to actual 

power in my /m, a reference is needed. Fortu- 
nately, we have such a reference -the standard 
of X my /m at one mile. Depending on the pro- 
posed power and tower heights, an appropriate 
radiation value such as 196 my /m at one mile 
for a 90° tower can be used. It is only necessary 
to compute the area bounded by the pattern 
already computed, and then convert this to a 
circle of equal area by using the formula for the 
area of a circle (A = nr2; r = VA /n). 

Fig. 3 depicts the 196 my /m circle (with 1 -kw 
transmitter power) drawn on the DA pattern 
shape. Using the lengths of the various radials 
to the DA pattern, we can compute the actual 
pattern values (see box). The pattern shown in 
Fig. 3 is based strictly on the relationships be- 
tween the various magnitudes and angles, and 
therefore does not have any meaning as far as 
actual operation is concerned. The shape is what 
we are after. 
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Determining Pattern Size 
Parti 

John H. Battison 

THE SHAPE of a directional an- 
tenna pattern indicates the 

relative radiation in each direc- 
tion; it is used to determine the 
coordinate locations of nulls and 
lobes so that proper protection 
will be afforded co- channel and ad- 
jacent channel stations. Pattern 
shape computations do not specify 
the exact area which the pattern 
will cover, however, and addi- 
tional computations must be made 
to prove that a proposed contour 
will not cause any objectionable 
interference in any direction. 

Pattern Area Computations 
One method of measuring pat- 

tern area is to use a planimeter, a 
small instrument designed to 
measure the area of an irregular 
plane figure. 

Another way to determine pat- 
tern area is to lay the sketch over 
a sheet of suitable sized squares 
representing the proper scale. 

For daytime operation, vertical 
(or high angle) radiation is gen- 
erally of no consequence; an ex- 
ception would be transition period 
radiation (2 hours before sunrise) 
of Class II stations. In such cases, 
vertical radiation must be limited 
to the point where it will not in- 
terfere with the dominant Class 
II station. 
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For nighttime operation, verti- 
cal radiation assumes much great- 
er importance, so much so that the 
FCC charts are quite precise 
in prescribing allowable limits. 
(Even though strict control may 
be maintained over horizontal ra- 
diation, high angle radiation can 
literally blast the protected sta- 
tion off the air.) Eliminating ob- 
jectionable vertical radiation usu- 
ally requires cut -and -try methods, 
one of the main reasons that the 
preparation of nighttime applica- 
tions is often expensive. 

Vertical radiation must be com- 
puted at every horizontal radial. 
The high angle radiation charac- 
teristic is known as F (0), and is 
published as a standard factor for 
every 50° of horizontal azimuth 
and vertical elevation. Fig. 1 

shows how this factor varies. 
Vertical radiation at any hori- 

zontal angle (0) may be computed 
by: 

VSF =F(0) [LO° 
+B L (0 + S cos 0 cos V)] 

However, because V, the vertical 
angle, and horizontal angle O ap- 
pear only as cosines in this ex- 
pression, they merge and appear 
as the result of only one angle; 
thus, they can be treated as the 
cosine of a single angle. It is 
therefore necessary to compute 

www.americanradiohistory.com

www.americanradiohistory.com


only the horizontal shape and ap- 
ply the vertical factor F(0). 

For example, let's assume that 
the horizontal angle (0) is 100° 
and compute the vertical radiation 
at 30 °. The cosine of 100° is 
-0.9848; the cosine of 30° is 
0.8660. The product of these two 
values is 0.8540. A cosine table 
shows the angle equivalent to this 
value to be 148.6 °. At this angle 
the horizontal value is 3.85 (see 
Part 2). In Fig. 1, the F(0) 
value for 30° of elevation is 0.825, 
for a tower height of 90 °. The 
product of 0.825 and 3.85 is 3.12. 
the vertical radiation in the same 
units as Fig. 1. To convert to 
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Fig. 1. Effect of phase angle change 
for the pattern in Fig. 2. 

my /m, we multiply 148.6° by the 
power ratio, which equals 226 
my /m vertical radiation at 30° 
above the horizon. 

Towers of Unequal Height 
Towers of equal height should, 

of course, be used wherever pos- 
sible to avoid unnecessary compli- 
cations. However, if an existing 
tower (or towers), must be used 

Simplified DA Calculations 

If the currents in each tower 
are equal, the pattern formula 
can be reduced to: 

E = K Cos (S/2 Cos e + 0/2) 
where E is the field in my /m. 

K is a constant that will produce 
an expected RMS from the an- 
tenna system, based on the ex- 
perience of the engineer. In 
this case, we will assume it to 
be 200, which is reasonable 
for 500 watts. 

S is the tower spacing in degrees. 
e is the azimuth angle. 
RMS indicates the efficiency of 
the array in my /m; in our exam- 
ple it is 134.4 my /m. 
Based on parameters in Fig. 2, 
the radiation at 60° would be 
65.12 mv/ m. 
It then became necessary to 
amend the pattern slightly to re- 
duce radiation in the null area. 
The antenna parameters were 
changed slightly to reflect a phase 
difference of 100° instead of 
102 °, and the line of towers was 
changed from 090° to 080 °. 
Everything else remained the 
same. The effect of the phase 
change is shown in Fig. 3. 
Very little change has occurred 
in the broad main lobe values, 
but a very significant change has 
occurred in the null area -the 
"pip" has disappeared. Seeming- 
ly small changes such as this 
can play a major role in the suc- 
cess or failure of an application. 

in a new array for increased pow- 
er or for nighttime operation, 
compensating adjustments must 
be made in the tower feeder sys- 
tem. 

The important thing to remem- 
ber is that the ratio of the anten- 
na fields, or the field ratio, deter- 
mines the radiation pattern. The 
field ratio is, of course, directly 
related to the tower current ratio, 
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Table I. Azimuth Bearings and Radiation for Fig. 2. 

Azimuth n Radiation 111V/ 11 

260 °T 0 0 
270 10 2.10 
280 20 8.38 
290 30 18.84 
300 40 31.64 
310 50 49.4 
320 60 68.4 
330 70 88.62 
340 80 108.92 
350 90 128.56 
360 100 146.3 
010 110 161.2 
020 120 173.2 
030 130 182.3 
040 140 188.89 
050 150 192.9 
060 160 195.34 
070 170 196.58 
080 180 196.96 

Table II. Azimuth Bearings and Radiation for Fig. 3 
ti 

Az. a 

, 
Radiation MV/ 51 

270 0 3.5 
280 10 1.4 
290 20 4.9 
300 30 15.0 
310 40 28.0 
320 50 46.0 
330 60 65.0 
340 70 86.0 
350 80 106.0 
000 90 126.0 
010 100 144.0 
020 110 159.0 
030 120 172.0 
040 130 181.0 
050 140 187.0 
060 150 192.0 
070 160 194.0 
080 170 197.0 
090 180 198 0 

/ 
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and can be neglected only when it 
Ls unity (i.e., when both towers 
have the same currents and 
fields). If the tower heights are 
unequal, the actual current ratio 
required to produce the desired 
field ratio must be computed. 

For example, if we want one 
tower that is 90° high and another 
that is 135° high, we must deter- 
mine the field of each tower at 
one mile for 1 kw. This can be 
determined by referring to an- 
tenna radiation charts. Actually, 
it will be necessary to reduce the 
current in the taller tower to a 
value that will produce the same 
power as the shorter tower at one 
mile. Without any adjustment, 
the 135° tower theoretically will 
produce 213 my /m at one mile 
whereas the 90° tower will pro- 
duce 196 my /m, with 1 kw fed to 
each tower. If the power in the 
shorter tower is 1 kw, then by ap- 
plication of Ohm's law we find 
that only 840 watts will be re- 
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quired to produce a 196 my /m 
field from the taller tower (power 
varies as the square of the field 
intensity). 

In making adjustments in the 
tower current ratio to equalize 
the radiation field, tower base re- 
sistances must be considered. The 
base resistance of the 90° tower 
will probably be around 37 to 40 
ohms whereas the base resistance 
of the 135° tower will be around 
300 ohms. Using these figures, 
we can compute the currents re- 
quired to produce the 1 kw (for 
the 90° tower) and 840 watts (for 
the 135° tower) by using Ohm's 
law (P = PR). This gives us 5 
amps for the 90° tower and about 
1.7 amps for the 135° tower. 
Therefore, the current ratio for 
equal fields is 5:1.7, or about 3:1. 
The problem then becomes a mat- 
ter of adjusting tower currents, 
which requires some cut and try, 
until the desired field (current) 
ratio is obtained. 
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ultiple -Tower Arrays 
Part 4 

John H. Battison 

TIlE TWO -TOWER antenna system 
is the basic directional array. 

It can produce a large number of 
basic patterns. In fact, the results 
are so standardized that a set of 
patterns can be drawn using the 
parameters shown in Fig. 1 . 

However, the 2 -tower array can- 
not produce non -symmetrical pat- 
terns, nor can it always adequate- 
ly suppress radiation over a wide 
angle. If a narrow, but concen- 
trated, lobe is needed, a multiple - 
tower array must be used. 

The 3 -Tower Array 

The in -line 3 -tower configura- 
tion is the simplest multi -tower 
array to handle. Fig. 2 shows the 
basic vector relationship, which is 
very similar to that used for 2- 
tower arrays. 

The formula for the pattern 
produced by three in -line equally - 
spaced towers is: 
F,,c = 1 Z + BL(¢2 + 5 cos B) 

+CL(¢3 +2S cos 0) 
where B is the angle between 

the line of towers and the line 
joining point P to the tower (azi- 
muth), 

S is the distance between the 
towers in degrees. 

i is the electrical phasing be- 
tween tower currents. 

B and C represent tower cur- 
rent ratios referenced to tower T1 

S Cos O is the space phasing 
difference between the fields of 
the three antennas. 

If unequal tower spacing is em- 
ployed, 2S in the right -hand ex- 
pression becomes [42 + (S1 + S2) 
Cos B]. In other words the phys- 
ical tower spacing is mathemat- 
ically added, and the total is used 
as the physical spacing term. 

If symmetrical electrical phas- 
ing and current ratios are used, 
and if the 3 -tower array is com- 
pletely symmetrical about the cen- 
ter tower, the solution will be 
much simpler because the formula 
simplifies itself. 
Consider the array defined by 
these specifications: 

T2 T1 T3 

2L4,2 1L0° 2L¢3 
Parameters: 

SI = S2 
G (tower height) = G2 = G3 

Current Ratios: 
T1 center tower = 1 

T2 & T3 (outer towers) = 2 
Electrical Phase Angles: 

B2 =e3 
The two vectors produced by T2 
and T3 are plotted as shown in 
Fig. 3. The actual angles or their 
magnitudes (length) are unimpor- 
tant at this point; therefore, the 
vectors may be placed in the first 
quadrangle and the current phase 
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Px 

Fig. 2. Vector relationship of simple 3 -tower array. 

Ty 

o 

Fig. 3. Vectorial representation of 
3 -tower symmetrical array. 

angle (OP.) drawn at any value. 
The vector for T_ (OT.,) is drawn 
above OP, and T3 (0T3) is drawn 
below. Each vector has the same 
direction and magnitude in refer- 
ence to OP =, except that one is 
more (plus), and one is less 
(minus) . 

By completing the parallelo- 
gram, we find the length (or 
strength) of the pattern compo- 
nent produced by the two end (or 
outer) towers. (The parallelogram 
is completed by drawing a line 
from T., to X parallel to OT3, and 
and another line from T3 to X 
parallel to OT_,. The point where 

they intersect is X. Joining O and 
X gives the resultant. The dis- 
tance 0X1 is the same as X1 - 
X. ) 

Because the array is symmetri- 
cal and their resultant (OX) indi- 
cates the direction of the combined 
effect. To compute the length of 
OX, we use the distance OX1, 2 
cos (S cos B), in the equation: 

OX=2 [2 cos (S cos 0)] =4 cos 
(S cos 0) 

To find the total field in the direc- 
tion B, we merely add the radia- 
tion from T1 and include the 
phase angle B of the end tower 
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(I) 

T T2 

(r) (c) (d) 

Fig. 4. (a) 4 -tower array with symmetrical pairs; (b and c) vectorial 
treatment of each pair of antennas, Ti and T2, T3 and 14; (d) vectorial 
combination of the 2 -tower pairs. 

radiation to obtain: 

= 1 L 0° + 4 cos (S cos ¢) L¢ 
Actual values in mv, /m can be cal- 
culated after the pattern is plotted 
on polar graph paper. 

It is interesting to note that if 
the current ratio had been 0.5 in- 
stead of 2, the expression would 
have been; 
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Fr = 1 L 0 ° + .5 cos (S cos 9) 1,0 

Four -Tower Arrays 

So far in this series we have 
considered the fields from two an- 
tennas, three antennas, and sym- 
metrical pairs (i.e., three towers 
with the outer two symmetrically 
arranged in phase, power, and 
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Fundamentals of Vector Relationship 

A vector has both magnitude and direction. For example, a vector de- 

scribed as 4 /60° is 4 units long at an angle of 60 °. This can be 

plotted as shown in Fig. 5. If the vector had been 4 .Z.60° it would 
be shown as the dotted line. 

Applying the principle to vectors prcduced by a two -tower array, the 
process is the same but extended and repeated. Consider the array 
shown in Fig. 7A. The field at point X produced by the currents in the 
two towers is expressed as: 

1 /0 ° +BL(0 +S cos o) 

The vector for tower 1 (Fig. 7) is drawn one unit long at 0° from 
the origin "0 ". Continuing in the same direction, the vector for tower Ta 

is drawn at an angle of -50° (down from the origin line) and 0.8 units 
long. The units can be any suitable scale, inches, centimeters, etc. 
Joining the origin to the last arrow produces a vector (broken line) 
indicating the magnitude and direction of the field produced by the 
two towers at azimuth 70 °. (This will be true only when S cos a is 

zero, at 90° or 270 °.) In addition to the current phase relationship, 
space phasing at the desired azimuth a must be added; space phasing 
is 200 cos 70° and the vectors are shown in Fig. 8. 

Cos 70° = 0.342; 200 (0.342) = 68° 

Therefore, the effect of tower To is modified by the space phasing and 
it is necessary to rotate vector T2 68° in a positive (counterclockwise) 
direction, measured from To (not from the origin line). 

The length of the vector (.8 units) remains the same because the 
space phasing did not affect the current in the towers. So T2 is kept at 
0.8 units while it is rotated up to 68° as shown by the dotted vector 
line VS. 

The direction and magnitude of the field produced by the combination 
of tower currents, electrical phasing, and space phasing, are shown by 
the angle between R and the origin (horizontal) line. The length of R is 

measured in the same units as T1 and T2. The same process can be 
followed for any value of e. 

This approach can also be used any number of towers. In the case 
of a four -tower array, the two pairs are computed and the resulting 
vectors added in a third computation. (Vector arrows must follow each 
other because the vectors are being added). To generate the final vector, 
the spacing between the pairs of towers (mid -point of each pair) is 

applied as D cos e, (Fig. 4) the dimension D° (XY). 
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spacing) . For computational pur- 
poses, it is convenient to consider 
multi -element arrays in pairs. For 
example, the 4 -tower array (Fig. 
4a), can be considered as two 
groups of two towers. The radia- 
tion from each pair of towers 
(Fig. 4b and 4c) is computed as 
though coming from a single sep- 
arate pair. Then these two tower 
radiation figures are considered as 
emanating from single towers 
and combined once more (Fig. 
4d). The result is the effective 
vector pattern from the four tow- 
ers. The angle X at the apex of 
the right triangle is the same as 
angle 0, the azimuth angle; there- 
fore, XZ can be written as D sine 
0 which means that the length 
of the line XZ is D times the 
sine of the angle O. Line XY rep- 
resents the phase spacing of the 
two pairs of towers. Thus, the 
equation can be written: 

F,,x= 1L0 ° +1L +S cos 0) 
+ [1L0° +1L (¢, +X cos 0)] LD 
sin O 

Unsymmetrical DA Patterns 

In cases where a symmetrical 
radiation pattern will not provide 
protection in required directions, 
a pattern that is non -symmetrical 
or asymmetric, is needed. This can 
be done with an array that pro- 
duces unequal radiation on each 
side of a center line. A parallelo- 
gram tower configuration (see 
Fig. 5) will accomplish the pur- 
pose. The pattern produced by a 
parallelogram array can be cal- 
culated by: 

Field at distant Point X = 1 L 0° 
+ 1L (4 + S cos 0) + [1Z 0° + 
1L (4) S cos O)] LD cos (co- 
o) 
This formula can be simplified 
using previously described meth- 
ods. 
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Measuring Operating Impedances 
Part 5 

John H. Battison 

N0 DISSERTATION on directional 
antennas would be complete 

without considering mutual im- 
pedance. The first necessity is to 
understand what we mean by, and 
what constitutes, mutual impe- 
dance. 

What Is Mutual Impedance? 

If two inductances are placed 
close to each other -in a trans- 
former, for example - there is 
some inductance common to both 
windings. As a result of the prox- 
imity of the two coils, a voltage 
is induced by the primary into 
the secondary. This is known as 
mutual inductance. If we multiply 
the current in the primary wind- 
ing by the reactance of the mutual 
inductance, the open circuit sec- 
ondary voltage will be obtained. 

Basically, the same relationship 
exists between the towers of a 
multi -tower array. In a two -tower 
array, for example, the voltage in- 
duced in Z_ by Z1 is directly re- 
lated to the phase angle. The 
phase angle is referenced to the 
current in Z1 and its value will 
depend on the distance between 
the two antennas. Because of 
this, the coupling factor has to 
be described as an impedance 
and this, in turn, requires that 
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it be labeled in terms of magni- 
tude and angle. 

Mutual inductance can, there- 
fore, be defined as the impedance 
required to produce a given volt- 
age drop with a given current. 
Due consideration must be given 
the phase angle between the volt- 
age drop and the current or the 
ratio of the voltage induced in the 
receiving antenna by the trans- 
mitting antenna (in this case the 
terms "receiving" and "transmit- 
ting" refer to the indvidual tow- 
ers in the array; not to a discrete 
"receiving" or "transmitting" an- 
tenna as such). 

Why Is Mutual Impedance 
Important? 

The mutual impedance coupling 
between towers has a very strong 
effect upon antenna performance, 
the feeder and phasor system, 
and the ease of array adjustment. 
These calculations are probably 
the most boring and hard to fol- 
low, as well as being laborious to 
perform, but they have to be per- 
formed in order to be able to 
check the antenna operating pa- 
rameters and to be sure that no 
undesirable effects have been in- 
troduced. Unless the effects of 
mutual impedance are known, we 
cannot design the phasing equip- 
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ment. Let us consider the array: 

T1 T.2 

o S° o 
1/0° G = 90° 0.8/130° 

S = 90° 

The base operating impedances 
and the expected current in each 
tower must be determined so that 
the power and phasing equipment 
can be designed. Also, in some 
cases, it is necessary to calculate 
the RF voltage appearing at volt- 
age nodes if high powers are used 
and insulation becomes a problem. 

The basic formula for the mu- 
tual impedance of two or more 
towers has to take into considera- 
tion the effect of the radiated 
and re- radiated currents in each 
tower. For two towers it is: 

I1 I_ 
Z1= Z11 -+Z_1- 

I), Il 

I1 L, 

Z2 =Z12 -+ Z22 
I, I.2 

The subscript, Z11 is read as "Z 
one one," not Z eleven. 

Z,= mutual impedance of towers 
1 and 2 

Z9= mutual impedance of towers 2 
and 1 (by reciprocity it is 
the same as Z1) 

Z11 =self impedance of tower T1 
Z22 =self impedance of tower T2 
It= current in tower 1 

I0= current in tower 2 

We can use a matrix to set out 
the problem (Table I). This helps 
'1 avoid error and shows what is 
being done at each step. 

The self impedance of a quarter 
wave (90 °) tower, 45 + j40, is 
entered in the blank correspond- 
ing to the term Z11 in the right 
hand column, and also for Z22. 

Table I- Mutual Impedance Matrix 
Practical 

Self & Mutual Z 

Z Z,, 

Z 21 Z 
Current Ratios 

I, /I, I, /I, 

I; /I, I,/I; 

Coupled Z 

zu I,/I1 Z,, I, /I, 

Z2, I,/I, Z I;/I, 
Rectangular Form 

R+jx R+jx 
R=jx RXjx 

Operating Base Z 

R,+ ix, R. + ix. 

Theoretical 

Self & Mutual Z 

45 + j40 31 / -36 

31 / -36 45 + j40 

Current Ratios 

1 /0° 0.8/130 

1.25/ -130 1/0° 

Coupled Z 

45 + j40 25/-94 

50/ -90 45 + j40 

Rectangular Form 

45 + j40 -1.75 + j24.95 

0 - j56 45 -I- j40 

Operating Base Z 

45 - 116 43.25 + j65 

The mutual impedance and cur- 
rent ratios for two towers of equal 
height are shown in Fig. 1. We 
multiply 0.68 / -36 by the self 
resistance of the tower (the real 
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Fig. 1. Mutual impe- 
dance and current 
ratios for two towers 
of equal height 
(based on measure- 
ments and calcula- 
tions). 
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resistance of the tower (the real 
resistance part of 45 + j40); we 
multiply only by the magnitudes 
(or ratio) in 0.68 /-36 (the an- 
gle is unchanged). The result of 
this operation is 31 / -36° which 
we enter as shown. 

Next, the current ratios must 
be computed. Note that in every 
case the same value is repeated 
for the reverse relationship of the 
towers. Because one tower is the 
reference tower, we enter 1 /0° 
for this tower. The first set of 
boxes now shows self and mutual 
impedances. 

The coupled impedances are 
computed by multiplying each 
number in the current ratio box 
by the corresponding self and mu- 
tual impedances from the first 
box. The coupled impedances are 
now converted to rectangular form 
and entered in the rectangular 
form boxes. To obtain the actual 
base operating impedances and 
reactances, we merely add all the 
real numbers in the last set of 
boxes (rectangular form) and en- 
ter on the last line; then, add 
all the imaginary numbers in that 
box. Now we have the actual com- 
puted base operating resistance 
and reactance, and from these 
parameters we can calculate the 
required power and coupling com- 
ponents. 

Designing a System 
Let us design a two -tower ar- 

ray applying some of the princi- 
ples covered in this series. The 
rather heavy earlier concentration 
on vectors, and similar (somewhat 
theoretical) material was present- 
ed to illustrate the principles on 
which the directional pattern is 
built. The actual application is 
merely a continuation of these 

principles with the addition of ap- 
plied math. This example could be 
a part of an FCC application, al- 
though it is not generally neces- 
sary to be so comprehensive. How- 
ever, it is always essential to go 
through these computations even 
though they are not shown in the 
application. A seasoned consulting 
engineer will often know the elec- 
trical characteristics of a proposed 
array and will not find it neces- 
sary to go through the whole 
process every time. But, in order 
to compute the phasing and feeder 
system, he has to know all the 
parameters presented here. 

Let us assume that we are de- 
signing a two -tower array to pro- 
vide minimum radiation on one 
side and maximum on the other; 
in other words, a form of cardioid 
or heart shaped pattern. Due to 
high costs, only a small piece of 
ground is available. This will re- 
quire short tower spacing (re- 
member, it is necessary to have 
sufficient land for the radials 
which must equal the tower 
height). We have decided to use 
quarter -wave towers to provide 
reasonable radiation, and help to- 
ward ease of adjustment. We do 
not specify any special frequency 
for this application; the example 
is intended to show what is needed 
for any frequency. Therefore, we 
use only electrical degrees which 
can be translated into wavelength 

by using the ratio 300,000 
Fkc 

This gives the wavelength in me- 
ters (multiply by 3.3 for approx- 
imate length in feet). 

We assume that the array is to 
be built on perfectly conducting 
earth. This is not the case, of 
course, but a good ground system 
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Fig. 2. Pattern of two- 
tower array computa- 
tions (1.05 /0° and 
1.00 /130° are the 
same as 1.05 / -65° 
and 1.00 /65 °). 

helps, and, in any case, some 
standard of comparison has to be 
made. Assuming the best means 
that any errors will be on the side 
of poorer coverage, rather than 
better coverage. Therefore, inter- 
ference problems will be general- 
ly slightly less than the theoreti- 
cal. 

The formula for computing a 
two -tower array is (taking every 
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parameter into account) : 

E =Kf (B) 

[E1 IB /2 -I- (S /2) Cos, 4 Cos 0 

+ E2 I -B /2 - (S /2) CosechCos 0] 

This reduces to: 
E =2Kf (0) E1E2Cos2 
[B /2 (S /2) Cos, ¢ Cos O] 

+ (E1 - E2)2/4 } 1/2 (1) 
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Where: 
E = attenuated field in my /m 

(at one mile) 
El = relative field from tower #1 

(1.0 for this example) 
E2 = relative field from tower #2 

(1.05 for this example) 
B = electrical phasing (130 °) 
S = tower spacing (60 °) 
G = tower height (90 °) 
¢ = horizontal angle 
O = vertical angle (not needed 

in this case because we are 
not concerned with vertical 
radiation in a daytime sta- 
tion). Elimination of the 
vertical angle reduces O to 
zero. 

The results of the computation 
have to be converted to my /m by 
the factor 2K, which equals: 

2 E,m. (2) 

[E,2 +E22 +2E,E2CosBJo (S)]"2 

The expression, Jo (S) = Jo, is 
a Bessel function. It is found in 
the NAB Engineering Handbook 
(or similar engineering tables). 

En118 = array RMS = E, VG X LF 
(3) 

E, = theoretical radiation from 
one tower 90° high with no losses. 

For our example, 500 watts input 
power equals 139 my /v. Vertical 
gain is: 

VG = (4) 
[E12+E22 +2 E1E2 CosBJo (S)]1 /2 

[E12- FE22+2E1E2COSB (R./R.) ] 1/2 

Rm= mutual resistance between 
#1 and #2 =29 ohms 

RB =self resistance of each tower 
(36.6 ohms) 

Substituting in equation (4), VG 
equals 1.034. 

Loss factor (LF) equals: 

[1,2 R, + 1 R2]1 /2 

111'R1+112R2+ (112+122) Rl.]1/2 

Where: 
I, = relative current in tower No. 

1 (1.0) 
I.,= relative current in tower No. I2 =relative 

(1.05) 
R1, is the assumed loss in each 

tower (2.5 is an acceptable 
figure) 

R,= operating base resistance of 
No. 1 

=R8 + (I2 /I1) /Z /Cos (B + p) 
(6) 

Where: 
Z= mutual impedance between 

towers (29.6) 
P =phase angle of Z ( -11) 

That completes the basic prepara- 
tion of the data sheet. Many en- 
gineers print up similar pages 
with blanks for the variables and 
merely enter these values for each 
different antenna array. This 
saves a great deal of time, be- 
cause the completed sheet can be 
included as part of the engineer- 
ing exhibit if desired. 

Next, we insert these values 
in equation (6) : R, =12.5 ohms; 
R2 =22.9 ohms. In equation (5) 
Loss Factor (LF), we use 0.94; 
in equation (3) Erms=135 my /m; 
2K (the conversion factor) (Z) 
=257. 
Now putting all these items to- 
gether in equation (1) we can 
compute the actual radiation for 
any azimuth (horizontal angle). 
It is simplest to reduce the equa- 
tion to: 

E =257 [1.05 Cos 2 (65 + 30 
Cos 95) + .0006]1= 
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To prepare the required infor- 
mation for the FCC, we can take 
any desired angle and substitute 
it for 0. By doing this equation 
(1) becomes: 
E =23.7 my /m radiation at 0° 

or (360 °) 
The remainder of the pattern 

is computed by setting up a mat- 
rix as was shown in Part 2 of 
this series. Different headings are 
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used and the radiation is com- 
puted for every 10° from 0° 
through 180 °. Beyond 180° the 
values begin to decrease with the 
horizontal angle so that, in draw- 
ing the antenna pattern, the cor- 
responding value is plotted for 
each corresponding angle on the 
other side of the 180° line. The 
computed pattern is shown in 
Fig. 2. 
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Power Distribution and Phasing 
Part 6 

John H. Battison 

rill OPERATION of a directional 
antenna system requires, of 

course, that each tower be fed 
with the proper amount of current 
of the required phase relation- 
ship. Therefore, in this final in- 
stallment we shall cover power 
distribution and phasing meth- 
ods, plus a practical illustration 
of a 4 -tower array computation 
for night operation. 

Power Division and 
Phasing Related 

Power distribution and phasing 
are inseparably related to each 
other. Generally, a power distribu- 
tion system will introduce some 
degree of phase change which can 
either be used to advantage or 
minimized so that it has little af- 
fect on the operation of the sys- 
tem. However, since there is a 
built -in phase shift in most power 
distribution systems, it is eco- 
nomically sound to employ the ef- 
fect as part of the phase shift 
network. Since mechanical design 
has a bearing on the operational 
characteristics of such a system, 
it is a good idea to locate, wher- 
ever possible, all power division 
and phasing components in one 
cubicle or in one general group. 

A Collection of Pluses 
and Minuses 

The phase relationship between 
components of a DA system can 
be considered as a collection of 
pluses and minuses -that way its 
operation and treatment will be 
much simpler. 

Let's consider the 3 -tower an- 
tenna shown in Fig. 1. The refer- 
ence tower is shown as 0 °. The 
electrical phase of #2 tower is 
-30 °, and that of #3 is +120 °. 
At this point, the antenna cur- 
rents or their ratios need not be 
considered. All we need to know 
is how much undesired phase shift 
will be introduced by the coupling 
equipment, and how much of this 
shift can be designed into the 
system. 

In a very simple array with, 
say, 90° electrical phasing and 
similar tower spacing, there is 
usually a strong temptation, for 
economy reasons, to use the actual 
transmission lines to introduce 
and control the phasing. By using 
the velocity of propagation factor, 
it is fairly simple to design the 
transmitter -to -array transmission 
line so that it will introduce a 90° 
phase shift. If directional phas- 
ing is achieved in this manner, it 
will have no means of adjustment. 
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In practice, even the most care- 
fully designed array will have 
some unexpected variations; 
therefore, it is absolutely essen- 
tial that an adjustment network 
be included in the design. 

Built -in Phase Shift 

Two "built -in" phase shifts - 
between the individual towers and 
between the towers and the trans- 
mitter -have to be considel'ed. 
The towers can be fed by a trans- 
mission line from the transmitter 

phasing we add and subtract ac- 
cording to the signs. After 360° 
is reached, we are back where we 
started; 496° is only another way 
of writing 136° (496° - 360 °). 
Table I is a tabulation of the 
built -in phase shift of the array 
in Fig. 1. (Note that the derived 
electrical phase of each antenna 
is not included in the total phase 
shift.) The "built -in" phase shift 
is 100 °, plus 230° for towers #1 
and #3 and 100° for #2. 

Next, we must determine the 
influence of the transmission 

Table 1- Built -in Shift of Array in Fig. 1. 

Xmtr 
Electrical to Center Tower 2/1 Total 

Phase of array 2/3 Shift 

Tower #1 0 100 130 230 
Tower #2 -30 100 100 
Tower #3 100 100 130 230 

Table 2- Combined Built -in Phase of Array in Fig. 4. 

Phase Shift Line Phase Dog House 
Net Shift Shift Total 

Tower #1 
Tower #2 
Tower #3 

-90 
-90 

o 

-241 
-105 
-241 

- 75 -406 
+119 - 76 - 65 -306 

to the reference tower, and then 
by an individual line to each tow- 
er (Fig. 2a). However, the draw- 
backs to such an arrangement are 
rather obvious, either from the 
point of view of transmission line 
length and therefore RF loss, or 
from a consideration of the man- 
power required to operate the 
phasor at a point remote from the 
transmitter. Therefore, it is most 
usual to include the phasor and 
power distributor as an integral 
part of the transmitter group 
(Fig. 2c). 

When dealing with electrical 

line's velocity of propagation char- 
acteristic. Taking 95% (or a dif- 
ferent figure if the manufacturer 
gives one), we have an effective 
phase shift of 241° for the 230° 
lines, and 105° for the 100° line. 

Fig. 3 shows another method of 
connecting the transmission lines 
in Fig. 1. Quite likely, the physi- 
cal layout In Fig. 3 would be used 
in practice. 

Fig. 4 is a block diagram of a 
practical phasing and coupling 
network. Assuming the distribu- 
tion tank is properly designed so 
that the phase shift is negligible, 
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we begin with the phase shift con- 
trol networks. Generally, they are 
designed to handle from about 
+20° to -20° of actual shift 
without appreciable impedance 
change. These units are used to 
tune the towers to the final op- 
erating impedances, which are 
quite likely to be slightly different 
from the theoretical. 

The transmission line to power 
match is achieved by coupling 
units located in a "dog house" 
near the base of each tower. Here 
again we encounter a phase shift 
not designed into the system, but, 
as before, it can be used. The 
phase shift introduced by the dog 
house networks should be be- 
tween 60° and 120° to avoid large 
power losses. To determine initial 
settings on the phasor, we add up 
what we have to use. Values for 
the phase shift networks have 
been chosen so that our operating 
ranges should give us sufficient 
scope to take care of the system 
requirements, as shown in Table 
I I. 

By subtracting 360° from 
-406 °, the built -in phase shift 
for (reference) tower #1 is -46 °. 
However, our original specifica- 
tions at #1 called for a 0° phase 
shift. But since #1 is the refer- 
ence tower and all other towers 
are referenced to #1, we can call 
it anything we like as long as we 
adjust the other towers by the 
same amount. Therefore, we will 
consider #1 to be at zero degrees 
(0 °) and adjust towers 2 and 3 by 
+46 °. Accordingly, #2 will then 
have a -30° phase relationship to 
#1 ( -76 + 46). and #3 will 
have a -260° relationship to #1 
( -306 + 46). Therefore, we 
have obtained our required final 

70 

phases relationships between the 
towers. 
Power Dividers 

The basic function of power di- 
viding networks is to feed the de- 
sired amount of RF current to 
each tower. For various reasons 
it is not practical to establish de- 
sign parameters, then build fixed 
equipment that will give the de- 
sired results. From our design 
work, we know the base operating 
impedance of each tower. We 
know, too, the radiated power re- 
quired of each tower; therefore, 

Table 3 -Night Time Horizontal 
Plane Pattern 

A 
(degrees) 

E 
(MV/M) 

0 86.3 
10 78.5 
20 58.9 
30 34.3 
40 14.4 
50 11.9 
60 15.1 
70 16.2 
80 20.3 
90 26.0 

100 25.1 
110 16.5 
120 31.6 
130 79.2 
140 138.6 
150 204.9 
160 263.3 
170 304.6 
180 318.8 
190 304.6 
200 263.3 
210 204.9 
220 138.6 
230 79.2 
240 31.6 
250 16.5 
260 25.1 
270 26.0 
280 20.3 
290 16.2 
300 15.1 
310 11.9 
320 14.4 
330 34.3 
340 58.9 
350 78.5 
360 86.3 

Where A equals 0 at Azimuth 148° True 
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we know the approximate current 
at each tap. From this we can 
compute the effective load impe- 
dance. In the case of the 3- tower 
antenna just discussed, Fig. 6 
shows how the currents are han- 
dled. 

Although the simple DC ap- 
proach is permissible at times, it 
does not take into account the Q 
factor of the circuit. The antenna 
currents can be added because 
they are in phase and may be re- 
garded as a single equivalent out- 
put. The total power is the same, 
so we can consider that the total 
current is related to the load of 
the antennas by the standard pow- 
er relation. 

two towers. Numbers 4 and 5 are 
the original towers, and 1, 2, and 
3 are the new ones. At first it 
was hoped that both the existing 
towers could be used in the new 
4 -tower array, but the azimuth 
was not suitable, and spacing 
would have been extremely diffi- 
cult. So, in the interests of effi- 
ciency and economy, three new 
towers were added. 

Fig. 8 shows the polar diagram 
and operating parameters for the 
proposed system. The arrows 
converging on the center are the 
azimuths to stations which must 
be protected. Controlling the hori- 
zontal radiation was no particular 
problem because at night the co- 

Fig. 6. Simplified power dividing network. Individual tower 
currents may be added and regarded as total current IT. 

Since the effective load being 
placed on the tank circuit is 
known, we can keep the Q within 
certain bounds, averaging about 3. 
If it is too high we shall have a 
narrow bandwidth and the audio 
quality will suffer through side - 
band attenuation; if Q is too low, 
changing one tap will affect the 
other taps and make adjustment 
even more difficult. 

A 4 -Tower Array 

The array shown in Fig. 7 was 
designed to add night operation 
to a daytimer that already had 

channel and many adjacent chan- 
nel stations go off the air. Even 
if they had been the only problem, 
we could not have retained the 
same daytime pattern. It is night- 
time vertical radiation that makes 
the job so hard. In this particular 
case we had to keep cutting and 
trying to keep the city within the 
25 my /m contour and, at the same 
time, keep the vertical radiation 
from becoming so great that dis- 
tant co- channel stations received 
interference. (It is not very often 
that night -time adjacent channel 
interference becomes a problem; 
if the sky wave is strong enough 
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to cause adjacent channel inter- 
ference, it is sure to be far too 
strong on co- channel.) 

The formula used to calculate 
horizontal and vertical plane ra- 
diation is: 
E = K F(V) [cos (S' /2 cos A 
cos B - W'1912) cos (S "/2 cos (A 
+ 90) cos B + W "/2) + J0.05 
cos (S "' 2 cos (A + 65) cos B 
+ W"'/2) ] 
Where: 
E = field in my /m 
K = a constant to produce the ex- 
pected RMS = 330 
S' = spacing between towers 1 

and 2: 3 and 4 = 90° 
S" = spacing between towers 1 

and 3: 2 and 4 = 194° 
S "' = spacing between towers 1 

and 4 = 213.86° 
A = azimuth angle, 0° at 148° 
True. 
B = vertical angle 
W' = current phasing between 
towers 1 and 2: 3 and 4 = 120° 
W" = current phasing between 
towers 1 and 3: 2 and 4 = 0° 
W "' = current phasing between 
towers 1 and 4 = 180° 
F (V) equals vertical radiation 
characteristic of 90° antenna 
Table III shows a tabulation of 
horizontal plane radiation. 

Horizontal radials seldom occur 
at the exact azimuths required to 
show the vertical radiation in the 
critical directions. For this reason 
it is necessary to make the addi- 
tional computations to obtain the 
desired data. For example, the 
azimuth of WDBJ is 216° (Fig. 
8). Table III does not show the 
radiation at this bearing, it must 
be calculated. 

E = 330 x 0.869 [cos (90/2 cos 
68° cos 25° + 120/2) cos (97 cos 
(68° + 90 °) cos 25° 0 °) + 
J0.05 cos (213.86/2 cos (68° + 
65 °) cos 25° + 180/2)] 
E = 286.77 [ (25.38 x 1478) 2 + 
(0451)211/2 

= 286.77 x 0.0591 
= 16.95 znv /m 

Az. = 216° 
A = 68° 
B = 25° 

Table IV is tabulation of the 
computations for the pattern in 
Fig. 6. Table IV -A shows horizon- 
tal radiation when the vertical 
angle B is zero; Table IV -B 
shows the vertical radiation at an 
angle of 50 °. It is most informa- 
tive to compare the radiations at 
various azimuths at the ground, 
and at 50° elevation. 
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Measuring DA Operating 
Impedances 

C. Ward Yelverton 

UNFORTUNATELY, the measured im- 
pedance and the actual operating 

impedance of a circuit are some- 
times two very different quantities. 
This is particularly true when the 
circuit is nonlinear with respect to 
changes in power or voltage (an 
incandescent light bulb, for ex- 
ample, or most transmitter dummy 
loads). In the case of a directional 
antenna system, on the other hand, 
the circuit may be so complex that 
it is impossible to introduce a con- 
ventional bridge without some ef- 
fect on its operation. 

Directional Antenna 
Measurements 

A diagram of a simple two - 
tower array is shown in Fig. 1, 
and its simplified equivalent cir- 
cuit is depicted in Fig. 2. Measuring 
the input or drive point of one 
tower in such a system is not a 
simple problem. If Tower No. 2 is 
disconnected and properly "floated" 
so that it draws no current, or 
better yet physically removed com- 
pletely, input impedance Z1 is eqaul 
to the self impedance Z11 and is 
easily measured with a conventional 
bridge. However, considerable effort 
is involved in adding tuning net- 
works to all the elements in a 
multi -tower array in order to float 
all the towers except the one 
actually being measured. 

In the operating configuration, 
the input impedance of Tower No. 1 

is given by the equation: 

76 

Z1 = Z11 + Zl2 ( ji ), 
where z12 1 is the coupled im- 

pedance Z. Mutual impedance Zr, 
is a function of the physical con- 
figuration of the towers and is 
constant for a given array. The 
complex current vector ratio is a 
function of the self and mutual in- 
ductances and the circuitry in the 
current paths. 

Since the feed circuit for either 
tower is connected through the 
phasor to the other tower, the input 
impedance of one affects the current 
in the other. Thus, placing any 
impedance in the feed to one tower 
also affects the current in the other 
tower through the interconnecting 
phasor circuit. From the equation, 
it is obvious that a change in the 
current vector ratio results in a 
change of the coupled impedance 
and thus the input impedance. 

Introducing a conventional bridge 
into the circuit so radically changes 
input impedance that measurements 
are meaningless. As a matter of 
fact, the only place a conventional 
bridge may be introduced into a 
directional array without changing 
the circuit parameters is at, or be- 
fore, the common point. However, 
with an Operating Impedance 
Bridge (0IB) the voltage- current 
vector can be measured on the line. 
As shown in Fig. 3, the measuring 
circuit utilizes two controls in a 
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null -balance circuit; the resistance 
control is calibrated in ohms 
normalized to 1 mc. 

Conventional Antenna 
Measurements 

Making accurate measurements 
on a conventional antenna is often 
difficult due to the adjacent co- 
channel and interference received in 
the detector. This problem is easily 
overcome for initial tune -ups by 
simply using higher power signal 
generators with the OIB. Even if 
transmitter power levels are not 
permissible due to FCC Rules, a 
higher power signal generator and 
the use of an external detector with 
the OIB will allow accurate meas- 
urements in the presence of the most 
persistent co- channel signal. 

Adjusting Matching Networks 
Once the rough setup on a di- 

rectional array has been accom- 
plished, the tower matching net- 
work may be readily set by meas- 
uring the operating impedance of 
the tower and then calculating the 
required values of the matching 
section components to give the im- 
pedance match and phase shift. The 
components may be set to their 
calculated values by operating the 
OIB as a conventional bridge with 
the low level signal and an external 
detector. With the components set 
to their required values, the OIB 
is connected in series with the input 
to the matching section and final 
touch -up of the components is made 
to give the exact match required. 
It is necessary, of course, to re- 
adjust the phases and current ratios 
at the phasor when a change is 
made in the matching network. 

Monitoring the Common Point 
One of the greatest difficulties 

involved in the final adjustment 
of a directional antenna system is 
the interaction between all of the 
phasor controls and the common 
point impedance. Without monitor- 

ing an excessive number of field 
points, it is impossible to determine 
if a field strength change is due to 
a radiation pattern change, or to a 
change in the overall radiated 
power. Even the common method 
of ratioing field measurements 
against a non -directional radiation 
pattern is not usable unless the in- 
put impedances to both the phasor 
common point and the non- direc- 
tional antenna's drive point are 
accurately known. 

When measuring tower operating 
impedances, it is easy to overlook 
shunting circuits feeding the tower 
particularly the lighting circuits. 
The safest approach is to connect 
the OIB directly in series with the 
base current ammeter at the am- 
meter terminal. 

MINDIICIIV! COUPLING 

CAPACIIIV! COUPLING 

Fig. 1. Diagram of 2 -tower antenna 
network. 

Fig. 2. Equivalent circuit of 2 -tower 
antenna system. 

Fig. 3. Simplified schematic of the 
01B. 
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Sweep Frequency Measurement 
of Common Point Impedances 

Jim Plumb 

SWEEP - FREQUENCY TESTING Can be used in 

broadcasting to measure such parameters as 
antenna impedance, video amplitude and 
phase linearity. The technique described 
here shows amplitude and phase vs frequency 
on an oscilloscope screen. You can measure 
input and output impedances as well as the gain 
or loss of the device or system under test. The 
equipment used has a phase resolution of less than 
one degree and amplitude resolution of less than 
one percent of ,the reference used. An overall 
accuracy of plus or minus one percent may be 
obtained if accurate reference impedances are 
used over a limited frequency and amplitude 
range. 

In Section 73.54 of FCC Rules, detailed in- 
structions are given for measuring the power 
input to an a -m broadcast antenna system. An 
antenna or common -point ammeter is used to in- 
dicate rf current, and power is computed by the 
formula 

P =12R 
where P is power in watts, I is rms antenna or 
common -point current in amperes, and R is an- 
tenna or common -point resistance in ohms. The 
Rules require a series of measurements of both 
resistance and reactance at the operating fre- 
quency and at points 5, 10, 15 and 20 kHz on 
either side of the operating frequency. Good en- 
gineering practice and the Rules require that an- 
tenna or common -point reactance at the operating 
frequency be reduced as near to zero as practical. 

The usual method of measuring antenna or 
common -point resistance and reactance is with an 
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rf signal generator, an rf impedance bridge (such 
as the General Radio 1606 -B or 916 -AL or the 
Hewlett- Packard 250B) and a communications 
receiver as a null indicator. While this system has 
sufficient precision, it's time consuming; several 
minutes are 'required to make each measurement, 
you have to make at least nine readings, and some 
engineers prefer to take additional measurements 
to insure the accuracy of the smooth curve which 
is plotted and submitted to the FCC. 

In many cases the radiating system must be 
adjusted to zero reactance, and this requires sev- 
eral sets of measurements before the goal is ac- 
complished. These measurements are normally 
made late at night when the station is off the air. 
With the necessity for slow and painstaking work, 
it's not uncommon for the job to take all night, 
or even several nights. If your station programs 
24 hours, the all -night programming must be sus- 
pended for as long as the measurements and ad- 
justments take. That deprives the public of a 
broadcast service, and your company of revenue, 
for that period. 

By contrast, the measurement technique de- 
scribed here maintains the required accuracy and 
takes less time than the bridge method. Also, an- 
tenna or common -point impedance is displayed 
on a crt and you can see the effect of system ad- 
justments immediately. 

Measurement Technique 

These measurements are made with a sweep - 
signal generator and its associated tracking de- 
tector, such as the Hewlett- Packard Model 675A/ 
676A network analyzer. If nighttime skywave in- 
terference at the antenna is no problem, the Hew- 
lett- Packard 11138A impedance adapter may be 
used with the network analyzer to make imped- 
ance measurements. The circuit arrangement is 
shown in Fig L 

The network analyzer is designed to make 
gain and phase measurements of low- impedance 
(50 or 75 ohms) amplifiers, filters, cables and 
similar circuits. It does this by supplying a con- 
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Fig. I. Measuring equipment is connected as shown. Reference may be 

resistor or short piece of coaxial cable, depending on parameter being 
measured by analyzer. 

stant -level, swept rf signal to the input of the cir- 
cuit under test, and simultaneously to a reference, 
which is a precision resistor or a short piece of 
coax. After passing through the two networks, the 
signals are fed to the detector portion of the an- 
alyzer for measurement, and are converted to dc 
voltages. One such voltage is proportional to the 
gain or loss in decibels, another to the phase shift 
in degrees. A third is available which indicates the 
difference in gain in decibels between the test and 
the reference. 

The dc voltages are fed to a dual -trace oscil- 
loscope whose horizontal input is driven by the 
sweep generator to display the band of frequencies 
of interest. 

cn 

_ 

80 

1000 

loo 

10 

25 30 
FREQUENCY, MHz 

Fig. 2. Dipped trace indicates impedance, ascending 
trace phase angle, of a whip antenna under test. 
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Generator current I flows in unknown imped- 
ance Z. (the total resistance and reactance of the 
antenna or common point under test) and drops 
voltage Ea across it. The analyzer measures the 
amplitude and phase of Eo. 

The adapter converts the 50 -ohm output of 
the network analyzer into a' 33,000 -ohm circuit, 
changing it from a voltage source to a current 
source. At the same time, it isolates the 50-ohm 
terminating impedance of the network analyzer, 
providing a high- impedance, voltage- sensing port 
for the measurement of E,. 

In practice, the antenna under test is con- 
nected to one analyzer channel, and a nonreactive, 
100 -ohm reference resistor is connected to the 
other. The result is shown in Fig. 2, where one 
scope trace indicates impedance in ohms, while the 
other indicates phase angle in degrees. The traces 
shown are for a loaded whip antenna. Measure- 
ment range can be expanded, as shown in Fig. 3, 
simply by increasing oscilloscope vertical sensitiv- 
ity as desired. 

The phase measurement is calibrated by press- 
ing a pushbutton which feeds a fixed 5- degree 
signal (accurate within 0.2 degree) into the cir- 
cuit, moving the scope trace 5 degrees. There is 
also a 100 -degree button for other scales. Am- 

too 

_ 0 50 

25 
25 30 

FREQUENCY, MHz 

Fig. 3. Trace has been expanded vertically over that 
shown in Fig. 2 of same antenna. 
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Fig. 4. This adapter, made with standard components, 
converts sweep generator output to match low imped- 
ance of broadcast antenna. 

plitude measurements are calibrated with a preci- 
sion attenuator in the sweep -signal generator. 

Since the impedance adapter converts the net- 
work analyzer source impedance simply by putting 
a high resistance in series with it, available output 
current is reduced. As a result, the generator sig- 
nal may easily be overridden at the antenna by 
interfering skywave signals from other broadcast 
stations. The solution to this problem is an imped- 
ance adapter using a current- amplifier stage. Fig. 

1 1.5 
FREQUENCY, MHz 

Fig. 5. Impedance of a 1570 -kHz BC antenna. Pips are 
signals of stations on nearby channels. 
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4 is the schematic of such an adapter, which is 

used in place of the one previously described. 

Equipment Operation 

Fig. 5 shows the results obtained when the 
analyzer and adapter were used to measure the 
impedance of a broadcast antenna whose operat- 
ing frequency is 1570 kHz. 

When using the bridge method, the operator 
reads out resistance and reactance as separate 
quantities on the bridge dials. You can't do this 
with the analyzer; on the other hand, you can 
read total impedance and phase angle on the scope 
screen. 

Notice that in Fig. 5 the antenna is reactive 
at its operating frequency of 1570 kHz. For a de- 
tailed examination of this antenna, the expanded - 
scale feature was used. The results are shown in 
Fig. 6. 

Signals from interfering stations can be seen 
in both Figs. 5 and 6; the carrier and sidebands 
are clearly visible. More important, though, is that 
the phase angle of the antenna is 37 degrees and 
its impedance is 100 ohms. The resistance is 
found by 

R = Z cos ci = 100 cos 37 = 80 ohms 

100 

°_ 50 

25 

1.5 
FREQUENCY, MHz 

Fig. 6. This is both horizontal and vertical scale expan- 
sion of signals shown in Fig. 7 
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In practice, you adjust the antenna system 
until the phase angle is reduced substantially to 
zero, removing nearly all reactance from the sys- 
tem. At that point, the impedance trace on the 
oscilloscope indicates the resistance value, which 
is used to compute rf power. 
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Care & Treatment 
of Ailing DAs 

John H. Battison 

WITHIN RECENT YEARS the FCC has shown an 
ever -growing amount of interest in directional 
antenna operations. New stations going on the air 
are finding an increased emphasis on the part of 
the Commission in obtaining concrete proof of 
absolute adherence to the theoretical directional 
antenna patterns. Existing stations, when their 
licenses come up for renewal, are quite frequently 
in for a shock. Examination by the Commission's 
renewal branch engineers often discloses that the 
operating logs for the composite week indicate 
that the directional antenna system has been oper- 
ating outside its licensed parameters! 

Some of the older established stations are 
being required to update directional antenna 
proofs which may have been made twenty years 
ago or more. Many of these have not been re- 
proofed since the original license was issued. In 
some cases, the Commission's requirements are 
satisfied by an explanation of the discrepancies 
on the operating logs. In others, a skeleton or 
partial proof is the only thing that will satisfy the 
Commission's engineers. 

Re- proofing directional arrays that were in- 
stalled twenty years ago or more turns up prob- 
lems. Many of the original measuring points along 
the radials have been built over, or are rendered 
useless by the proximity of buildings or overhead 
lines. Many times, too, monitoring points that 
have become old and trusted friends over the 
years, are found to be at the very least misleading 
-if not downright untruthful. You will find 
monitoring points that are still within the license 
limits even though the surrounding area has 
changed. Yet when the radial is run and analyzed, 
the inverse fields are higher than the MEOV! 
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Fig. 1. Example of day -night radials from different 
towers. In this case, day radials (solid) originated 
in center of towers number 1, 2, and 6 and night 
radials from tower number 3. 

In a situation like this, the only solution is 

to select new monitor points. If this is done, it 
will probably also entail making a series of new 
nondirectional measurements, utilizing the new 
measuring points along the radials, plus, of course, 
running a skeleton proof. 

One can encounter some rather unusual prob- 
lems when making a partial proof or re -proof of 
an older station. The number of towers used in 
one of the patterns may have changed since the 
original proof. A case like this may call for two 
different sets of radials -one for each pattern. 

As a case in point, one of our client stations, 
which originally had a five tower in -line array 
for a DA -2 configuration, added a sixth tower 
to be used in the daytime pattern only. The 
reworked configuration used tower No. 6 and 
tower Nos. 1 and 2 of the original array which 
then formed the daytime antenna system. 

The original proof -of- performance radials 
were drawn from the center, No. 3 tower, and 
were thus good for day and night measurement 
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purposes. When the daytime array was modified, 
new radials were required from the center of the 
daytime array. 

The nighttime pattern was still referenced to 
the No. 3 tower, and because of the spacing be- 
tween this tower and the new No. 6, it was 
necessary to maintain two separate sets of radials, 
one each for the day -night patterns as shown in 
Fig 1. 

The array was adjusted so that all the night- 
time monitor points were within the license spec- 
ifications, and the radials were run. Practically all 
of the points on the original radial were found to 
be useless because of the intrusion of overhead 
lines, and new construction, which in some cases 
completely obliterated the old points. 

It was necessary to pick new regular and al- 
ternate monitor points, and also to select new 
points along the radials to complete the proof -of- 
performance. Even though not required to do so 
by the FCC, the licensee could probably have 
saved money by having the chief engineer make 
a skeleton proof from time to time. Deteriorating 
radial conditions would have been detected and 
alternate monitoring points selected. 

Log keeping -keep alert 

Some of the problems experienced by the 
broadcasters in connection with his antenna sys- 
tem are simply the results of inadequate and 
careless log keeping on the part of his operators. 
The Commission will usually accept phase moni- 
tor readings within 4° and plus or minus 5 percent 
of the current ratios as specified in the license 
except, of course, for those unfortunate licensees 
who have tolerances of plus or minus 1° and 
plus or minus 1 percent. 

Careless logging, which represents phase 
aneles to be consistently outside the 4° tolerance, 
and/or base current ratios that are consistently 
outside the tolerances allowed by the license, 
and for which no corrective action appears to 
have been taken (according to the log or the main- 
tenance entries) almost always result in a require- 
ment for a skeleton proof -of- performance. A num- 
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ber of these cases have come to our attention 
recently in which DA adjustment and /or partial 
proofs were required. In some cases it was quite 
apparent that had proper attention been paid to 
log keeping during the preceding years, a costly 
(and license -renewal delaying) proof-of- perform- 
ance would not have been required. 

In fact, much of the consulting engineer's 
work is frequently due to carelessness, and in- 
attention to detail on the part of log keepers, and 
the people whose job it is to insure that proper 
log entries are made. On the other hand, such 
items as widely varying phase and current ratios 
on a particular tower are usually indicative of 
changes in either the power supplied to the tower, 
or the phase monitor system. 

If variations are indicated for a specific tower 
and the parameters for the other towers in the 
array are normal, an immediate inspection should 
be made of all the elements in the transmission 
line system. Starting at the phasor, all connections 
should be checked for tightness and, if practical, 
the line condition should be checked for inter- 
mittent shorts, or open circuits due to faulty 
soldered connections, etc. In such case the varying 
base current was traced to worn out and dirty 
contacts in the pattern- changing relay at the tower 
base. When the relay was replaced, the base cur- 
rent returned to normal. 

Shortly after, the same tower began to exhibit 
random variations on the phase monitor. This 
particular trouble was eventually traced to an 
intermittent connection in the sampling loop on 
the tower. From ground level observation the 
loop had appeared sound, and it was not until 
a close -up physical check was made that its con- 
dition was discovered. 

It is quite possible that a careless, inattentive, 
and disinterested operator would have been con- 
tent to go along repeatedly entering normally 
expected phase monitor readings. Unless the er- 
ratic phase monitor readings occurred precisely 
during the time that parameters were being re- 
corded or logged, these variations could have 
gone unnoticed. 
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Monitor points, new and old 
When a construction permit for a directional 

array is issued, certain monitor points are speci- 
fied. These values show the maximum radiation 
that is permitted at these points. Normally, a 
licensee is required to measure and record these 
values once every seven days. A monitor point 
that is consistently high (in the absence of unusual 
circumstances such as extreme cold conditions 
which are acknowledged to increase conductivity) 
can usually be taken as an indication of mis- 
adjustment in the directional antenna system. 
This assumes, of course, that nothing has occurred 
in the vicinity of the monitor point to account 
for the consistently high readings. Great changes 
have taken place in local construction and power 
line installations in most areas in recent years. 
It is, therefore, a very wise precaution to select 
alternate monitoring points and obtain the Com- 
mission's approval to log and use these in addition 
to the regular points to demonstrate that the array 
is properly adjusted. 

The use of alternate monitor points also serves 
a double purpose. Local conditions can cause a 
change in a regular monitoring point reading 
that might indicate excessive radiation. But if 
the alternate monitoring point does not also in- 
dicate excessive radiation, the increase may be 
due to a purely local condition. Knowledge of this 
fact may prevent an inexperienced operator from 
attempting to readjust an array that is already 
operating properly! 

Any discussion of monitoring points brings up 
a topic which has become of increasing concern 
to engineers who are required to maintain direc- 
tional antenna systems -cold weather. It has fi- 
nally been accepted in engineering circles that cold 
weather produces an increase in ground conduc- 
tivity in many parts of the country. Thus, a mon- 
itor point which has been running happily within 

I my /m of its limit throughout the spring, summer 
and early fall, may begin to run perhaps 1 to 10 
my over its limit with the onset of winter con- 
ditions, when the ground freezes. 

Inspection of the station's operating logs may 
lead to a citation, and perhaps a monetary for- 
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Fig. 2. Illustration of seasonal changes in con- 
ductivity. Note the inverse field remains the same, 
but the conductivity has increased from 5 mmhos /m 
to 7 mmhos /m. 

feiture, if monitor points consistently run above 
their limits and no efforts have been made to 
account for this phenomenon. 

One precaution which can be taken to prevent 
problems of this nature requires the making of a 
series of measurements along the radial, or radials, 
involved -if possible, at the same points at which 
the original proof -of- performance measurements 
were made. 

The new figures should be plotted on log -log 
paper and reanalyzed. Frequently, it will be found 
that a new, higher, conductivity curve will fit 
these new figures, and that the inverse field meas- 
ured at one mile remains within the MEOV. This 
is an indication that the radiated power is within 
the licensed parameters, and that the increase at 
the monitoring point is due to an increase in con- 
ductivity. Sec Fig. 2. 

If the foregoing is the case, the correct step 
is to record all the information and file an ap- 
plication requesting a modification of license to 
specify a higher monitor point value during win- 
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ter months. If interference considerations permit, 
a relaxation of the MEOV and a permanent in- 
crease in monitor point limits may also be re- 
quested. 

Try phasor rocking -with caution 

A technique that is employed to return a 
wandering directional antenna system to its li- 
censed parameters is "phasor rocking." This is 
not a project to be undertaken lightly, and with- 
out making the proper preparations. It must also 
be done carefully if it is to be useful -this means 
it is time consuming. Carried to its ultimate con- 
clusion, it involves the stationing of personnel 
equipped with field measuring sets and mobile 
radio equipment at each of the points to be mon- 
itored. After each change is made in a phasor 
setting, the fields measured at the monitor points 
are reported by radio to the engineer performing 
the adjustment. These values are then recorded 
in the appropriate columns against the specific 
adjustment. Fig. 3 shows a typical format for a 
phasor rocking operation. The top line should 
contain the licensed parameters for all the towers 
and the phenomena being measured. 

The next line should contain the actual cur- 
rently employed phasor and common point set- 
tings. This is very necessary, so that in the event 
that the array becomes unstable or goes out of 
control, it will be possible to return to the original 
operating conditions. 

It is, of course, necessary to request an author- 
ization from the Commission to operate with 
parameters at variance from the licensed values for 
a period of time to cover the proposed tests. 
Until the Commission has authorized this opera- 
tion, it is essential that no departures from the 
licensed parameters are made! 

If an operating bridge is available, it should 
be connected at the common point to ensure that 
abnormal departures from the licensed common 
point impedance, and hence current, do not occur. 
Normally, small variations in the common point 
impedance will be noted, and can be recorded 
as the phasor controls are rocked. But unless 
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any very wide variations are noticed, which would 
indicate a very bad misadjustment of the phasor, 
these readings are not too important at this time. 
Of course, if a new set of phasor control settings 
is obtained, it will be necessary to measure and 
correct the common point impedance as required. 

A good way to proceed with the phasor con- 
trol rocking is to vary the controls systematically 
in turn, commencing with the magnitude control 
for tower 1 and advancing it about three -quarters 
of a turn clockwise. All phase monitor readings 
are then recorded with the reported reports of 
monitor point readings. The actual change in 

phasor settings will depend on individual prefer- 
ence and condition. The No. 1 tower magnitude 
control is then retarded one- and -one -half turns 
counterclockwise from its last setting, so that it 
is actually three -quarters of a turn counterclock- 
wise from the original setting. Again, all phase 
monitor point readings are recorded. This mag- 
nitude control is now returned to its original 
setting and all readings should be the same as 
they were prior to the first movement of this 
control. 

Next, the phase control of No. 1 tower is 
moved in a similar manner, as are all the other 
controls in turn. When the exercise has been 
completed, the tabulation will look like Fig. 3. 

Analysis of these results should show that 
specific adjustments to certain towers will cause 
changes in the desired direction in monitor point 
readings and phase monitor readings. It is usually 
possible to determine from this tabulation which 
way the phasor controls should be moved to 
obtain the desired results. I must emphasize, 
however, that it is absolutely essential to record 
the phasor settings before any knob is turned, and 
to keep an accurate and concise record of every 
adjustment made. If you don't do this, you are 
liable to end up with an array that is completely 
out of adjustment! 

DA -NDA switching made easy 

Many of the directional stations that have 
been constructed in recent years embody control 
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circuitry that make it possible, in the case of a 
DA -N station, to switch from nondirectional to 
directional operation and vice versa by pushing a 
button. In the case of DA -2 stations, although 
more complicated, it is frequently possible to 
switch from each pattern to a nondirectional and 
back again by means of push buttons. If any of 
you are contemplating the construction of a new 
antenna system, or an updating or modification of 
an existing one, I would strongly recommend that 
you include this facility. It doesn't cost a great 
deal of money and the convenience that it pro- 
vides is priceless. As a matter of fact, there have 
been strong suggestions that the Commission will, 
before too long, require that this facility be em- 
bodied in all directional antenna systems. I firmly 
believe, not only from an engineer's viewpoint, but 
also from the point of view of management (whose 
interest lies in preserving continuity of signal 
pattern during DA measurements), that it is a 
very worthwile addition to any antenna system. 

The DA -NDA system that I have described 
above speeds up every kind of measurement oper- 
ation. It is possible to go to any measuring point 
once only, and to read any antenna pattern value 
at that point in the course of two or three minutes. 
These readings arc made under identical weather 
and field strength meter orientation and adjust- 
ment conditions. 

I might add, in connection with NDA read- 
ings, that when questionable readings are noted 
at a monitor point, or when trouble in a DA op- 
eration is suspected, nondirectional readings taken 
at the monitor point and ratioed to the directional 
readings give a very good indication of an an- 
tenna's performance and condition. 

An item that is frequently overlooked, because 
its operation is normally trouble -free and con- 
sistent, is the phase monitor system. We are not 
going to talk about the instrument itself, but we 
will talk about the connections between the in- 
strument and the antenna system. If you have 
inherited a directional antenna system whose in- 
stallation details arc not very familiar to you, you 
would be well advised to become familiar with 
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every detail of the installation, not forgetting 
where the excess sampling lines are stored. 

As we are all aware, it is necessary that all 
sampling lines have the same electrical length. 
This means that the line length is controlled by 
the distance to the furthest tower. The towers that 
are closer to the location of the phase monitor will 
have lines of the same length, but the excess line 
will have to be stored somewhere. It is an axiom 
of the FCC, and good engineering practice, that 
all excess line lengths be stored in such a way 
that equal lengths of all of the lines are subjected 
to the same climatic and temperature conditions. 
If this is not the case, the expansion or contraction 
of unequal lengths of line will cause a plus or 
minus change in the phases indicated on the phase 
monitor. If you experience changes of this type 
under extremes of weather condition, be prepared 
to check the location of the excess phase monitor 
sampling line. 

Run transverse radials to spot nulls or lobes 

Sometimes in the adjustment of a directional 
antenna, an unwanted null or an unwanted lobe 
may appear. It frequently happens when the moni- 
tor points have failed to show that the antenna 
is not correctly adjusted, i.e., the monitor points 
are within the FCC limits. But when a skeleton 
proof or radials are run, it is sometimes found that 
the inverse fields along these radials are higher 
than one would expect from the monitor point 
values. Or, of course, the points could be a great 
deal lower than the licensed monitor point values, 
and this again would be a cause for suspicion. 

If an unwanted lobe or null is suspected, run- 
ning a transverse, or cross radial, will frequently 
show up the unwanted effect. The technique of 
making a transverse radial is a little different from 
running a regular radial. 

In the case of a transverse radial, it is a good 
idea to select an arc, or radius of a suitable value, 
perhaps two miles, and draw this arc with a 
radius covering the whole of the area under sus- 
picion, Fig. 4. Good measuring points were picked 
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Fig. 4. Illustration of laying out a transverse radial 
when trying to locate null and lobe positions. 
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Fig. 5. Plot of transverse radial measurements 
showing azimuth versus field strength. 
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at intervals of about 1/10th of a mile, or less, 
along this arc and a series of measurements made. 

When these measurements were plotted on 
linear paper with the azimuth plotted in degrees 
along the abcissa, and the field strength in milli- 
volts along the ordinate, the pattern shown in 
Fig. 5 was produced. The licensed pattern called 
for a null at 277 °. To our surprise, we found the 
null to be at 2$7 °! 

The transverse radial could, of course, be run 
as a straight line in any desired direction. Then 
the distance from the antenna would vary for 
each point, and a third variable would be intro- 
duced into the problems. Use of a transverse 
radial is not very common in normal directional 
antenna work, nor is it required or even desired 
by the FCC. However, it is a tool that can be 
very useful at times. 

In concluding these notes on directional an- 
tenna problems, I might re- emphasize that many 
of the problems that station engineers encounter 
can be prevented by proper maintenance. It seems 
to be an obvious thing, but you would be sur- 
prised at the number of times we encounter DA 
problems which are directly traceable to what I 
like to call "agricultural laziness!" 

The antenna field should be kept clear of all 
brush type vegetation, and grass and weeds should 
be kept cut to a low level. Within the area around 
the tower base screens, the crushed rock -and 
only crushed rock should be used there -must be 
kept clear of weeds and vegetation. Weed killer 
applied here at regular intervals is very useful. 
One of the surest ways of encouraging varying 
DA meter readings is to allow high brush growth 
in this area. 

One station that we inspected had a wild grape 
vine securely wrapped around the RF lead from 
the tuning house to the antenna base. Luckily we 
found it before the "Grapes of Wrath" of the FCC 
descended on the station. 
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Retuning the 
Directional Antenna 

Barry Atwood 

THERE COMES A TIME in the life of many direc- 
tional antenna arrays when, despite careful main- 
tenance, the system no longer does what it was 
designed to do. The array simply fails to provide 
specified values of field intensity at one or more 
monitoring points. 

The problem results from a change in the 
environment of the system, which encompasses 
not only the immediate vicinity of the array, but 
the entire coverage area. When excessive fields 
are noted, the station engineer usually tries to 
restore the monitoring point field intensity to 
normal by adjusting the antenna parameters, as 
close as possible, to the values specified on the 
station license. This usually does not work, since 
the conditions that existed when the array was 
first installed are no longer present. It thus be- 
comes necessary to retune the antenna system. 

The many articles covering the design of di- 
rectional antenna systems prove to be of little 
value in the readjustment of an existing array. 
However, the method outlined, sometimes with 
slight variations, has been used by many consult- 
ing engineers in the final adjustment of an array 
after the design values have been established. 
Rare, indeed, is the directional antenna system 
that works exactly as designed with the original 
computed values. The refined "cut- and -try" 
procedure set forth in this article has no connec- 
tion with any existing array, or any type of array, 
but rather serves to illustrate the principles in- 
volved. 

First, Check The Monitoring System 

Before proceeding with any actual retuning, 
test carefully to make sure that the monitoring 
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system is functioning properly. The first thing is 
to be certain that you are in the exact location 
specified for the monitoring point. Most descrip- 
tions of monitor point locations pinpoint the loca- 
tion as an exact, specific number of feet from 
some fixed object, such as a road marker or tele- 
phone pole. Measure off the distance exactly, 
since an error of only 10 feet or so can cause an 
erroneous reading, particularly in deep null 
locations. 

The second step is to check for correct an- 
tenna parameters. Check the station license, and 
make sure that the values of common point cur- 
rent, antenna phasing, and antenna base current 
ratios are as specified by the license. After you 
have verified that all of the antenna system 
parameters are correct, you should establish that 
the common point impedance is of the correct 
value. Actual measurements are best, but an 
approximate check can be made by computing the 
operating power by the indirect method. 

Next, check the accuracy of the antenna base 
and common point ammeters. A meter of known 
accuracy should be inserted in series with each 
meter and a comparison of the two readings 
made. 

The antenna phase monitor should also be 
checked. To do this, first remove all of the an- 
tenna sampling lines except for the line connected 
to the reference tower. Then, connect a capacitor 
(.01 µF or so) from the reference tower input 
jack of the monitor to the next input jack. Set up 
the phase monitor to read the phase angle be- 
tween the two inputs. You should read a 90° 
phase difference. 

Now check the field intensity meter. This can 
be accomplished by direct comparison with an- 
other meter, preferably one that has been recently 
calibrated by the factory. 

The last thing to be checked is to make sure 
that the monitoring points which yield high values 
of field intensity have not gone "bad." This is 
done by making field intensity measurements 
at other points on the radial to see how they com- 
pare with the readings obtained in the same loca- 
tions during the original proof. 
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A very careful check should also be made of 
the antenna ground system. Usually, a fault in 
the ground system will cause the field intensity to 
drop at all monitoring locations since this type of 
fault reduces the antenna efficiency. However, a 
break in the main ground buss to one tower, or 
faults in the radials around one tower, may upset 
the pattern. If all of these checks prove positive, 
the only way to reduce the monitoring point field 
intensity is to retune the antenna system. 

Next, Get FCC Clearance, Prepare Work Sheets 

Before proceeding with any actual tuning, it 
will be necessary to obtain the authority of the 
FCC. A telegram should be sent to the FCC in 
Washington, D.C., requesting authority to operate 
the antenna system at variance from licensed 
parameters to facilitate retuning. Once this author- 
ity is granted, the telegram from the FCC is 
posted alongside the station license and you arc 
ready to proceed with actual retuning. 

First, prepare a work sheet such as shown in 
Fig. 1. The work sheet illustrated is for a three 
tower array with four monitoring points. Any 
array configuration and number of monitoring 
points can be accommodated. The first six vertical 
columns list the phasor control settings. The first 
three relate to the phasor current controls, and 
the next three relate to the phasing controls. For 
example, "1 A" refers to the tower number one 
current control on the phasor, "2A" is for the 
tower number two current control, and so on. A 
two tower array would have only four columns 
for phasor controls, an array with four towers 
would have eight, and so forth. 

The horizontal row, fourth from the top, lists 
the present dial settings of the phasor controls, 
since most phasors have some form of counter dial 
on the controls. After the entries for phasor 
controls, entries are made for monitoring points. 
Be sure to list all of the monitoring points spe- 
cified by the station license. Under the location of 
each monitor point, list the maximum permissible 
field intensity in mV /m for that point. In the 
fourth horizontal row, list the readings obtained 
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at these points. In this example, the reading 
obtained at the first monitoring point is above 
limits. The reading is 27 mV /m, and the maxi- 
mum permitted is 18 mV /m. The object in this 
example is to reduce the field intensity at monitor- 
ing point number one to below 18 mV /m. 

Under each column entry for phasor controls, 
is an entry of "cw" and "ccw." These describe 
the movements that will be made of each control, 
first in a clockwise direction, then in a counter- 
clockwise direction. The object of the game is to 

PUASOR CONTROLS MONITOR POINTS 

CURRE:NI PHASING 
81 

160° 

82 

175° 

03 

185° 

04 

210° 

IA 2A 3A 10 20 30 

18.0 

my /m 

7.0 

my /m 

34.5 

my /m 

22.0 
my /m 

3425 5029 4096 6395 2435 7253 27.0 5.2 29.6 19.1 

Cu 

ccu 

Cu 

ccu 

Cu 

ccu 

cu 

ccu 

Cu 

ccu 

Cu 

CCW 

Fig. 1. Sample worksheet with initial conditions 
filled in. 
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move each phasor control first one way and then 
the other, and observe the changes that occur in 

field intensity at each monitoring point location. 
Under each monitor point entry, there is a space 
to record the change in field intensity that occurs 
as the number one tower current control is 
varied in a clockwise direction. Just below that 
entry, there is a space to record the change as 
the tower number one current control is varied 
in a counterclockwise direction, and so on for 
each phasor control and monitor point. The 
exact procedure to be used will be detailed later. 
Some phasors do not have any controls for the 
reference tower in the system, since the other 
controls can be varied with reference to this 
tower. If this is the case with your phasor, simply 
omit the entries for this tower. 

Obtain Needed Equipment 

Before you start to turn the phasor controls, 
make sure you have the necessary equipment. 
You already have a field intensity meter and have 
tested it to assure yourself it is accurate. Do ob- 
tain fresh batteries for the instrument, since it 
will be in use quite a bit. 

An accurate impedance bridge of some sort 
is also necessary, since readjustment of the array 
will change the common point impedance. The 
handiest type of bridge to have is the inlinc, op- 
erating impedance bridge. It is best to try to 
gain access to a standard rf impedance bridge, 
signal generator, and detector combination. It 
may be impossible to return to the original value 
of common point impedance, and it will be neces- 
sary to run new impedance curves in this case. 

You should have some form of two -way radio 
system for communication between the transmitter 
phasor site and the various monitor points. For 
this type of operation, two engineers are required, 
one at the phasor controls, the other at the monitor 
points. One man can do the job without a two - 
way radio, but it takes a lot more time, particu- 
larly with a large array and many monitor points. 
If you obtain a two -way radio system, one unit 
should be set up at the transmitter site in some 
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convenient location so that the transmitter engi 
neer can converse by radio and manipulate the 
phasor controls. The second unit should be 
installed in a car. The mobile unit is then driven 
to the various monitoring point locations. Don't 
forget to keep a log of the transmissions made 
over the two way radio as required! 

Some Initial Considerations 

Before taking off in the car for the first moni- 
tor point, a few facts should be kept in mind. The 
first thing to consider is the change that will 
occur in the common point impedance as the 
phasor controls are varied. It will be necessary, 
therefore, to determine the operating power by 
the indirect method for the time being, and the 
transmitter engineer must keep a close watch over 
the power output. He should determine the plate 
current required for the normal power output 
of the transmitter, and disregard the reading of 
the common point meter. 

Another factor to consider is the weather. 
Rain has an adverse effect on many directional 
antenna systems. Even after a rain, the array 
may exhibit some instability until the area has 
thoroughly dried out. It is best to start actual 
retuning only after you have some insurance of 
favorable weather conditions. 

The last factor to consider is the time of day 
that field intensity measurements are made. Meas- 
urements should be made only within the period 
of from two hours after sunrise to two hours 
before sunset. Skywave interference may pre- 
clude valid readings at other than these times, 
particularly when dealing with very low values 
of field intensity. This type of interference in- 
creases very rapidly after sunset. If the station 
is licensed for operation with a nighttime power 
less than that of the daytime power, adjustment 
should be made on high power. (This assumes 
that the actual phasor configuration is the same 
for both day and night operation, and only the 
transmitter power is changed, since both day and 
night patterns are dependent on the same phasor 
settings.) In the event the station uses a different 
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pattern shape (not to be confused with pattern 
size) for day and night operation, this procedure 
will have to be performed twice, once for each 
pattern. Such a system would have two separate 
phasors, or a switching system to change phasor 
components. For stations that are nondirectional 
during the day, and directional at night, adjust- 
ments will have to be made on the directional an- 
tenna system at the nighttime power, but during 
the day. 

The Actual Tuning Procedure 

With the transmitter engineer at the phasor 
controls and two -way radio, the field operator 
should proceed to the first monitor point. The 
car should be driven as close as possible to the 
actual point of measurement and a reading taken. 
Now, set the field intensit meter on the roof, or 

0____ rhood of the car, an rotate the meter for maximum 
pickup, as in making normal field measurement 
(The meter should be placed somewhere ! the 
car that will permit the operator to watch the 
meter and converse with the transmitter engineer 
over the two -way radio.) Adjust the gain control 
of the meter to give the same reading as was 
obtained on foot at the exact monitor position. 

The field operator now instructs the trans- 
mitter engineer to vary the first phasor current 
control one turn in the clockwise direction. When 
the control has been moved to this position, the 
transmitter engineer informs the field operator 
that the move has been made. The field operator 
now enters the field intensity reading in the ap- 
propriate place on the work sheet. 

For example, let us assume that the field 
operator has gone to the first monitor point 
and measured 27 mV/ m. This reading is entered 
under monitor point number one on the work 
sheet as shown in Fig. 2. The field operator 
then instructs the transmitter engineer to move 
the tower number one phasor current control 
one turn in the clockwise direction. Now, let 
us assume that after the transmitter engineer has 
made this move, that the field operator now reads 
25.8 mV /m. He would then enter this reading 
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directly below the original reading of 27 mV /m 
as shown in Fig. 2. 

After the reading has been logged for the 
first move, the field operator instructs the trans- 
mitter engineer to move the first current control 
one turn in the counterclockwise direction from 
the original position. (This actually requires him 
to move the control two turns in the counterclock- 
wise direction, since the object is to get one turn 
counterclockwise past the original setting of the 
control.) 

After recording the ccw readings, the field 
operator now instructs the transmitter engineer 
to return the control to the original setting. (This 
would be one turn in the clockwise direction.) 
The field operator should now verify that the field 
intensity is the same value as originally read. 
For the example given in Fig. 2, the reading 
should return to 27 mV /m. The reason for this 
check, is that some phasor controls may exhibit 
some backlash and may not return to the exact 
same spot on the coil, even though the counter 
dials indicate the same reading. If this occurs, 
the transmitter engineer will have to juggle the 
control slightly while the field operator watches 
the meter, until the reading returns to the original 
value. 

This procedure is now repeated for the rest 
of the current controls, and then again for the 
phase controls, and the results of each move en- 
tered on the work sheet. It will probably be found 
that the phase controls have a more pronounced 
effect on the readings than the current controls. 

After readings are obtained at the first moni- 
toring point for all variations of the phasor con- 
trols, the field operator should proceed to the 
next monitor point and repeat the procedure 
followed at the first point. The transmitter engi- 
neer should keep tabs on the transmitter power 
using the indirect method of measurement. The 
field operator should establish that the field in- 
tensity at each monitor point has returned to the 
original value before proceeding to the next point. 

After the readings for all of the monitor points 
have been taken, the field operator can look at the 
completed work sheet and decide which move of 
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PHASOR CONTROLS MON ITOR POINTS 

CURRENT PHASING 
16O° I75° 185° 210° 

IA 2A 3A IO 20 30 
18.0 
my /m 

7.0 
my /m 

34.5 
my /m 

22.0 
my /m 

3425 5029 4096 6395 2435 7253 27.0 5.2 29.6 19.1 

CW 25.8 5.0 28.0 19.3 

CCW 27.2 5.3 28.9 18.3 

CW 26.2 5.9 29 0 18.0 

CCW 24.1 6.0 28.7 16.9 

CW 22.9 5.6 27.0 19.5 

CCW 24.0 6.6 26.8 20.1 

CW 

II 
16.3 7.5 27.3 

v 

18.9 

CCW 31.2 9.6 30.5 21.3 

Cu 19.5 6.3. 30.1 21.6 

ÇCW ' 15.1 5.0 28.3 18.5 

CW 29.6 9.8 36.6 25.3 

CCW 21.6 8.3 32.1 21.6 

Fig..2. Examples of data entered. No 2 phase 
control ccw, one turn brings field intensity 
to within quired readings. 

the phasor controls yields the best results. Re- 
ferring to Fig. 2, at first glance, it would appear 
that moving the number one phase control one 
turn in the clockwise direction will bring the 
reading at the troublesome point, number one, 
to within limits. However, closer inspection re- 
veals that this move also puts the reading at moni- 
tor point number two out of limits. 

Moving the number two phase control one 
turn in the counterclockwise direction, as shown 
in Fig. 2, will bring all of the readings to within 
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limits. This move is, therefore, the move that 
would be made, and this would complete the 
tuning procedure. 

It will probably be found that the array will 
not be quite so cooperative, and it will be neces- 
sary to repeat the entire procedure several times 
before the desired results are obtained. For ex- 
ample, referring again to Fig. 2, if the move of 
the number two phase control one turn in the 
counterclockwise direction reduced the reading 
at the first monitor point to say, 19 mV/ m, and 
left the other readings the same as indicated for 
this move, this would be the best initial move to 
make. The procedure would then be repeated 
with a fresh work sheet. It should be noted that 
it is best not to rotate the controls more than one 
turn at a time, for it may be noted that further 
rotation of the control will cause the reading at 
one point to go one way, and then reverse and go 
the other. In fact, if this condition is observed 
in the tuning process, the controls will have to be 
moved in increments of less than one complete 
turn, otherwise results will be invalid. 

Check, and Adjust Common Point Impedance 

With the array adjusted to yield the desired 
intensity at all monitor points, it is now necessary 
to check the common point impedance with the 
bridge. If the impedance has changed from the 
original value, an attempt should be made to 
return to this value. 

If it is not possible to return to the original 
value, try to choose some value that will give 
some leeway for future adjustment in the position 
of the coil taps. Also, try to choose some value 
that you can live with, that is to say, a value that 
yields a convenient figure of common point cur- 
rent. Be sure that this new value of common 
point current will fall within the range of the 
common point ammeter as required by FCC rules. 
If a new value of common point impedance is 
established, it will be necessary to obtain authori- 
zation from the FCC to determine operating power 
by the indirect method, pending approval of the 
new common point impedance measurement re- 
port. 
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Fig. 3. Log listing all new parameters. 

Determine New Parameters 

With the common point impedance adjusted, 
and the antenna tuned to the new values, it would 
be wise to make up some type of table listing all 
of the new parameters. This list should include 
the measured common point impedance, common 
point current for direct method of power meas- 
urement, transmitter plate voltage and current, 
antenna phase monitor readings, remote meter 
readings, and antenna base current readings. 

It is best to take an average of several base 
current readings for each tower, taken every hour 
or so over a period of several days, and establish 
this average of each tower as the base current. 
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This chart should also list the limits for all parame- 
ters. It will also be found helpful to maintain a 
running log of any future phasor adjustments. A 
stenographer's note pad is quite handy for this 
purpose. Readings of phasor control settings 
should be entered in this book before any ad- 
justments are made. The phasor dial readings 
after adjustment should also be entered, along 
with the date, explanation of why the phasor was 
adjusted, and the initials of the engineer who made 
the adjustments. This log will provide the station 
engineer with some means of accurately return- 
ing to original phasor settings, should anything go 
wrong. It is a good idea to log any adjustments 
that are made of the common point impedance, 
or of antenna tuning units. Fig. 3 illustrates one 
format for such a log. 

Running the Proof 

With the array in final adjustment, it will now 
be necessary to run a "skeleton" proof of perform- 
ance of the antenna system to prove that the 
pattern is basically unchanged. Field intensity 
measurements will have to be made on at least 
five consecutive points on each radial. These 
measurements will have to be made in the same 
locations as measured in the original antenna proof 
of performance. It is best to make at least seven 
measurements, since some readings may prove to 
be invalid and have to be discarded. 

A work sheet such as shown in Fig. 4 should 
be prepared. Graph paper with one -quarter -inch 
squares is ideal for this form. In the left hand 
column, list the radial bearing, and the location 
numbers obtained from the original proof. Verti- 
cal columns should be established to list readings 
obtained in the original proof, and the present 
readings for each pattern. The average of the 
original and the present readings should be noted 
for each location, and the overall average for 
the entire radial should also be tabulated. Some 
locations may yield an average which is abnorm- 
ally high or low, but these readings may be dis- 
carded, so long as you end up with readings for 
at least five consecutive points. After all of the ra- 
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110 

215 
loc ß 

day 
orig 

day 
1966 

day 
ratio 

nite 
orig 

nite 
1966 

nite 
ratio 

1102 125 118 .944 56 42.5 .759 

1103 73 73 1.0 32 42.8 1.34 

1104 82 73 .89 35 30.9 .883 

1105 55 51 .928 23 22.8 .992 

1106 69 69 1.0 30 28.5 .861 

1107 42 42 1.0 26 26 1.0 

1108 36 22 

.bi\ 

.613 23.2 16.3 

.,)1 

.704 

overall radial 
average 

'1I` 

.942 

. 

-i-l. 

.966 

daytime measurements made 9/20/66 

nightime measurements made 9/23/66 

2200 
loc # 

1201 

1202 

1203 

1204 

1205 

1206 

1207 

Fig. 4. Work sheet for antenna proof of performance 
measurements. 
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dials are measured, the average of each radial 
should be checked. If the average of two or more 
radials falls outside the limits of 0.8 to 1.2, further 
retuning will be necessary. This is rather unlikely, 
however. As illustrated in Fig. 4, the reading 
obtained at location number 1108 on the 215° 
radial was discarded, since it would upset the 

average. 
The dates that the readings are made should 

also be entered on the work sheet. Remember to 
make all field intensity measurements within the 
period of from two hours after sunrise to two 

hours before sunset. Before starting out each day, 
make measurements at the monitoring point loca- 
tions to insure that the adjustment of the array 
has not shifted. 

After all of the radials have been run, tabulate 
the overall average of all the radials. This is 

the average of all the radial averages. After the 

skeleton proof is completed, the common point 
impedance curves should be run. This step can 
be omitted if it was found possible to return to 
the original value of common point impedance. 
The impedance should be measured at the station 
frequency in steps of 5 kHz out to 30 kHz, 
either side of the station frequency. These meas- 
urements should be compiled in columnar form, 
and curves of the impedance characteristic plotted 
as shown in Fig. 5. 

Compiling the Proof 

After all of the necessary data has been taken, 
it should be assembled into neat order. The 
skeleton proof of performance should be sub- 
mitted as one report, and the common point im- 
pedance as a separate report. These reports may 
be submitted in the form of three -ring notebook. 
The skeleton proof, and the common point im- 
pedance report should contain a signed and no- 
tarized affidavit, signed by the engineer who made 
the measurements. This affidavit should contain 
the qualifications of the engineer who made the 
measurements, a statement that he made the 
measurements, and his relationship to the station. 
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Fig. 5. Impedance characteristic plot 

The next page of each report should contain 
a description of the method used in making the 
measurements, the name of the manufacturers of 
the instruments used, and the rated accuracy. The 
date, accuracy, and by whom each instrument 
was last calibrated, along with the serial number 
of each instrument should also be included. 

The next page of the skeleton proof should 
contain a tabulation of all the antenna and trans- 
mitter final stage parameters. The skeleton proof 
is then completed with a separate page for the 
readings of each radial, including all of the in- 
formation shown in Fig. 4. Readings of abnormal 
averages should be omitted from the report. 

The final page of the antenna skeleton proof 
of performance is a tabulation of the field intensity 
at all of the monitoring point locations. The 
common point impedance report is then completed 
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with a tabulation of the measured impedance at 
each frequency, and a graph of the tabulated data 
as shown in Fig. 5. 

File for Modified License 

After all of the reports are completed, the 
station should file for a modified station license. 
This is done on FCC Form 302. This form and 
all reports must be filed in triplicate. 
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Summer -to- Winter 
Changes in AM Coverage 

Paul F. Godley, Jr. 

MOST MANAGERS AND operators concerned with 
AM station performance are familiar with the 
problem of winter skywave -signal interference in 
the fringe area. Similarly in summer, electrical 
storms and other atmospheric disturbances can 
seriously affect AM coverage. Those with tech- 
nical backgrounds may also be aware of seasonal 
changes in their station signal intensity. Oper- 
ators responsible for directional antenna systems, 
particularly those who must make monitor -point 
measurements to satisfy FCC license requirements, 
are well aware that such monitor -point levels do 
not always remain constant. Long term noncyclic 
changes in signal intensity probably can be traced 
to transmission -plant problems. However, certain 
other cyclic variations may be caused by changes 
in effective conductivity, rather than by changes 
or misadjustments of the transmission system. 

Over the years at this company, we have en- 
countered seasonal variations in signal intensity 
and made positive observations thereof. Starting 
in 1962 with the cooperation of the engineering 
department of a clear- channel station, we began 
to accumulate data that demonstrate the magni- 
tude of the seasonal variations which can be en- 
countered even within a few miles of the antenna. 
From 1967 to 1969 we made regular measure- 
ments on six stations situated in different compass 
directions and at various distances from our office 
in Little Falls, N.J. 

All the information thus obtained indicates 
that there can be 200% to 300% variations in 
AM signal levels at a given location. With the pos- 
sibility of such large changes due to causes beyond 
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a licensee's control, it is important to have some 

understanding of the effects. 

Amount of Signal Variation 

Figure 1 shows the measured variations in field 

intensity at our office, of the signal from WMTR 

Morristown, N.J., a 5 -kW station which operates 

daytime on 1250 kHz with a directional array. 

Measurements were made almost daily from Feb- 

ruary 1967 to August 1969. As you can see, in 

winter the maximum signal level was as much as 

50% above average, while in summer the mini- 

mum level was approximately 45% below average. 

The actual field intensity at our office, which is 

13.7 miles from the WMTR antennas, varied from 

a low of 3.5 mV /m in June to a high of 9.7 mV /m 

in January. 
To investigate the possible effects of different 

path lengths and compass headings, we measured 

other station signals at our office. The results are 

shown in the field- intensity measurements table. 

The signal variations illustrated by Fig. 1 and 

listed in the table are typical of the cyclic varia- 

tions we have encountered in the field. The clear - 

channel station study, which covered nearly a 

four -year period from 1962 to 1965, showed that 

stable antenna systems exhibit annual field -in- 

tensity variations. All stations which were checked 

during our study showed this evidence of seasonal 

variation. 

The Cause: Temperature 

Cyclic variations for a given path are more 

closely related to air -temperature changes than to 

soil- conductivity factors, such as soil moisture, 

freezing, snow and vegetation. The variations were 

found to occur from hour to hour. In fact, hourly 

measurements were made of WMTR one day in 

October when the temperature rose from 36 °F at 

8:30 a.m. to 65 °F at 3 p.m. The 1250 -kHz signal 

level decreased from 5.9 mV /m in the morning 

to 5.1 mV /m in the afternoon -a change of 14% 

in about six hours. 
Although the signal level changes with air 

temperature (increasing with decreasing tempera- 
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Fig. 2. Winter /summer coverage of a hypothetical station. 

The coverage map shows that Wintertown 
probably falls within the 0.5 mV /m contour only 

during the months of November, December, Jan- 

uary and February. Halfway Corners is served 

only during extremely cold days in December, 

January and February. Zeroville happens to lie 

in a direction where the summer -winter variation 

is very small or nonexistent, and therefore is never 

included within the 0.5 mV /m contour -even on 

the very coldest days. Note that the coverage 

radius toward Wintertown is 12 miles in the sum- 

mer and 19 miles in the winter. While the illustra- 
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a licensee's control, it is important to have some 
understanding of the effects. 

Amount of Signal Variation 

Figure 1 shows the measured variations in field 
intensity at our office, of the signal from WMTR 
Morristown, N.J., a 5 -kW station which operates 
daytime on 1250 kHz with a directional array. 
Measurements were made almost daily from Feb- 
ruary 1967 to August 1969. As you can see, in 
winter the maximum signal level was as much as 
50% above average, while in summer the mini- 
mum level was approximately 45% below average. 
The actual field intensity at our office, which is 

13.7 miles from the WMTR antennas, varied from 
a low of 3.5 mV /m in June to a high of 9.7 mV /m 
in January. 

To investigate the possible effects of different 
path lengths and compass headings, we measured 
other station signals at our office. The results are 
shown in the field- intensity measurements table. 

The signal variations illustrated by Fig. 1 and 
listed in the table are typical of the cyclic varia- 
tions we have encountered in the field. The clear - 
channel station study, which covered nearly a 
four -year period from 1962 to 1965, showed that 
stable antenna systems exhibit annual field -in- 
tensity variations. All stations which were checked 
during our study showed this evidence of seasonal 
variation. 

The Cause: Temperature 

Cyclic variations for a given path are more 
closely related to air -temperature changes than to 
soil -conductivity factors, such as soil moisture, 
freezing, snow and vegetation. The variations were 
found to occur from hour to hour. In fact, hourly 
measurements were made of WMTR one day in 
October when the temperature rose from 36 °F at 
8:30 a.m. to 65 °F at 3 p.m. The 1250 -kHz signal 
level decreased from 5.9 mV /m in the morning 
to 5.1 mV /m in the afternoon -a change of 14% 
in about six hours. 

Although the signal level changes with air 
temperature (increasing with decreasing tempera- 
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ture and vice -versa), the amount of variation is 
not the same for different paths. To date, it has 
not been possible to determine why there are vary- 
ing degrees of signal -level change along different 
paths -even after considering effective conduc- 
tivities, type of terrain, compass direction, operat- 
ing frequency, and degree of urbanization. Until 
all factors which contribute to the signal- varia- 
tion phenomenon have been identified, it will not 
be possible to compute the degree of variation 
which might be anticipated for a given path. 

An Example of Coverage Change 

Signal -level variations have a direct bearing 
not only on the apparent adjustment of a direc- 
tional antenna, but also upon coverage contour 
locations for both directional and nondirectional 
operations. To illustrate coverage fluctuations 
which might occur, we have created hypothetical 
station wsc (Winter Summer Change). Fig. 2 
shows the wsc 0.5 mV /m contour, using a com- 
posite of the variations listed in the table. Wsc, 
with its antenna in the business district of Some - 
town, USA, operates daytime with 250 watts on 
1490 kHz, using a nondirectional antenna. 

Terrain in the vicinity of Sometown, USA, is 
assumed to be hilly in some directions and marshy 
in other directions. To the north and east a greater 
variable factor has been arbitarily applied and to 
the southwest it has been assumed that there would 
be no difference between summer and winter signal 
levels. 

Table: 
Field- Intensity Measurements 

Freq. Distance 
Measured field 

in mV /m 
Station in kHz in miles Direction (min) (max) Ratio 
WNBC 660 22.2 91 23.0 31.0 1.35 
WABC 770 7.3 85 130.0 180.0 1.38 
WCBS 880 22.2 91 7.4 10.5 1.42 
WMTR 1250 13.7 261 3.5 9.7 2.77 
WNJR 1430 11.9 189 1.31 2.22 1.7 
WKER 1500 8.5 332 0.67 1.82 3.2 
WRVA 1140 1.7 30 132.0 202.0 1.53 
Not a local station; Included to show possible variations 
within two miles. 
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Fig. 2. Winter /summer coverage of a hypothetical station. 

The coverage map shows that Wintertown 
probably falls within the 0.5 mV /m contour only 
during the months of November, December, Jan- 
uary and February. Halfway Corners is served 
only during extremely cold days in December, 
January and February. Zeroville happens to lie 
in a direction where the summer -winter variation 
is very small or nonexistent, and therefore is never 
included within the 0.5 mV /m contour -even on 
the very coldest days. Note that the coverage 
radius toward Wintertown is 12 miles in the sum- 
mer and 19 miles in the winter. While the illustra- 
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tion is hypothetical, the contour changes shown 
have actually been measured. 

Most of the measurements referred to in Fig. 
1 and the table were made between 8:30 and 
9:00 a.m., when the sun has not had much time 
to increase temperatures above early morning 
values. In the summer, as shown by Fig. 1, the 
day -to-day variation in signal strength was mini- 
mal. Summer morning air temperatures normally 
remain in a narrow range between 60° and 80 °F. 
Winter air temperatures in our area generally 
vary from 10° or 15 °F to 50° or even 60 °F- 
sometimes covering the entire range almost over- 
night. The large changes, which can occur in 
signal strength because of large winter air tem- 
perature variations, are illustrated in Fig. 1. 

Included with the technical data we recorded 
were such parameters as rainfall, air temperature, 
snow depth and general weather conditions. Ad- 
ditionally, for most of one year a record was kept 
of the temperature of the upper one inch of soil 
at the measuring site. Detailed study of all of this 
information has indicated that factors such as 
precipitation, snow, frozen ground and soil mois- 
ture content appear to have very little effect on 
signal levels. Measurements made after a one -inch 
rainfall following two or three sunny summer or 
winter weeks without significant precipitation 
indicated a field- intensity increase of less than 
2 %. In the winter, hourly changes in the signal 
have been observed even when the ground has 
been covered with more than a foot of snow. 

We feel that the snow cover protected and 
insulated the soil from hourly temperature changes. 
This reinforces our earlier observations that air 
temperature appears to affect signal levels more 
directly than any other single known factor. 

Distance as a Factor 

It appears that distance is not necessarily a 
criterion which affects the amount of signal -level 
change. Referring back to the table we see that the 
WKER signal changed 320% (ratio of 3.2 to 1) 
over an 8.5 -mile path, while WNBC's signal 
changed only 135% over a 22.2 -mile path. WNBC, 

119 

www.americanradiohistory.com

www.americanradiohistory.com


WABC and wcss are all east of our office; in fact, 
WNBC and won multiplex into the same tower. 
It is interesting to note that the WABC signal -level 
change over a 7.3 -mile path is essentially the same 
as the WNBC and won changes for 22.3 -mile 
paths. In Richmond, Virginia, WRVA signal level 
changes recorded for a 1.7 -mile path were 153 %. 

Less frequent observations (usually twice a 
week) were made for two -year period on stations 
ranging in distance from 23 to 132 miles. No 
trend or clue with respect to frequency or distance 
was particularly evident. The greatest variation 
in the group was for WFIL, (560 kHz Philadel- 
phia) which showed a signal -level change of 
390% for a 76 -mile path. A considerably smaller 
change of 150 %, was found for WCAU, (1210 
kHz Philadelphia) at a distance of 73 miles. While 
there is more than a two -to -one difference in fre- 
quency, the reason for the difference in seasonal 
signal -level ranges might be attributed to terrain. 

(Ed. Note: Factors which might contribute to 
the difference: WCAU operates 50 kW nondirec- 
tional, while WFIL operates 5 kW with a different 
directional pattern day and night. WCAU's smaller 
variation might be due to the fact that the absolute 
field intensity measured was greater than the ab- 
solute value measured from WFIL. Furthermore, 
the measuring location might be on the highly 
variable edge of a steep null in either the day or 
night pattern of WFIL.) 

WcAU's signal starts out up the Delaware River 
Valley and WFIL'S signal must travel some 25 
miles over hilly terrain before crossing the river. 
On the other hand, WTIC's 1080 -kHz signal, which 
traverses a 96 -mile path from Hartford over 
rugged and hilly terrain, was found to change only 
210% from winter to summer. 

If station coverage over a particular com- 
munity or area is important, or if DA monitor 
point fields exceed licensed limits on cold days, 
management should determine whether or not 
seasonal factors beyond the station's control are 
involved. Discussions with the station's consulting 
engineer may be in order as a step toward iden- 
tification and isolation of the problem. If the chief 
engineer does not have the equipment to make 
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field checks, the consultant can plan such a pro- 
gram. Seasonal variations in signal strength can 
at times be at the root of listener complaints. This 
is particularly true if the listener is at an elec- 
trically noisy urban location, or a distant point 
which undergoes 200% or 300% changes in 
signal level. 

It appears that any one station might encounter 
a broad range of possible summer -winter varia- 
tions in different directions. According to meas- 
ured data for the northeast part of the country, 
cyclical changes can go from practically nothing up 
to 300% or more. Furthermore, the only way of 
knowing for sure is to make actual field measure- 
ments in pertinent directions. 

The apparent accuracy of weekly monitor - 
point measurements made on directional antennas 
can be greatly affected by summer- winter signal - 
level variations. Maximum monitor -point fields are 
usually based upon the level measured in the last 
full proof, plus a 5% to 10% tolerance. If the 
proof was done in summer, there is a good chance 
that monitor -point fields measured in winter could 
cxceed license maximums. 

What to Do 

Where summer- winter changes affect direc- 
tional monitor -point values, particularly in in- 
stances where license maximums are exceeded, a 
station should promptly inform the FCC. Informa- 
tion sent to the FCC should include sufficient data 
to demonstrate the summer -winter effect, which 
can be identified in several different ways. The 
first and perhaps most positive procedure is to 
redo nondirectional and directional measurements 
at the same sites in the problem direction. This is 
very easily done where the station normally op- 
erates with a nondirectional pattern daytime and 
directional night (or vice -versa in a limited num- 
ber of instances). 

A second method is to make complete radial 
measurements in the problem direction and re- 
analyze the data to show that the field has re- 
mained constant and that the conductivities differ 
from the original or reference data. A third method 
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of demonstrating summer -winter effect is with data 
which cover a 12 -month cycle of field variations. 
The cycle should, of course, repeat itself in the 
manner indicated in Fig. 1. If the problem is 
encountered before data for a 12 -month period 
are available, partial information might be filed as 
an interim measure with complete data following 
as soon as a full cycle is made. 

The magnitude of signal -level variation which 
can be caused by seasonal changes in effective 
conductivity dictates that this phenomenon be 
taken into account at any time proof, skeleton - 
proof or other field -intensity measurements are 
made. If at all possible, skeleton proofs and other 
pattern checks should be made in the same season 
that the last full proof was accomplished. In ad- 
dition to the date and time of each measurement 
(a recent FCC requirement), the daily tempera- 
ture or temperature range should be logged as an 
important aid in data analysis and comparison. 
Air temperature values should be recorded with 
weekly monitor -point measurements, to identify 
and separate antenna- system problems and sea- 
sonal variations in signal level. 

Section 73.152 of the FCC Rules and Regula- 
tions indicates that actual field -intensity measure- 
ments will take precedence over computed pro- 
jections. While the Rules and Regulations do not 
provide for summer -winter changes, the FCC 
realizes that such changes in effective conductivity 
can occur. Measurements taken in the summer 
often differ considerably with those taken in the 
winter, and many a competitive argument has 
ensued on this account. When differing data are 
presented and seasonal variation is the probable 
cause, the FCC is likely to accept a mean or av- 
erage value of conductivity or contour location. 
In accordance with Section 73.152, properly made 
measurements -whether taken in summer, winter, 
spring or fall -are usually accepted in preference 
to theoretical projections. 
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Detuning Radiation 
Structures 
L. David Oliphant 

RE- RADIATION IS A PROBLEM confronting more 
and more stations within the last few years in 
their maintenance of directional patterns. Re- 
radiation must be dealt with before the directional 
pattern can be adjusted to any degree of satisfac- 
tion. 

Just what is this re- radiation problem which 
is plaguing radio stations? It's a population ex- 
plosion type problem. Twenty or more years ago 
radio transmitters were built out in the country 
with very few buildings, or power lines about. 
Now the city or its suburbs is spreading out to 
these transmitter sites. And with this growth 
comes power lines and power poles, water tanks, 
etc. There are metal power poles, and guy wires. 
On the wooden poles are ground wires running 
the length of the pole. If these metal poles, guy 
wires, or groundwires are in the path of the strong 
side or path of the radio pattern, they will reflect 
or re- radiate the signal into the weak or null 
portion of the pattern. This reflected signal can 
be phase additive, or phase subtractive (or at any 
point in between) with the signal from the 
antenna array. Hence re- radiation can cause the 
reading at a certain point on the radial in the null 
to be high, or low, or relatively unaffected. When 
field strength readings are made along a radial in 
the null, as is done in making proofs of perform- 
ance on directional patterns, the re- radiated 
signal can be phase additive at one point, phase 
subtractive at another and somewhere in be- 
tween at other points causing the readings to be 
widely varying. They may be high at one point 
and low at another instead of holding a straight 
line relationship, or nearly so. If the problem is 
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Fig. lA and 1B. Re- radiation from single 
source (top) and several sources (bottom). 

serious enough, the FCC will not accept the proof 
of performance. Fig. 1 -A shows re- radiation from 
one source and Fig. 1 -B shows re- radiation from 
several sources. 

Several stations are being confronted with this 
problem. I am personally aware of six radio sta- 
tions including KOMA fighting this problem. Be- 
sides KOMA, two are 50 -kW and the others are 5- 
kW stations. So while this may have been at one 
time a problem only for high powered stations, 
5 -kW stations are facing it also. 

Controlling Re- radiation 

How can this problem of re- radiation be con- 
trolled to get the directional pattern into satisfac- 
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tory adjustment? One is often tempted to take a 
hack saw and cut the ground wire. But there are 
always those who frown on that since the ground 
wire is protection to the power line equipment. 
Similarly, one can't dynamite the offending water 
tower. That leaves the solution of detuning the 
metal power pole, or the ground wire of wooden 
poles, or the guy wires, as the case may be. 

Let's start with a wooden pole with a ground 
wire, Fig. 2 -A. To detune a pole it is necessary 
to attach a wire near the top of the ground wire. 
Bring the wire to the opposite side of the pole, 
drop it to within 5 feet or so of the ground and 
staple it to the pole. It is important that the wire 
be as far from the ground wire as practically 
possible. Theoretically, to be perfect, it should be 
nine feet away from the ground wire. Of course 
that is impractical. Next place a capacitor between 
the detuning wire and the ground wire of such a 
size as to bring the rf current in the ground wire 
below the point of juncture to a minimum. See 
Fig. 2 -B. 

This brings up the problems of how to meas- 
ure the rf current in the ground wire and what 
size capacitor to use. First I will describe the 
meter to be used to measure the rf current. Such 

Fig. 2A and 2B. Pole with ground wire (left) and 
with detuning wire and capacitor (right). 
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TUNED LOOP 
AND PICKUP 
LOOP Fig. 3A and 3B. Circuit 

and wooden box to 
hold loop. (Diode on 
pickup loop not 
shown.) 

a meter is illustrated in Fig. 3 -A. It consists of a 
tuned loop of about six turns, though th;s number 
may vary with the frequency. This loop is tuned 
to the frequency of the station. Alongside the 
tuned loop is a pickup loop of one turn of wire 
which goes to the selector switch, diode, multi- 
plying resistors, and the meter. 

This is built into a wooden box as shown in 
Fig. 3 -B. The tuning capacitor for the tuned loop 
is set in the center of the box and the leads of 
the loop go to it. The leads of the pickup loop 
are run to a terminal strip on which is mounted 
a 1N34 diode. A lead goes from the diode to the 
selector switch on which is mounted the multi- 
plying resistors. A lead goes from them to the 
meter. The other side of the meter connects to 
the pickup loop. The meter used has a 0 -1 mA 
movement. This has proven very satisfactory. A 
more sensitive meter can be used. A 0 -500 mA 
scale was found to work quite well. (If the meter 
can be taken apart, the meter face can be taken 
off and a new scale pasted on.) 

To calibrate the meter, go to a pole that has 
been equipped to be detuned. The detuning ca- 
pacitor should be variable to get different read- 
ings of the rf current to ground. Cut the ground 
wire about six inches above the ground and insert 
a standard rf meter (I use one with a 0 -250 mA 
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range). Vary the detuning capacitor until you get 
some satisfactory reading, say 200 mA. Place the 
box meter next to the wire with the notches across 
the wire. Then select the proper multiplier re- 
sistor to get this box meter to read the same as 
the standard (200 mA). Once this is done, vary 
the detuning capacitor to see how well the box 
meter tracks with the rf meter. (With the meter 
mentioned, they should track together very well.) 
For the 0 -5 A scale range, use a multiplier resistor 
ten times the value of the one used in the 0 -500 
mA range. The 5 -A scale is not critical as to 
accuracy since poles are detuned to have a ground 
current somewhere in the 0 -500 mA range. Add- 
ing 0 -100 mA scale is desirable as some poles can 
be detuned to read in 50 mA or less. After the 
calibration. splice the cut back together. 

The Actual Detuning 

The object of detuning is to bring the ground 
current in the ground wire, the metal pole, or 
other object of re- radiation to a minimum. Thus 
the box meter and its loop are placed as close to 
the ground as possible (and far away from the 
detuning loop.) The method is not perfect but can 
bring the re- radiation down where it can be toler- 
ated. The capacitor current rating depends a lot 
on the location of the pole and how much current 
will flow through the capacitor. 

The problem of what poles shall be detuned, 
type capacitances to use, etc., remains. This is 
determined by the individual situation, the 
strength of tightness of the pattern, ratio of the 
strong side of the signal to the back side, nearness 
of the pole to the antenna array, etc. The chief 
engineer will have to work that out with the con- 
sultant. 

The current flowing through the capacitor is 
the circulating current and can be several times 
the amount of the current flowing to the ground 
when the pole is detuned. This circulating current 
determines the size of the capacitor and what type 
to use. In a 50-kW field, the current can be 
several amperes and a G -2 capacitor is advisable. 
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Fig. 4 (left). Variable capacitor is tuning unit. 
Fig. 5 (right). Coil in series detunes circuit. 

One way of going about detuning a ground 
wire is to get a capacitor somewhat smaller than 
necessary and parallel it with a variable capacitor 
(or capacitor decade) that may be tuned through 
the point of minimum ground current. Another 
alternative to extending the capacitance range 
and still get a tuning situation is to use a variable 
coil (such as the Johnson 229 -202 -1) between 
the capacitor and ground. This is more satisfac- 

Fig. 6. Capacitor and coil in box. 
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tory than the variable capacitor in parallel with a 
fixed unit as it is not as critical as to tuning and 
stays in adjustment better. This can be mounted 
in a metal box of proper size. Fig 4 illustrates a 
fixed capacitor shunted by a variable. Fig. 5 

shows the coil in series with the capacitor. Fig. 6 
shows the capacitor and coil mounted in a box. 
One disadvantage of the coil is that it will get 
dirty and make poor contact. Then the coil will 
have to be taken out and cleaned. 

In certain situations, a fixed capacitor can be 
used and tuning accomplished by sliding the ca- 
pacitor leads up and down on the pole attached 
to ground and detuning wires until minimum 
ground current is accomplished. Or place a cali- 
brated variable capacitor across the ground and 
detuning wires and determine the size necessary. 
Then use the nearest fixed capacitor size and 
again slide the capacitor lead up and down as 
suggested to secure minimum current. 

If the poles to be treated are metal power 
ones of the four legged variety, it will be neces- 
sary to put the detuning wire on each leg and 
detune each one. Attach the wire near the top on 
the leg held away by insulator standoffs and de- 
tune each one. Attach the wire about a foot away 
from the leg and bring it down to about five feet 
of the ground. Then attach the detuning capacitor 
between the wire and leg. As the legs are detuned 
the re- radiation current is chased around to the 
undetuned legs until all are detuned 

Specific Detuning Problems 
If a pole line is suspected of re- radiating, do not 
check one or two poles, but check them for some 
distance. Many times you could be a half mile or 
more from the transmitter plant and find a pole 
that has a large amount of current in it. The dis- 
tance from the transmitter could vary according to 
the station power, etc. In other words, we have 
found hot poles a mile and a half from a transmitter 
that is radiating 50 kW of power into a directional 
array. 

In one situation, we had to detune over 150 
structures to get the array back to a stable condi- 
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tion. We make approximately 300 re- radiation 
measurements a month. If a high reading is found 
in monitoring, check for a defective tuning box. 
Generally you will find that it has been hit by 
lightning and the capacitor destroyed. 

A good detune adjustment should have a re- 
duction of 10 to 1 in current flow. There are times 
when this value cannot be reached and a lesser 
value has to be accepted. In the detune adjustment, 
when the correct one has been reached, the meter 
will show a rise in current and then fall very rapidly 
to a minimum. This null or minimum is normally 
very sharp. Be sure to keep your portable loop 
meter far enough away from the detuning loop so 
no coupling will be experienced. The current in the 
detuning loop will increase many times as the loop 
is tuned. As an example, a pole with 500 mA flow- 
ing to ground could have 2 to 3, or more amperes 
of current circulating in the detuning loop after the 
rf current flow to ground has been cut off. 

On an electric line, after each pole is detuned, 
be sure to recheck all the poles in that line because, 
as the current flow is cut off in one, it will change 
in others. On most occasions it will be reduced, but 
there have been occasions when the current in un- 
treated poles would increase instead of decrease. 

In the four - legged steel tower used by power 
companies, each one of the four legs must be 
treated on an individual basis. When a leg has been 
detuned, it causes the current to be higher in the 
others. A most important consideration in this type 
of tower is where the bracing ties into one point. 
All of the horizontal, diagonal and vertical members 
must be bolted together at the place where the de- 
tuning box is installed. If this is not done, current 
can get by the cut -off point and your detune is not 
very effective. Each detuning box may have to be 
adjusted a number of times until the optimum de- 
tuning has been reached. Total amount of current 
flowing in all legs indicates the amount of current 
flowing in the tower. 

It is also important to check all towers that ap- 
pear to need treating because the current flowing in 
all of the towers will change as a tower is com- 
pletely detuned. As an example, a power company 
erected a new high line within 800 feet of an 
antenna array. There were 26 towers 113 feet high 
in this line. A decision was reached that the maxi- 
mum allowable radiation from any of these towers 
should not exceed 5 mV /m at a mile. This meant 
that the total current flowing in any one tower could 
not exceed 200 mA. We have been successful in 
accomplishing this with the normal detuning con - 
figeration, even though some of the towers had 
over 1 A of current before any detuning, and the 
closest tower had nearly 2 A. As it finally turned 
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out, we had to detune 15 of the 26 towers involved. 
If for any reason a structure of this type does not 
detune properly with the method just discussed, 
there are some other procedures that can be fol- 
lowed. Two detuning wires can be installed on each 
leg and connected to a single detuning box. If this 
fails, an additional detuning wire can be attached 
down the center of the face of the tower closest to 
the array. This could have its own detuning box. In 
our case we had the full co- operation of the power 
company involved. They supplied all of the hard- 
ware for the detuning loops and also the installa- 
tion. The station supplied the detuning boxes. 

A third type of structure is the television tower. 
The towers are normally tall, and it takes very little 
current flowing to create a problem. As these are 
normally grounded towers, they can be treated the 
same as the others, but a more sophisticated physi- 
cal installation should be used. In most cases there 
is more than one station signal on the structure, 
so in order to determine whose they are and the 
magnitude of each, place a Nems -Clark 120 -E or 
equivalent field intensity meter in close proximity to 
the base of the tower with the loop headed directly 
to the tower (not over 1 foot away). Tune the meter 

Detune wire at- 
tachment for four- 
legged steel trans- 
mission line. , 

AA *A. 

\mI I JB TURNBUCKLE 

INSULATOR 

42. 
It* SPOOL 

INSULATOR 
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INSULATOR - 

GROUND 
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over the entire tuning range and record the read- 
ings. This will indicate what signals are on the 
tower. 

In order to show the magnitude of the signal 
you want to detune, a meter and circuit should be 
constructed with the appropriate filters in it to 
bypass the unwanted signals to ground and 
leave only the one to the detuned showing in the 
monitor meter. 

The procedure used for detuning two 800 -foot 
TV towers located within 0.75 miles of one of our 
transmitters is as follows. The towers were treated 
with three chokes or detuning loops. These are 
separated and a pickup loop installed. The current 
in the pickup loops is fed back to the TV transmit- 
ter building where the meter has been permanently 
installed for monitoring purposes. An RG8 /U line 
was used from the pickup loops to the meter. With 
the ability to monitor the readings daily, it is easy 
to keep a close check on conditions of the detuning 
on the towers. The detuning loops were approxi- 
mately 180 feet in length with two vertical wires 
held off each leg about 18 inches. The wires that 
form the detuning loops should be at least No. 4 
copper, either solid or stranded. In some cases 
aluminum wire can be used. In some areas alum- 
inum wire will be more susceptible to corrosion. 
This should be carefully checked before the instal- 
lation. The top end of the loop is connected directly 
with the tower at each leg. The lower end of the 
loop is connected together with a horizontal wire 
around the tower. This connects all the vertical 
wires to a common point. This in turn is connected 
to the detuning box. The detuning box is grounded 
to the tower. The pickup loops are made of 3 /4 -in. 
copper tubing about 8 X 3 feet and are mounted 
on insulators. This is very similar to the sampling 
loops used on a -m towers. 

Detuning is performed by adjusting the capaci- 
tor in the tuning box to the minimum indication on 
the meter in the building. It takes two men to ac- 
complish this and some form of communication. 
This should be done to all loops. Generally, these 
will have to have more than one adjustment, as 
there are mutuals between the detuning loops. More 
than one loop should be used. The total depends 
upon the height of the tower. 

It is easier, physically, to run all the vertical 
wires to the base of the tower anchor, by some con- 
venient method, and install turnbuckles to tension 
the lines. The loops can be formed by adding some 
type of strain insulators -pyrex, fiberglass and 
epoxy, or the old standby, Johnny Ball insulator - 
all work equally well. Be sure to bond the upper 
end of each of the detuning loops to the tower at 
each leg. 
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To point out the reaction of a line of steel 
towers, the following work has just been concluded 
on a double line of towers. These were a little dif- 
ferent than the four - legged variety. These towers 
were held upright by four guys and came to a pivot 
point at the base. They were 88 feet high overall, 
each tower supporting one set of high lines with 
one shield wire or ground wire at the very top. This 
problem was discussed with the power company 
and it was their decision to insulate the shield wire 
from the towers and at the same time install an 
arc gap. We felt at that time this would be the ul- 
timate solution on this set of towers. The area was 
swampy and accessible only by marsh buggy or 
helicopter and detuning would be nearly impossible, 
so this seemed to be the best approach to the 
problem. The two sets of high lines ran at right 
angles through one of our major lobes on the night- 
time DA, in an area where there was nearly 1 V of 
rf signal. 

The power company proceeded to insulate the 
shield wire with excellent results. The current in all 
the towers is now below a maximum allowable that 
we established per tower and no further work is 
required. 

Another type of problem developed in detuning 
at a baseball park. Each of eight 85 -foot four -leg- 
ged steel towers was top- loaded with a bank of 
flood lights. We were unable to do an acceptable 
detuning on any of these towers for some unknown 
reason. This project was undertaken in the months 
of December and January when ground conductivity 
was high. The below zero Minnesota weather did not 
help a bit. It turned out that the reason for our 
inability to detune any tower in this group was that 
all towers were tied together with an overhead 
ground wire and all transformers (one on each 
tower) were connected by a common hot line. In 
order to overcome this problem, a network con- 
sisting of a coil of wire and a capacitor (fixes; 
was added at each tower in both the ground line 
and the hot line. This isolated the towers from each 
other, thus making detuning possible. The detuning 
of these structures was done by the same method 
described for the four - legged towers on a high line. 
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TV Antenna Engineering for 
Effective Coverage 

Harry A. Eikin 

ABROADCASTER is obliged to 
cover his principal market 

area with a signal of prescribed 
strength. Theoretically, this is 
simple: Find a high spot near 
the center of the area, erect an 
antenna, then crank up the power 
until the signal goes out far 
enough in all directions. Some- 
times this theory will work, espe- 
cially for low power and daytime 
radio stations, but in many cases, 
it's little more than a pipe dream 
for TV broadcasters. In the first 
place, the highest (or any high) 
spot near the center of an area 
may be undesirable for many 
reasons. Thus, the transmitter 
may have to be located on a lonely 
mountain top or a site bordering 
on the boondocks, miles from the 
center of the area. Hence, some 
tricky coverage problems may 
present themselves. 

In addition to the antenna type, 
four basic factors, all variable, 
enter into the design of a radia- 
tion pattern: antenna site, anten- 
na gain, antenna height, and 
transmitter power. These factors, 
in turn, depend on the operating 
channel, competitive coverage, 
condition of the terrain to be 
covered (flat, mountainous, adja- 
cent to water, etc.), and of course 
adjacent and co- channel interfer- 
ence. 
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Photo A -"V" Element or corner reflector is directionalized 
by certain tower sections and /or reflectors. Vertical bay 
spacing is critical. 
Photo B- Screen dipole is directionalized by the same 
methods as those used for the "V" element. Antenna 
shown is designed for Channel 12. 
Photo C- Batwing uses a slot diplexer and phasing unit 
to produce directional patterns. 
Photo D- Various power divisions between the two planes 
of Superturnstile radiators will produce different types of 
directional patterns. Directional degree is determined by 
dividing tees -a 10 /1 feed results in a 10 db notch; a 

100/1 split produces a 20 db notch. Feeding power to 
only one side produces a full depth notch. 
Photo E- Slotted cylinder or traveling wave antenna pro- 
vides a high degree of flexibility in pattern choice by 
changing the diameter over wavelength ratio and by vary- 
ing the number of slots. 
Photo F -UHF pylon is directionalized by methods similar 
to those used for the slotted cylinder. 
Photo G- Slotted ring is directionalized by two beam 
shaping members, each connected to alternate rings. A 

substantial part of the current, which would normally flow 
in the rings, is carried in the beam shaping members, 
thereby causing them to function as fed radiators. Beam 
members shape and length, as well as angle between 
them, dP+ ermines pattern. 
Photo H- Helical directional patterns are achieved by at- 
taching stubs to the radiators at certain positions on each 
section. The stubs act like end -fed dipoles which distort 
the horizontal pattern by reinforcing the radiation field 
in a direction at right angles to the stubs. Directionaliza- 
tion may be changed by adding or removing stubs; stub 
length is not critical, usually 0.1 to 0.15 wavelength. 
Photo I -Four zig -zag panels, forming a square cross -sec- 
tion, provide a wide range of orientations for a variety of 
patterns. Cross -sectional dimensions, distance between 
elements and reflecting screen, element phasing and am- 
plitude, and power distribution to each panel determine 
directionalization. 

Site Selection 
Ideally, the antenna site must 

provide an unobstructed line -of- 
sight path over the area to be 
served. This is best obtained, ob- 
viously, from a tall building, a 
mountain, or other points with 
terrain or structural height ad- 
vantages. A centrally located an- 
tenna will radiate equal amounts 
of energy in all directions (omni- 
directional) and, when fed with 
enough power, will provide the 

necessary Grade A coverage (Fig. 
IA ). 

If, on the other hand, the only 
available (and most logical) site 
happens to be near the edge of 
the principle area (Fig. 1B), 
greatly increased transmitter 
power (or more antenna gain or 
greater height) will be required 
to provide proper coverage. If the 
omnidirectional radiation were in- 
creased. as it would have to be in 
Fig. 1B, additional coverage out- 
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GRADE "A" RADIUS 
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Fig. 1. A directional antenna (C) will cover (with 
similar ERP) the market area as wcll as a centrally 
located omnidirectional antenna (A). 
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EFFECT OF ANTENNA GAIN. 
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TRANSMITTER POWER INCREASED TO 
EQUAL COVERAGE OF 8. BBC SAME 
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Fig. 2. A multiple element antenna covers more 
area with less transmitter power. 
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side the principle area must jus- 
tify the increased capital costs in 
the form of additional TV homes 
and greater potential revenue. An 
alternative solution, and in many 
cases the most logical, is to use 
a lower power transmitter and a 
directional antenna (Fig. 1C). 

For these reasons, an applicant 
must consider transmitter loca- 
tion, height, and proximity to (or 
in) the principle community. Gen- 
erally, it is wise to conduct expe- 
rimental transmissions (which 
your consultant can perform) 
from prospective sites so that, 
from field strength measure- 
ments, an accurate prediction of 
coverage may be made. 

Antenna vs Transmitter 
For reasons of economy, both 

initial and operating, it is better 
to use a lower power transmitter 
and a higher (above average ter- 
rain) antenna than it is the other 
way around. However, there are 
antenna height limitations, and 
when this point is reached, the 
only alternative is a higher power 
transmitter and higher gain an- 
tenna-up to the maximum ERP 
allowed by the Rules (see Table 
I). Normally, ERP will exceed 
actual power due to antenna gain. 
The cost (initial and operating) 
of a 316 -kw transmitter and sin- 
gle bay antenna, compared to that 
of a 25- or 50 -kw transmitter 
and a high gain antenna designed 
to produce 316 -kw ERP, strongly 
demonstrates the economy cf high 
gain antennas. 

From Figs. 3 and 4, we can 
see that a signal exceeding FCC 
minimum principle community re- 
quirements can be obtained be- 
yond 10 miles with a 500' antenna 
and a relatively low ERP. Fur- 

ther, a typical 4 -bay antenna and 
a 25 -kw transmitter or a 5 -bay 
antenna and a 20 -kw transmitter 
will furnish an ERP of 316 kw. 
With directional arrays, the gain 
per bay may be as high as 7.2; 
thus, an ERP of 316 kw may be 
obtained with a 3 -bay directional 
antenna and a 20- or 25 -kw trans- 
mitter. 

Directional Antenna 
The trend toward higher . gain 

antennas, higher towers, and 
Table I. Maximum Effective Radiated 

Power for Visual TV Transmitters 

Channel No. 

2 -6 
7 -13 

14 -83 

Maximum ERP in db 
above 1 kw (DBK) 

20 DBK (100 kw) 
25 DBK (316 kw) 

37 DBK (5000 kw) 

Table II. Typical Antenna Costs 

VHF Batwing and Turnstile 
No. Bays Channel System Price 

Input (kw) 
1 

3 

6 

1 

3 

6 

2 

6 

12 

2 -3 20 
2 -3 50 
2 -3 50 
4 -6 20 
4 -6 50 
4 -6 50 
7 -13 20 
7 -13 50 
7 -13 50 

VIIF Helical 

$ 9,500 
$19.000 
539.000 
S 9,500 
$19,000 
$36.000 
S 9.200 
521.000 
$47.000 

1 2 50 S30.000 
3 7 -13 60 $55.000 

VHF Slotted Ring 
1 7 -13 $ 9.000 
3 7 -13 $32,000 
5 7 -13 $52.000 

UHF Helical 
4 14 -56 60 $23.000 
4 57 -68 45 S23,000 
4 68 -83 30 S23.000 
6 14 -56 60 $35.000 
6 57 -68 45 $35,000 
6 69 -83 30 $35,000 

12 14 -43 60 5100,000 

Prices will vary according to channel 
power, gain and directional requirements. 
Prices include transmission line but ex- 
clude de -icers which range from $900 to 
$3.000. Prices for supporting mast and 
tower are extra. 
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greater distances between trans- 
mitters and the communities they 
serve has led to some fundamental 
coverage problems, many which 
can be solved with a directional 
antenna. 

In many cases, the population 
concentration is such that a cir- 
cular pattern can not efficiently 
cover the desired area. If, viewed 
from the antenna site, most of 
the potential audience is concen- 
trated in one or two major locali- 
ties, it may be impossible to cover 
all the desired area with a circu- 
lar pattern. Under these circum- 
stances, signal radiation over un- 
populated areas (oceans, lakes, 

NON-DIRECTIONAL 
PATTERN 

DIRECTIONAL 
PATTERN 

z z 

AREA SERVED .Rz SERVED 
"(14 

2 

Fig. 5. Mathematical relationship be- 
tween directional and non -directional 
antenna patterns. 

mountains, etc.) is wasteful, not 
to mention the very real possibil- 
ity of reflection problems from 
mountains or other obstacles. 

Directional Operation 
With a directional array, it is 

possible to concentrate the signal 
in a specific area (or areas) with- 
out using excessive power or ex- 
tremely high gain antennas. An 
antenna may, within reasonable 
limits, be modified (usually at 
higher cost) to provide more ef- 
fective coverage of the desired 
area(s). 

Fig. 5 illustrates the mathe- 
matical relationship between a 

directional and omnidirectional 
antenna; the directional pattern 
serves one -half the area of the 
circular pattern, but four times 
the circular pattern power is con- 
centrated in the directional pat- 
tern. Hence, the field strength is 
doubled and the directional radius 
is extended by \-2R. (As a 
general approximation, the serv- 
ice radius varies as a fourth root 
of the power.) 

Almost any shape horizontal 
pattern- cardioid, figure eight, 
peanut- shaped, etc. - may be 
achieved. With the cardioid pat- 
tern in Fig. GA, one major popu- 
lation area can be covered from 
a transmitter location at the edge 
of the principle area. Fig. 6B 
shows a peanut- shaped pattern 
which will cover two major areas 
with a centrally located transmit- 
ter. Each antenna type requires 
specific mechanical or electrical 
modification to achieve the de- 
sired directional radiation. 

VHF vs UHF 
Low and high band VHF and 

UHF signal propagation charac- 
teristics differ; hence, the FCC 
power limitations (see box). Cov- 
erage at UHF frequencies will 
not equal coverage at VHF fre- 
quencies when antenna height and 
ERP are equal ; however, planned 
adjustments in antenna height 
and power will permit UHF cov- 
erage to be competitive with 
VHF. UHF has one advantage 
over VHF in that man -made in- 
terference and natural static are 
practically non -existent, depend- 
ing of course on TV receiver noise 
level and sensitivity under low 
signal levels. 

The directional coverage of an 
antenna may be further modified 
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by controlling 
radiation. The 
considered to 
of the relative 

the vertical plane 
vertical pattern is 
be a cross- section 
radiation in a plane 

which radiates most of the RF 
energy, and several minor lobee 
which of course radiate lesser 
amounts of RF. 

RADIATION CENTER 

(HORIZONTAL PLANE) 

VERTICAL ANGLE 

D' 

(DISTANCE TO FARTHEST NULL) 

Fig. 7. The effect of ver- 
tical pattern nulls on close -in 
coverage. 
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curvesifor various 

perpendicular to the horizontal. 
In any given direction from the 
antenna, the vertical pattern has 
a major lobe, or main beam, 

14 

angle vs Distance 
antenna. 

Beam Tilt and Null Fill -In 
Nulls occur between major and 

minor lobes at certain angles in 
the vertical pattern; the dis- 
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FCC Rules Governing Coverage and Site 
Paragraph 73.685 of Vol. III. 

Minimum field intensity in 
db above 1 my /m (dbu) over 
the entire principle community 
must be: 74 dbu, Channels 2 -6; 
77 dbu, Channels 7 -13; 80 dbu, 
Channels 14 -83. The antenna 
must be located at a point where 
the shadow effect on propaga- 
tion, caused by hills and build- 
ings, is reduced to a minimum 
over the principle area. In no 
event should there be any ob- 
struction in the line -of -sight 
path from the antenna over the 
principle community. In cases 
of questionable locations, prop- 
agation tests should be con- 
ducted to indicate expected field 
intensity in the principle area. 

Directional antennas may be 
used to improve service upon 
an appropriate showing of need. 

Stations operating on Channels 
2 -13 will not be permitted to 
employ a directional antenna 
having a ratio of maximum -to- 
minimum horizontal radiation 
in excess of 10db; stations op- 
erating on Channels 14 -83 with 
transmitters delivering a peak 
visual power output of more 
than 1 kw may employ direc- 
tional antennas with a maxi- 
mum - to - minimum horizontal 
radiation of not more than 15 
db; stations operating on Chan- 
nels 14 -83 with less than 1 kw 
visual transmitter output are 
not limited. 

Applications proposing the 
use of directional antennas must 
include a complete description 
of a proposed system and hori- 
zontal and vertical plane radia- 
tion patterns. 

tances from the antenna to the 
nulls is a function of antenna 
gain and height. Close -in cover- 
age is affected by these nulls 
(Fig. 7), and therefore must be 
considered in any coverage prob- 
lem. 

As antenna gain is increased 
(to improve horizontal radia- 
tion), the main beam thickness 
in the vertical plane decreases; 
as the main beam is narrowed, 
more and more radiation will 
tend to miss the horizon and go 
on into space(Fig. 8). 

It is fairly obvious that an- 
tenna height, as well as gain, 
has a direct bearing on radiation 
angle. But rather than lower the 
antenna (and lose distant cover- 
age), the main beam may be tilted 
downward so that it just grazes 
the horizon. Since simple beam 
tilt also moves the location of 
the vertical pattern nulls, it may 

improve close or medium distance 
coverage. Were it not for beam 
tilt or null fill -in, the principle 
city area may have large varia- 
tions in signal level. Beam tilting, 
without appreciable null fill -in, in 
the range of one to two degrees 
does not basically change the lo- 
cation of vertical pattern nulls; 
beam tilts of this order assures 
the best possible coverage with 
minimum power loss in the verti- 
cal region. 

Nulls may be eliminated, or 
their effect minimized, by proper 
power distribution and phasing 
in each antenna bay. Some gain 
must be sacrificed to fill in nulls; 
therefore, the more null fill -in 
required, the less actual gain pos- 
sible from a given antenna. How- 
ever, the higher signal level over 
nearby areas usually justifies the 
gain loss. The calculated effect 
of null fill -in in conjunction 
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with a 0.5° beam tilt, is shown in 
Fig. 9. 

Conclusion 

TV viewer demands for better 
pictures gives the broadcaster 
little choice -he must either put 
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out a good strong, high quality 
signal, or his wares will go a- 
begging. By careful design, an 
economical and efficient antenna 
system will spread a strong sig- 
nal, over desired areas, from a 
relatively low power transmitter. 

www.americanradiohistory.com

www.americanradiohistory.com


Guidelines for Selecting a 
UHF Antenna 

Herman E. Gihring 

UHF signal propagation re- 
quires special considerations -not 
generally comparable to existing 
and the more familiar VHF fre- 
quencies. The following will be 
of value to currently active, as 
well as future CP's. The informa- 
tion will enable the best choice of 
UHF antenna for a given set of 
conditions.. Station location and 
necessary ERP for good coverage 
dictate the type of antenna and 
the required transmitter power. 
The additional factors to be con- 
sidered are: 
1. What is the geographical area 

to be covered? 
2. How does the field strength of 

the present installation com- 
pare with competitive installa- 
tions? 

3. What is the height of the exist- 
ing antenna compared with 
competition? 

4. In what direction are most re- 
ceiving antennas oriented? 

5. Is the terrain flat or hilly? 
6. Should an omnidirectional or 

directional antenna be used? 
7. Is a multiple installation with 

other stations feasible? 
8. Can an existing tower be used 

to advantage? 
The first five questions can be 

answered from available informa- 
tion. From this the following can 
be determined: 

1. The vertical gain of the an- 
tenna 

2. Height above the service area 
3. ERP 
4. Beam tilt 
5. The type of vertical pattern 

1. Gain. A high gain antenna re- 
sults when the main beam is nar- 
rowed. The relationship between 
gain and beam width at the half 
power point is: Beam width in 
degrees = 60 /gain over a dipole. 
The higher the gain, the narrow- 
er the beam width. (This is an 
approximate relationship and ap- 
plies primarily to a uniformly il- 
luminated antenna.) 

Fig. 1 illustrates how a high 
gain and a low gain antenna 
would cover a given area for the 
same input power. Assuming that 
the main beam is directed toward 
the horizon, the high gain anten- 
na provides an increased field in- 
tensity of 3.2 db. However, it pro- 
vides 4 db less field intensity in 
the region of 2° and 4° (a dis- 
tance of 5.5 and 2.7 miles of a 
1000' elevation). 

Generally, field strength should 
not be lowered if an existing an- 
tenna is replaced, even if field 
strengths are City Grade Level or 
better; receiving installations 
tend to be barely good enough to 
receive an established signal. The 
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same axiom applies with respect 
to a competitive signal. In gener- 
al, higher gain antennas should 
be used with higher power trans- 
mitters. 

For rough terrain it is advisa- 
ble to concentrate extremely high 
field strengths in the primary 
service area to obtain adequate 
signals behind hills. A medium 
or low gain antenna and higher 
transmitter power are preferable 
for a given ERP. 

2. Height. In general, an increase 
in height may always seem desira- 
ble. This is true when the signal 
at the horizon is considered. How- 
ever, the effect on the close -in 
coverage can be detrimental, as 
shown in Fig. 2. It will be no- 
ticed that intercept "B" is much 
smaller than intercept "A" for a 
lower height when the field at 
point "P" is considered. Curves 
3 and 4 of Fig. 3 indicate the re- 
duction in field strength which oc- 
curs. Hence, an increase in height 
may also require an increase in 
transmitter power to maintain 
existing fields if the same antenna 
is used. If a higher gain antenna 
is used simultaneously with an in- 
crease in height, a loss of as much 
as 10 db could occur in the first 
few miles. Here again, this loss 
can be offset by an increase in 
transmitter power. 

3. Effective Radiated Power. The 
product of gain, transmitter pow- 
er and transmission line efficiency 
determines ERP. This in turn 
directly affects field strength at 
various distances. Fortunately, an 
adequately high limit of 5 mega- 
watts ERP is permitted for UHF 
operation. Antennas capable of 
radiating this power are already 
available and transmitters are be- 
ing designed. 

4. Beam Tilt. Table I indicates 
the angle to the radio horizon for 
various heights. 

It is advisable to use a beam 
tilt which will aim the main lobe 
at the radio horizon. Figure 4 

demonstrates the increase in local 
coverage as the beam tilt is in- 
creased. These curves are for a 
TFU46K high gain antenna ra- 
diating one megawatt of effective 
radiated power. It should also be 
noted that the decrease at the 

Table I. Depression angle in de- 
grees to the radio horizon for vari- 
ous heights. 

Angle to 
Feet Radio Horizon 

400 .304 
5(10 .343 
600 __ - -- _ -- .375 
700 .405 
800 .435 
900 .452 

1000 .487 
1200 .530 
1400 .577 
1600 .620 
1800 .650 
2000 .683 
5000 1.08 

H- Height in feet to Electrical 

center of antenna 

D,,- Dstance to horizon = ` /2H 
(4,'3 earth radius) 

A,-Depression angle to horizon 

The relationship 1)-.0109 H 

A 

holds to right of staggered line 
in table below within 4% 

N FT 

DEPRESSOR 
ANGLE 

.0216H 

D, 

D DISTANCE IN MILES 
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horizon is quite small. The hori- 
zontal gain of this antenna for 
the beam tilts shown are as fol- 
lows: 

Beam Tilt 

.25 

.5 
.75 

Horizontal Gain 
46.0 
40.4 
27.1 
12.6 

The rapid decrease in this gain 
figure may at times be a deterring 
influence for using beam tilt. How- 
ever, the coverage is most effec- 
tive when the main beam is di- 
rected toward the horizon or 
slightly below. Both the main 
beam gain and the horizontal 
gain can be filed in the license 
application. 
5. Vertical Pattern. There are, 
broadly speaking, three types of 
vertical patterns: 

1. Sin x/x 
2. Filled 
3. Shaped 
A sin x/x pattern for a gain of 

38 is shown in Fig. 5. It will be 
noted that the first null occurs at 
7.4 miles for a 1000' elevation. 
After that, zero nulls occur at 
1/2, 1/2, 1 4, etc., of this distance. 

A filled pattern is accomplished 
by varying the amplitude and the 
phase of the current in each ra- 
diating element or in groups of 
elements. An amplitude step near 
the center of the antenna will fill 
in the odd nulls such as the 1st, 
3rd, 5th, etc. Some phase varia- 
tion is required to fill in the even 
nulls. Filled patterns are general- 
ly acceptable and are rendering 
excellent service in all parts of 
the country. Most of the anten- 
nas in service provide patterns 
of this type. 

Fig. 1 is a good example of a 
shaped pattern. The amplitude 
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and phase of each layer is varied 
along the whole length of the an- 
tenna to produce the pattern. This 
antenna is more complex to de- 
sign and build but it does pro- 
duce an optimum pattern. 

Fig. 3 and its accompanying 
table reveal the effect of gain, 
height, ERP, and type of vertical 
pattern. By choosing these para- 
meters properly, considerable 
flexibility is possible in serving 
a given area. 

Coverage With A Directional 
Antenna 

A directional antenna has a 
number of useful applications. It 

h=I G=I P=I =I A=rrr2 
a 

h=I GÑ 4 P=4 r.-,r2- A=nr2/2 

h=2 G =4 P=I6 r=2 A=irr2 

h=-1173 G=2 P=16 r=2 A=rr2 
b 

Fig. 6 The most efficient 
coverage i s obtained 
when the antenna is lo- 
cated centrally in the 
service area. Only one 
half of the area is cov- 
ered with the same input 
power at the same height 
from the perimeter using 
a directional antenna. 
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has been used successfully to 
cover the San Joaquin Valley in 
California and also to cover serv- 
ice areas adjacent to large bodies 
of water. There are situations, 
however, when their use is ques- 
tionable from a viewpoint of cov- 
erage efficiency. Coverage efficien- 
cy can be defined as covering a 
given area with a given field in- 
tensity with a minum amount of 
effective radiated power. Height 
is also a factor as will be shown 
below. Some relative approximate 
relationships can be deduced from 
propagation formulas which per- 
tain within the radio horizon over 
plane earth as follows: 

r 
4 a Vp 

A °C VT) 

P a h2 

Where r is the distance to a given 
field contour 
P* is the "effective radiated pow- 
er" in the main beam 
A is the area served within a 
given field contour 
h is the height of the antenna 
above the service areas. 

In Figure 6a the area enclosed 
by a given field intensity contour 
for a relative "effective radiated 
power" of "1" and a relative 
height of "1" is are. The trans- 
mitting site can also be moved to 
the perimeter of the circle and a 
directional antenna employed 
which has a horizontal pattern in 
the shape of a quarter of a circle 
as shown in Fig. 6b. The hori- 
zontal gain of such an antenna is 
four, hence P =4. 

*The value here used is not only the 
product of transmitter power and 
antenna gain, but also the increase 
in "effective radiated power" due to 
an increase in height. 

From the relationship above 

r a 4Vp, r becomes the V2. The 
area to the same field intensity 
contour served is then 

7r(V'2r)2 7r2 
A = 

4 2 

Hence, using the same trans- 
mitter power with an optimum 
directional antenna with a hori- 
zontal gain of 4, only one half of 
the area is covered as compared 
to 6a and hence the coverage effi- 
ciency is 50 %. 

It can be stated generally that 
because of the fourth root rela- 
tionship between distance and 
radiated power that the center of 
the area to be covered is the best 
location for maximum coverage 
efficiency. 

However, another factor per- 
tains and that is height. From the 
relationship above it is noted that 
if the height is doubled, the "ef- 
fective radiated power" increases 
four times. Hence, in Fig. 6b, 
doubling the height will provide 
"effective radiated power" "P" of 
16 and "r" becomes 2. The area 

7:(202 
covered is then A = = are 

4 
which is the same as for "a ". 

The antenna postulated in "b ", 
however, is not permitted under 
the 15 db rule. A practical an- 
tenna may have a horizontal gain 
of about 2. To obtain an "effective 
radiated power" of 16 will require 
a height increase of V8 or 2.8 
times. 

Another general rule is that 
where a sufficient natural height 
can be obtained, a directional an- 
tenna can be an advantage. To ob- 
tain any advantage, however, 
heights beyond a relative value of 
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2.8 must be obtained under the 
conditions postulated above. 

Multiple Installations ( "Antenna 
Farms ") 
Multiple installations are becom- 
ing more common for a number of 
reasons: 
1. Airlanes around metropolitan 

centers leave only a few areas 
available for tall structures. 

2. A common location of all sta- 
tions is desirable because of 
receiving antenna orientation. 

3. Installation cost economies may 
result, especially at UHF fre- 
quencies. 

There are a number of ways in 
which multiple installations can 
be made: 
1. Candelabra. A number of VHF 

installations using candelabras 
are operating successfully. 
This technique is even more 
applicable for UHF. 

2. Stacked antennas above the 
tower top. This method has 
been fairly successful at VHF 
but has limitations at UHF. 

3. Standard UHF antennas side - 
mounted on an existing tower. 
This method has good possi- 
bilities under certain condi- 
tions. 

4. Special Panel type antennas 
side- mounted on existing or 
new towers. This method also 
has good possibilities under 
certain conditions. 

Each of the above methods will be 
discussed in more detail. 

Candelabra Arrays 

While spacings between an- 
tennas are 80 to 100 feet at VHF 
they reduce markedly at UHF so 
that good circularities are ob- 
tained at spacings of only 10 to 

15 feet. (Circularities of i- 2 db 
for a 10 foot separation to - 1 db 
for a 500 foot separation can be 
obtained for smaller antennas; 
and 3 to ± 2 db for larger an- 
tennas. This figure includes the 
circularity of the antenna itself.) 
The isolation between antennas is 
more than adequate for slotted 
cylinder types of antennas. 

Considering the fact that most 
standard triangular towers above 
500 feet are 71/4 feet on each face, 
a relatively small outrigger is re- 
quired for a 10' to 15' separation 
as shown in Fig. 9. 

Hence, the increase in tower 
cost for supporting several anten- 
nas is relatively small. Further- 
more, standard antennas can be 
used which are more economical 
to build. The advantages of a 
separate antenna for each station, 
which permits complete flexibility, 
is another important factor. 

Reasonable circularities can 
also be obtained for three or even 
six antennas disposed in this ar- 
rangement. Hence, this method 
appears as the most logical meth- 
od of providing multiple UHF in- 
stallations. 

Vertically Stacked Arrays 

Vertically stacked arrays have 
been in use for many years. They 
are quite suitable for panel type 
arrays and Superturnstile anten- 
nas in which various portions of 
the antenna operate at various 
channels. However, standard UHF 
antennas are not constructed to 
support other antennas; hence, 
special designs are required of 
either a heavier cylindrical or 
panel type, both of which tend to 
be more costly. 

UHF stacking is thus some- 
what less desirable than the 
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candelabra, from both an eco- 
nomic viewpoint and also for a 
lack of flexibility in changing or 
replacing an antenna in the stack. 
There are no technical limitations 
in using this method, however, if 
it seems desirable for other rea- 
sons. 

Side- Mounted Antennas 

When a UHF antenna is mount- 
ed in the proximity of a tower, it 
influences the performance of the 
antenna in several ways. The 
presence of the steel in the tower 

objects, the greater will be the 
non- circularity. The tower legs 
may contribute ± 2 to ± 3 db. 
Other items such as horizontal 
and diagonal tower members, 
transmission lines, ladders, power 
and telephone cables, elevator 
rails, etc., increase non- circulari- 
ty. It is difficult to give values 
since much depends on the indi- 
vidual installation. Some calcula- 
tions made on a standard triah- 
gular tower 7 -1 /2 ft. on each face 
indicate ± 7 db with all of the 
items listed above. On the other 

' Fig. 10. Side mounted antennas 
should be base mounted preferably 
above a guy point. Best circularities 
are obtained with a minimum of 
metallic objects on the tower. 

Fig. 11. Radiators can be placed at 
an angle to the tower faces to pro- 
duce a pattern of i- 5 db. 

affects the impedance, and also 
the horizontal pattern. The verti- 
cal pattern may also be affected at 
steep angles, but only in a minor 
way in the main beam. 

The effect on impedance can be 
practically eliminated by proper 
spacing. However, the effect on 
the horizontal pattern decays very 
slowly with spacing. For instance, 
an improvement of less than 1 

db would be obtained by using a 
spacing of 10 feet as compared, 
say, to 7 feet. 

Metallic objects in the tower af- 
fect the pattern. The more metal 
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hand, a tower which is relatively 
transparent with only the tower 
members may be of the order of 
± 3 db. It is also reasonable to 
expect in both cases that there 
may be several peaks or valleys 
which will be appreciably greater 
than this value where a number 
of these items add in amplitude 
and phase. 

When side- mounting an anten- 
na it is advisable to provide a 
base so that a standard antenna 
can be used. (See Fig. 10). Brac- 
ing at the top and sometimes at 
the center is also necessary. Guys 
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should be avoided in the field as 
much as possible. It is desirable 
to locate the antenna immediately 
above a guy point and also at a 
point where there are a minimum 
of metallic objects. 

When the service area is lo- 

cated on only one side of the tow- 
er, a directional antenna can be 
used to advantage with the null 
directed towards the tower. This 
will generally reduce the varia- 
tions towards the service area. 
On the back side of the tower the 
nulls may be appreciably deeper 
than the pattern null due to the 
shadowing effect of the tower. 

Panel Type Arrays 

Panels which are side mounted 
may consist of either a dipole 
configuration or a dipole type ar- 
ray. Radiators are fastened to 
their individual reflectors, and 
panels can either be face mounted 
against the sides of the tower, 
or skewed as shown in Fig. 11. 

Face mounting has the advantage 
of lower interference to the pat- 
tern resulting from structural 
members, or other objects inside 
the tower. Circularities of -!- 1 

to 2 db can be obtained for towers 

with dimensions of one wave- 
length per side. For towers which 
have a dimension of five wave- 
lengths per side, circularities of 
the order of ± 5 db can be 
achieved. This presumes a well de- 
signed panel having the proper 
beam width and minimum back 
lobes. 

For larger structures, skewing 
can be employed with circularities 
of the order of -±- 5 db. While 
smaller values are theoretically 
possible, the effect of back lobes 
and reflections from the tower 
tend to hold the value in this vi- 
cinity. 

Summary 
From the above considerations, 

it can be seen that the choice of 
the antenna, whether omnidirec- 
tional or directional; whether 
used in a single or multiple in- 
stallation; its characteristics such 
as gain, beam tilt, and vertical 
pattern; its location and height 
are all important considerations 
which require considerable 
thought and study. It is hoped 
that this information will be help- 
ful in guiding others in the suc- 
cessful choice of a UHF televi- 
sion antenna. 
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TV Antenna System 
Performance & Measurement 

H. E. Gihring & M. S. Siukola 

ALONG WITH the growth of TV 
broadcasting, the state of 

the art has greatly improved. At 
the same time, the complexity of 
the antenna system has increased. 
As a result, the requirements for 
both performance and realiability 
must be re- evaluated. These re- 
quirements are: 

1. No visible ghost. 
2. Properly installed fault -free 

components. 
3. Proper load presented to the 

transmitter. 
The required specifications to 
meet these requirements include 
a means of determining the far - 
end reflection and the reflec- 
tions from each component, and 
a limit on the impedance value 
presented to the transmitter. 

Antenna System Requirements 

About 20 years ago, when TV 
antennas were first designed for 
quantity production in the present 
VHF bands, the ghost arising 
from too great a mismatch was 
recognized as a limiting factor. 
Tests were made on a long line 
to determine what far -end mis- 
match would produce a visible 
ghost. It was found that a mis- 
match giving a VSWR of 1.15 
was clearly visible. A 1.1 VSWR 
was just below threshold at nor- 
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mal contrast and was chosen as 
an acceptable value. The specifi- 
cation was applied only to the far - 
end reflection, from the antenna 
only. This was a good standard to 
follow in view of the type of an- 
tenna systems employed at the 
time, but changes in present -day 
systems and requirements have 
outdated it. The VSWR value of 
1.1 was a means to an end - 
namely, that there be no visible 
ghost under normal viewing con- 
ditions. 

Early TV installations were 
fairly simple. The transmitter 
was often located in a downtown 
building and towers were gener- 
ally only 200 or 300 feet high. A 
superturnstile antenna was placed 
on the tower and two 3 -inch co- 
axial lines ran directly through 
a diplexer into the transmitter. 
Since then, however, transmitter 
sites have been moved beyond the 
city limits, where space permitted 
the erection of taller guyed 
towers. The transmitter building 
is usually located some distance 
from the tower base to minimize 
damage from falling ice. This 
necessitated longer transmission 
line runs. In the move from 
downtown, new equipment was 
often obtained so that a spare 
transmitter became available. 
This necessitated a switching sys- 
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tern. As a means of assuring that 
all of the components met re- 
quirements, the 1.1 specification 
was applied not only to the an- 
tenna but to the whole antenna 
system. Towers were still of the 
order of 500 feet and systems 
were not too complex. 

Now, 1,000 -foot towers have be- 
come common, and the complexity 
of systems has increased still fur- 
ther. Other items, such as har- 
monic filters, patch panels, 6" line 
with adaptors and transformers 
to 3" line and similar equipment, 
are now being used. As systems 
become more complex, it is in- 
creasingly difficult to meet the 
1.1 VSWR system specification. 
Sometimes there are so many 
components that the VSWR up to 
the building wall approaches 1.1. 
Meeting both the performance 
and reliability requirements, with 
a VSWR specification only, is be- 
coming increasingly difficult - 
and, as it turns out, also unneces- 
sarily stringent. A different and 
more appropriate method is nec- 
essary- namely, a means of de- 
termining that all of the com- 
ponents are performing properly 
and are correctly installed. 

When making system imped- 
ance measurements, VSWR read- 
ings are often taken every 0.1 
megacycle across the 6 -mc chan- 
nel. In these readings, a cyclical 
variation takes place, as shown 
in Fig. 1. The cause of this vari- 
ation can be explained in the fol- 
lowing manner : There are, in 
most TV antenna systems, two 
groups of components -the close - 
in components in the station, such 
as elbows, gas stops, etc, and the 
far -end components such as the 
antenna and also some additional 
elbows. The close -in and far -end 
components are connected by a 

run of vertical transmission run, 
as shown in Fig. 2. At a given 
frequency within the channel, the 
close -in and the far -end compo- 
nent reflections add, giving a rela- 
tively high value of VSWR. At a 
slightly higher frequency, the 
electrical length of the line is one 
quarter of a wavelength longer, 
causing the close -in and the far - 
end components to cancel, result- 
ing in a relatively low VSWR. 
For a 1,000 foot line there will 
be about 12 cycles, as shown in 
Fig. 1. 

The number of cycles is inde- 
pendent of frequency, and is 
therefore the same for all TV 
channels. It depends only upon 
the total length of the transmis- 
sion line and the velocity of pro- 
pagation. For an air dielectric 
line, the approximate number of 
cycles for a 6 -mc channel is L/82, 
where L is the total length of the 
line in feet. Depending upon the 
reflection values of the far -end 
and close -in components, the 
VSWR could, for instance, range 
from a very low value up to 1.2 
or 1.3. Hence, the question arises: 
What type of impedance should 
be presented to the transmitter 
by a TV antenna system to assure 
proper transmitter performance 
and safety of the components? 

Research has shown that good 
system performance can be ob- 
tained by following certain meth- 
ods. Some areas are critical and 
some are not. To apply the same 
design criteria to the whole sys- 
tem and at all frequencies in the 
channel is unduly restrictive in 
some areas and not sufficiently 
restrictive in others. 

All ghosting as a rule is the 
result of far -end reflection. The 
far -end components consist of 
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the antenna and usually an elbow 
complex of some type. Historical- 
ly, antennas have been built to 
a VSWR specification of 1.1 for 
all frequencies in the 6 -mc chan- 
nel. If an antenna having a VSWR 
of exactly 1.1 across the channel 
were built, the reflection percent- 
age would be very close to 4.75, 
which, at the end of a long 
transmission line, would produce 
a visible ghost. Knowing this, 
manufacturers have for many 
years designed antennas with low- 
er VSWR values (as far as the 
state of the art has allowed) at 
the important portions of the 
channel, thus producing better 
antennas which would minimize 
visible ghosts. Hence, in deter- 
mining far -end reflection limits, 
either a modified VSWR specifi- 
cation or an RF pulse specifica- 
tion may be used. 

However, if an RF pulse speci- 
fication is used, there are good 
reasons for not using the VSWR 
specifications simultaneously, 
since the two are often mutually 
incompatible and the results may 
be detrimental to best perform- 
ance. For example, the upper left 
portion of Fig. 3 shows the Smith 
Chart plot of a TFU46K antenna 
enclosed by a 1.1 circle. For this 
condition, the VSWR at the pic- 
ture carrier frequency would be 
1.06 and at .75 me higher would 
be 1.08. The reflected signal cal- 
culates to be 31/2%, as shown. 

On the other hand, if the de- 
signer were permitted the liberty 
of placing the impedance plot on 
the Smith Chart in relation to the 
1.1 circle as shown on the right 
in Fig. 3, the VSWR at the pic- 
ture carrier and somewhat above 
it would be less than 1.015. The 
calculated reflected signal in this 
case is 0.8 %, notwithstanding the 

fact that the VSWR at the low 
and high ends of the band are no 
longer at 1.1 but 1.13. But since 
the lower and upper 1/2 me are 
not in the picture pass band, as 
can be seen from Fig. 4, and for 
other reasons, a VSWR specifica- 
tion would be more beneficial if 
it were V- shaped instead of flat 
-for instance, one that would al- 
low a 1.2 specification in the 
lower and upper half megacycle 
of the channel and a lower value 
such as 1.05 at picture carrier, 
as shown in Fig. 5. However, if 
an RF pulse value is specified, a 
simultaneous VSWR specification 
would only be redundant and may 
result in a situation where best 
performance is not possible. 

Elbow Complex 
As for the far -end elbow com- 

plex, Fig. 2 depicts a common 
method for connecting the input 
of the antenna to the vertical 
transmission line run. With 3 -inch 
line, a two -elbow complex is pos- 
sible since the vertical run could 
be moved sufficiently to disen- 
gage the elbows. However, with 
6 -inch and larger transmission 
lines, a group of four elbows is 
usually used. Components of 
this type, especially when they 
cover a large frequency band, can- 
not be made completely transpar- 
ent and some small reflections will 
occur. Often, due to space restric- 
tions, it is not possible to select 
the best separation between el- 
bows so that the small VSWR of 
each may add directly. The cumu- 
lative VSWR can be significant, 
especially since the picture sig- 
nal "sees" all of the tower top 
components, including the elbows, 
as one reflection point. Hence, it 
is general practice to match the 
elbow complex with a slug to 
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Fig. 3. Impedance plot enclosed by a 
low and high ends of the 6 -mc channel. P 
and sound carriers. All other dots are 1 
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1.1 circle. Symbols L and H are the 
and S are the locations of the picture 
me apart. 
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minimize its reflections. 
There is also a practice follow- 

ed in certain situations to optim- 
ize far -end impedance by use of 
a variable transformer. Consist- 
ing of a piece of transmission 
line containing a series of mova- 
ble probes, it is adjusted for a 
minimum RF pulse reflection 
value. Such a method has con- 
siderable merit but must be used 
with some discretion; its effec- 
tiveness depends on the electrical 
separation between the reflection 
source and the variable trans- 
former (generally the electrical 
length between them, but in some 
cases, depending upon the "shape 
of the impedance curve," it may 
be appreciably more). The op- 
timizing becomes gradually less 
effective as the separation be- 
comes greater and ceases to be ef- 
fective at about 100 feet for air 
dielectric lines, since the negative 
"bump" from the transformer be- 
comes displaced in time from the 
reflection it is supposed to elim- 
inate. 

Generally, it is more desirable 
to initially design antennas with 
an impedance characteristic 
which will provide a minimum re- 
flection from an RF pulse, rather 
than to optimize after erection. 
However, this may not be possi- 
ble in some situations. Certain 
mathematical analyses indicate 
that the frequencies from the pic- 
ture carrier upwards for about a 
megacycle must have the best 
match for a minimum RF pulse 
reflection. If the antenna is de- 
signed and built in accordance 
with the curve at right in Fig. 3, 
or with Fig. 5 in general, optimiz- 
ing will probably not be necessary 
or, at the most, used only as a 
means of gaining a slight addi- 
tional improvement. Hence, by the 

proper use of techniques which 
will permit the antenna system to 
be designed for minimum RF 
pulse reflection, optimization would 
not be necessary in most cases. 

Properly Installed Components 

Naturally, high quality com- 
ponents having the latest engi- 
gineering improvements should be 
specified. Also, proper transmis- 
sion line lengths must be used to 
prevent the addition of discon- 
tinuities within the channel. 
Equally important is the layout 
of the transmission line system. 
Transmission line components, 
including elbows, gas stops, re- 
ducers, transformers, etc., are 
not completely transparent. Thus, 
a minimum number should be 
used. The tower top elbow com- 
plex should be matched to make 
it as transparent as possible. It 
may also be desirable to match 
the components at the tower base, 
especially if there are more than 
one and the horizontal run is 
more than 50 feet. 

Components in the station do 
not affect picture performance, 
but they may change the imped- 
ance of the transmitter termina- 
tion. If the number of compo- 
nents used are such that the 
VSWR from the transmitter to 
the station wall could appreciably 
exceed 1.1, it may be advisable to 
optimize them in order to have a 
total system VSWR, as seen by 
the transmitter, at a safe level, 
such as 1.3. 

If installation of the transmis- 
sion line starts at the transmit- 
ter and proceeds toward the an- 
tenna, progress can be watched 
with .02 -µs pulse equipment and 
reflection values above the gen- 
eral level investigated immediate- 
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ly. Installation practices recom- 
mended by the manufacturer 
should be followed. 

To meet the performance stand- 
ards for today's TV antenna sys- 
tems, the RF pulse method is 
best for determining far -end re- 
flection since the percentage 
values can be directly related to 
ghost visibility. Typical values 
are of the order of 3 %, although 
in some of the earlier designs, 
variable transformers may be re- 
quired to meet this specification. 
As an alternative specification, 
the RF sweep method determines 
VSWR values of the far -end com- 
ponents and provides a usable 
evaluation with simpler equip- 
ment. A V- shaped VSWR curve 
will give lower reflection values 
than flat 1.1 VSWR specs. 

The RF pulse method will 
spread out the entire system on 

a time base and show the loca- 
tion of faults. Typical reflection 
percentages are 1 %. As an ad- 
junct, and not a specification, an 
RF pulse of .02 -us can be used to 
locate faults more precisely. A 
DC pulse can be used if its 
limitations are recognized. The 
effect on picture transmission is 
best analyzed with the 0.25 -us 
pulse. The .02 -µs pulse equipment 
is more of a diagnostic tool to 
find the exact location . 

The best approach to proper 
impedance termination at the 
transmitter is a VSWR measure- 
ment using either an RF sweeper 
or measuring line. The purpose 
of this measurement is not to 
check ghosting or system discon- 
tinuities, but only to see that the 
impedance presented to the 
transmitter is acceptable. A value 
of 1.3 at the carriers has proven 
to be generally acceptable. 

Measuring TV Antenna System Performance 
There are three general methods for determining 
design specifications and measuring performance: Sys- 
tem VSWR measurements, RF sweeper method, and 
RF pulse method. 

System VSWR Measurements: A signal generator, 
slotted measuring line, and VSWR meter are required. 
Readings are taken every 0.25 or 0.1 mc, depending on 
the length of the transmission line run. The equip- 
ment is relatively simple and readily available, and 
the whole system can be measured, thus providing 
a steady state value of VSWR for the sum of all the 
components. 

Disadvantages: All discontinuities in the system are 
added vectorially, making the result difficult to 
analyze. This can be seen from Fig. A, which depicts 
several periodicities. The rapid fluctuation every 0.5 mc 
indicates that the length of the transmission line run 
is about 980 feet. There is also a 4 -mc period indicat- 
ing that there are two discontinuities 120 feet apart - 
the mean value a -b, which is 1.12, and a variation from 
this value, line d -e -f, which is ±1.03. The latter could 
be the tower base elbows, while the 1.12 value could 
be the close -in components in the transmitter build- 
ing. 
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Summary of the Three Measurement Methods 

Requirement METHOD 

VSWR with VSWR with 
slotted line RF Sweep RF Pulse 

No visible Indefinite Medium Excellent 
ghost 

Properly Poor Poor Good beyond 
installed 150'* 
components 

Proper Good Fair Poor 
impedance 
termination 
to transmitter 

Excellent if an RF 0.02 us RF pulse width is used. A DC pulse 
method can also be used. 

Now the analysis becomes more difficult. The 
average value of the rapid fluctuations (line d -e -f) 
could be the summation of the close -in components, 
while the value "c ", which is one -half the 0.5 -mc 
period fluctuation, could be the far -end components. 
On the other hand, the two could be reversed. Further- 
more, since the curve touches the unity value of VSWR 
at 2 mc, the values could switch at this point so that 
line d -e -f could represent the far -end components from 
0 to 2 mc. and the close -in components from 2 to 6 
mc, or vice versa. Such a conclusion would, of course, 
invalidate the 4 -mc analysis made above. 

While a number of hypotheses can be formulated 
from these measurements, the most important value, 
namely the VSWR of the far -end components, is ex- 
tremely difficult to determine. Additional information 
can be obtained by making changes in the station or 
by having a rigger make tower top changes which 
would indicate which value was "close -in" or "far- end ". 
However, such a procedure is somewhat laborious. 

System VSWR measurements are not well suited 
for periodic check -up purposes, since results may vary 

depending upon the location of the measuring point, 
the adaptor components utilized, and for UHF the 
VSWR vs frequency curve may change with tempera- 
ture. (A 50 °F change for a 1,000 -foot transmission line 
will change the physical length of the line by a quarter 
wavelength at about Channel 25.) 

Plots of VSWR vs frequency, similar to the one in 
Fig. A, have a sinusoidal type of variation in which 
the values may range, say, from a match to as high as 
1.3. This variation is usually the summation of two 
fixed values of impedance separated by a transmission 
line. If a proper analysis of this impedance is not 
made, false conclusions may be reached regarding the 
operation of the antenna system and also the effect 
on the transmitter. 
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RF Sweeper Method: In this method, an oscillator is 
varied to produce the RF frequencies in the 6 -mc 
band at a sweep rate of 60 cycles or more so as to 
obtain a bright enough image on an oscilloscope. A 
delay line about 500 feet in length is used in series 
with the station transmission line as shown in Fig. B. 
A calibration point for 100% mismatch is obtained 
by opening the line at "m ". The peak to peak oscillo- 
scope deflection is usually set at some given figure, 
such as 4 inches, as shown at "a ". A trace is then 
photographed when the delay line is terminated in a 
matched load at point "n ". If the delay line is perfect, 
the trace should be a straight line as at "b ". With the 
delay line connected to the antenna, a trace as at "c" 
is obtained. 

The far -end VSWR can be calculated from this trace 
as shown at "d ". A low frequency deviation may also 
occur as shown. This is a measure of the close -in mis- 
matches and can be calculated both in magnitude and 
location in a similar manner. The equipment is more 
portable than a measuring line, especially for the 
lower channels. Also, this method overcomes one 
disadvantage of the measuring line in that VSWR 
values of far -end components having a more rapid 
variation, SF,, can be separated from the close -in 
and delay line effects. The close -in components will 
cause the periodicity corresponding to AF2 in Fig. 
B. Because of this, the method is most useful for 
checking antenna systems as well as the far -end 
components of the system. 

Disadvantages: The location of faults in the trans- 
mission line has almost the same severe limitations as 
VSWR measurements. In addition, a good portable 
delay line is not available at UHF channels. While a 
1/2 -inch styroflex line has been used, the high atten- 
tuation makes a very high power oscillator necessary. 
The line to the antenna can be used, but obtaining 
a calibration point by, for instance, opening the line 
near the top the tower, imposes difficulties. Further- 
more, the close -in VSWR values will not be obtained. 
Finally, while the oscilloscope trace provides a meas- 
ure of the impedance presented to the transmitter, it 
is not as precise in this respect as the measuring -line 
method. 

RF Pulse Method: In this method, actual picture 
transmission conditions are simulated by sending an 
RF pulse through the antenna system. The pulse often 
used is 0.25 µs at the -6 db level, representing the 
narrowest pulse that can be transmitted through the 
TV system and also one which has the highest energy 
content in the higher order sidebands. The carrier of 
the pulse is centered at the visual carrier of the 
channel to simulate the visual transmitter. A reflecto- 
meter is used to sample both the incident and the 

172 

www.americanradiohistory.com

www.americanradiohistory.com


TIME 

INCIU NT -TRANSMi SSION FAR -END 
MARKER ' LINE REFLECTION 

Fig. D. A typical oscilloscope display u- eg the RF pulse 
method. 

are shown with respect to both their amplitude and 
location. 

Disadvantages: More instrumentation is required 
than for the other methods. However, the quantity 
and complexity of equipment has been reduced con- 
siderably in the past few years. While the RF pulse 
method pinpoints line faults more accurately and 
reliably than the other two methods, the pulse width 
of 0.25 its precludes their location to within 100 feet. 
However, by using a narrower RF pulse of about 0.02 
µs with the same basic equipment, faults can be 
located to within 10 feet, including the first 150 feet 
from the transmitter. The method does not, however, 
indicate the impedance presented to the transmitter. 
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Customized TV Antennas with 
Time -Sharing Computer 

James D. Kearney 

THE VERTICAL FIELD of a helical or zig -zag TV 
antenna can be calculated by a computer in 1/2 

hour. The theoretical formulas, boundary condi- 
tions, etc., for calculating the far field of such 
antennas have been well documented and con- 
verted to computer programs. The flow chart, 
Fig. 1, indicates how the computer tackles the 
problem. The input data is set forth in three 
blocks. This is done so that nondependent vari- 
able parameters can be changed readily to opti- 
mize the vertical pattern. 

The input data for number of bays, wave- 
length, initial, final and incremental angle of 
depression are usually fixed by the specific an- 
tenna application. However, bay spacing and 
amplitude and phase of current to each bay are 
subject to the designers judgment. Likewise, the 
one bay data can be either a cosine2 function or 
the more practical measured one bay data as 
collected from scale model or production anten- 
nas. Since the array factor is the vector sum of 
the individual elements, it is not practical to 
synthesize from overall requirements because of 
an infinite number of solutions. Therefore, the 
designer's experience dictates a starting point and 
the parameters may then be optimized one by one 
to meet or exceed the contractual requirements. 

For instance, Fig. 2, illustrates three vertical 
patterns as calculated and plotted by the time- 
shared computer for a six-bay General Electric 
zig -zag antenna. The requirement is for 3/4 ° beam 
tilt, 30 percent null fill with no nulls less than 
4 percent field. Illustration A shows the starting 
point with experience dictating input data. Both 

176 

www.americanradiohistory.com

www.americanradiohistory.com


reflected signal. A block diagram of the components is 
shown in Fig. C. Both signals are detected in equip- 
ment having an ideal receiver characteristic using 
the vestigial sideband transmission principle. The 
pulse rate is the same as the horizontal line frequency 
of about 15 kc, although this is not at all critical. 

1.3 

y 1.2 
s 
w 

UNITY 

AF2= 4 mc AFI= 0.5 r,c 

u- 
Ì,!I1I11e! f'i! 

W' WWWt1 

6 
J 

0 1 2 3 4 5 

Megacycles above lower channel edge 

t, 

Fig. A. Two periodicity plots of VSWR vs frequency, one of 0.5 me 
where the two discontinuities are separated about 980 feet, and 
another of 4 me where they are separated about 120 feet. The 
VSWR values of the three discontinuities can be determined 
approximately. The separation between discontinuities can be cal- 
culated from the formula L = 491.5/F, where F is the frequency 
change in inc from peak to peak. 

Fig. B. Using a delay line, the RF sweeper method provides far - 
end and close -in VSWR values as well as the distance between 
any discontinuities from the L = 491.5/F relationship. 

Both incident and reflected signals are displayed on 
an oscilloscope, and an amplitude comparison of the 
two values is made. An oscilloscope trace with the 
reflectometer in the reflected position is shown in 
Fig. D. The phase of the carrier compared to the 
reflected sidebands is adjusted by a line stretcher or 
phasor so as to measure the maximum relative reflected 
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voltage, thus representing the most pessimistic condi- 
tion. The amount of reflection from the far -end com- 
ponents is specified as a percentage of the input pulse 
magnitude, 3% being a typical value. 

Other reflections in the system, such as the .trans- 
mission line, are specified for a lower value, typically 
1 %. Since the display on the oscilloscope is on a time 
base which corresponds to distance, the location of 
such reflections can be determined. For an 0.25 -as 
pulse, discontinuities occuring within a distance range 
of about 100 feet will appear as one reflected pulse. 
In special cases, such as a candelabra installation 
where an antenna system including all of the far -end 
elbow complexes may be located over a distance great- 
er than 100 feet, a longer RF pulse should be used so 
as to summate these effects for the longer pulses that 

Fig. C. The RF pulse method simulates actual picture transmission 
and accurately measures the reflection from both the far -end 
components and the transmission line. 

may appear in TV transmission. A longer RF pulse 
should also be used for any situation where an accu- 
mulation of reflections over a distance of greater than 
100 feet is suspected. 

The RF pulse method gives the best measure of 
actual system performance since it utilizes actual 
picture transmission methods. In the analysis, the most 
pessimistic conditions are sought by using line 
stretchers to adjust the phase for the maximum RF 
pulse reflection. The method fulfills the requirements 
for best analyzing the pertinent characteristics of the 
antenna system. It gives a clear, definite indication 
of the far -end reflection, which can be directly related 
to ghosting. It displays the transmission line run on 
a time base at the RF frequency used so that faults 
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het& 
Tirol Value 

Print and Plot 
Vertical Field Values 

Fig. 1. Flow chart for solving vertical field 
patterns of antenna. 

beam tilt and null fill have to be adjusted. By 
changing the phase of currents, illustration B 
shows that the beam tilt requirement is correct 
but that null fill is still below the required 30 
percent. Illustration C is the next computer run 
with slight changes of data so that null fill and 
beam tilt are correct; a pattern that fulfills all 
specifications. 

With the time sharing computer, the entire 
sequence takes less than '/a hour. With an 
ordinary computer, the calculating time is quite 
the same, but the logistics of supplying data to a 
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programmer, having him batch -process it and 
return it to the designer, would probably take at 
least four days. Calculating mathematically or 
with vector plots would take approximately 32 
hours. 

Another area where the time- sharing computer 
is used to full benefit is in the actual production 
assembly of an antenna. Again a six-bay antenna 
is taken as an example. Once the parameters as 
in Illustration C of Fig. 2 have been fixed, the 
various subassemblies of the antenna are as- 
sembled and tested. The bottom bay is built and 
tested for proper moding, beamwidth, etc., and 
this one -bay data is compared to that one -bay 
data on which the entire array was originally 
computed. Minor differences are sometimes noted. 
In these cases, the new array is recalculated with 
the actual measured data to assure that the an- 
tenna will perform as specified. If so, assembly 
is continued; and if not, changes in the one bay 
are made until it does meet requirements. If time- 
sharing were not available, production delays 
could become impossible. Likewise, the bottom 
two-bay, bottom -three bay, top -bay, top -two-bay 
and top -three -bay patterns are computed and 
compared against measured results, so that when 
the assemblers and test men marry the complete 
antenna, they can have complete confidence that 
with only minor touch up, the antenna will meet 
both the specifications and shipping deadlines. 

Horizontal Patterns 

A few simple modifications of the basic 
vertical pattern program yields a program for 
computing the horizontal field of an antenna. 
Due to the ever increasing need for directionalized 
antennas, especially in the uhf area, the backlog 
of requests for pattern information could not 
have been met without the time -sharing computer 
or a great increase in experienced personnel. The 
flow chart for programming is much the same 
as that for the vertical pattern program except 
the designer must now account for the size of the 
tower or mast structure, number of panels, the 
azimuth and skew angles as well as the currents 

179 

www.americanradiohistory.com

www.americanradiohistory.com


/ 

- 
..223 ,.,, 

,S 

2 __ 

2 

180 

M 

ab 
4. 

www.americanradiohistory.com

www.americanradiohistory.com


as phases to each panel. Fig. 3, A & B illustrates 
the effect of two otherwise equal antennas 
mounted on different size tower sections. Illus- 
tration C will show that even with such a large 
tower as in B, other parameters, such as azimuth 
and skew angle can be changed to bring the an- 
tenna back to tolerable limits. Again, this process 
would take the designer less than an hour with 
time -sharing with no interruption in his logical 
approach to problem -solving. 

As an extension of the horizontal pattern 
program, the output may be plotted in more easily 
visualized polar coordinates rather than Cartesian 
co- ordinates as seen in Fig. 4. This polar plot 
may be then transferred directly to a translucent 
overlay and, when used with topographic maps 
of the area to be served. provides a very power- 
ful tool in designing a directional pattern with a 
minimum of tradeoffs. 

FIRST NEST COAST IEEE SYMPOSIUM 

HORIZONTAL GAIN (RATIO): 1.5469 

HORIZONTAL GAIN ( DB ): 1.8947 

RHO VALUE: .604 

PLOT CARTESIAN (I) OR POLAR(2) COORDINATES? 2 

PAR GN 16154 . SAT 11/04/67 

Fig. 4. Polar co- ordinates quickly produced 
by computer. 
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N D PHI THETA A ALPHA 
1 .72 45.00 45.00 .50 .00 
2 .72 135.00 135.00 1.00 .00 
3 .72 -135.00 -135.00 1.00 .00 
4 .72 -45.00 -45.00 1.00 .00 

HORIZONTAL GAIN(RATIO): 1.5688 HORIZ GAIN (DB) 1.9557 
RMS VALUE: .7984 
POWER GAIN COMPUTED ON VERTICAL GAIN OF 30.92 
VERTICAL GAIN AT 0 DEGREES: 19.56 
ERP CALCULATION BASED ON PAR INPUT TO ANTENNA(6W): 27.50 

AZIMUTH 
ANGLE 

RELATIVE 
FIELD 

MAXIMUM 
PAR GAIN 
(RATIO) 

MAXIMUM 
PWR GAIN 

(09) 

HORIZON 
PWR GAIN 
(RATIO) 

HORIZON 
PWR GAIN 

(DB) 
ERP 
(KW) 

-180 1.000 48.507 16.858 30.686 14.869 1334. 
-175 .963 44.976 16.530 28.452 14.541 1237. 
-170 .868 36.548 15.629 23.121 13.640 1005. 
-165 .770 28.784 14.592 18.209 12.603 792. 
-160 .725 25.470 14.060 16.112 12.072 700. 
-155 .776 29.186 14.652 18.463 12.663 803, 
-ISO .855 35.486 15.501 22.449 13.512 976. 
-145 .939 42.784 16.313 27.065 14.324 1177. 
-140 .966 45.272 16.558 28.639 14.570 1245. 

50 .479 11.110 10.457 7.028 8.468 306. 
55 .461 10.297 10.127 6.514 8.138 283. 
60 .396 7.604 8.810 4.810 6.822 209. 
65 .342 5.688 7.550 3.598 5.561 156. 
70 .341 5.645 7.516 3.571 5.528 155. 
75 .439 9.335 9.701 5.906 7.713 257. 
80 .574 15.990 12.039 10.115 0.050 440. 
85 .691 23.134 13.643 14.635 1.654 636. 
90 .759 27.910 14.458 17.656 2.469 768. 
95 .775 29.145 14.646 18.437 2.657 801. 
100 .760 28.032 14.477 17.733 2.488 771. 
105 .752 27.412 14.379 17.341 2.391 754. 
110 .766 28.426 14.537 17.982 2.548 782. 
IIS .826 33.084 15.196 20.929 3.207 910. 
120 .890 38.429 15.847 24.310 3.858 1057. 
125 .951 43.834 16.418 27.729 4.429 1235. 
130 .972 45.827 16.611 28.990 4.622 1260. 
135 .981 46.663 16.690 29.519 4.701 1283. 
140 .963 45.013 16.533 28.475 4.545 1238. 
145 .933 42.260 16.259 26.734 4.271 1162. 
150 .848 34.861 15.423 22.053 3.435 959. 
155 .768 28.592 14.562 18.087 2.574 786. 
160 .718 24.989 13.978 15.808 1.989 687. 
165 .765 28.411 14.535 17.973 2.546 781. 
170 .865 36.290 15.598 22.957 3.609 999. 
175 .961 44.838 16.516 28.365 4.529 1233. 
180 1.000 48.507 16.858 33.686 4.969 1334. 

Fig. 5. Antenna gain at all radial angles. 

COVERAGE AS PREDICTED BY FCC(52,50)CURVES 
CHANNELS 7 -13 

316 NW ERP 

AZIMUTH HEIGHT ABOVE DISTA NCE DISTANCE DISTANCE 
ANGLE AVE TERRAIN PRI NC CITY GRADE A GRADE 0 
(DFG) (FT) (MI) (MI) (M1) 

0 1906 38.98 45.99 63.76 
45 800 35.05 42.79 60.12 
90 500 27.10 35.03 51.97 
135 790 3_.71 40.67 57.83 
180 1100 40.64 47.23 65.23 
235 1990 46.10 51.52 70.36 
270 2000 53.40 61,02 80.02 
315 1830 49.98 56.13 75.26 

Fig. 6. Computer plot of FCC (50/50) curve. 
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Other Applications 

Once the immediate problem of program- 
ming for a specific application and the language 
of the computer is at least familiar, many other 
applications come to mind. For instance, having 
calculated the vertical pattern and the vertical 
gain of the antenna, a modification of the horizon- 
tal pattern program will compute the antenna 
gain at all radial angles as in Fig. 5. Not only 
is the power gain ratio computed, but the ratio 
converted to dB and the necessary information 
for FCC filing such as the gain at the horizon 
(0 degrees) and the associated field at 0 degrees. 
The effective radiated power at all radials is 

also computed. 
It is quite a simple but menial task to hand 

calculate the familiar FCC (50/50) curve, for 
the principal city, Grade A and Grade B contours 
for a specified erp. The time- sharing computer 
does this in 4 seconds, as in Fig. 6. With such 
instant response, it becomes a simple matter to 
calculate the contours at reduced erp such as in 

an emergency condition, and thus formulate plans 
for redundancy in transmitting equipment to 
insure an economic level of operation. The pro- 
gram for these calculations would take approx- 
imately half an hour to write; at least less time 
than it would take to plot contours at a single 
value of radiated power. 

Computer Basics 

The language of the computer is covered 
quite thoroughly in the literature; however, 
a brief review is worthwhile to demonstrate 
its capability. 

A program is a set of directions, a recipe, 
that is used to provide an answer to some 
problem. Any problem must fulfill two re- 
quirements before it can be carried out. The 
first is that it must be presented in a language 
that is understood by the "computer." The 
second requirement is that it must be com- 
pletely and precisely stated. This requirement 
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CALCULATE CURRENT THROUGH 
SIMPLE R,L,C CIRCUII 

CoMPU7ER PROGRAM 

00 90 INPUE,E,H,C, 

10 PI - 3,14159 

20 IXl 20,R - 1,50 

so w 20,F - 10,1000,10 

40 X - 2^PI^H^F-1/(2°P1i'C`'.F) 

50 Z - SQRT(R6R1X4X) 

60 A - EIN 

70 20 PRINI,F,R,A 

HO F'U 

TECHNICIAN PROGRAM 

INITIAL VALUES 

E - 10 

H -.001 

C -27 ULF 

LEIF- 10 AND R- 1 

CALCULATE A USING FORMULAS, 

X 2 X 3.14 X H X F -1/12 X 7.14 X 27 X F) 

z - 
¡K2 X2 

A - E/Z 

REPEAT LETTING F - 20,70,...1000 

LET F - 10 AND R - 2 AND kLI'EAT 

FOR FREQS UP TO 1000. 

LETTING R INCREASE IN INCRLMLNES 

OF 1 UP TO A `AXIML. OF 50, 

REPEAI FOR ALL FRETS. 

COL1.1161ZE RESULTS LISTING 

FREQ, RESTS, ANC CURRI.NE 

Fig. A. Program for computing current in RLC 
circuit. 

is crucial when dealing with a digital compu- 
ter, which has no ability to infer what you 
mean. The computer can act only upon what 
you actually present to it. 

The general logical steps used in solving 
a problem are usually formulated before writ- 
ing a specific program. This is called flow- 
charting. Fig. A shows two programs, one 
that a computer could follow, another that 
an average technician could wade through. 
The problem is to solve the current flowing 
through a simple R -L -C series circuit with 
different values of resistance from 1 to 50 
ohms at frequencies between 10 and 1000 
Hz. It may be noted that the computer 
language and directions written in Fortran 
are even simpler for the technician to under- 
stand and manipulate. 

The flow chart for such a problem is 
shown in Fig. B. Here the logic is formalized 
even though specifics (such as formulas) 
are not. Once a logical approach can be made 
to a problem, the computer detail language 
can be mastered. It becomes quite evident 
that the DO LOOP is the most powerful tool 
in the computer language. A range of variables 
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can be set and the computer will calculate 
the results swiftly and accurately. A computer 
must be given explicit instructions for each 
step toward the solution. You need to know 
the numerical methods as well as a computer 
language. 

The time -sharing computer -the type 
used in the applications discussed in this 
article -is a relatively new concept in com- 
puter service. Time -sharing, or the simul- 
taneous access to a central computer system 
from many remote locations, is ideally suited 
for solutions of problems and for program 
updating and editing. 

The master control console and remote 
consoles are connected to the computer sys- 
tem through telephone lines- either private, 
PBX extensions or public facilities -using 

END 

Fig. B. Flow chart for solving current in RLC circuit. 
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Data -Phone service or TWX service on a dialup 
basis. Up to 40 remote consoles can be 
accommodated simultaneously through the 
automatic switching system. This is possible 
because the response of the computer and 
the response of the printing units have at 
least one order of magnitude time differential. 
The computer assigns priority to all sequences 
so that even with all consoles in use, delays 
are nominal. A typical sequence for an engi- 
neering program might be 25 seconds of 
computer time, 3 minutes for data printout 
and a maximum of 30 seconds "holding" 
time while the computer is time -shared to a 

different problem. 
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DA Antenna Systems 
for FM 

John H. Battison 

THE FCC has long permitted AM broadcasters 
to use directional antennas, but prior to the FM 

freeze during the early 60s, very few FM stations 
were allowed this privilege. 

Before a station manager decides to use a direc- 
tional antenna, he should become familiar with the 
pertinent parts of the FCC Rules. Two deal speci- 
fically with such antennas and their uses (see box) . 
A typical application under the classification of im- 
proving service might be a situaticn where the 
proposed principal city is close to a mountain or 
similar shadowed area and there is no advantage 
in radiating toward the blank mountain side. The 
other approved application is for the purpose of 
using a specific antenna site. If an applicant owns 
an existing tower or high building, or even another 
class of broadcast station, and wishes to use this 
as the supporting structure, a directional antenna 
might be required in order to limit the combination 
of height and power in a specific direction to conform 
with the Rule regarding power and height com- 
binations. 

Technical Requirements 
Technical requirements are spelled out in detail 

in FCC Rule 73.316(c),(d) subparagraphs 1 through 
3. Certain portions are particularly noteworthy. 

In most cases where a directional FM antenna is 
used, the engineering portion of FCC Form 301 will 
be completed by the applicant's consulting engineer. 

However, sometimes a well qualified chief 
engineer can handle this work. If this is 
the case, these points should be observed. The 
application must completely describe the antenna and 
explain the method of obtaining directivity. You must 
provide a radiation pattern showing free space field 
intensity at one mile in mv/m for the horizontal 
plane' and data on vertical radiation between plus 

The FCC prefers to have all data in dbk. rather than kw. See Fig. 6. 
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and minus 10° above the horizontal plane. This data 
must not show any undesirable radiation in the 
vertical plane between these limits. Finally, the name, 
address and qualifications of the engineer making 
the calculations must be given. The antenna informa- 
tion required above may be computed or measured, 
but you must include a full description of your com- 
putations and methods of measurement. 

Station managers with experience in AM direction- 
al antennas will notice a big difference -a consulting 
engineer must provide the technical data supporting 
the directional antenna system. This is because there 
are so many variations in AM DA patterns that 
every installation is different. The limits of radiation 

Condensation of FCC Rules Governing FM DAs 

Rule 72.213 (c): In the case of short- spaced stations, 
maximum radiation may be used -provided that the 
maximum power radiated in the short- spaced direction 
is not in excess of the amount allowed non- direction- 
ally. No more than the maximum permissible power 
for the class of station concerned may be radiated in 
any direction, and the power increase off the radial 
separating the two stations must not be greater than 
2 db for every 10° of change in azimuth. (See Fig. 1.) 

Rule 73.316 (c): A directional antenna is considered 
to be any antenna that obtains a deliberate non - 

circular pattern for the purpose of improving coverage 
or using a particular site. It may not be used to 
circumvent the minimum mileage separation require- 
ments. A ratio of 15 db maximum to minimum radia- 
tion will not be accepted. The hypothetical patterns 
in Fig. 1 comply with this rule. 

are very rigid in FM DA systems; therefore, it is 
possible for a manufacturer to have FCC required 
technical data for his whole line of FM antennas. 
There may be the exception, of course, where an 
exotic pattern is required -and can be justified -but 
this will be rare. The manufacturer will furnish com- 
plete engineering data for paragraph (d) of this Rule. 

Operating Directional Antennas Systems 
The horizontal field patterns for three operating 

FM DA systems are shown in Figs. 2, 3, and 4. 
WJZZ, Bridgeport, Conn., Fig. 2 uses a Jampro J 
6b /6V /DA; WGIR -FM, Manchester, N. H., Fig 3, 
plans to use a Collins 37M -DA and WTFM, Lake 
Success, N. Y., Fig. 4, will use an Alford 7615. 
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These DA's are shown because they represent a 
cross section of new stations; there are many older 
operations, but they were installed before the present 
DA regulations went into effect, and as a result do 
not have to conform with the new Rules. 

Engineering Considerations 
The application procedure for an FM directional 

antenna system is far simpler than that for an AM 
directional. This is due to the difference in physical 
arrangement. Because of the small size and often 
one -piece construction of an FM antenna, it can be 
adjusted and tuned at the factory for its desired 

Fig. 1. An illustration of the relationship between power in 
kw and dbk for a given pattern. 
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Fig. 2. Predicted antenna horizontal field plot for WJZZ, 
Bridgeport, Conn. 

directional pattern, and installed in the field with 
reasonable certainty that the pattern will be correct - 
provided that the antenna is properly oriented. 

The FCC has inserted into the Rules a provision 
that might go unnoticed by many readers. It says 
''a submission must be made by a qualified surveyor 
that the antenna has been properly oriented at the 
time of installation." This means that a surveyor must 
measure the azimuth of the antenna when it is in- 
stalled, probably by means of a mark on the base 
of the antenna as it is being mounted on the tower, 
or in a manner which will assure the Commission 
that the antenna is properly oriented. 
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Proof of Performance 
Measurements are required in the horizontal as well 

as the vertical plane. The 360° horizontal radiation 
pattern must be shown. There is no formal way in 
which the FCC requires the proof to be measured or 
submitted, provided the material is there and is cor- 
rect. 

The Rules call for a proof to be made in the field, 
or by the manufacturer. The latter is far easier and 
less expensive for the applicant, although such ac- 
tivities do tend to remove the bread from the mouths 
of consulting engineers. However, the Commission 
requires that the manufacturer make his measure- 
ments with the antenna mounted on the actual tower, 
or a replica thereof, together with all lines, ladders, 

Fig. 3. DA horizontal pattern for WGIR -FM, Manchester. 
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Fig. 4. DA horizontal pattern for WTFM, Lake Success. 

lights, etc., that will be used in the final installation. 
The reasoning behind this is obvious. However, the 
word tower should not be taken to mean the 300 -foot 
high mounting structure, but to a section of tower 
or pole on which the antenna is secured prior to 
mounting on the actual tall tower. The old rule which 
required measurements along eight radials with a pen 
recorder is out! Today, directional antennas for FM 
use are as simple to specify and use as non -directional 
antennas. 

Management Considerations 
FM directional antenna costs should not be more 

than 10% of general equipment costs. Their construc- 
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tion is simple and, in many cases, undetectable from 
non -directional antennas. DA arrays are as simple to 
install as non -directionals, except fcr proper orienta- 
tion. Unlike AM DAs only one tower or supporting 
structure is needed. 

The average FM station now operating at full 
power, will not have to consider directional operation. 
One application of the FM directional is in the case 
of a short- spaced station which wants to increase 
power. Then it may be necessary to use a directional 
antenna to control radiation in the short -spaced direc- 
tion. Occasionally an operating FM station will dis- 
cover that coverage in a given direction is not what 
it might be for various reasons such as terrain. In 
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this case a directional antenna will achieve the de- 
sired coverage. FCC Rules governing the proposed 
operation must be adhered to. Often an existing FM 
antenna can be modified, depending on the design, 
to give a directional pattern by means of fairly simple 
phasing alternations. When this is done, field pattern 
measurements will have to be made with the antenna 
mounted on the station's tower, and this can run into 
several thousand dollars, depending on the complexity 
of the measurements. Generally, if the antenna in use 
has been amortized, and the station is about ready 
for a new one it would be better and cost less in the 
long run to install a new one that has been factory - 
tuned, adjusted, and furnished with a proof of per- 
formance. 

194 

www.americanradiohistory.com

www.americanradiohistory.com


Dual Antenna Polarization Tests 

During the past decade there 
has been a great deal of in- 

terest directed toward achieving 
more uniform coverage from FM 
broadcast stations through the use 
of dual polarized antennas. Tests 
conducted using facilities at 
WNHC -FM, New Haven, Conn. 
were reported in CCIR Study 
Group X, Document USPC -BC 22, 
dated Dec. 15, 1964. The antenna 
feed system was modified to pro- 
vide for radiation of horizontally 
polarized signals only, vertically 
polarized signals only, or a com- 
bination of the two. Extensive 
measurements were made in both 
Hartford and New Haven to de- 
termine the effects of dual polari- 
zation on reception in the service 
area, and also upon the interfer- 
ence potential of dual polarized 
transmissions. 

Transmitting Equipment Used 

The transmitting antenna con- 
sisted of a Jampro 8 -bay horizon- 
tally polarized section mounted on 
one leg of a 100 -meter self -sup- 
porting tower and an 8 -bay verti- 
cally polarized section mounted on 
an adjacent leg. The two sections 
were separated by approximately 
4 meters, and fed through a 50/50 
power splitter with individual feed 
lines originating from separate 

junction boxes. A coaxial switch 
was installed between the power 
splitter and the vertically polar- 
ized antenna junction box so that 
power could be switched into a 
dummy load. It was therefore 
possible to make field intensity 
measurements with horizontally 
polarized antenna excitation only 
or both horizontally and vertically 
polarized antenna excitation. The 
effective radiated power in the 
horizontal plane was 10 kw, and 
in the vertical plane 9.5 kw. (The 
gain of the vertically polarized 
antenna was slightly lower, thus 
accounting for the difference.) 
The VSWR of the system was 
1.15, and remained the same for 
all modes of operations. 

During the latter portion of the 
tests, the coaxial switch was moved 
to permit power to be switched 
from the horizontally polarized 
antenna to a dummy load. Thus, 
it was possible to make measure- 
ments resulting from vertically 
polarized radiation alone. 

Receiving Equipment Used 
To assure accuracy of the meas- 

ured fields, it was necessary to de- 
sign a dual polarized receiving 
antenna that would measure the 
horizontal and vertical fields si- 
multaneously. The design of this 
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antenna consisted of a horizontal 
balanced dipole mounted on the 
bottom skirt of a coaxial vertical 
dipole. It was necessary to bring 
the coaxial cables from the dipole 
down through the bottom skirt of 
the vertical antenna to eliminate 
radiation from currents flowing 
in the coaxial sheath. Tests on 
this antenna indicated 37 db de- 
coupling between the horizontal 
and vertical sections. 

Simultaneous horizontal and 
vertical fields were recorded by 
using two VHF field intensity 
meters to feed two chart record- 

Close -in Measurements 

A number of close -in measure- 
ments (2 to 5 miles) were made 
to determine the extent of verti- 
cal component radiation from the 
horizontally polarized antenna. 
Line -of -sight locations, which had 
Fresnel clearance, were chosen for 
these measurements. The verti- 
cally polarized component meas- 
ured from 14.9 to 32.0 db below the 
horizontally polarized component. 
The average of these locations 
showed the vertical field to be 

TABLE I- Vertically Polarized Component Transmitted From The Horizontally 
Polarized Antenna 

Measurement 
No. 

Horizontal Field 
(mv /m) 

Vertical Field 
(mv /m) 

DB 
Difference 

83.0 2.5 32.0 

2 79.0 2.8 29.0 

3 72.0 2.2 30.3 

4 84.0 3.8 26.9 

5 78.0 14.0 14.9 

6 90.0 12.0 17.5 

7 120.0 11.5 20.3 

8 38.5 5.0 17.8 

9 37.5 2.7 22.9 

10 47.0 4.0 21.4 

II 54.0 7.0 17.8 

ers. The antenna was raised to a 
height of 10 meters during all 
measurements. To assure a homo- 
geneous field, measurements were 
recorded by making runs varying 
in length from 30 to 150 meters, 
depending upon available clear- 
ances. 

Measurements of the service 
area field were made with the 
same equipment, except that four 
spot measurements were made at 
each location, instead of a con- 
tinuous chart recording, because 
of limited clearances in populated 
areas. 
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22.2 db below the horizontal field. 
(See Table I). 

A second set of measurements 
was made at these same points to 
determine the extent of horizontal 
component radiation from the 
vertically polarized antenna. It is 
interesting to note that the hori- 
zontally polarized component meas- 
ured from 13.8 to 38.8 db below 
the vertically polarized compon- 
ent, and the average of these loca- 
tions showed the horizontal field 
to be 23.0 db below the vertical 
field. (See Table II.) 
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TABLE II- Horizontally Polarized Component Transmitted From The Vertically 
Polarized Antenna 

Measurement 
No. 

Horizontal Field 
(mv /m) 

Vertical Field 
(mv,'m) 

DB 
Difference 

1 4.3 60.0 32.1 

2 3.5 59.0 36.6 

3 7.4 53.0 17.2 

4 3.5 54.0 34.6 

5 8.6 43.0 14.0 

6 4.0 38.0 196 
7 2.3 43.0 38.8 

8 6.2 52.0 18.4 

9 3.0 39.0 29.6 

10 5.8 40.0 16.8 

II 7.2 34.0 13.8 

12 8.8 48.0 14.6 

Far Field Measurements 

Far field measurements were 
made starting at the 1 -mv /m con- 
tour to determine the effect on the 
horizontal field when equal 
amounts of power were fed to the 
horizontally and vertically polar- 
ized sections. At each of the eight 
locations chosen, chart recordings 
were made of the horizontally 
and vertically polarized fields be- 
ing radiated from the dually 
polarized antenna, from the hori- 
zontally polarized antenna only, 

and from the vertically polarized 
antenna only. The fields were re- 
corded while the receiving vehicle 
was moved over a distance of 
from 50 to 150 meters with the 
receiving antenna at a height of 
10 meters. The most distant re- 
cordings were made at a location 
where the horizontal field meas- 
ured approximately 70 microvolts. 
(See Table III.) 
Service Field Measurements 

To determine the effect of the 
addition of the vertically polar- 

TABLE Ill -Far Field Measurements 

DUAL ANTENNA HORIZONTAL ANT. VERTICAL ANT. 

Horizontal Vertical Horizontal Vertical Horizontal Vertical 
Point Distance Field Field Field Field Field Field 
No. (miles) (mv /m) (mv /m) (mv /m) (mv /m) (mv /m) (mv/ m) 

I 27.0 .980 .750 .940 .110 .120 .860 
2 33.4 .850 .300 .820 .110 .045 .360 
3 42.3 .320 .170 .350 .065 .032 .185 

4 46.9 .260 .090 .270 .030 .024 .100 

5 52.3 .310 .150 .280 .040 .018 .180 

6 55.6 .070 .038 .080 .028 .007 .031 

7 57.4 .080 .034 .080 .012 .010 .036 
8 61.5 .070 .030 .070 .010 .008 .030 
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TABLE IV- Hartford Area Measurements 

Point 
No. 

DUAL ANTENNA HORIZ. ANTENNA VERT. ANTENNA 

Horizontal 
Field 

(mv m) 

Vertical 
Field 

(mv /m) 

Horizontal 
Field 

(mv /m) 

Vertical 
Field 

(mv'm) 

Horizontal 
Field 

(mv /m) 

Vertical 
Field 

(mv /m) 

Al .360 .720 .330 .095 .079 .740 
BI .960 .995 .935 .140 .290 1.100 
DI .260 .245 .235 .038 .032 .235 
FI .370 .190 .280 .034 .070 .210 
GI .730 .360 .650 .090 .086 .340 
B2 .580 .370 .510 .060 .130 .300 
E2 .750 .890 .780 .190 .280 .770 
A3 .280 .190 .240 .040 .064 .110 
B3 .250 .240 .220 .050 .090 .180 
C3 .960 .720 .900 .140 .130 .455 
D3 .260 .089 .170 .038 .090 .120 
E3 .740 .530 .670 .112 .180 .490 
G3 .295 .215 .240 .029 .070 .250 
A4 .560 .420 .560 .104 .057 .340 
B4 .120 .160 .138 .036 .044 .120 
C4 .160 .130 .150 .026 .032 .100 

D4 .210 .190 .190 .022 .064 .160 
E4 .500 .400 .490 .120 .150 .330 
G4 .745 .320 .650 .093 .120 .230 
A5 .350 .300 .300 .078 .045 .180 
85 .490 .590 .480 .080 .083 .525 
F5 .360 .335 .330 .073 .045 .298 
G5 .395 .420 .350 .047 .110 .370 
C6 .350 .610 .370 .057 .095 .570 
D6 .430 .390 .400 .065 .080 .355 
A7 1.640 1.100 1.630 .050 .140 1.240 
87 .820 .510 .850 .150 .093 .360 
F7 .380 .400 .420 .065 .100 .340 
67 .200 .205 .180 .018 .056 .210 

ized field in the service areas of 
WNHC -FM, a number of meas- 
urements were made in the Hart- 
ford and New Haven areas. The 
Hartford area is approximately 
25 miles from the transmitting 
site. The transmission path is 
over terrain which produces vary- 
ing degrees of shadowing starting 
with practically line -of -sight in 
West Hartford to moderate shad- 
owing in East Hartford. The dual 
polarized antenna is mounted on 
the north face of the tower, to- 
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ward the city of Hartford. 
A grid system was laid over a 

city map of the Hartford area so 
that most of the 49 grid points 
fell in the populated area shown 
on Map No. 1. Measurements were 
recorded at 29 of these grid 
points, with the greatest concen- 
tration in the downtown area. The 
locations were chosen by going 
to the grid point and then finding 
the nearest site where the measur- 
ing antenna could be raised to 10 
meters with sufficient clearance to 
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TABLE V -New Haven Area Measurements 

DUAL ANTENNA HORIZ. ANTENNA VERT. ANTENNA 

Point 
No. 

Horizontal 
Field 

(mv'm) 

Vertical 
Field 

(mv /m) 

Horizontal 
Field 
(mv'm) 

Vertical 
Field 

(mv /m) 

Vertical 
Field 

(mv /m) 

Horizontal 
Field 

(mv/ m) 

Al 1.950 ' 3.100 2.500 0.210 1.360 2.900 
BI 3.100 5.250 2.375 0.420 1.160 5.200 
C 1 2.650 10.900 1.900 0.450 1.310 8.400 
D I 0.960 0.890 0.415 0.110 0.810 1.230 

E 1 6.600 20.250 6.100 0.460 5.600 20.750 
FI 1.600 6.180 0.865 0.103 1.500 6.230 

C2 3.100 11.300 1.640 0.320 2.180 10.750 

D2 1.250 3.500 0.680 0.135 0.790 4.500 

E2 2.560 8.750 1.425 0.265 1.850 10.200 

B3 4.450 6.600 4.300 0.480 1.880 10.103 

C3 1.650 4.480 0.850 0.131 0.990 5.730 

F3 1.100 5.100 0.280 0.056 1.000 5.650 
A4 1.950 1.950 1.900 0.150 0.360 2.350 
B4 1.100 4.330 0.805 0.110 0.695 4.880 
E4 6.150 13.500 5.500 0.580 0.800 15.100 
F4 2.080 5.300 0.640 0.070 1.650 5.620 
AS 6.430 4.280 4.850 0.370 1.230 3.730 
B5 4.180 4.150 1.100 0.080 2.350 4.130 

E5 1.060 7.930 1.710 0.130 0.980 7.930 
F5 2.100 15.480 1.450 0.115 2.200 17.150 

move the vehicle approximately 
20 meters. At each of these loca- 
tions, four spot measurements 
were recorded with the vehicle 
being moved about 5 meters be- 
tween spots. Measurements were 
recorded while transmitting with 
the horizontal and vertical anten- 
na, the horizontal antenna only, 
and vertical antenna only. The 
four spot measurements at each 
location were averaged and tabu- 
lated in Table IV. 

Similar measurements were 
made in the New Haven area, ap- 
proximately 9 miles from the 
transmitting site, as shown on 
Map No. 2. New Haven is located 
at the base of a number of moun- 
tains which end abruptly and al- 
most immediately before entering 
Long Island Sound; thus, the 

transmission path from WNHC is 
over very rough terrain. Severe 
shadowing is evident in some 
areas, while in some parts of the 
city farther south, line -of -sight 
paths were obtained. The trans- 
mitting antenna, however, is 
mounted on the opposite side of 
the tower from New Haven. A 
map system with 30 grid points 
was used. Measurements recorded 
at 20 points in populated areas 
appear in Table V. 

Summary of Results 
As shown in Table III, measure- 

ments made at distances from 27 
to 61.5 miles from the transmit- 
ter, using alternately dual polari- 
zation and horizontal polarization, 
show very little improvement in 
the horizontally polarized compo- 
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Map. 1. Locations of Measurement 
Points in Hartford area. 
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nent received at the eight monitor- 
ing points. At distances greater 
than 55 miles, very little change 
is observed. Up to 50 miles, on the 
other hand, a vertically polarized 
component on the order of 100 
microvolts or better is established. 
This signal would be of consider- 
able advantage to listeners em- 
ploying automobile FM receivers 
with a whip antenna. 

The measurements given in 
Table IV, while not made in areas 
which are line of sight from the 
transmitter, were not substantially 
affected by shadowing. Conse- 
quently, the plane of polarization 
of the received signal should be 
substantially the same as trans- 
mitted. This, apparently, is the 
case. Although the relative mag- 
nitudes of the dually transmitted 
vertical and horizontal compo- 
nents appear to be about equal, 
there was little increase in the 
horizontally polarized field over 
that measured when the horizontal 
antenna alone was in use. This, 
of course, would be the case if 
no rotation of the plane of polari- 
zation were to occur. At the same 
time, there is a substantial verti- 
cally polarized field throughout the 
Hartford area. which would in- 
dicate that car radios employing 
whip antennas or home radios 
that employ so- called "rabbit 
ear" antennas, should receive a 
substantially better signal due to 
the presence of the vertical com- 
ponent. 

Table III presents a different 
picture, however. The measure- 
ments, in general, were made in 
areas shaded to a greater or lesser 
degree by the rocky formations 
which lie between the transmit- 
ting antenna and New Haven. 

In 90% of the locations the dual 
antenna provides a horizontally 
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Conclusions Drawn From Tests 

1. In the absence of shadowing or 
diffraction effects, transmission 
of a vertically polarized com- 

ponent adds very little to the 
signal received on a horizontal- 
ly polarized receiving antenna. 

2. When receiving antennas hav- 
ing a substantial vertical com- 
ponent are employed, a corre- 
spondingly substantial improve- 
ment in overall service can be 
expected. 

3. The vertical component appears 
to have substantial value for 
users of automobile FM radios, 
both in town and at distances 
up to 50 miles from the trans- 
mitter. 

4. In the presence of shadowing 
or diffraction effects (see New 
Haven measurements), shad- 
owed areas which have very low 
signal strength during horizon- 
tally polarized transmissions re- 
ceive substantially improved 
horizontally polarized compo- 
nents when dual polarization is 

employed. 

polarized field measurably im- 
proved over that received when 
using the horizontal transmitting 
antenna alone. This improvement 
is most noticeable in those areas 
where the magnitude of the fields 
indicates substantial shadowing - 
for example, points D2, Dl and 
C2 on map No. 2. 

Reference to the New Haven 
measurements shows that at 18 out 
of the 20 locations measured, the 
horizontal component of the field 
increased when vertical polariza- 
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tion was added. At 7 of the 20 lo- 
cations, the vertical field increased 
with the addition of horizontally 
polarized radiation. It should also 
be noted that at 10 of the 20 lo- 
cations, the horizontally polarized 
field measured with only the verti- 
cal transmitting antenna operat- 
ing, was of higher intensity 
than the horizontally polarized 
field measured when only the hori- 
zontal antenna was excited. At 16 

of the 20 locations, the vertical 
component of the measured field 
was of higher intensity than the 
horizontal component when radiat- 
ing with both vertical and hori- 
zontal antenna sections. In New 
Haven, as in Hartford, the pres- 
ence of the strong vertically po- 
larized field would substantially 
improve the service rendered to 
FM receivers with indoor, or 
"rabbit ear," antennas. 

203 

www.americanradiohistory.com

www.americanradiohistory.com


Improve FM Coverage with 
Dual Polarization 

FM 

Harry A. Etkin 

stations radiating a hori- 
zontally polarized signal 

experience a definite loss in trans- 
mission effectiveness because of 
the vertically polarized whip or 
line cord receiving antennas used 
with many modern FM sets. 
Transmission of a vertically po- 
larized signal, in combination 
with a horizontal signal, will con- 
siderably improve coverage of the 
authorized service area. The ad- 
vantages of a dual polarized FM 
antenna system are: 
1. Increased signal pickup by 

vertical car whip antennas. 
2. More signal into home FM re- 

ceivers with line cord and 
built -in antennas. (These an- 
tennas are widely used in con- 
sole FM combination radios.) 

3. More signal into transistor 
portable FM receivers with 
whip antennas. 

4. Increased signal level in the 
null areas of the horizontal an- 
tenna. 

5. Improved reception in multi - 
path areas; more listeners in 
hilly terrain. 

6. Improved reception of monaur- 
al, stereo, and SCA signals. 

This article will provide the FM 
broadcaster with detailed electri- 
cal and performance characteris- 
tics for the proper installations of 
a dual polarized antenna system. 
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Technical Considerations 

The addition of vertical polar- 
ization is not a cure -all in pro- 
viding increased coverage. In 
some cases the addition of vertical 
antennas will not increase signal 
in a deadspot for the horizontal 
system. Vertical radiation will 

Fig. 1. Basic folded dipole. 

not cure the multipath effect, but 
used in conjunction with the 
horizontal system, improved re- 
ception in areas with multipath 
problems often results. The dual 
system also does not increase sig- 
nal pickup of a horizontally po- 
larized receiving antenna. 

Broadcast engineers should note 
that operation of both types of 
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DIPOLE 

HORIZONTAL 
PATTERN 

Fig. 2. Pattern for a half -wave 
horizontal dipole. 

END OF 
DIPOLE 

Fig. 3. End view pattern of a 
half -wave horizontal dipole. 

Fig. 4. Pictoria radiation pattern 
for a vertical dipole (doughnut 
pattern). 

antenna systems does not degrade 
the horizontally polarized ERP 
when the vertically polarized an- 
tenna is installed. Existing FCC 
Rules authorize radiation of the 
same amount of power in the ver- 
tical mode. For example, a Class 
B station having a 10 -kw trans- 
mitter and a 4 -bay -h horizontally 
polarized antenna with a gain of 
4 will radiate a horizontal MIT of 

Io. 
CENTER OF 
HORIZONTAL 
RADIATION 

Io' 

Io' 

Fig. 5. Drawing of stacked dual 
polarized antenna system. 

approximately 30 kw. A vertical 
antenna system could therefore 
radiate an equal 30 kw in the 
vertical mode. 

Horizontaly polarized vee, ring, 
and circular shaped radiating an- 
tenna elements have earned an 
excellent reputation, and their 
technical characteristics are well 
known. The vertically polarized 
antenna is basically a folded dip- 
ole, usually constructed of copper 
tubing or transmission line cop- 
per (see Fig. 1). 

These dipole elements, or bays, 
are spaced approximately one 
wave -length apart. The bays in 
some makes of antenna are then 
fed in phase along a transmis- 
sion line that will support from 
one to sixteen elements connect- 
ed in parallel. The impedance 
of each dipole is made greater 
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than the transmission line im- 
pedance by the number of ele- 
ments. Thus, the input impedance 
of the antenna must be 50 ohms 
to match the transmission line 
impedance following the standard 
Ohms Law formula for parallel 
impedance (1 /Zin = 1 /Z, + 1 /Z2 
+ 1 /Za) 

The standard FM antenna is a 
modified half -wave horizontal dip- 
ole. Fig. 2 shows the horizontal 
radiation pattern, the typical fig- 
ure 8. According to the position 
of the antenna it is possible to 
radiate a signal which is either 
vertically or horizontally polar- 
ized. When the dipole is horizon- 
tal, the signal is horizontally po- 

larized ; when the dipole is in a 
vertical plane the radiated signal 
is vertically polarized. 

To produce a circular horizontal 
radiation pattern, the most com- 
mon antennas in use today are the 
circular ring and vee type. These 
antennas will radiate a uniform 
omnidirectional circular horizon- 
tal polarized pattern. The circular 
dipole is usually end -loaded to 
provide a more uniform current 
along its length. The appearance 
of the radiation pattern, when 
viewed from an end of the dipole, 
is shown in Fig. 3. The circular 
or ring antenna is simply a folded 
dipole bent in a circular shape, 
which gives a circular horizontal 

FCC RULES ON DUAL POLARIZATION 
The FCC Rules and Regulations, Volume Ill- January, 1964, Part 
73 -Radio Broadcast Services, designates in Paragraph 73. 310 FM 
technical standards that the definition for effective radiated power 
is as follows: 

The term "Effective Radiated Power" means the product of the 
antenna power (transmitter output power less transmission line 
loss) times (1) the antenna power gain, or (2) the antenna 
field gain squared. When circular or elliptical polarization is 

employed, the term "effective radiated power" is applied separate- 
ly in the horizontal and vertical components of radiation. For 
allocation purposes, the effective radiated power authorized is 

the horizontally polarized component of radiation only 
It should also be noted that Paragraph 73. 316, Antenna Systems, 
sub -paragraph (a) specifies that: 

It shall be standard to employ horizontal polarization; however, 
circular or elliptical polarization may be employed if desired. 
Clockwise or counterclockwise rotation may be used. The supple- 
mental vertically polarized effective radiated power required for 
circular or elliptical polarization shall in no event exceed the 
effective radiated power authorized. The rules therefore provide 
that the amount of power authorized for horizontally polarized 
radiation may also be radiated in the vertical mode. Under Para- 
graph 73. 257, FM broadcast stations are required to apply to 
the FCC for a construction permit, requesting authority to install 
a vertically polarized antenna as addition to the existing hori- 
zontally polarized system. 
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field pattern. The vee antenna is 
a folded dipole formed into a trun- 
cated vee shape. As the number of 
horizontal bays is increased, the 
vertical radiation beamwidth is de- 
creased or "squeezed down." To 
step up the vertical radiation pat- 
tern, vertical antenna elements 
must be used in combination with 
the horizontal elements. 

Using a half -wave dipole in the 
vertical mode, the horizontal be- 
comes the vertical and the radia- 
tion pattern is circular, like the 
doughnut pattern in Fig. 4. 

Installation Details 

There are three basic configura- 
tions to be considered in the in- 
stallation of dual polarized an- 
tenna systems. The first, shown 
in Fig. 5, is the stacked arrange- 
ment, with the horizontal elements 
mounted above the vertical ele- 
ments. Notice that the center of 
vertical radiation is lower than 
the center of horizontal radiation. 
A large tower section must be 
used for mounting the complete 
antenna system. 

The second method, shown in 
Fig. 6, is the "back to back" 
mounting, which distributes the 
weight of the dipoles equally. The 
vertical antenna elements are 
mounted on one side of the tower 
and the horizontal elements on 
the opposite side, at the same 
height above ground. 

The third method is interpos- 
ing or interlacing. This system 
of mounting places the vertical 
antenna in the same plane as the 
horizontal antenna with the verti- 
cal elements between the horizon- 
tal antenna sections (see Fig. 7). 
Notice that less tower mounting 
space is required than for the 
stacked system in Fig. 5. 

Interlaced or Interposed System 

Of the three described mount- 
ing methods, the interlaced or in- 
terposed system is the most ef- 
fective in improving the station's 
coverage area. In this system the 
pole mounted antenna does not 
affect the pattern circularity. 

Back -to -Back System 

Some engineers prefer the 
"back to back" system, since this 
arrangement tends to balance the 
pole or tower load distribution. 
However, because the vertical and 
horizontal elements are facing in 
opposite directions, the horizontal 
pattern distribution of their re- 
spective signals may be affected. 

Stacked System 

Many recent installations are 
of the stacked antenna type. These 
are popular because advantage is 
taken of the existing FM horizon- 
tal antenna. The vertical antenna 
bays are usually installed directly 
below the horizontal bays. 

The difference in height of the 
antenna elements in the stacked 
configuration may affect the line 
of sight distance to the horizon. 
When tower -side or tower -leg 
mounted, the antenna pattern will 
be somewhat affected by the sup- 
porting structure. The extent of 
deviation from a circular pattern 
will vary with the type and size 
of the structure. 

Power Distribution 

Since normally one transmitter 
feeds both antennas, the recom- 
mended type of installation is a 
single transmission line from the 
transmitter output to the anten- 
na. Therefore, to operate with 
the same horizontal and vertical 
ERP, a power divider or splitting 

207 

www.americanradiohistory.com

www.americanradiohistory.com


"tee" with a power division ratio 
of 50/50, 60/40, or 70/30 can be 
used to feed both the horizontal 
and vertical assemblies (see Fig. 
8). An adjustable transformer 
may be used between the power 
splitter and the antenna elements 
to adjust for proper matching and 
power distribution. 

As noted previously, the maxi- 
mum allowable ERP of vertical 
polarized radiation is limited to 
the licensed horizontal radiated 
ERP power. The power availablç 
to the 4nt@n a can be determin 

Y mu tinüvint the trancmitt 
power output by the transmisses 
l' e cienc . .rnrr evQm e 
the tntalla total a nnwwr of a 10 
kw transmitter is annal to 70 kw 
(transmitter output) mnitinliw 

the tran mi ion line effi i 

of 
aval 

array with a gain of 3.0. and the 
station's licensed ER? is 24 kw 
then the trmittar .uin , °r 
eratino at _taro tt,... f11 wafer 
output of approximately 8.0 kw, . 

rt 

Since the total available power 
is 9 kw añrwe want to o erate 
with same horizontal an ver ica 
power, using one transmis^ i 
line, we must use a 50/50 ower 
sp i o eed 4.5E each an- 
%nná 6 -bay horizontal polar - 
ize3 a enna with a jower .gain 
of 6.3 would be required to_ oh= 
tain the licensed -ERP of 24 kw_ 
with a power input of 3.8 kw for__ 
each antenna feed line, 

If a 6 -bay horizontal polarized 
antenna is used, a 5 -bay vertical 
polarized antenna should be inter- 
laced between the horizontal ele- 
ments. One manufacturer's verti- 
cally polarized antenna has the 
same gain as their horizontally po- 
larized elements; thus, an equal 
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number of horizontal and vertical 
bays may be used. The vertical 
polarized ERP for this combina- 
tion would be 20.2 kw. (5.31 power 
gain X 3.8 kw power input = 20.2 
kw ERP). Thus the dual polarized 
FM antenna combination would 
therefore comply with the FCC 
regulations. The gain of the hori- 
zontal and vertical antennas in- 
creases with the number of stacked 
bays used; Table I contains the 
figures for determining the appro- 
priate number of horizontal and 
vertical antenna elements. 

Vertical Pattern 
The vertical pattern shows how 

the radiated energy is distributed 
and its proper choice is an im- 
portant factor in good coverage. 
The vertical pattern is a plot of 
the relative field strength versus 
the vertical angle transmitted in 
a given vertical plane. Fig. 9 il- 
lustrates typical patterns for low, 
medium, and high gain antennas. 

Choice of System 
In the examples given here, only 

vertical and horizontal plane radi- 
ation has been discussed. Ellipti- 
cally polarized radiation results 
from a dipole whose axis is 45 de- 
grees to the earth. Unfortunately, 
this condition holds true in two 
general directions only. Circularly 
polarized radiation occurs from a 
combination of vertically and hori- 
zontally polarized radiators with 
the same center of radiation and 
with power 90 electrical degrees 
displaced. Circularly polarized FM 
antennas are practical in inter- 
posed arrays if the power to the 
vertical (or horizontal) elements 
are delayed 90 degrees. There ap- 
pears to be no particular advan- 
tage of circular polarization over 
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Fig. 9. (top) 2- bay vertically 
polarized antenna. Power gain: 
1.969, db gain: 2.942. (center) 
8 -bay vertically polarized anten- 
na. Power gain: 8571, db gain: 
9.330. (bottom) 16 -bay vertically 
polarized antenna. Power gain: 
17.483, db gain: 12.426. 
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straight horizontal and vertical 
polarization. 

Selecting the desired dual po- 
larized antenna system can only 
be made by evaluating a particu- 
lar station's requirements. Con- 
sideration must be made of the 
inter- effects of these factors: 

212 

1. Available transmitter power. 
2. Transmission line losses. 
3. Existing antenna and tower 

structure. 
4. Terrain of area coverage. 
5. FCC rules. 
The proper choice will result in 
vastly improved service to an 
existing FM audience. 
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Directional Dual Polarized 
FM Antennas 

Harry A. Etkin 

IN 
1965, THE FCC authorized 

the use of directional FM 
transmitting antennas for the 
purpose of improving service, for 
the use of a particular transmit- 
ting site, and for the protection 
of another FM station's service 
contour. The Rules specify that 
the maximum to minimum radia- 
tion in the horizontal plane 
should not exceed 15 db, which 
is a power ratio of 31.62 to 1 
for both the horizontal and ver- 
tical antennas. The Rules further 
state that the maximum attenua- 
tion change between any 10° azi- 
muth shall not exceed 2 db. 

FM DA Technology 
Modern FM antenna technolo- 

gy allows unprecedented control 
of the transmitted signal. Arrays 
are available in horizontal and 
vertical combinations. In addi- 
tion, the elements may be ar- 
ranged so that the bulk of the 
transmitter signal is aimed al- 
most directly at the location of 
greatest audience concentration. 

The combination of horizontal 
and vertical antenna arrays al- 
lows doubling the effective radi- 
ated power, improves the cover- 
age and, in addition, increases 
available signal strength to por- 
table, auto, and home receivers 
with line cord and built -in an- 

Slotted ring horizontally 
polarized antenna using re- 
flector -type directionaliza- 
tion. 
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Dual polarized directional 
antenna fabricated for 
WJZZ -FM Trumbull, Conn. 
The lone vertical dipole 
mounted on the right side 
of the tower was installed 
to fill in the back of the 
pattern. Horizontal ele- 
ments protrude 721' from 
the tower in order to ob- 
tain desired pattern. Effect 
of 6 -foot wide steel tower, 
tower bracing, inside lad- 
der lighting conduits, and 
coax cable are used to 
achieve the desired pat- 
tern. 

frärt. 
Horizontally polarized 
phased array directional 
antenna. 
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tennas. By directionalizing a dual 
polarized system, signals are ra- 
diated only in the direction or 
directions of the service area 
with the greatest population. As 
the directional antenna dispenses 
with wasted coverage, there is 
some increase in transmitter op- 
erating economy. 

Installation Methods 
Directional horizontal and ver- 

tical antenna arrays are usually 
arranged in one of three forms: 
back -to -back, stacked, and inter- 
laced or interleaved. From a 
coverage standpoint, the inter- 
laced system is best because the 
radiation patterns of the two 
arrays are concentric. With 
the back -to -back arrangement, 
the horizontal array is located 
on one side of the tower and 
the vertical array on the op- 
posite side; in the stacked ar- 
rangement one antenna system 
is located above the other on the 
same side of the tower. The lat- 
ter two arrangements, although 
not quite as good as the inter- 
laced system from a coverage 
standpoint, distribute tower load- 
ing more effectively. Any of 
the three arrangements can be 
used for in directional dual po- 
larized antenna system ; standard 
patterns obtained are bidirection- 
al and cardioid. 

Types of Antennas 
Directional dual polarized FM 

antennas are available for use in 
any given application, depending 
on the type of horizontal cover- 
age pattern desired. The reflector 
type antenna is generally used 
where large areas are to be pro- 
tected. Where small areas are to 
be protected, the phased antenna 
array may be used. Figs. 1 and 

2 illustrate typical horizontal po- 
lar patterns. Various power gains 
are available; gain is provided 
at the expense of attenuated sig- 
nal in some direction. Both types 
of antenna elements or bays are 
spaced approximately one wave- 
length apart. 

The two types of FM direc- 
tional antennas can be arranged 
in two basic designs, one result- 
ing in a bidirectional or "pea- 
nut" pattern and the other a 
cardioid pattern. The bidirection- 
al pattern may be obtained by 
various methods of mounting two 
omnidirectional radiators spaced 
in the same horizontal plane and 
fed equal power with a certain 
amount of phase delay to one of 
the radiators, or by mounting the 
radiators on opposite sides of the 
transmission line and fed in 
phase. Nulls of up to 10 db on 
each side can be obtained with 
power gains of up to 2.2 per bay. 
This may be achieved by the 
ring, cycloid, "V ", and slotted - 
ring type antennas. The cardioid 
pattern may also be obtained by 
either placing a reflector in the 
front or back of the radiators. 
Nulls of up to 30 db can be ob- 
tained with power gains of up 
to 2.5 per bay. The vertically 
polarized antenna is usually di- 
rectionalized by using parasitic 
reflectors, feeding greatly differ- 
ent amounts of power to the 
dipoles, or a combination of both. 
By using variations of these two 
combinations, many pattern types 
can be obtained and tailored for 
almost any requirement. Exam- 
ples of typical patterns, shown 
in Fig. 3, show extreme condi- 
tions that can be achieved. 

Various combinations of the 
bidirectional and cardioid pattern 
designs have been fabricated, ad- 
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justed, and tested. Measured pat- 
terns are illustrated for 3, 4, 7, 

10 and 15 db nulls in Figs. 4 

through 8. Measured patterns for 
bidirectional and cardioid anten- 
na designs are shown in Fig. 4 

to illustrate the magnitude of pro- 
tection obtainable if conditions 
warrant the attenuation. These 
horizontal field patterns could be 
achieved by either the horizon- 
tally or vertically polarized di- 
rectional radiator elements. 

Phased Arrays 

The phased array consists of 
two omnidirectional radiator ele- 
ments spaced in the same hori- 
zontal plane and fed equal power 
with a certain amount of phase 
delay added in the feed to one 
of the radiators. In other phased 
arrays, the radiator elements are 
mounted on opposite sides of the 
line and fed in phase. Many con- 
cepts of phased array systems are 
available, and combining them in 
a system multiplies their effec- 
tiveness. These types of direc- 
tional antennas are quarter -wave 
vertical radiators and are usually 
easy to design. 

Patterns can be controlled by 
radiator spacing and phase delay. 
As an example, in a 4-bay phased 
directional array, the north radi- 
ators may be fed 50% of the 
total power and they may be 
used as the reference radiator. 
The south radiators may be fed 
the other 50 %, and their phase 
delayed by any desired amount. 
Phased array antennas are also 
designed in which the power ratio 
between the two sets of radiators 
are varied by any predetermined 
amount. This type of antenna 
system complicates physical con- 
struction, but may be desirable 
to meet certain requirements. 

Antenna fabricators offer pow- 
er dividers with variable power 
splitting; power division is per- 
formed by power splits through 

This dual polarized direc- 
tional FM antenna, used 
by WTFM, is mounted on 
the finial of New York 
City's Chrysler Building. 
Two slotted ring horizon- 
tally polarized antennas 
are directionalized by 
beam -shaping members. 
Two vertical dipoles are 
fed different amount of 
power for directionaliza- 
tion. 
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impedance transformation. Each 
power divider feeds its own set 
of radiators, in the same manner 
as some TV antenna systems. By 
varying the length of the trans- 
mission line between power di- 
viders, the phase of the currents 
are changed. For example, in an 
equal power division 5 -bay array, 
the power divider has ten 50- 
ohm outputs. Five of these go 
in one direction and the other 
five in another direction. By 
varying the length of cable to 
one set of radiators, their phase 
is changed. The cardioid pattern 
with a deep null can readily be 
obtained. Some manufacturers 
can supply a cardioid pattern 
with a null at least 30 db below 
peak power. For illustrative pur- 
poses, Fig. 9 shows a horizon- 
tally polarized directional phased 
antenna array. This photograph 
indicates the complexity of the 
directional array in comparison 
to the conventional omnidirec- 
tional FM antenna. 

Reflector -Type Arrays 
A directional pattern may be 

obtained by placing a reflector, 
consisting of horizontal rods or 
a screen, behind or in front of 
a conventional vertically- stacked, 
horizontally -polarized FM anten- 
na. The principle of operation is 
based on energy reflection. Pat- 
tern shape depends on the size 
of the reflector, the electrical ef- 
ficiency, and the distance be- 
tween the radiators and the re- 
flector. Many patterns can be ob- 
tained, including bidirectional, 
by vertically stacking one set of 
bays to the north and another 
set to the south. The gain in 
each direction is one -fourth that 
obtained when both bays are 
pointing north. Nulls can be ob- 

tained in two different directions 
by adjusting one set of radiators 
and reflectors around the sup- 
porting tower. Since the far field 
voltages are in phase, there will 
be a field voltage addition in the 
acute null point. 

In the reflector type installa- 
tion, forward gain is much great- 
er than that from the phased 
array. Forward gains as high as 
20 can be achieved from a 5- 
bay installation using screen re- 
flectors. The suppressed radia- 
tion using a reflector type of an- 
tenna array can be over 180 °. In 
this type of installation, beam 
tilt and first null fill -in may be 
necessary, and can be accom- 
plished by utilizing phase delay 
in the lower bays. In some an- 
tennas the feed lines connecting 
the bays between the power di- 
vider and the radiators are 
lengthened to achieve the desired 
phase delay. 

The vertically polarized anten- 
na is directionalized by using 
parasitic reflectors .55 wave- 
lengths long and spaced from .2 
to .4 wavelengths behind the di- 
poles. However, the antenna is 
usually designed to use the tower 
as a suppression element in di- 
rectionalizing both the vertical 
dipoles and the horizontally po- 
larized antenna elements. Fig. 10 
shows the application of a slotted 
ring reflector type horizontally 
polarized directional antenna ar- 
ray. 

The FCC requires that either 
the manufacturer adjust or cer- 
tify the final pattern, or that 
this be accomplished by the sta- 
tion consulting or engineering 
personnel after installation. An- 
tenna manufacturers prefer in- 
plant certification and require 
that the simulated supporting 
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tower or pole specified for 
mounting the antenna be used to 
support the antenna during the 
measurements of the final pat- 
tern. This pattern will be repre- 
sentative of the installed horizon- 
tal pattern. The FCC also re- 
quires that a surveyor certify the 
orientation of the antenna array. 

Most manufacturers have a 
test range which allows their de- 
sign engineers to erect, test, and 
adjust every antenna to conform 
to specific horizontal and vertical 
pattern requirements before ship- 
ment is made. Since the mount- 
ing pole and tower affect the 
radiation pattern, the engineers 
can actually duplicate the mount- 
ing specifications when adjust- 
ing the directional antenna at 
the test site. Such items as pha- 
sing and spacing are adjusted for 
the dual bays, which is usually 
a requirement in tight or mul- 
tiple null patterns. As the power 
gain of an array increases, the 
vertical beam narrows and beam 
tilt and /or null fill -in may be re- 
quired in high gain antennas to 
assure desired coverage. These 
two factors are included in the 
antenna during fabrication. Dual 
polarized directional antennas 
can be obtained for 1 through 
8, 10, 12, 14 and 16 bays to sat- 
isfy vertical gain requirements. 

New Technology 
Never content to stand still, 

antenna engineers have been 
working behind the scenes on a 
development program to further 
improve the design and perform- 
ance of dual polarized directional 
antennas. 

A dual polarized directional FM 
antenna, consisting of a vertical 
and horizontal dipole making a 
cross with each other, will pro- 
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vide circular polarization in all 
directions of azimuth. It will per- 
form as an equivalent helical 
side -fired TV antenna with the 
vertical component not squelched 
but adjusted by design to com- 
pare equally to the horizontal 
component. 

FCC Rules Governing Dual 
Polarized Directional FM 

Antennas 
Paragraph 73.213 specifies maxi- 
mum values of radiation between 
short- spaced stations for specific 
conditions. Table I indicates 
that values of db attenuation of 
1.86, 3.0, 3.97, 4.78, 6.98 and 
10 db will satisfy all the condi- 
tions listed in the Rules. Para- 
graph 73.213 and 73.316 further 
state that the antenna pattern 
must not change more than 2 db 
for each 10° of azimuth and that 
directional antennas with a ratio 
of maximum to minimum radia- 
tion in the horizontal plane of 
more than 15 db will not be per- 
mitted. (See BM /E January and 
August 1965.) An analysis of 
Table 1 indicates that horizontal 
patterns of 2, 3, 4, 5, 7 and 10 
db values satisfy all the above 
conditions. 

Costs 
Because of the many possible 

design configurations, tower, ra- 
diation elements, and combina- 
tions available for any specific 
requirement, the cost factor be- 
comes a widely variable item in 
the construction and installation 
of dual polarized directional FM 
antenna arrays. Since each is de- 
signed for a particular need, com- 
bining the design features into 
an operating system multiplies 
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their effectiveness and makes 
possible individually tailored an- 
tenna arrays. 

The approximate cost for di- 
rectionalizing dual polarized an- 
tenna systems is as follows: 

1. The basic antenna price, 
with either horizontal or dual 
polarization. 

2. To this price add $300 per 
bay for directionalizing the FM 
radiators. 

3. Add fixed charges of $2,500 
for adjustments, pattern tests, 
and certification. The fixed 
charges remain the same from 
one through 10 bays. Above 10 
bays, add $3,000. This charge 

270 

270 

100 

Field radiation pattern of WTFM. Note 
similarity of horizontally (top) and verti- 
cally (bottom) polarized patterns. 

90 
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270 

BO V. o J 
W 

20%R 

Predicted horizontal pattern of antenna 
system designed for WVNJ -FM Newark, 
N.J. Broken line is FCC 2 db per azimuth 
maximum change. 

90. 

also includes the cost for man- 
ufacturing towers suitable to 
simulate the customer's support- 
ing structure. 

4. If a referenced dipole an- 
tenna is required, add $800. For 
example, the cost to directionalize 
a 4 -bay horizontal FM antenna 
is: 

(a) Cost of antenna -$2,075 
(b) $300 x 4 = $1,200 for 

directionalizing radiat- 
ing elements. 

(c) Fixed charge of $2,500 
for pattern tests, ad- 
justments, and certifi- 
cation. 

(d) Total price for this an- 
tenna would be $5,775. 
If a referenced dipole 
was required, add $800. 
If a dual polarized di- 
rectional antenna was 

224 

required, cost for items 
(a) and (b) would be 
approximately double. 

Conclusion 
New developments and tech- 

nology offer a wider choice of 
improved dual polarized FM di- 
rectional antenna arrays. These 
antennas can be used to advan- 
tage in providing higher ERP 
values, when used in compliance 
with current FCC Rules, which 
requires protection to certain 
power levels in certain directions. 
It is recommended that manufac- 
turers fabricate, adjust and test 
the directional dual polarized an- 
tenna array. This will insure cor- 
rect installation on the custom- 
er's tower and it will be safe 
to conclude that the final in- 
stalled antenna array will have a 
pattern equal to that measured 
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under test conditions. Beam tilt 
and null fill -in may be incorpo- 
rated to assure desired coverage. 
A directionalized and dual po- 
larized FM antenna array is a 
symbol of deluxe programming 

aimed in the direction of maxi- 
mum service coverage. 

Photographs courtesy of Jampro Antenna Co., 
Sacramento, Cal., and Alford Manufacturing 
Co., Boston, Mass. 
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FM Antenna System 
Care & Maintenance 

Lewis D. Wetzel 

THE ANTENNA SYSTEM is ofen the part of the sta- 
tion's equipment which receives the least attention, 
even though it is left to weather everything Mother 
Nature can dream up. The initial cost of the antenna 
system is usually a quarter to half the cost of the 
transmitter which receives daily attention. Some sim- 
ple guidelines may be useful in maintaining an exist- 
ing antenna system or choosing a new one. 

A key meter in the transmitter system which can 
give the operator some indication of how the anten- 
na is performing is the reflectometer, or VSWR me- 
ter. Unfortunately, this measuring device is 1) often 
installed at the wrong place; 2) not designed to give 
the needed accuracy; or 3) not supplied with the 
transmitter. 

Let's take a look at the reflectometer which 
should really be considered a part of the antenna 
system. It is a device which should be inserted into 
the transmission line after the harmonic filter. It 
should have a directivity of about 35 dB and a 
coupling factor which is proper for the associated 
meter. The reflected or reverse power probe should 
preferably have 6 to 10 dB more coupling, but this 
again must be coordinated with the meter scale. The 
proper adjustment of these probes is made at the 
factory. No attempt to alter the adjustment in the 
field should be made unless fairly elaborate test 
equipment is available to assure knowledge of re- 
sults. 

Calibration of the reflectometer, however, is a 
function which the engineer must perform at the 
station whenever a proof -of- performance is made. 
To assure accuracy, the transmitter should be oper- 
ated into a dummy load and the reflectometer ad- 
justed to indicate the operating power level. By re- 
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versing the leads from the directional coupler and 
switching the reflectometer to the reflected position, 
the calibration in this position may be checked tak- 
ing into consideration the reflected coupling factor. 

VSWR should be below 1.3 

If the VSWR on your antenna system is above 
1.3 under normal conditions, an effort should be 
made to determine the reason. Some of the things to 
check are: the accuracy of the reflectometer; the 
correct placement of the reflectometer in the system; 
uniform temperature along the transmission line; no 
presence of moisture in the system; good contact of 
all connectors; and proper antenna installation. 

Let's take a look at some of these trouble indica- 
tors in addition to the aforementioned problems con- 
cerning the reflectometer. A discontinuity will cause 
hot spots every half wavelength along the transmis- 
sion line -until the reflected energy has been dissi- 
pated. It is, therefore, necessary to get within a few 
wavelengths of the trouble or the hot spots will not 
be apparent. 

Moisture in the system is difficult to determine, so 
the easiest remedy is to purge the system periodical- 
ly with dry air or dry nitrogen. Be sure the dehydra- 
tor is delivering dry air. For convenience in purging 
the system, an eight to ten pound pop -off valve can 
be installed in place of the bleeder plug on the 
antenna. 

A periodic resistance measurement of the trans- 
mission system using a bridge is a good way to 
detect or anticipate connector problems in the trans- 
mission line. The value of this reading will, of 
course, depend upon the length of line in the system 
but it should be in the 50 to 500 milliohm region. If 
a high resistance reading is obtained, a time domain 
reflectometer or pulse measuring equipment can be 
used to locate the fault. 

Refer to the installation instructions and drawings 
to assure yourself that the ground straps are in place 
and that the antenna radiating elements are intact. 
Falling ice and careless riggers can cause trou- 
blesome damage. 

If the antenna transmission system does not hold 
pressure, find the leak. A system without pressure 
invites moisture to accumulate and the voltage 
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breakdown point of the system decreases drastically. 
To check each element of the antenna, have your 
antenna man hold a 15 -watt flourescent tube at a 

similar position from each element to check for 
equal radiation. Bad connectors or mistuned ele- 
ments within the antenna may be located in this 
manner. 

Use the right antenna size 

When an antenna system is being designed for a 

new station, or an existing system is being replaced, 
several factors should govern the type and size of 
antenna and transmission line. Conservative ratings 
for a transmission line which allow for a rise in 
VSWR without damage to the line are as follows: 8 

kw for 1% in. line, 30 kw for 3' /a in. line, 60 kw 
for 43/8 in. line, and 120 kw for 61/2 in. line. Bear 
in mind that the ratings given in the catalogs are for 
unity VSWR with dry air in the line. Laboratory 
conditions are seldom met in the field. 

How much gain should the antenna have? The 
FCC limits the Effective Radiated Power of FM 
stations by class of station. The ERP for a station 
can be achieved by a high -power transmitter and a 
low -gain antenna or, conversely, by a low -power 
transmitter and high -gain antenna -or something in 

between. With any combination, the maximum radi- 
ation in the main beam has to be the same. How 
high the antenna is mounted, how near the antenna 
is to the desired coverage area, and how rugged the 
terrain is in the coverage area are some of the 
factors which should be considered in selecting the 
power /gain combination. Null fill and /or beam tilt 
can be built into the antenna to tailor the radiation 
pattern to provide the desired coverage. With about 
a 15% reduction in gain, a high -gain antenna can be 
designed to give close -in coverage similar to a low 
gain antenna. 

Pick a broadband antenna 

Broadbanding of an antenna system is something 
not well understood by non -technical people. An 
analogy is the garage door built with only an inch to 
spare on either side of the automobile. One would 
have difficulty driving through the door. lf, howev- 
er, the garage door is built with two feet to spare on 
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either side of the automobile, there should be no 
difficulty in passing through the door. With all the 
extras riding on the FM carrier today, i.e., stereo 
and SCA, it is important to have a broadband an- 
tenna to insure undistorted stereo and SCA service. 
Normally the measure of broadbanding is the 
VSWR of the antenna over the FM channel. This 
does not present the total picture since the VSWR 
could be flat across the channel while the impedence 
varied across the channel. A better measure of 
broadbanding would be to specify the percentage 
change of impedance over the channel. 

A word of caution on circularly -polarized antennas 
Circularity of an antenna can only be specified for 

free space. Unfortunately a supporting structure 
must be used to mount the antenna. The size of the 
supporting structure will determine the circularity of 
the radiation pattern. For large towers, the radiation 
pattern becomes rather directional. If coverage in all 
directions is important and the supporting structure 
is large, special attention should be paid to the an- 
tenna supports and their effect on the pattern. Pos- 
sibly a special antenna which surrounds the tower 
should be used. 

True circular polarization is rarely achieved ex- 
cept in a free space measurement. As soon as the 
antenna is mounted on the supporting structure, the 
amplitude and /or phase of the horizontal and verti- 
cal fields will change, producing elliptical polariza- 
tion. This change in polarization is not important, 
however, since nearly all receiving antennas are oth- 
er than circularly polarized. 

Because each station's coverage area presents 
unique propagation problems, the best results from 
your station can be obtained when the transmitting 
system is designed for your market. 
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Charge Dissipation 
Lightning Protection 

for Towers 

To THE BROADCAST INDUSTRY, as t0 many others, 
lightning has always been an unpredictable and 
uncontrollable force, the dangers of which could be 
lessened by careful design and prudent procedures. 
But lightning could not be prevented from breaking 
through human defenses from time to time, especial- 
ly at high -altitude installations. As is well known, a 
direct hit is not at all necessary to the production 
of plenty of damage. The induced current from a 
nearby lightning bolt can destroy any current -carry- 
ing device, the power line, the antenna transmission 
line, etc. 

A startling development by a firm calling itself 
Lightning Elimination Associates of Downey, Cali- 
fornia, has apparently opened the era of lightning 
prevention in a protected area. The station operator 
who has had repeated lightning trouble can look 
forward to total relief, at small cost, if the new 
technique lives up to its promise. Such a develop- 
ment obviously represents, for every kind of human 
installation and enterprise, an historic shift away 
from the purely defensive response to lightning. 

The basic idea is most simple. The lower part of a 
thunder cloud becomes highly charged, usually neg- 
atively. As the cloud moves, it carries beneath it 
along the earth's surface an area of induced opposite 
charge (below). If the potential between cloud 
and earth gets higher than the breakdown point of 
the air between, there is a lightning stroke. High 
structures make lightning more likely by shortening 
the air path from cloud to earth. 

If the difference in potential could be substantial- 
ly reduced by a dissipation of charge across the air 
gap, the chance of lightning occurring should be 
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IONS IN AIR 

AIR GAP 

VVVV 
CLOUD MECHANISM 

EARTH SURFACE 

The equivalent electrical diagram. The LEA dissipation 
wires start a current flowing through ions to reduce 
the cloud -to- ground potential. 

e 

Antenna of station KHOF -TV supports a series of radial 
dissipation wires (almost invisible in photo). 

232 

www.americanradiohistory.com

www.americanradiohistory.com


substantially reduced. This is just what the LEA 
system sets out to do, with an array of very many 
sharp metal points, connected to the ground and 
pointing upward. The ability of a sharp point in a 
strong voltage gradient in air to start a current across 
the gradient has been known since Ben Franklin 
flew his kite. The LEA dissipation array "leaks" the 
charge across the air gap. 

The number of points in a given installation can 
be many thousands. The array in which they are 
mounted may have a variety of shapes, the particu- 
lar configuration being chosen to suit the structures 
being protected. The antenna in the photograph 
supports a series of radial dissipation wires (barely 
visible). 

Is a device of these comparatively modest dimen- 
sions up to the job of preventing lightning, one of 
Nature's truly outsize phenomena? Apparently so. 
LEA cites, among others, the case of the transmitter 
of station KHOF -TV, on a peak 5500 feet high near 
Los Angeles. The station and the incoming power 
line had been knocked out repeatedly by lightning. 
The station engineer had even been knocked off the 

Diagram shows six dissipation wire radials 
strung from antenna (held up by guy wires). Antenna 
height is 225 feet. Dissipation wires are 
insulated from the tower and form angle of 35 
degrees with respect to the ground. 
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roof, with only one small black cloud in the area. 
One of LEA's dissipation arrays, installed last year, 
got KHOF through the lightning season without a 
single hit. 

It seems a terrible loss that this relief from light- 
ning's ancient danger has been stuck on the back 
burner for more than 40 years. The idea occurred 
about 1926 to Willard Starr, a young California 
engineer, after he saw lightning start a fire in an 
oil- refinery tank (the oil industry is one of the 
heaviest losers to lightning). After some experi- 
ments, he convinced himself that the idea was 
sound. A trial installation at an oil refinery was 
virtually forgotten when the executive who spon- 
sored Starr died. No one else could be interested 
until the 1960s, when another engineer finally no- 
ticed that the tanks protected by Starr's arrays had 
never been hit by lightning. Starr was called back 
into lightning prevention after a long career as a 
consultant to the movie sound studios. He is now a 
principal in LEA, along with R. B. Carpenter, an 
engineering executive with much experience. 

Broadcast engineers will be interested in the 
parameters of the array operation. LEA reports tests 
and calculations that indicate sustained currents 
through a typical array ranging up to more than 
200 amperes. Lightning bolts, of course, often ex- 
hibit hundreds of thousands -or millions -of am- 
peres of current, but over very short time intervals, 
measured in milliseconds. Evidently the system 
works by spreading the discharge between cloud 
and earth over a very longer, safe interval. 

LEA says that operation is critically dependent on 
size, shape, material, and distribution of . the points, 
and on many other factors, all of which they have 
thoroughly investigated. Each installation must be 
custom -made to fit the requirements of the structure 
to be protected. Prices have ranged from about 
$3800 to about $6800 for a complete installation. 
LEA looks forward to cost reductions that would put 
many broadcast installations in the neighborhood of 
$3000. 
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-FM antenna system 226 
Moisture, transmission 

line 227 
Monitor points, AM 

directional antenna 89 
Multiple TV antenna 

installations 159 
Mutual impedance, AM 

directional antenna 60,76 

N 
Null fill -in, TV antenna 145 
Nulls, AM directional antenna 42 
-unwanted, AM directional 

antenna 95 

o 
Operating impedance bridge 76 

P 
Panel -type TV antennas 161 
Pattern area computations, 

AM directional antennas 33,48 
Pattern shape, AM 

directional antenna 40 
Phase monitor lines, AM 

directional antenna 94 
Phase relationship, AM 

directional antenna 40 
Phased directional dual polarized 

FM antenna 217 
Phasing, AM directional 

antenna 67 
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Phasor adjustment, AM 
directional antenna 

Pole detuning, re- radiation 
Power calculation, AM 

directional antenna 
Power distribution, dual 

FM antenna 
Power division, AM 

directional antenna 
Power gain, FM antenna 
Predicted coverage, TV 
Profile graph, FM 
-TV 
Proof, AM directional 

antenna 
-FM directional antenna 
Pylon TV antenna, UHF 

R 

Tower detuning, re- radiation 129 
100 Tower heights, AM 
125 directional antenna 49 

Tower lightning protection 230 
47 Transmission lines, FM 18,228 

-impedance match, TV 163 
207 -moisture 227 

-TV 26,169 
70 -VSWR, TV 162 

16,208 Transmitter output, aural 24 
28 -video 23 
19 Transmitter power, TV 23 
27 Traveling -wave TV an- 

85,109 
191 

138,147 

Radiation, TV vertical plane 145 
Radiation center, FM antenna 16 
-TV antenna 25 
Radiation measurement, AM 

directional antenna 36 
Radiation pattern, AM 10 
Radiation resistance, AM 

directional antenna 36 
Reflectometer 226 
Reflector -type directional 

dual polarized FM antenna 219 
Re- radiation, AM directional 

antenna 123 
Re- radiation structures, 

detuning 124 
Retuning AM directional 

antenna 98 

Screen dipole TV antenna 137 
Seasonal changes, AM 

coverage 114 
Side- mounted TV antennas 160 
Slotted cylinder TV antenna 137 
Slotted ring TV antenna 138,147 
Stacked dual FM antenna 207 
Stacked TV antennas 159 
Superturnstile TV antenna 137,146 
Switching, AM directional 
antenna 94 

Tempterature change, effect 
on AM coverage 115 

Three -tower array, AM 
directional antennas 53 

tenna 137,147 
TV antennas 23,136 
-batwing 137,146 
-beam tilt 145,153 
-candelabra 159 
-corner reflector 136,146 
-coverage 139 
-ERP 153 
-gain 151 
-height 153 
-helical 138,146 
-high -gain 141 
-multiple installations 159 
-null fill -in 145 
-panel -type 161 
-radiation center 25 
-screen dipole 137 
-side- mounted 160 
-site selection 139 
-slotted cylinder 137 
-slotted ring 138,147 
-stacked 159 
-superturnstile 137,146 
-system elbow complex 165 
-system performance 170 
-traveling -wave 137,147 
-UHF pylon 138,147 
-V element 136,146 
-vertical field computation 176 
-vertical pattern 156 
-VSWR measurements 170 
-zig -zag 138,147 
TV channel assignments 23 
TV directional antenna 26,141,156 
TV signal grade A coverage 139 
TV transmission line 26 
-impedance match 163 
-installation 169 
-VSWR 162 
TV transmitter power 23 
TV vertical plane radiation 145 
Two -tower arrays, AM 

directional 34,63 
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u 
UHF pylon TV antenna 
UHF vs VHF propagation 

v 

Vertically polarized FM 
antenna tests 196 

Vertically stacked TV 
antennas 159 

138 VHF vs UHF propagation 143 

143 Video transmitter output 23 

VSWR measurement, FM 
antenna system 226 

-TV transmission line 162,170 

V element TV antenna 136,146 
Vertical field computation, 

TV antenna 176 

Vertical pattern, TV 
antenna 145,156 
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z 
Zig -zag TV antenna 138,147 
-horizontal field computation 179 
-vertical field computation 176 
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