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PREFACE TO FIRST EDITION 

Directional antenna design is a specialized 
field of communication engineering requiring 
considerable mathematics and experience or 
education to become proficient. Further- 
more, the computations in many instances 
become very involved and lengthy. There- 
fore, much time may be saved in making a 
design if suitable formulas .and a good col- 
lection of patterns are available. The pur- 
pose of this book is to aid the design engineer 
by furnishing a number of useful formulas 
and a lengthy collection of systematized direc- 
tional antenna patterns. The design formulas 
are supported by suitable developments since 
most of us do not desire to accept an unknown 
formula. 

There is quite a wide variety of nomen- 
clature used in directional antenna designs. 
Reviewing designs on file with the Federal 
Communications Commission reveals that 
practically every consultant has his own pet 
way of presenting the information and almost 
invariably uses his own variety of symbols. 
Recently, in collecting parameters for direc- 
tional antennas from the FCC files, it was 
revealing to observe how difficult it was to 
determine some of the pertinent factors. In 
this book considerable thought has been given 
to nomenclature and in most cases the selec- 
tion has been made to fit in with FCC practice, 
in so far as possible, and still maintain sim- 
plicity and clarity. It is hoped that some 
standardizations can eventually be made so 
everyone can speak the same language with 
similar symbols. The author would welcome 
any constructive criticisms to the nomen- 
clature presented in this book, as well as 
pointing out errors which are bound to occur 
in a book of this nature. The book has been 
made loose -leafed for ease in making addi- 
tions and changes. 

Due to the lack of systematized directional 
antenna patterns an electro -mechanical calcu- 
lator was constructed prior to World War II. 
In the fall of 1941, the machine was completed 
and the work was started to systematize two 
and three tower directional antenna patterns. 
The work was faithfully carried on during the 
war years by the operators at the WHK trans- 
mitter in Cleveland, Ohio, with the result that 
we now have all of the patterns that were 
contemplated when the systematization was 
started. 

The electro -mechanical calculator used to 
systematize the patterns has proven to be a 
very useful instrument and with the scientific 
advances during the war it is hoped that a 
more precise machine can be constructed at 
an early date. In any event, it is believed, 
that if the patterns in this book are used mere- 
ly as a guide to show trends, and not neces- 
sarily to show precise patterns, that the sys- 
tematization will have served its purpose. 

In the preparation of a book of this nature 
it is not possible to give credit to everyone 
involved, however, the author would like to 
mention some of the highlights. Mr. William 
G. Hutton worked with the author from the 
beginning of this project, In fact, at one time, 
the systematization project was started on his 
mechanical calculator and after drawing a cou- 
ple of patterns it was decided that it would be 
quicker and easier to design a special ma- 
chine to do the job. 

The author wishes to give particular credit 
to the United Braodcasting Company and Radio 
Station WHK for being sympathetic to the proj- 
ect and furnishing the spare time help of their 
technicians to operate and maintain the electro- 
mechanical calculator. It is indeed a pleasure 
to mention the following men who did the bulk 
of the systematization work: 
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James Sturdevant, over 7, 000 patterns. 
Charles Carment, over 800 patterns. 
P. C. Tuttle, over 800 patterns. 

In preparing the text material the author 
wishes to give credit to the following: Edgar 
F. Vandivere, Engineering Department of FCC 
who furnished some of the basic notes for the 
mutual resistance method of determining pat- 
tern size; J. F. Morrison, Bell Telephone 

Cleveland, Ohio 
June, 1946 

Laboratories, for the mutual impedance data 
plotted in Figs. 30 and 31; William G. Hutton, 
for the mutual impedance data plotted in Fig. 
32; Dr. Edward C. Jordan, University of 
Illinois, for the mutual impedance data plot- 
ted in Figs. 33 to 37; Calvin S. Warner, 
United Broadcasting Company, for his excel- 
lent drafting of the figures; and Mr. James 
Harvey, Cleveland Institute of Radio Elec- 
tronics, for his patience in composing Part I. 

Carl E. Smith 

PREFACE TO SECOND EDITION 

The second edition title has been changed 
from "Directional Antennas" to "Direction- 
al Antenna Patterns" since all of the direc- 
tional antenna patterns have been retained 
and most of the "Theory and Design of Di- 
rectional Antenna Systems" has been pub- 
lished in a companion book that is more 
complete and up to date than the original 
edition. 

The first part on theory and application has 
been thoroughly revised to cover information 
not contained in the companion book, "Theory 
and Design of Directional Antenna Systems." 
The primary purpose of this section is to give 

Cleveland, Ohio 
January, 1958 

the information necessary to make the patterns 
more useful. The secondand third parts con- 
taining the systematization of two and three 
tower patterns has not been altered. 

Since Parts II and III represent over four 
man years of work, it was not practical to 
rerun the patterns to improve the accuracy. 
As stated in the first edition preface, these 
patterns are to be "used merely as a guide 
to show trends, and not necessarily to show 
precise patterns." The word field intensity 
should read field strength to conform with 
the IRE definition. 

Carl E. Smith 
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THEORY A N D APPLICATION 

1. FUNDAMENTAL PROPERTIES 

a. Introduction. - The purpose of a radio 
broadcasting station is to transform sound 
waves into radio waves that can be picked up 
by radio receiving sets. The utility of this 
service to the public depends upon: (1) Sig- 
nal Strength, (2) Program Content, and (3) 

System Distortion. Of these factors, the 
radio broadcasting station engineer is con- 
cerned with producing an intense signal that 
will override noise and undesired signals in 
the receiving sets being served and with min- 
imizing distortion in the audio and radio facil- 
ities of the station. 

The antenna is the last point in the system 
under the control of the radio broadcasting 
station. Radio waves radiated from the trans- 
mitting antenna are propagated through space 
to the receiving antenna. The only control 
over these propagated waves is the selection 
of the antenna site, the polarization, and the 
intensity of the signals leaving the transmit- 
ting antennas. The selection of the antenna 
site is determined by many considerations, 
such as; ground constants, terrain, distance 
and direction to the populated areas to be 
served, distance and direction to the areas 
to be protected, and last but not least is the 
availability of a suitable land area to install 
the necessary towers and ground system. 

For standard broadcast stations, vertical 
polarization is used because of its superior 
ground wave propagation characteristics and 
the simplicity of antenna design. The inten- 
sity of the signal from the transmitting anten- 
na, in any given direction, depends upon the 
output power of the transmitter and the an- 
tenna design. Since the output power is reg- 
ulated by the Federal Communications Com- 
mission for the class of station involved, the 
only factors remaining under the engineer's 
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control are the antenna siting and design. 
These factors go hand in hand when design- 
ing directional antennas for broadcasting 
purposes. 

b. Purpose. - Directional broadcasting 
antennas are required for one or more of 
the following reasons: 

(1) Protect the service area of other 
broadcasting stations by causing the waves 
to cancel in these directions. 

(2) Increase the service area of a 
broadcasting station, particularly in the 
direction of densely populated areas, by 
causing the waves to be reinforced in 
these directions. 

(3) Eliminate multiple ownership 
problems by controlling one or more of 
the directional antenna patterns of radio 
stations owned by the same company. 

(4) Control service area to mini- 
mize population lost due to interference 
within the normally protected contour. 

c. Control of Pattern Shape. - The usual 
problem in broadcast practice is to mould 
the radiation pattern into the desired shape 
to cover the service areas and give the re- 
quired protection to other radio stations. As 
a matter of economics, it is desirable to do 
the job with the minimum number of anten- 
nas. With severe requirements, the number 
of antennas must be increased until the radi- 
ation pattern can be made to conform to the 
required shape. As a general rule, two sta- 
tions can be given the required protection 
with two towers; three stations can be com- 
pletely protected with three towers in line 
or if the protection is not severe, it is 
possible many times to do the job with two 
towers. With four towers it is always pos- 
sible to completely control the nulls toward 
four stations; however, if the job can be done 
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with three towers there is a saving of the 
cost of one tower. 

In controlling the pattern shape, consid- 
eration has to first be given to fulfilling the 
conditions of the required protection to other 
radio stations in accordance with the Rules 
and Regulations of the Federal Communica- 
tions Commission. The FCC Rules are an 
excellent practical guide for allocation work. 
The Standards of Good Engineering Practice 
incorporated in the Rules and Regulations was 
compiled by FCC from extensive data col- 
lected by its Engineering Department over a 
long period of time. This material is under 
almost constant revision as the art progresses. 

The next consideration is to locate the di- 
rectional antenna system so that the horizon- 
tal lobes will be directed toward the population 
areas to be served without having too many 
people within the blanket area, that is, the 
area near the transmitter where the signal is 
so strong that other radio stations cannot be 
received without objectionable interference 
and still be able to serve the business dis- 
trict with at least 25 millivolts per meter 
field strength. 

d. Determination of Pattern Size. - Pat- 
tern size is determined by the class of sta- 
tion and efficiency of the antenna system. 
The power for the class of station is regu- 
lated by the Federal Communications Com- 
mission as outlined in Part 3 of the Rules and 
Regulations. In general, the power ranges 
from 50 kilowatts for clear channel stations 
to 5 kilowatts for regionals down to 250 watts 
for local stations. The predominance of di- 
rectional antenna designs are for regional 
stations which have to protect radio stations 
in other regions of the country. A few are 
used on clear, but none on local channels. 

The efficiency of the antenna system de- 
pends upon the antenna design. It is always 
desirable to maintain a high efficiency in 
order that a high percentage of the output 
power of the transmitter may be radiated. 
To do this it is sometimes necessary to use 
a more complicated directional antenna sys- 
tem to give the required degree of protection 
to other radio stations. In other words, a 

low efficiency simple antenna system might 
give the required protection, but would not 
meet the FCC minimum requirement of 175 
millivolts per meter root -mean -square un - 
attenuated field strength for one kilowatt at 
one mile in the horizontal plane. 

2. GENERAL TREATMENT 

a. Standard Reference Antennas. 
(1) Uniform Spherical Radiator... 

The Uniform, Omnidirectional, or Iso- 
tropic radiator, in free space, is taken 
as THE Standard Reference Antenna be- 
cause it has no directivity. Such an an- 
tenna is illustrated in Fig. 1. It is de- 
fined as a theoretical antenna which ra- 
diates waves having the same field strength 
in all directions. Actually such a radi- 
ator of radio waves cannot be realized, 
because all radio antennas have direc- 
tional properties. In the case of the 
acoustic waves, this standard is repre- 
sented by a sphere pulsating radially. 

LOCATION OF THEORETICAL 

UNIFORM RADIATOR 

gAI 

CROSS-SECTION VIEW OF SPHERICAL PATTERN 
WHICH NASA FIELD INTENSITY GAIN OF I . 

A POWER GAIN OF I 19.1) AND 
A DEC BEL GAIN OF GIG01 

FIELD INTENSITY AT I MILE 

FOR I KW E, =107.6 MV/M 

ID) 
SPHERICAL RADIATION PATTERN SURFACE 

OF A UNIFORM OR ISOTROPIC RADIATOR 

PATTERN OFA UNIFORM RADIATOR WHICH IS THE THEORETICAL 

STANDARD REFERENCE ANTENNA 

Fig. 1 

For a 1 kw power source, a uniform ra- 
diator will produce a field strength of - 

Es = 107.6 (1) 

where Es = millivolts per meter =attenuated 
field strength at one mile for one 
kilowatt. 
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This standard has come into rather com- 
mon use. With this information, the figure of 
merit of other antennas can be compared with 
this basic standard. Other secondary stand- 
ards for free space may be selected and used 
as convenience demands. 

(2) Uniform Hemispherical Radiator.. . 

If a uniform radiator is placed at the surface 
of a perfectly conducting earth, all of the 
power must be radiated in the hemisphere above 
the surface of the earth as shown in Fig. 2. 
For a given power source, the power flow will 
have twice the intensity of a uniform radiator 
in free space; hence, the power gain is said 
to be 2. For this case, the field strength gain 
is V, therefore, the field strength is 107.6v 
or, 

Es = 152.1 (2) 

where Es = millivolts per meter unattenuated 
field strength at one mile for one 
kilowatt. 

LOCATION OF THEORETICAL 
UNIFORM RADIATOR 

PERFECTLY CONDUCTING EARTH 
IU 

CROSS-SECTION VIEW OF A HEMISPHERICAL 
PATTERN WHICH HAS A FIELD INTENSITY 

GAIN OF 1., A POWER GAIN OF G2 
ANDA DECIBEL GAIN OF G . 3.01 

FIELD INTENSITY AT I MILE 
FOR I KW E, 152.1 MV/M 

I?1 
HEMISPHERICAL RADIATION PATTERN 

SURFACE OF A UNIFORM RADIATOR 

PATTERN OF A UNIFORM RADIATOR AT THE SURFACE 
OF A PERFECT REFLECTING EARTH 

Fig. 2 

At the present state of the art this antenna 
has only academic interest; however, it is a 
standard for antennas at the surface of the 
earth, such as radio broadcasting antennas. 
It is particularly useful in :he computation of 
antenna gains. This type of antenna can be 
considered as a standard for determining the 
directivity of antennas located on the surface 

of the earth. 
(3) Current Element Antenna in Free 

Space... An electric current element in free 
space, sometimes referred to as an elemen- 
tary Doublet or dipole, consists of a very 
short conductor (mathematically of infinites- 
imal length) having a uniform current dis- 
tribution. This infinitesimal antenna is uni- 
versally used in developing the radiation prop- 
erty of an antenna of any configuration. This 
current element antenna is a mathematical 
convenience only, because such an antenna 
in practice for a specified field strength 
would require excessive transmitter power 
b.ecause of the high losses due to the radia- 
tion resistance being low in comparison to 
the loss resistance encountered in practice. 
The field strength at any distant point in 
space as shown in Fig. 3(a) is given by: 

or 

607r 
E = 

dx 
I (613) cos O 

607rf 
do 

I (ÓG) cos O 

(3) 

where E = field strength in volts per meter 
at point P 

7r = 3. 1416 

d = distance in meters from current 
element to the point P 

= wave length of radiated wave in 
meters 

f = frequency of current in cycles per 
second 

c = 3 x 108 meters per second, the 
velocity of light 

I.= effective current in amperes flow- 
ing in the conductor 

óG = elementary length (or height) of 
conductor measured in meters 

O = elevation angle of point P meas- 
ured from a plane perpendicular 
to the conductor. 

When this elementary antenna radiates one 
kilowatt of power the field strength at one 
mile is - 
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E = E0 cos 9 

= 131.8 cos O 

a 

e 

sG 
1, CURRENT DISTRIBUTION 

(o) ELECTRIC CURRENT ELEMENT OF LENGTH B h 

AND CARRYING CURRENT I 

9= 1.5 N TOP OF VERTICAL 
CURRENT ELEMENT 

W- 4,0 
<A> 

Eo.131.8 MV/M 

AT I MILE FOR I KW 

(c) HORIZONTAL CROSS-SECTION VIEW OF TOROIDAL 

RADIATION PATTERN SHOWING ZERO 

HORIZONTAL DIRECTIVITY 

(4) where E = millivolts per meter unattenuated 
field strength at one mile for one 
kilowatt 

E=131.8 cos 8 

E0'131.8MV/M 
AT 1 MILE FOR I KW 

VERTICAL 

CURRENT ELEMENT 

OO 

(b) SIDE CROSS-SECTION VIEW OF THE TOROIDAL 

RADIATION PATTERN SHOWING THE 

VERTICAL DIRECTIVITY. 

W 

Id) SURFACE PATTERN SHOWING TOROIDAL 

OR DOUGHNUT SHAPE 

THE RADIATION PATTERN OF A VERTICAL ELECTRIC CURRENT ELEMENT 

IN FREE SPACE 

Fig. 3 
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E0 = millivolts per meter field strength 
measured on a plane perpendicu- 
lar to the conductor and in this case 
at the distance of one mile for one 
kilowatt of radiated power 

O = elevation angle as shown in Fig. 
3(a). 

VERTICAL 
CURRENT 
ELEMENT 

W 

E=186.3 cos B 

, CURRENT DISTRIBUTION 

(o) VERTICAL RADIATION PATTERN 

9:3 

TOP OF VERTICAL 
9' 3- 

I CURRENT ELEMENT 

< /AV 
-E 

E0: 186.3 MV/M 

AT I MILE FOR I KW 

(c) HORIZONTAL CROSS-SECTION VIEW OF TOROIDAL 

HEMISPHERICAL RADIATION PATTERN 

SHOWING ZERO HORIZONTAL DIRECTIVITY 

The value of 131.8 is the maximum field 
strength and is a constant in the horizontal 
plane. See Fig. 3(c). This current element 
antenna is sometimes used as a secondary 
standard reference antenna. 

(4) Vertical Current Element Antenna 
Over a Perfectly Conducting Earth. ..If a 

W 

Ea= 186.3 My/M 
AT I MILE FOR 1 M'N 

..I . 
PERFE6TE111,4DuónnG 

VERTICAL / 
CURRENT ELEMENT 

(b) SIDE CROSS-SECTION VIEW OF THE TOROIDAL 
HEMISPHERICAL PATTERN SHOWING THE 

VERTICAL DIRECTIVITY. 

(d) SURFACE PATTERN SHOWING TOROIDAL 

HEMISPHERICAL SHAPE 

THE RADIATION PATTERN OF A VERTICAL ELECTRIC CURRENT ELEMENT 

OVER A PERFECTLY CONDUCTING EARTH 

Fig. 4 
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vertical current element antenna is located 
at the surface of a perfect earth, the radia- 
tion will be hemispherical as shown in Fig. 4. 

W 

137.8 cos(90 sine) 
cos e 

(o) VERTICAL RADIATION PATTERN 

N 

S 

When this vertical current element radia- 
tes 1 kw of power the field strength at one 
mile is 

E = 186.3 cos 6 (5) 

9 = 1.64 Eo= 137.8 MV/M 
AT I MILE FOR I KW 

TOP OF VERTICAL 

CURRENT ELEMENT 

E 

Eo. 137.8 MV/M 
AT I MILE FOR I KW 

(c) HORIZONTAL CROSS-SECTION VIEW OF 

RADIATION PATTERN 

SHOWING ZERO HORIZONTAL DIRECTIVITY 

E 

VERTICAL 
CURRENT ELEMENT 

(b) SIDE CROSS-SECTION VIEW OF THE RADIATION 

PATTERN SHOWING THE VERTICAL DIRECTIVITY 

(d) SURFACE PATTERN SHOWING DOUGHNUT SHAPE 

THE RADIATION PATTERN OF A VERTICAL HALF WAVE RADIATOR 

IN FREE SPACE 

Fig. 5 
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where E and O are defined in Eq. (4) and 
Fig. 4(a). 

This vertical current element antenna is 
sometimes used as a secondary reference 
antenna. It gives the vertical pattern of a 
zero height antenna. See Eq. (10). While 
one of these infinitesimal antenna itself is of 

E 

h=90° 

194.9 cos (90 sine) 
cos 8 

I, CURRENT DISTRIBUTION 

(o) VERTICAL RADIATION PATTERN 

N 

9=2.38 

TOP OF VERTICAL 
CURRENT ELEMENT 

w 

Ep 194.9 MV/M 
AT I MILE FOR I KW 

(c) HORIZONTAL CROSS-SECTION VIEW OF 

RADIATION PATTERN 

SHOWING ZERO HORIZONTAL DIRECTIVITY 

no practical value it is useful in summing up 
the radiation effects of antennas having prac- 
tical dimensions. 

(5) Half Wave Antenna in Free Space 
...A half wave antenna in free space will 
have essentially a sinusoidal current distri- 
bution as shown in Fig. 5(a). If the radiation 

VERTICAL 
CURRENT ELEMENT 

00s 

E0.194.9 MV/M 
AT (MILE FOR ¿KW 

PERFECTLY CON EARTR 

E. 

GT ING 

(b) SIDE CROSS-SECTION VIEW OF THE RADIATION 

PATTERN SHOWING THE VERTICAL DIRECTIVITY 

E. 

(d) SURFACE PATTERN SHOWING DOUGHNUT SHAPE 

THE RADIATION PATTERN OF A VERTICAL QUARTER WAVE RADIATOR 

OVER A PERFECTLY CONDUCTING EARTH. 

Fig. 6 
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effects of the current elements as given in 
Eq. (3) are summed up for the whole antenna 
the field strength pattern is given by 

137.6 cos (90 sin 0) 
E (6 cos a 

where E and O are defined in Eq. (3) and 
Fig. 5(a). 

This type of antenna is often used as a 
secondary standard reference antenna because 
it is a practical type of antenna that is easy to 
set up experimentally. For example, the Fed- 
eral Communications Commission uses this 
standard for FM and TV Broadcast Stations. 

(6) Quarter -Wave Vertical Antenna O- 
ver a Perfectly Conducting Earth... This type 
of antenna is very common and is often used 
as a secondary standard reference antenna. 
With a sinusoidal current distribution as shown 
in Fig. 6(a) the radiation pattern is given by 

194.9 cos (90 sin 0) 
E 

cos e 
where E and O are defined in Eq. (3) and 

Fig. 6(a). 

Many directional antenna arrays are de- 
signed with quarter -wave elements because 
of the ease of making computations in design 
and adjustments during the proof of perform- 
ance. 

(7) 0.311A Vertical Antenna Over a 
Perfectly Conducting Earth... The Federal 
Communications Commission at the present 
time uses this height antenna G = 111.96°) as 
their standard reference antenna. It at one 
timé represented the average height of broad- 
cast antennas in the United States. With sin- 
usoidal current distribution the radiation pat- 
tern is given by 

E = 200 
cos (G sin O) - cos G 

(1 - cos G) cos O 

=319.5 cos (111.96 sin O)+0.3740 
cos e 

where E and O are defined in Eq. (3) and G 
= 111.96° the height of the antenna in 
electrical degrees. 
(8) Half -Wave Vertical Antenna Over 

1.8 

a Perfectly Conducting Earth... For compari- 
son purposes it is of interest to present the 
radiation pattern of a half -wave antenna. With 
sinusoidal current distribution the radiation 
pattern is given by 

E=236.5 cos (G sine) -cosG 
(1 - cos G) cos O 

cos (180 sin O) + 1 

cos e 
= 118.25 

(9) 

where E and O are defined in Eq. (3) and G 
= 180° the height of the antenna in 
electrical degrees. 
(9) Comparison of the Vertical Radi- 

ation Patterns of Primary and Secondary 
Standard Reference Antennas... Figure 7 gives 
a comparison of the radiation patterns of pri- 
mary and secondary standard reference an- 
tennas. The vertical patterns are expressed 
in millivolts per meter at one mile for one 
kilowatt of input power. The field strength 
in millivolts per meter at one mile as a func- 
tion of antenna height is given in Fig. 8. 

b. Vertical Radiation Characteristics. - 
Already we have considered a number of 
vertical radiation patterns in Fig. 7. If these 
patterns are made equal to unity in the hori- 
zontal plane they are then known as vertical 
radiation characteristics. If this is done the 
curves of Fig. 9 result. 

For a vertical antenna having a sinusoidal 
current distribution with a current node at 
the top, the vertical radiation characteristic 
takes on the form 

cos (G sin O) -cosG f(0) _ (1 - cos G) cos O 
(10) 

where f(e) = vertical radiation characteristic 
G = electrical height of the antenna 

in electrical degrees 

O = elevation angle of the observa- 
tion point measured up from the 
horizon in degrees. 

The curves in Fig. 10 represent the solu- 
tion of this equation over the most useful 
range of antenna heights. The vertical radia- 
tion characteristic is plotted as a function of 
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REFERENCE ANTENNAS WITH A RADIATED POWER OF I KILOWATT 

Fig. 7 

elevation angle for various values of tower 
height. A representative set of tower heights 
have been selected for Fig. 10. Figure 11 

represents this same information in a differ- 
ent form; that is, the vertical radiation char- 
acteristic is plotted as a function of electrical 
tower height for various values of elevation 
angle. In order to prevent reversals of the 
lines as plotted in Fig. 11, the curves are ex- 

tended to negative values in Fig. 10. This 
merely means that the high angle lobe is of 
opposite phase to the low angle radiation. 

The vertical radiation characteristic will 
be used in the generalized equation for de- 
termining the shape of the directional anten- 
na pattern. See Eq. (15). In the horizontal 
plane this function reduces to unity and sim- 
plifies the design equation. 
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TABLE I 

SUMMARY OF STANDARD REFERENCE ANTENNAS 

TYPE OF 

ANTENNA 

VERTICAL 
PATTERN 

SHAPE 

MV/M 
FOR I WATT 
AT I MILE 

E4 

My/M 
FOR I KW 
AT I MILE 

Ea 

POWER 
GAIN 

a 

db 
GAIN 

G 

TYPE OF 

ANTENNA 

VERTICAL 
PATTERN 

SHAPE 

MV/M 
FOR I WATT 
AT I NILE 

Eo 

MV/M 
FOR I KM 

AT 1 NILE 

EO 

POWER 
GAIN 

Y 

db 
GAIN 

G 

UNIFORM 

SPHERICAL 

RADIATOR 

3.402 107.6 I 0 

UNIFORM 

HEMISPHERICAL 

RADIATOR 

4.811 152.1 2 3.010 

CURRENTCZID,C) 
ELEMENT 

00 4.167 131.8 1.5 1.761 

VERTICAL 

CURRENT 

ELEMENT 

5.893 186,3 3 4.771 

HALF WAVE 

ANTENNA 

00 
4.358 137.8 1.641 2.151 

QUARTER WAVE 

VERTICAL 

ANTENNA 

6.163 194.9 3.282 5.161 
/. 

0.622 L 

ANTENNA 
4.472 141.4 1.728 2,375 

0.311 ). 

VERTICAL 

ANTENNA 

7.....-----:(777,----.....) 1 6.324 200 3.456 5.386 
i 7/77 17 

TWO ENO ON 

HALF WAVE 

IN PHASE ANTENNA 
V' YYYY 

5.283 167,1 2.411 3.822 
HALF WAVE 

VERTICAL 

ANTENNA 

7,471 236.2 4.822 6.832 

E 

c. Directivity Definitions. - 
(1) On the Basis of Equal Powers... 

Directivity or directive gain of a given anten- 
na can be defined as the ratio of the maximum 
power flow intensity to the power flow inten- 
sity of a uniform radiator when the total pow- 
er output of both sources are equal. In Equa- 
tion form, P 

g = 
m (equal powers) (11) Ps 

where g = directivity or power gain 

Pm = maximum power flow intensity 
from the directional antenna ra- 
diating 1 kw of power 

Ps = uniform power flow intensity from 
the standard reference antenna 
radiating 1 kw of power. 

1.10 
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Fig. 9 

Or, in terms of field strengths, power gain 
can be determined by the following equation, 

I 

Eml 2 

g = (equal powers) 
s 

g = directivity or power gain 

Em = maximum field strength in 
my/m from the directional an- 
tenna at 1 mile for 1 kw of ra- 

- diated power 

where 

(12) 

Es = field strength (107.6 my/m) 
from a uniform spherical an- 
tenna at 1 mile for 1 kw of ra- 
diated power. 

(2) On Basis of Equal Field Strengths 
... The directivity can also be defined by ta- 
king the ratios of the power radiated when the 
maximum field intensity of the directional 
antenna is made equal to the field strength 
from a uniform spherical antenna. 
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(107.6 my/m) at 1 mile. 
To illustrate, let the field strength of a uni- 
form hemispherical antenna be adjusted to 
produce 107.6 my/m unattenuated field 
strength at 1 mile. The power radiated will 
be 500 watts; hence, 

_Ps _1.0kw _2 
g Pr 0.5 kw 

the power gain of a uniform hemispherical 
antenna. In other words, twice the amount 
of power has to be supplied to the uniform 
spherical radiator to produce the same max- 
imum field strength at one mile. In the uni- 
form spherical radiator, the additional 500 
watts is used in the other hemisphere to make 
the radiation pattern spherical. 

(3) On Basis of Decibels... The direc- 
tivity can also be computed in terms of deci- 
bels by the equation, 

G = lO log g (14) 

where G = decibels directive gain 

g = directivity or power gain. 

d. Generalized Equation to Determine 
Pattern Shape. - The generalized equation for 
a directional antenna array as given here is 
based upon the following assumptions: 

(1) That the antennas are over a perfectly 
conducting plane earth surface 

(2) That the distance from the space ref- 
erence point to the observation point 
is great in comparison to the physical 
dimensions of the directional antenna 
array. 

The generalized equation for n antennas in 
the directional antenna array is - 

E = Eifi(e)/Rl + E2f2(e)/2 + 

Ekfk(e)/(3k+... + Enfn(e)/$n (15a) 

By using the summation sign this equation 
can be written 

k=n 
E = E Ekfk(e) f k 

k=1 
where E = the total effective field strength 

(15b) 

vector at unit distance for the an- 
tenna array with respect to the 
voltage reference axis 

k = the kth antenna in the system 

n = the total number of antennas in the 
directional -antenna array 

Ek = the horizontal magnitude of the 
field strength at unit distance pro- 
duced by the kth antenna 

fk(e) = vertical radiation characteristic of 
the kth antenna-see Eq. (10) for a 
vertical thin conductor 

e = elevation angle of the observation 
point measured up from the hori- 
zon 

Pk = Sk cos (Ok -0) cos e + *k (16) 

= phase relation of the voltage (or 
current) in the kth antenna with 
respect to the voltage reference 
axis 

Sk cos (Ok -0) cos e = space phasing 
portion of the Rk due to location of 
the kth antenna 

Sk = electrical length of spacing of the 
kth antenna from the space refer- 
ence point 

Ok = true horizontal azimuth, orienta- 
tion of the kth antenna, with re- 
spect to the space reference axis 

= true horizontal azimuth angle of 
the direction to the observation 
point P (measured clockwise from 
true north) 

= time phasing portion of (3k due to 
electrical phase angle of the volt- 
age (or current) in the kth anten- 
na with respect to the voltage ref- 
erence axis. 

The generalized equation for n antennas as 
given in Eqs. (15a) and (15b) treats only the 
kth antenna. All of the antennas in the direc- 
tional antenna array can be handled in a sim- 
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filar fashion and the vectors finally added to- 
gether as indicated by the summation sign. It 
will be noted in this equation that the field 
strength vector for the kth antenna has a mag- 
nitude of Ek in all directions in the horizontal 
plane. This magnitude is modified by the 
vertical radiation characteristic fk(e) which 
corrects the magnitude of the field strength 
vector Ek to give the correct value of the el- 
evation angle being considered. For simple 
vertical antennas Eq. (10), Figs. 10 and 11 

can be used to determine the value of fk(6). 
The vector field strength from the kth an- 

tenna in any direction is illustrated in Fig. 12. 

VOLTAGE 
REFERENCE 
POINT 

VOLTAGE REFERENCE AXIS 

VECTOR REPRESENTATION OF THE MAGNITUDE Ek 4,1(3) 

AND PHASE ANGLE Pk 

OF THE FIELD INTENSITY FROM THE klk ANTENNA 

Fig. 12 

It has a magnitude of Ekfk(e) and makes an 
angle of ¡3k with respect to the voltage ref- 
erence axis. The summation of these vectors 
for the n antennas in the directional antenna 
array, as indicated in Eq. (15), is illustrated 
in Fig. 13. The vector angles, as will be 
noted in the figure, are all measured from 
the voltage reference axis. 

The angle ¡3k, of the field strength vector, 
as defined in Eq. (16), is a function of space 
phasing and time phasing. The space phasing 
parameters for the kth antenna are illustrated 
in Fig. 14. 

This figure illustrates that any antenna in 
the directional antenna array can be located 
with respect to the space reference axis by 
the true orientation angle Ok, and with re- 
spect to the space reference point by the 
distance Sk. 

VOLTAGE 
REFERENCE 
POINT 

B» 

Bz 

9) 

VOLTAGE REFERENCE AXIS 

SUMMATION OF FIELD INTENSITY VECTORS FOR n ANTENNAS 

IN THE DIRECTIONAL ANTENNA ARRAY 

Fig. 13 

In the space phasing portion of Eq. (16), 
the term cos e reduces to unity in the hori- 
zontal plane. In this plane the space phas- 
ing is simply the difference in distance from 
the observation point to the kth antenna and 
the space reference point as shown in Fig. 15. 

Since the observation point is assumed to 
be at a great distance, a perpendicular drop- 
ped from the kth antenna to the straight line 
connecting the observation and reference 
points creates a right triangle, the side of 

TRUE NORTH 

SPACE REFERENCE POINT 

PLAN VIEW OF THE TRUE ORIENTATION 

AND SPACING OF THE ::"ANTENNA 

Fig. 14 
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TRUE NORTH 

o. 

SPACE 

REFERENCE 

POINT 

NIn 
ANTENNA 

PLAN VIEW OF MIh ANTENNA SHOWING SPACE PHASING 

IN THE HORIZONTAL PLANE 

Fig. 15 

which is Sk cos (Ok -0). This space phasing 
quantity is the required difference distance for 
any direction in the horizontal plane. 

When the observation point is at some ele- 
vation angle 6 the kth antenna will appear to 
be closer to the space reference point by the 
multiplying factor cos O. Referring to Eq. 
(16) and Fig. 16, a right triangle can be formed 
by dropping a perpendicular to the line con- 
necting the space reference point and the ob- 
servation point. 

SPACE 
REFERENCE 
POINT .0 

N ----Sr COS A,-0) 

J 
NS Qo. 

HORIZONTAL 
AZIMUTH 

OF OBSERVATION 
POINT 

ELEVATION ANGLE A SHORTENS THE SPACING 

Sy TO THE VALUE Sy COS e 

Fig. 16 
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The kth antenna then appears to have a 
space phasing of Sk cos (Ok -0) cos 0 from 
the space reference point. This is the com- 
plete expression for the space phasing of any 
antenna in the system and for any observation 
point in the hemisphere. 

The direction of the observation point P 
in terms of the true orientation 0 and eleva- 
tion angle 6 is illustrated in Fig. 17. The 
magnitude of the total effective field strength 
E, as given in Eq. (15), is represented along 
the direction of the line from the space ref- 
erence point toward the observation point P. 
This is for convenience in drawing polar 
charts . 

OBSERVATION 
POINT 

OP 

SPACE 
REFERENCE POINT 

VECTOR REFRESENTATION OF THE TOTAL 

FIEL) INTENSITY IN SPACE 

Fig. 17 

Referring again to Eq. (16), it is seen 
that the phase angle of the voltage vector is 
a function of space phasing and time phasing. 
The space phasing, as discussed above, 
varies with the position of the observer, 
while the time phasing is a constant that is 
set by the phase angle of the voltage (or cur- 
rent) in the kth antenna. 

It is of interest to note that a pattern can 
be calculated for a given elevation angle 
which is equivalent to a horizontal pattern 
that has field strength vector magnitudes of 
the respective antennas equal to Ekfk(6) and 
spacings reduced to Sk cos 0. This scheme 
of drawing patterns at the various elevation 
angles is a useful method for determining the 



TABLE 2 

DIRECTIONAL ANTENNA PARAMETERS 

Antenna 
No. 

True 
Orientation 

0' 
Spacing 

S' 
Phasing 

`Y 

Horizontal 
Field Strength 

Emv/m 

Vertical Radiation 
Characteristic 

1(0) 

1 

2 

k 

n 

vertical pattern of an equivalent non -direc- 
tional antenna. All that is required to make 
this computation is to determine the root - 
mean -square value of the pattern for each 
elevation angle. 

e. Directional Antenna Parameters. -In 
general this system specifies all of the para- 
meters required to determine the shape and 
size of the directional antenna pattern. To 
be specific the system specifies: 

(1) The number of antennas in the direc- 
tional antenna array, 

(2) The true orientation of each antenna 
from the space reference axis, 
The spacing of each antenna from the 
space reference point, 

(4) The time phasing of the voltage (or 
current) in each antenna with respect 
to the voltage reference axis, 
The horizontal field strength of each 
antenna, 

(6) The electrical height of each antenna, 
if a uniform cross-section tower, or 
the vertical radiation characteristic if 
it cannot be determined from Eq. (10). 

The general scheme for specifying the 
parameters of a directional antenna system 
can be tabulated as shown in Table 2. 

(3) 

(5) 

where k = kth antenna in the array 
n = total number of antennas in the 

array 
0' = true orientation in degrees 
S. = spacing in degrees 

= phasing in degrees 
Emv/n = horizontal field strength in mil- 

livolts per meter 
f(0) = vertical radiation characteristic 

f. Systematization of Directional Antenna. 

(1) General... A pattern numbering sys- 
tem has been devised which furnishes the 
antenna parameters in an orderly fashion. 
The first digit specifies the number of an- 
tennas in the directional antenna array. Suc- 
ceeding sequences of three digits specify 
the orientation, spacing and phase of each 
antenna in the array. To simplify this num- 
bering system, the orientation, spacing, and 
phase of each antenna is shifted in steps of 
45 degrees. Rather than specify these steps 
directly in degrees, the number of degrees 
is divided by 45 to produce small whole num- 
bers that can be used more conveniently in 
the pattern numbering system. The orienta- 
tion, spacing, and phasing sequences are 
followed by two digit figures to specify, in 
percent, of the maximum lobe field strength, 
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the horizontal field strength from each anten- 
na and finally the last two digits specify in 
percent the r -m -s field strength in the hori- 
zontal plane for the directional antenna array. 

The basic idea of the pattern numbering 
system is illustrated in Fig. 18. Referring 
to this figure the first digit specifies the 
number of antennas and will require only 1 

digit for 9 or less antennas. Each antenna in 

N fA N 
W W W 
W in W o W 0 
CC 
(7 

.. CC 

U ICO 
W W W 
O O O 

Ek 

PATTERN NUMBERING SYSTEM 

Fig. 18 

the array will require 3 digits to specify its 
orientation, spacing and phase plus 2 digits 
to specify its field strength in percent. Fin- 
ally, the r -m -s field strength will require 2 

digits. 
On this basis the pattern number will re- 

quire, 

Total number of 
digits in the pat- 
ternnumber=1+3n+2n+2=5n+3 (17) 

where n = number of antennas in the array. 
However, if No. 1 antenna is placed at the 

space reference point and the phase is held 
at zero, the first set of three digits will al- 
ways be zero. Therefore, the pattern number 
can be reduced by three digits if No. 1 an- 
tenna is used as the reference antenna. The 
first set of 3 digits will then specify the orien- 
tation, spacing and phase of No. 2 antenna 
with respect to No. 1 antenna. Using this 
modification the number of digits required 
will be, 

Total number of 
digits in modified 
pattern number = 1 + 3(n - 1) + 2n 

+ 2 = 5n (18) 

where n is defined in Eq. (17). On this basis 
a two tower systematization will require 10 
digits, a three tower systematization will re- 
quire 15 digits and a four tower systematiza- 
tion will require 20 digits. Figure 19 illus- 
trates respectively a two, three and four 
tower directional antenna array using this 
pattern numbering system. 

(2) Systematization of Two Tower Pat- 
terns... For two towers the pattern number- 
ing system consists of a 10 digit number as 
shown in Fig. 19(a) and Fig. 20. 

Number 1 antenna is placed at the space 
reference point so its orientation, spacing 
and phase are zero. The orientation of No. 
2 antenna is made zero or true north of No. 
1 antenna for all patterns. However, its 
spacing is varied from 45 degrees to 1, 440 
degrees (from 1 to 32 in the pattern number- 
ing system) and for each placement of No. 2 

tower its phase is varied from 0 degrees to 
315 degrees (from 0 to 7 in the pattern num- 
bering system). Since the orientation of No. 
2 antenna is always zero the second digit of 
the pattern number, which is ordinarily used 
to specify the orientation of No. 2 antenna, 
is used in this particular systematization to 
specify the spacings which require two digits 
for spacings greater than 405 degrees (9 x 45 
= 405). 

For the purpose of systematization, the 
magnitude of the field strength are each made 
equal to 50 percent of the maximum value. 
This results in complete nulls whenever the 
voltage vectors swing exactly out of phase. 
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The maximum field strength is 100 percent 
when the vectors are in phase and is repre- 
sented by the outer circle of the simple polar 
chart. The field strength is a maximum when 
the two field strength vectors are exactly in 
phase. 

In some cases, especially for very close 
spacings, the field strength vectors are never 
exactly in phase; hence, the percent field 
strength from each antenna must be increased 
above 50 percent to secure the desired 100 
percent maximum value. This is illustrated 
by the pattern No. 2 014 129 129 69, where 
the percent field strength from each antenna 
must be 129 percent to produce a maximum 
field strength of 100 percent. The theoreti- 
cal r -m -s value is only 69 percent. 

In other cases the field strength vectors 
are never exactly out of phase- with the result 
that the pattern will not have a complete null. 
Pattern No. 2 010 50 50 85 is an example 
where the minimums are very shallow. 

For the two tower systematization with 
spacings out to four wavelengths (1440') the 
number of settings of each parameter is given 
in Table 3. 
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TABLE 3 

TWO TOWER SYSTEMATIZATION 
PARAMETER SETTINGS 

Parameters 01 S1 *1 02 S2 *2 

No. Settings 1 1 1 1 32 8 

The product of the number of settings re- 
sults in 

Number of two tower patterns 
= l x l x 1 x 1 x 32 x 8= 256 (19) 

which is the number of patterns in the two 
tower systematization. This systematization 
is presented in PART H. 

Since two tower patterns are so important 
in directional antenna work, particularly in 
multiplying patterns, a more detailed system- 
atization has also been prepared and presented 
in PART II. In this more detailed systemati- 
zation the spacing and phasing have been shifted 
in steps of only 15 degrees, thus making 13 
patterns for each spacing. The numbering 
system has been altered to present the spacing 
and phasing in degrees instead of numbers 
which have to be multiplied by 45. 

(3) Systematization of Three Tower Pat- 
terns. . . For three tower patterns the number- 
ing system consists of a 15 digit number; how- 
ever, for convenience this number is divided 
into two parts as shown in Fig. 19(b). The 
first part as shown in Fig. 21 gives the num- 
ber of antennas in the system, followed by the 
orientation, spacing, and phase of the second 
and third antennas with respect to the first or 
reference antenna. This part of the number 
is located in the lower left hand corner of the 
pattern sheet. 

The second part of the number as shown in 
Fig. 19(b) and Fig. 22 gives the magnitude of 
the various horizontal field intensities in per- 
cent of the maximum lobe field strength. For 
a three tower pattern each antenna will require 
two digits and finally two digits will be re- 
quired for the r -m -s horizontal field intensity 
for the antenna array. This number is placed at 
the lower right hand corner of the pattern sheet. 
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GIVES ANTENNA PLACEMENT AND PHASING DATA 

Fig. 21 

RIGHT HAND THREE TOWER PATTERN NUMBER 

GIVES ANTENNA FIELD INTENSITY DATA IN PERCENT 

Fig. 22 

For the purpose of systematization of 
three tower patterns, No. 1 tower is located 
at the space reference point, then its orien- 
tation, spacing and phase can be considered 
zero and thus be deleted from the pattern 
numbering system. 



Number 2 tower, for convenience, can be 
located due north of No. 1 tower; hence, its 
orientation 02, will always be zero. The 
spacing, S2, can be varied from 45 degrees 
to 360 degrees (from 1 to 8 in the pattern 
numbering system) and the phasing 4,2, for 
each placement of the towers can be varied 
from 0 degrees to 315 degrees (from 0 to 7 

in the pattern numbering system). 
Number 3 tower orientation, 03, will vary 

from 0 degrees to 315 degrees (0 to 7 in the 
pattern numbering system). The spacing, 
S3, will vary from 45 degrees to 360 degrees 
(from 1 to 8 in the pattern numbering system). 
The phasing, 413, for each placement of the 
towers will vary from 0 degrees to 315 de- 
grees (from 0 to 7 in the pattern numbering 
system) . 

The restrictions placed on the field strength 
from the respective antennas is in general 
that they add up to produce a maximum of 
100 percent in at least one direction and that 
they completely cancel in at least one other 
direction. The suggested procedure for ac- 
complishing this is to at first make the field 
strength from all three antennas equal, then 
inspect the pattern for minimums. With the 
orientation that gives the lowest minimum 
the magnitude of the respective field strength 
can be adjusted for a null if possible. This 
is usually accomplished by increasing a field 
strength that produces a lower minimum. 
Usually a little manipulation of the field 
strength magnitudes and perhaps a slight 
change in orientation will result in the re- 
quired null. 

This procedure eliminates the field 
strength as parameters in the systematization. 
If this was not done the number of patterns 
required would soon become prohibitive. It 
is believed that this procedure is a good com- 
promise because it gives complete nulls in 
most cases . Of course when there are several 
possible nulls it would be desirable to present 
patterns for each of them. 

For the three tower systematization with 
spacings out to one wavelength (360') the 
total number of settings is given in Table 4. 

The product of the number of settings re- 
sults in, 

Number of three tower settings = 

lxlxlxlx8x8x8x8x8=32,768. (20) 

TABLE 4 

THREE TOWER SYSTEMATIZATION 
PARAMETER SETTINGS 

Parameter 1 S1 1 2 S2 'I'2 3 S3 '3 

No. Settings 1 1 1 1 8 8 8 8 8 

The systematization placement chart is il- 
lustrated in Fig. 23. A study of this chart 
and the systematization problem reveals that 
several things can be done to decrease the 
number of patterns, and thus eliminate dup- 
lications. 

THREE TOWER SYSTEMATIZATION PLACEMENT CHART 

Fig. 23 

The number of patterns in the three tow- 
er systematization is decreased by 

(a) Eliminating the cases where No. 3 

tower falls on No. 2 tower. These cases 
actually result in two tower directional an- 
tenna patterns as given in Part II. 

The number of patterns eliminated from 
the three tower systematization by using the 
two tower patterns is given in Table 5. 
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TABLE 5 TABLE 6 

NUMBER OF TWO TOWER SETTINGS 
ELIMINATED FROM THE THREE TOWER 

SYSTEMATIZATION 

Parameters 01 S1 Si 02 S2 *2 03 5,3 *3 

No. Settings 1 1 1 1 1 8 1 8 8 

Performing the multiplication indicated in 
Table 5 gives, 

Number of two tower patterns eliminated 
=lxlxlxlxlx8xlx8x8=512 (21) 

In Table 5, S2 and S3 step along together ma- 
king a total of 8 settings when 03 = O. 

(b) Eliminating all three tower patterns in 
line which are the duplicate of another place- 
ment of the towers even though the pattern 
is turned around 180'. 

Number of three tower patterns eliminated 
= 84 x 8 x 8 = 5, 376 (22) 

(c) Eliminating the cases where No. 2 and 
No. 3 towers have the same spacing and 
orientation. For this case the orientation of 
No. 3 tower for 225, 270 and 315 degrees 
which corresponds to 03 = 5, 6 and 7 ín the 
pattern numbering system can be omitted 
from the systematization. These placements 
can be exactly duplicated when the orienta- 
tion of No. 3 tower is 135, 90 or 45 degrees, 
respectively. The only difference is that the 
whole pattern will be rotated. This sort of 
restriction has been placed upon both the two 
and three tower systematizations when No. 2 

tower was arbitrarily placed due north of No. 
1 tower. It would be foolish, for example, 
to present all of the same two tower patterns 
eight times, the only difference being that the 
patterns would be rotated in steps of 45 de- 
grees as the orientation of No. 2 tower is 
varied from 0 to 315 degrees. 

Performing the indicated multiplications, 

Number of three tower patterns eliminated 
(by not using 03= 5, 6 or 7 when S2 = S3) 

=1x1xlxlxlx8x3x8x8=1,536 (23) 

NUMBER OF THREE TOWER SETTINGS 
ELIMINATED FROM THE SYSTEMATIZA- 

TION BY NOT USING 03= 5, 6OR7 
WHEN S2 = S3 

Parameters 01 S1 Si 02 S2 *2 03 S3 *3 

No. Settings 1 1 1 1 1 8 3 8 8 

(d) Another reduction in the total number 
of patterns could be achieved by eliminating 
all image patterns. For example, when S2 

= 90' and S3 = 180' the patterns produced 
when 03 = 315' is the image of the patterns 
produced when 03 = 45'. This was not done 
in the systematization because of the diffi- 
culty of visualizing the shape of the image 
patterns, or actually having to supply a mir- 
ror with the pattern book and having to ex- 
plain how to write the pattern number. The 
production of the image patterns was accom- 
plished by printing image patterns and de- 
leting the numbers. The image patterns are 
then presented on the left hand side of the 
page opposite the original set of patterns 
from which the images were made. The 
pattern number of the respective image pat- 
tern is the same as the original with the ex- 
ception of the orientation. The orientation 
of the image pattern is such that if the sys- 
tematization placement chart is folded along 
the north -south line through No. 1 and No. 2 

towers the location of No. 3 tower for the 
image pattern will coincide with the location 
of No. 3 tower of the original pattern. 

(e) The elimination of three tower patterns 
which are duplicates of original or image pat- 
terns but shifted in orientation amounts to 
10, 752 patterns. For example when 03 = 1 

the patterns produced when S2 = 1 and S3 = 2 

is the same as for the case when 03 = 7 with 
S3 = 1 and S2 = 2 with the exception that the 
patterns are rotated 45 degrees counterclock- 
wise. For each value of the orientation, O = 

1, 2, 3, 5, 6 and 7, there are 28 placements 
that are duplications of this nature. The 
number of patterns eliminated are then 
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Number of three tower patterns eliminated by Substituting values, 
not duplicating patterns shifted in orientation 
= 6 x 28 x 8 x 8 = 10, 752 (24) 32, 768 -18,176 = 14, 592 (25) 

After eliminating these various types of 
duplications as given in Eqs. (21), (22), (23) 
and (24), the resulting number of patterns is, 

Total number of Total number of 
patterns in the patterns elimi- _ 
systematization, nated, Eqs. (21) 

Eq. (20) (22) (23) and (24) 

1.24 

Dividing this number by 64 gives 228 pages 
of patterns as furnished in Part III of this 
book. 

Total number of 
patterns produced 
in the three tower 
systematization. 
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SYSTEMATIZATION OF 

TWO TOWER PATTERNS 

This section furnishes 568 patterns as described on page 1.19 of Part 1, "Theory 
and Application." 

256 of these patterns are general patterns with spacings out to four wavelengths, 
while 312 are detailed patterns for spacings out to one wavelength. The general 
patterns are for spacings in steps of 45 degrees and phasings in steps of 45 degrees. 
The detailed patterns are for spacings in steps of 15 degrees and phasings in steps 
of 15 degrees. The phasings are only presented from 0 to 180 degrees since the 
same patterns, oriented 180 degrees, result for phasings from 180 degrees to 360 
degrees. This is readily observed by inspecting the general patterns which pre- 
sent the phasings. 
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SYSTEMATIZATION OF 

THREE TOWER PATTERNS 

This section furnishes 14, 592 patterns, as described on page 1.20 of Part 1, 
"Theory and Application." 

There are 228 placements (pages) of the three towers to cover spacings out to one 
wavelength. For each placement of the towers there are 64 different phasings 
presented. The field strengths were eliminated as parameters by making mag- 
nitude adjustments to give at least one maximum of 100 percent and where possi- 
ble, at least one null. 

Directional Antenna Patterns 
3. 1 
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PLACEMENT AND PHASING DATA. 
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GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

6 7 

¿. á á 
2 Z Z 

Z J Z 
J 2 J W Q W 4r FH I- 1- > 1-Z Z Z ZZ F Ó Q y Ñ 4 y Ñ 4 
N- r N K M 

N K <7) CC 0 n O_ O 

H = Z w z w Z 
Z Z ó 'Z ó Zz2O 
O W 0 WLL 0y03LL. 

W - 4 2 w 4 Z W 4 2 
U-0.2 U. IL O4 
0 4 0 4 J 0 4 J o ¢a o ara o ¢a 
E/ E2 E3 E0 
45 0I 44 60 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

-7 

PATTERN NOMENCLATURE 

n 

/ AL Í 1. _ i'i ' IP., nJ q N8,550H91 40 716D4 . 4C2.,6 N1r0M . ,2024,0 

tilt . . í. tilt 
!1IP!. TI 1 ' M:50N .. 51253171 002604 . 50242» 4005056 . 44325011 40.5451 



0° 

45° 

cf) 
W 
W 
CC 

90° 
2 

N 
o 
z 

Z 135- 
o 

W 
F 
Z 

ó 
CDI80° 2 
U) 
Q 
S a 

225° 

270°- 

315°- 

/9/3 o PHASING OF ANTENNA No. 3 IN DEGREES 

45° 90° 135° 180° 225° 
1 I 1 

270` 315 

.41%wpm IF , 
A:0Os0 . 3117415030:0`31 W50 303 Oa 20.'6i 43053 

507.000 22:95061 12.05`45e 10211 00470 ..:.053 41004677 12:373 42 61 

.802050 45015154 5022052 

.. S. 
26225170 03-956 . 335M1 

yaw- 

.Akt upw 
450 43448 1022052 4.024467 1022015 

.'r_7_ 
3424050 49025155 x2 
AIL `V 

..2 . !J 
50_ sf n5 1n ,.-45e 27224647 

\1 
..:.SS 42004071 .0=.56 . 44024071 402.017 460/4919 . . ql qv, 

45014577 4022054 14024691 5122055 46024476 3022054 40005172 502357 .. 4s0zs2w 

.Ii1 
47015241 3030`4772 1021155 0 500H6e0 

.:, 
1124050 72525746 1024051 50555054 30A05 

AL 
55312960 4424057 16270 1024054 

1 .fam 
OH11i xaos,77 11.305 

,72:.:5007 
50í67M 

-__-I_ .0m% 
MP 11 MY 

5U265 4024055 6432247` ,4054 5.37462 :0:4057 59433155 

.L. 
1025050 70452/15 44:3851 50352764 342532 42202750 3025051 41292147 5729054 4702564 3425055 57432474 

my 
AL AL 

30`1 3026015411243,4 30750 25274602 0055151 

42750 4117361 5027051 

my 

. 
25253902 w2Mi 

..6k 
71 40250574 - ,. i 

. .i. 
io260s/M 5 5.2E017 

.Alit .ítil. `' `J 
25x4 5027052 25105470 00.2655 232 5174 x27014 3254672 .2:755 2520404 3027055 

522007.2 

Mau `y 
33403 3.27057 3 ta 

5 

3.II 

-0 

U5 
W 
W 
Z 0 -2 W 
0 

-3 

1 

0 

4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 

2 3 4 5 

4/ PHASE PATTERN NUMBER = DEGREES 
3 - 4 5 

U5 
4 
z z 
W 
1- 2 
Z 
a 1- In o>- 
K 
W W 
CD 

2 f- 

z z 

Na 
3 

w W 
v 

O 

W 1 

O 
z z o z 
1- z 
H Q 
W N 
¢ ó o z 
02 
o 

SN 

W 
CC 

O 

a 

S2 W2 

2 0 

1n 

13 

W 
¢ 
O 
o 

ó 
O 
Z 
U 
Q 
N 

v. 

S3 
5 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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H 
0-0 

N 

45° 

N 
w 
W 

(21 90° 
z 

O 
z 

z 135o - z 

u. 

F- 

z 

O 
c., 180°- 
z 
N 

s 

225° 

270- 

315° 

74:.110 

4/3 - PHASING OF ANTENNA No. 3 IN DEGREES 

45° 90' 135° 1800 225° 
I 1 

270° 3150 

L4L, 
,2:.071 ,,,,,,,G20011 --22.3445; A4012 . 211 ,Oar172110,1 70074 

4-k_ 
M11.921 1r200 

fák 
140,0 3122111 

1154711 2.12441. 

di% i 
)117420 .L07. 

.AL 
nyw 

110540 741272 1214122! 702211 31174/03 74ta114 

_ 035014 .2_2274 

'_ 
24110 0-.0 273 13114770 .0 

g4:7077. 2Iµ a:70. r.:.74: 

. Allb 
3217.70 RA`17/ 2017334 

ilk 
:2O On 121)440 

.4" 
33104242 ,223070 42175373 ,..3272 - 4044)1.1 ,..3073 - 2114,721 3123074 ,)223440 ,2_0023 - ,*20521 ,..012 -321131257 

. /411400 

-4k n 
3144614 s5p011 411310 ,4210n 

411a -9a . 
,:b07 3o2u13.3 6.:W, 703 07) 

/L .ták .í ` 4ii 071 3710741 1:7071 31034.3 302/072 

.AL 
g." Ti" 

31171321 _0:4173 - 5112.1.d .._4e72 . e 14:4277 

4415331: .._1074 3110921 )0:3073 3311410 ,0:307. 

.ALTA 

%117 
40012143 3022074 í115410 10:75 4100,0.1 0024074 

3144141 

. AL 
15, 

5411420 ,G:,On . 23241174 

0430 -4:2073 21244421 ,._2174 - 24214437 0:.2,1 224.030 

3.13 

-o 

V) 
W 
W 
CC 

-2 w 
0 

-3 

4 

-5 

0 

4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

I I 
I I 

2 3 4 5 

1/3 = PHASE PATTERN NUMBER = DEGREES 
45 

crv 
4 
z 
W r 
Z w a r 
W V) o)- 
0,400 

W W 
m = i 0- 

2 E 

No. 

3 

W 

37 

o 

W 
K 
O 

o 

N 
W 
W 

U2 

o 

O 

O 

Z 
W 

p z 

V) 

K 
O 

o 

á 

S2 412 03 53 4/3 E/ E2 E3 

2 0 O 7 0 21 22 44 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
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THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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SYSTEMATIZATION PLACEMENT CHART, 
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HAND PATTERN NUMBER GIVES ANTENNA RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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THIS PAGE OF PATTERNS IN THE 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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13 = PHASE PATTERN NUMBER = DEGREES 

W 
cc o 

LL 
w 

O < 
2 
O 2 
I- h- 

2 
2 
W N 
¢ O 
o z 

v 

N 

U' 

o 

in 

02 sp 
0 3 

W 

cco 

0 

n ¢ 
u 

43 

4iz 03 
0 0 

in 

45 

W 
ú ó 

W 

0 
)f 

53 4i3 

6 0 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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3.18 113 = PHASING OF ANTENNA No. 3 IN DEGREES 
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SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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0/3 = PHASE PATTERN NUMBER = DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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SYSTEMATIZATION PLACEMENT CHART, 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PLACEMENT AND PHASING DATA. 
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SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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GIVES ANTENNA FIELD INTEN- 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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GIVES ANTENNA FIELD INTEN- 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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GIVES ANTENNA FIELD INTEN- 
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GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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0/3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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GIVES ANTENNA FIELD INTEN- 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

45 

0 

4 

(A 
W 
w 
cc 
C9 
w 

90' 

N 
O z 

-135 z z 
w 
I- 

z 

u- 

-180° c.9 

Y.) 

-225° 3N 
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THIS PAGE OF PATTERNS IN THE 

SYSTEMATIZATION PLACEMENT CHART. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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//3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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SYSTEMATIZATION PLACEMENT CHART, 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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LEFT HAND PATTERN'NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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THIS PAGE OF PATTERNS IN THE 
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4/3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHRT 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN-SITY 

DATA IN PERCENT. 
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3.72 //3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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3.92 I/3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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GIVES ANTENNA FIELD INTEN- 
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SYSTEMATIZATION PLACEMENT CHART. 
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GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3.100 P3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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{J3 = PHASE PATTERN NUMBER = 
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W W W 

CC 

W 
e 

W et) 
Q 

z 
U' 

Lc) 

Q 

W 
¢ 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 

SYSTEMATIZATION PLACEMENT CHART. 
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4/3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

2 3 4 

0/3 = PHASE PATTERN NUMBER = 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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11 

ágill gby 



3.102 0/3 = PHASING OF ANTENNA No. 3 tN DEGREES 
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SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

I I I I 

2 3 4 5 

(u3 = PHASE PATTERN NUMBER - DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

NOMENCLATURE 
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4/3 o PHASING OF ANTENNA No. 3 IN DEGREES 3.103 
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SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

2 3 4 5 

271/3 
= PHASE PPTTERN NUMBER - DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

é 



3.104 //3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

2 3 4 

1/3 = PHASE PATTERN NUMBER = 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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4/3 _ PHASING OF ANTENNA No. 3 IN DEGREES 
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SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

2 3 4 

f1/3 = PHASE PATTERN NUMBER = 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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3.106 0/3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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f/3 = PHASE PATTERN NUMBER = DEGREES 
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SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
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PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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3.130 413 : PHASING OF ANTENNA No. 3 IN DEGREES 
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13 = PHASE PATTERN NUMBER - DEG45Es 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 



Ira PHASING OF ANTENNA No. 3 IN DEGREES 
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SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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¢/3 = PHASE PATTERN NUMBER = 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN-SITY 

DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3.132 jd3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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w3 = PHASE PATTERN NUMBER - DEG45ES 

W W W 
en 

R 
O O á O 

v 
O O ó 

Y'3 S3 W3 

x 
¿ Q Q 
z z z Lo 

J WZ J W 
J Z > > 
Q W y -J VI a~ Z> Z2 

- 
HQa ~ 

6 7 0 23 23 41 65 
LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 



4/3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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3 0 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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LEFT HAVD PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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3.134 */3 : PHASING OF ANTENNA No.3 114 DEGREES 
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1/3 o PHASE PATTERN NUMBER O[G45Es 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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SPOTS LOCATE 'THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 

SYSTEMATIZATION PLACEMENT CHART, 



4/3 = PHASING OF ANTENNA No. 3 IN DEGREES 3.135 
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SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3.136 Y3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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LEFT NANO PATTERN NUMBER GIVES 
PLACEMENT AND PHASING DATA. 
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ANTENNA RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

O 

4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 



0/3 = PHASING OF ANTENNA Nc. 3 IN DEGREES 3. I37 
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SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 
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1/3 30 PHASE PATTERN NUMBER = DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCL4TURE 



3.138 y3 = PHASING OF ANTENNA No.3 IN DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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PLACEMENT AND PHASING DATA. 
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SITY DATA IN PERCENT. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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EFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

o 

4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 



4/3 = PHASING OF ANTENNA No. 3 IN DEGREES 3. 147 

45 
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I 80° 

270c- 

315° - 
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I I I I 

270' 315' 

)131)011. 30.451 26.250% .30.0254 
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r2i44733 3'4425) 21.22154 304425. 
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22.061 
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`y 
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.dU 316.x3' 2723/254 
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_1 
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343.31U 31ua4 34p254 42313257 3057.7 

35243155 

-o 

-5 

-6 

-7 

o 

4 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 

2 3 4 5 

473 = PHASE PATTERN NUMBER = DEGREES 
45 
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1 

7 
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á á ZZ 0~/3N Z Z JZ y y 
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U 44 H4 

v Q z z z z O z z z z 
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LL0 4 Wp4 Wp 4 p4 p 4J 4 J 4 J4JZ 
O Q a o K S O K a o 2 R 

S3 Ei c2 E3 Ep 
0 2 5 0 75 50 46 63 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

4/3 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3. 148 P3 = PHASING OF ANTENNA No. 3 IN DEGREES 

315° 270° 225° 180 135' 90 
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I I 

6 5 4 3 

PHASE PATTERN NUMBER - 
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N N 
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O O O o o 
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w N 
¢ ó 
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O 
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4 O 4 Z Z z 
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O W O W r I- I- 

- OU' 2 4 
Z á Z 4 
U N á N W 
á ó z ó ¢ 
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2 

LL Z 
O w 
cº ~ 
Z Z 4 
Zfl 4 
2 
O. z 

53 4i3 

6 6 0 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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DEGREES 
45 

f 
á a 4 
z Z Z uf z 2 J Z Y Y Jw J W 4 W Y JV1 

Ñ~ Z ZZ ,7, t._ 
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E E2 E3 Eo 
60 33 33 59 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

45 0 

o 

4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 



0/3 = PHASING OF ANTENNA No. 3 IN DEGREES 3.149 
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4 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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2 3 4 

113 = PHASE PATTERN NUMBER - 

V3 4 
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Z W Q F 
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N Z 
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N 
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= O 
a z 
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DEGREES 
45 
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O 

O 

W2 03 53 
0 2 6 
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O 
O 
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o_ 

PLACEMENT AND PHASING DATA. 
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-6 
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413 E E2 E3 E0 
0 60 33 33 59 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

Ill 

a 



3. 1 50 f/3 = PHASING OF ANTENNA No. 3 IN DEGREES 

315° 270° 225 180 135' 90° 
I I I I I 
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(J3 PHASE PATTERN NUMBER 

cri 
W 

o 
á 

W 

w 
o 

n 

S2 4/2 03 S3 
4 0 6 7 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

W 

o 
o 

2 

DEGREES 
45 

f 
á á Q 
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4/3 E/ E2 E3 Eo 

0 36 36 36 59 
RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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x 
CL 

.."« 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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023 = PHASING OF ANTENNA No. 3 IN DEGREES 
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4 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYS-EMATIZATION PLACEMENT CHART. 

I I I 

2 3 4 

!'/3 o PHASE PATTERN NUMBER = 

UI 

O 

W 

4 

5 

DEGREES 
45 

41 

c 

No. S2 472 03 S3 
3 4 0 2 7 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT ANO PHASING DATA. 
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O 4 J p e J O 4 J O 4 Jo ¢a c ¢a. o ¢a o ¢a. 

023 Ei E2 E3 Eo0 

36 36 36 59 
RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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PATTERN NOMENCLATURE 



3.152 Y3 o PHASING OF ANTENNA No.3 IN DEGREES 

315 2700 225 180 135 9i0° 
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$13 _ PHASE PATTERN NUMBER = 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

o 

4 

-270° 

-315° 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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!r3 PHASING OF ANTENNA No. 3 IN DEGREES 
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I I I I 
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9* 
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-6 

-7 
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4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 

2 3 4 

0.1.5 = PHASE PATTERN NUMBER = 
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W 
W 
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DEGREES 
45 

LEFT HAND PATTERN NUMBER GIVES AVTENNA 
PLACEMENT AND PHASING DATA. 
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30 39 30 61 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3.154 r3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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w3 = PHASE PATTERN NUMBER 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

p Q > 0 4 >1.4 4 W p Z -N- I_NN r -11 1 -NW 
1A - 2 ¢ z - H ¢ IZO 7, 0 0 - Z p Ó 2 
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0 25 40 43 65 

.tIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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- 225 

-270° 
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4 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 
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0/3 o PHASING OF ANTENNA No. 3 IN DEGREES 
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SPCTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 

SYSTEMATIZATION PLACEMENT CHART. 
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f3 = PHASE PATTERN NUMBER = DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 
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4/3 PHASING OF ANTENNA No. 3 IN DEGREES 
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SYSTEMATIZATION PLACEMENT CHART. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN-SITY 

DATA IN PERCENT. 
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Y3 _ PHASING OF ANTENNA No.3 IN DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELC INTEN- 
SITY DATA IN PERCENT. 
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THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 
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4 u n 

0 a a z z z 
11 Z 0 z li 2 O W 

H 
O 

H 
O 2 Z U Z Z a Z a 2 a 

N Q N W i+) U M 

a x ó ¢ ó á ó 2 d 2 0 2 u) Z 

52 42 03 S3 
I 0 3 7 

iv3 

0 

6 7 

3.185 

-0 

-6 

-7 

f 
Z 2 2 
Z Z J Z y I.- - 1 W J W a W ~ J N 

0 ÑH i- I- Z ~ 9NF-a a 
p á r ó á y Ñ á W ó i -N- 1- N N )- - 17) 1- N W 2 p p 0 O O z 

I- 
2_ 

= 2 10.1 Z W 2 Z 
0= a 

z ó Z?O Z Z Ó W Z Ó 

O CC 
W u. CC O W W O W la. W O W J J J U) W 

W á 2 W á W W á W )- W 
Z 2 Z a z Ea aa óa ¢5a 

c°1 J o a J o a J O a J o 1 o Q a. o re a o 1i 0. 

E/ E2 (3 EO 

30 15 48 74 
RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3.186 

U1 
W 
W 
CC 

U' 
W 
O 

315° 270° 

jI3 = PHASING OF ANTENNA No. 3 IN DEGREES 

225° 180 135° 90 
I I I I 1 

45 0 

0- 

2 

3- 

4- 

5- 

6- 

7- 

my 

0.1 
`Irf 

mr. 

TAW 

r" 

di my 

`F, 

nw 
A'\ 

4 

N 
W 
W 

N cc a 
4 w 
z o 
W 

Z 
W 

0 
4 r 

OZ 

Z 
1 ut W O Y 
cc N 4 Z 
W W 4 
m 2 Z 

> W 

z ¢ ó 
Z - O z 
No. 02 
3 0 

7 

O 

S2 

I I I I 

6 5 4 3 

41/3 PHASE PATTERN NUMBER - 

N 
W 

Z 0 
o 

03 

h 
W W 

4 
z Z J W 

CC 

U' 

o 

br, 
a 

Lai 

0 

n 
a 

Fy 
p 4 -N - 

Z ó 
4 
Z 

W Z 
O W 

4 z 
1, Z 
O W 

= Z 
Z ? 

H 
O Z 

H 
O Z 

O W 
Z_ 4 Z 4 W á W 
U M 
Qaó G 

M 

xó 
2 

U. O 4 
O 4 J 

in Z n. Z G R a 

53 w3 E/ 
8 0 19 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

2 
DEGREES 

45 

f 
4 a 
z z u) Z J Z y > J W Q W r J V1 Z IAr4 Z z Z 

> 0 4 > N Q W O Z 
H N N H- 1A H N W 

= p Z O O Z Z Z 

W x Z W= Z O= 4 

Z Z? O W z 0 
O o 

LL O W W 0 4 
y á W W - á W 

tn 
W W -- Z Z 4 2 a 0 4 '.- O Q Z p 4 

o 4 J o 4 J o 4 J o¢ a o¢ a O Z a 
E2 E3 E0 
24 47 79 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

0 

4 

- 45 

-90 

-135° 

- 180° 

- 225° 

-270° 

-315 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 



o° 

451 

V) 
W 
W 

O 90' z 
N 
O 
z 

Z 35 
W 
I- z 
Q 

ó 
Ieo° 

z 
zis 

2 a 

225° 

270°- 

315° 

//3 o PHASING OF ANTENNA No. 3 IN DEGREES 

450 900 135° 1800 2250 
I I I I I 

2700 3150 

31100 Q 11244779 

- 'V 
0.001 . 24234476 1011112 

1014310 21293074 3011511 

.álkt 
20114572 4411343 

./.1, 
2100475 3411.442 

.II gil , 
01200 20194271 3R2111 . 14424114 501202 . . 

0.300 27504459 0,'' 

.Akt. `J.,/ 
20256666 

Mrp 

.tt 
00nr+ 0:1515 

21431122 01.03 2431310 301.514 . y 
1542109 166/1075 012113 012144 

I+" 
29*44049 013342 2350911 013543 22571722 013511 

ly 
4414364 $ 23494757 0:4381 

25523959 301501 2 

01400 2460)2x1 f.4101 

34P1 0. 212440x6 

22823161 33.602 

p 0170` 75 :01701 

.: í'JI. . 

11204b64 A.1x4 0110x 

mr 
192665)1 

0291550 k4305 - 14324058 01,00 . 17114205 30R 
.rI- : 

14604.5 M,205 -- 19421755 304406 . 2103655 301202 . 12623562 

1950469 04305 

.47.7 
20603743 3413346 . 214x370 3013347 54 .1 ,V w `y ny 

24H4582 01402 207)06x0 201403 23744376 014184 21484.79 2-.401 . 0724326 01408 . 24x24280 0100x . 25x1420 

mr- 
52 0u051 w5143 . 0103359 01534 . 3141 

IL 

dat 
111139+4 3447315 19344074 *0.2384 

`di . stik 0, 
-0:10 015.8 

1 0is0x 3952134 

AL? 
1421060 014105 2003n. 0:45 

01'4159 .705 

194229.9 3011047 01211,1 

44 I 
4F) 

1317420 3f17306 . /3174171 50173/7 . )z1741x 

3.187 

-o 

IA 
W 
w 

-2 W 
O 

-3 

-4 

-5 

-6 

-7 

0 

4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

I I I 

2 3 4 

4/3 = PHASE PATTERN NUMBER = 

W 
W 
¢ 

Q 
Z W 
Z O 

Z 
W - O Q 

Q _ Z Z 

O } 
Q 

Q 
m = z 

_W 

Z ¢ O 
z - o z 
No. 02 
3 0 

W 

O 

O 

Q 

W 
O W 

O ~ 
Z Z Q 

QN 
a o 
N Z 

S2 

1n 

Yl 
cc 

O 

c 

4/2 03 
0 3 

a 

S3 4/3 

8 0 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

5 

DEGREES 
45 

6 7 

2 
á á W 

Z z z 
N N Z Z J Z } } 
W W 1 J W á W 4 W I.. J 1A 

WCt 11.1 4.1 Qr F- } I.- Q < rzz 
W Q W Y ,04 }OQ } N Q W O Z 
O o N- r -N H- M I- N W ¢ 

3 

u Z O = 0 0 z 0 0 1¢ 2 
Q 4 W= Z 2 2 W= Z O= Q 

H 

Z W zZ 
2p ZO Z?O W Z_p 

W O W O¢ O¢ - O¢ y. ¢ 
z 4- W LL O W tL O W W 

en 
W W 

Q Z Q W á W yJ2 á W W Q W g 1- W 

M N M z -- Z Z Q Z 
LL O Q 1 O Q LL O Q ¢ O Q 

O = O o Q J O Q J O Q J O Q J 
z a z o¢ a o¢ a o¢ a o¢ a 

E1 E2 E3 E0 
19 24 47 79 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

5n 

,,o 0,6'0 . 2134206 301604 



3.188 

0- 

Ó 
2- 

y3 = PHASING OF ANTENNA No. 3 IN DEGREES 3150 27I0 225 180 135 90 
I I I I 

450 0 

3- 

4- 

c4 
5 

6- 

7- 

4,5 

. :1 

ebk 

/Ai 

my f 1, 

`V 

111 

ti 

té1 

glk \y 

1 

WO 

w 

get 

/AL 

`J 

`y 

%IV 

- 0° 

- 45 
tN 
W 
W 
Ir 
C7 
W 

- 90° 

N 
O 
Z 
Q -135' Z 
W 
z 
a 
1` 

- 180° Z 
fA 

a 
le 

- 225 ál 

7 
I 

I I 

6 5 4 3 

w3 = PHASE PATTERN NUMBER - 

Uf N ut 
W W 

¢ a 2 
17 á ¢ n W IA 

o O o W 
O 

¢ N Q = 
W W Q 
m = Z 

> W N 

z O z - oz 
No. z 
3 0 

Sp 

2 
4/e 0.3 
0 5 

S3 3 
3 0 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

2 

DEGREES 
45 

f 
á Q Q r 
Z z z m z Z J Z > > J J Q W r JIfl 

o Q 1-1,_ Q 
Q Yee - Q - z Z Z O Z Z Z Z 

ÑO Q 
>04 

> N Q W O z N- F NN I- 2 Mf F -NF 
2¢ Ó p O O O Z¢ z 

Z 
W Z W S Z 

0= Q 

2 2 ó Z Z ó 
Z ZO W Z 

OJ W W O W LL. oyOj1 
ce 

W OW 
W 

W 
áW yJj á W W - á W F- W 

2 -- Z Z 24Z "-Ea WOQ "-Bá ¢ O Q 
co Q J o Q J o Q J o Q J o ¢a o ¢a o ¢¢. ó`¢a 
El E2 E,3 E0 
33 33 33 62 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

0 

4 

-270 

-315 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 



1,/3 o PHASING OF ANTENNA No. 3 IN DEGREES 

0° 45 90° 135° 180 225° 
I I I 

I 

270° 3150 

00- 

45° 

90° 

135 

I80°- 

270° 

315° 

/a 
502300 15, 3562 3023Y1 

.11 41 N20)1I 

a1 .ái1 r1 
MP klW1V. 

)0.1165 30201)) 1.i2Ú270 3020)30 32)3)377 3020)33 3I31)I11 WÁ330 _)03265 ) 

.111 .ak 
gW 

MP.)17.)156 3021))2 11113/39 3021)17 n)7/3V )0223).32121272 302.313 

3022))0 YX)ri1 10221 

)020135 11333 

.diat w12 

)0201)1 

3021))) )0303050 3020)1 

"iv 

mr 
.ak IV 
10 )02401 

.AL. 
3025)30 70543041 30253)) 

egb Imp 11MI 51 3022) )5::155) 3022333 

1)11,229 302)33Fr 241414155 1021)1)` 

!J 
`._i03070 302076 7232X71 5021))1 12323265 

:!3061 )010MIV 30210) 
y 

3:303;41 1021116 30301044 

__,1/,1 

30720 3011162 

. 1 A1 J 'VIP, 
3654356 )02)3)4 4)4)4)59 3023115 751.3554 )02))30 31131140 30231 

.áik 
340)902 3024)12 4(414190 4241 

AbÁ 
1020)30 0001)7 3024331 

l 
46.B46f9 302404 60457. W2401060 4243,61 

.f.1 
niv 

.L.i .Lek IF IV 
))33)541 .)02502 00)359 )02501 54343454 30253)4 40414114 42103 

)111)142 1026)). 

1027110 101306 302`701 

.AL rode. m 
.L1 

)131)165 30243)3 . 71113165 3026)1 nr 
66 .3022132 ).)0170 30203) 

Virj 

3020)37 

AL 
41500066 

.543.554 )025316 40404054 5021137 

35i41563 302670 . )6303263 )0M)H . 0454305) 30m37 . 
31311170 3017))4 )l12X71 3027))5 /i113367 1327346 

eirk 

32X325) 

/ 9 3027))1. )1343332. 

3.189 

-0 

N 
Y, 
W 
K 

-2w 
O 

-3 

-4 

-5 

o 

4 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 

2 3 4 

/3 = PHASE PATTERN NUMBER = 

N 

W 
c 
U 
W 
O 

4n 

W 
W 
cc 
t9 

O 

á 

U) 

W 
¢ 
U 
O 

h 

5 

DEGREES 
45 

W 

K 

O 

IA 
W 
441 

O 

1 LL 0 n u 

Q a O Q Q Q 
Z 2 ' Z 2 Z 

LL Z W Z O Z LL 2 36. 2 
O W O r W O W O W 
(.! r O 2 a= 67 z O z 2 á Z Q z a Z Q Z Q 

á N Q 
N V 117 

Q 
127 C -1-1 M 

a d x 0 c d i d x d 
N Z CL 2 0 2 N 2 a 2 

S2 VP 03 53 43 
2 0 3 3 0 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

6 7 

-6 

7 

Z 
Q 4 4 r 
2 2 2 N Z Z J Z Y Y J W J W Q W r J VI a r In r rz 2= 6NÑa 

F Q Y Ñ Q Y N Q W O Z -N- I 
,71 
- IV N r á M Z 0.4 Vi 

W O Z 2= 2 2= 2 O Q .. W W O= 
Z i r 2 f 

).-11 
2 i J i -- O Z- O -O W Z - O 

O W ow.... Oy0)LL LL OLL 
tol W 

W á W yJ) á W W Q W á W 
_ Z - -Z Z _ 2 

LL O a 0.04 1'54 0 
o Q J o Q J o Q J o Q J 0 2 a oo 2 Cl o CC a o 2 d 

E E2 E3 5o 
33 33 33 62 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3.190 l3 .PHASING OF ANTENNA No. 3 IN )EGREES 

315° 270' 225 180 135 90° 
I I I 

I I I 

Q 
Z 
W W H 
Z W 04 
Q )_ Z Z 
W N O w O 

Ñ 
cc Q Z 
W W Q 
m = Z 
Z r W N 

z K O z - oz 
NO. 02 
3 0 

0- 

2- 

4i5° 0 

3- 

4 

5- 

6- 

7- 

mof 
r1 r M'Y 

a 
,t0 
Tir 

. 
4 

grj 

MIF 

nnfr 

MIP 

M'Y 
/AL 

MP 

, 

eip 

-ó 

-45 

- 90° 

-135` 

7 
I I 1 

6 5 4 3 

1/3 PHASE PATTERN NUMBER - 

N N) Y) o W W W W W 
W N o ¢ n ¢ «.) 

z o 
o a cº O a O 
W O O 

W 
O 

W 
O o 

W ( 

4 O Q 
Z Z Z_ 

O w w 
U' Z Q ~ 
Z Q z Z 
Q N W A) 

Z o Z O a z o z 
SP if 03 
2 0 5 

o 
W 
W 

ú 
O 

2 
DEGREES 

4.5 

f 
4 4 á 
Z Z Z tn Z Z J Z Y Y J w J W Q W y. J Y) 

Q Q Q h ~ H 1- I- Z Z 11.1-4 a YÓQ roa r í0.)Q wóz HN- 
KN K pf 

Z d Ó = 0 Ó 
,71,_. - Z 

f= Z 
Z w= Z O= Q 

Z22- o Z Z Z ZO 
W Z 

021 O W y, O W W O 
W 

wá- W yJyáW tu/ -41/ W - Z -_z Q z 
1-34 W O Q ,,B4 cr O Q oQ J oQ J oQ J134-1 o2a o¢a o¢a aa 

S3 W3 Ei E2 Ea £o 
4 0 32 28 44 53 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

0 

4 

- 180° 

-225 

-270° 

-315 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 



4/3 = PHASING OF ANTENNA No. 3 IN DEGREES 

0° 45° 90° 135° 180 . 225° 
I I I I I I 

270 315 

45° 

W 
W 
rc 

W o Q0° 
Z 

N 
O 
2 

2 135o- 

W 
I- 

z 

ó 
180°- 

Z 
fA 

_ 
o- 

", 
2750 

270°- 

315°- 

AL A b A` AP,..q 

1w!,M1N Ñ 120.01l Nt lpt) . .f )Qtpl') }'j,,'rt)ctp,. 115- tW.rr Ntp1í . rl 1p1t V )pto). ff 

011 áA A .1 diPlk ..11 .1 
IItIN Nl.N N111.1r )QIN. t,¡r,Y) M71).1 . Llt).p)1 )a:l: "'e"r¡M2,4". 523313..1)1413.7 S0 

___ 

. Alik _a1 
. 
-1 Ah . 1,1 a 

W2N1 1)111,11 Nt»...z )etn..: »Upo N,HMI NI»Y 53,20.4 )ozfl.9 
J 

204».1 11a1N 11üd'a 3.213 41, i..tnf 

._' _._ i\ -AL .4-_.. . P J 9 .l 
042f)41 1 7011,.)2 712)7.1 /211.1.2 )1231V ti ,5.051 )n2)N) )1204004 0421W x.211144 N2)0.7 Y1))1.1 )0l)4.. 51111p N2f-,-.2/-J, ))llNf2 

/ ¡1I' k i 'I h I A '_-. i ' 'IV'IFJI '/ 1,'IP 
717.1)rn 711./.21Ye )12.p. W.\, 1 

1.2.>04 lm 10))460 N2.Y1 )10)2,1 111.1.7 )11111)1 52.,4) 

, Athi :«A (d : k ák, : :. :r l/Tir 
V.VN»)40,)f,N»,.1.)12H. S!feíl7.f.01N» 

--''//,, 

.5:. '254 ,u//1/w/. .2z.n1. n»)4. . ..Y1f)2 7o23.a . .)ns.1 - '.. : al.-' :,I ' :A,, AP 
H{ 

V N211my12 1I101m p ,pt11.my)1 .12.I MtM1 )1A,.Ie N2.)Y 
V. 

1p211'1 Yfp2),I Nri/Y 

tA 1 
Odia An . i'F,,r i\ A..t .0.7. J _ v r[II .1 )412,.11 N21341 1'217)02 N22. 22..22 N 1121.41 fx2r1Y 20234., )p22).1 

3.191 

-0 

N 
W 
W 
C 

-2W 
O 

-3 

-4 

0 

4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

I I I I 

2 3 4 5 

1d3 = PHASE PATTERN NUMBER = 
DE áR5 ES 

n y 
W N z a 

., 

O 4 
Z 

á z -w 
4 Z 

a 
W 

C O 
O 

02 
O 

U) 
47 

C o 
LA 

4 

LL Z 
O W 

U ~ 
Z Z a 
O N 
á ó 
N Z 

52 
2 

a 

Uf 
W 

C 
cº 

ó 

Y) 

O 2 

w2 03 
0 3 

6 7 

-5 

-6 

-7 

i 
W 

Z Z Z rn Z J Z 
W w J IV á W F W 1... -7 V1 

W N w e,- 2 (7,04 4 r r F' H 
o a 
W W a o 4 Y O 4 Y N Q W O Z 
O o 

1.- 
N- 1. -NN 1.--1.1 H NW 

n 1 2 C 0 N O O N re O O Z C z 
4 4 H= z 

x Z W= Z o= 4 
Z Z z z /-22 M' Z2 J i 
2 LL Z -- O Z- O Z- O W i O 

H 
O 

O W LL O O W LL 
W O 

LL 
CC 

Z l7 Z J J J Y N W 
W á W y) 4 W W 4 W 2 á W 

2 - 2 Z Z M 
W O 4 U.4 ,-s. C O Q 

O 2 0 ° 4 J o 4 J o 4 J o 4 J 
Z a Z o C a o Cr d o Cr d o Cr a 

53 03 Ei E2 Es E0 
4 0 32 28 44 53 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVE, ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3.192 4/3 : PHASING OF ANTENNA No. 3 IN DEGREES 

U) 

4 

W 
2 
4 
cse 

O 
2 

315' 270' 225 180 135 90 
I I I I I 1 

7 

W 

¢ 
cº 

o 

4 
2 

LL Z OW 
O 
Z Z 4 
U N 
á ó 02 

a 

I 1 I 

6 5 4 3 

{d3 = PHASE PATTERN NUMBER 

W 

¢ o 
o 

h 
W 

¢ 

o 

o 
W 

¢ 

o 

02 SP 412 03 S3 413 

0 2 0 5 5 0 
LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

2 
DEGREES 

45 

i 
á á á F z z 2 Z J Z y } J W J W .1W 1,_ J Vt 

h a H r ~ H a 4 
H 2 Z Z N H a 

Ñ O a y O 4 y N 4 W p Z N- F` N N I/) H NW 
2¢ p N p 0 N O O ¢ 2 

Z 
W Z 

W Z Z 0= 4 

11, Z Z Z1 O W Z 0 
O ¢ 0 ¢ O ¢ W ¢ 

O W 1 O W W Owl, O W o Lei 
W Q Z W Q= W Q= 2 Q Z "-E4 LL 0 4 -54 ¢ O< 

0 4 J o 4 J..94-0 04.J o¢ a o¢ a 0 -WC, o¢ a 

El EP E3 EC 

35 19 44 57 
RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

45 

I 

0 

4 

U) 
W 
W 
IL 
C7 
W 

-90' 

N 
o z 
Q 

-135 Z 
w 
I- 
z 

IL 
o 

-180' z 
U) 
4 
2 
a 

- 225 -(' 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 



0°- 

45 

90°- 

135° 

180° 

270°- 

315° 

45 
4/3 o PHASING OF ANTENNA No. 3 IN DEGREES 

90 135° 180° 225° 
I I I I 

270 315° 

Ati74205 

.411 
- nJ 

1 15134457 3420>51 51104050 »2052 

L 

. í_. 
904244 j147>51 1Y114275 7420554 . 2/135514 520555 2710574 51:.344 

." 
2714.755 147552 4134042 

.1 .dr r . ' "í_,, .d1 J 
2720574 

\. :1 
111N555 34052 ! 5225150 31455/ 24214/70 142054 w2155s 2750574 742.54 2534)1N 34z47 27»2541 i . AqPY . 
2501050 34,24,2204 .11235l 501144 .422354 254714 342235$ 1417744 34210.4 

1 .At J !! 
se .ma 

dk Tip 
0.:as0 51354554 342a51 

-4,354 

%26354 

204052 1¡255 

15254050 3425534 

.AL .'_,L -4k .k . . -7 117 
52551555 µ05 51451 0Q5í w541e0 ,1x»5. . 4572142 7425555 . 41522551 1.. 04 

kav 
53592555 3424352 

nw. 
55.,5740 5x4555 45244211 3425354 

dal 
44234474 W5 74 

my 
554221 

AIL 

arit7421551vr,V 

':'4557 4354 2444. 34. 2 

R 

20201/52 9425)52 . 24254254 5.3,51 . 25244454 1445554 .Y2!5457 3.15155 24291045 342 354 

15501454 »24552 

117 

r.l_dM12554455 4:4555 . 555455 524154 2R14755 1.511 22244470 SN41» 

./aÁ .ít 
74:7>50 54 y2755N »TSS 

nr, 

dir% yip 
22505244 .425,,2. 

tjb, 
21255254 

Nabli 
25214042 0.24303 

.% 4'r_. 
.a_x244a74 y,,.n,. 2224.15Y sm7nn n-7n 1i s:,n 

222.40» 

7427;57 2055454 

4 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

2 3 4 

{1/3 = PHASE PATTERN NUMBER = 

3 

o 

2 

Sp 
2 0 3 

5 

DEGREES 
45 

o 

O 

3 
5 0 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

7 

3.193 

-0 

- 

2/1 

-3 z 

-5 

-6 

7 

fá 
á < rZ ZZ 2nZ ZJ z ). Y J W J W Q W r J N 

~~ ~~ 2~ 4AÑa Z Z a 
H O Q YOay N a 

W O Z -N-H N N F -)O H N W 

ZZ p N p 0 N O_r C 
O Z Z Z 

H=ZWZ W O= 
z f ~ Z f ~ Z i Ji -O Z- O z- O W? 

2 0 2 0 2= W2 
O W W O W 12. O V1 O 

á W yJe á W W - á W f W- 
Z -- Z 2 a Z 

LL O Q W O Q W O Q 2O Q OQJpQJ o Q J p Q J0221 0221 G2d 0 2 
Ep E3 Eo 

35 19 44 57 
RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN-SITY 

DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3. 194 y3 ° PHASING OF ANTENNA No. 3 IN DEGREES 

315° 270 225 180 135° 90 
I I I I I 

N 
W 
K 

o 

45o 
° 

0 

0- 

n 

á 
z 
W 
H 
Z 
a 
la - 
O y 
cc 
W W 
M f I- 
D z 2 _ 
No. 

3 

2 

3- 

4- 

5- 

6- 

7- 

`n 
:'i 

y:' 

at 

(1) 

gip 
ábk 

c.) 
dil 

,r 

r 
kg, 

!J at 

(WO 

1 

Oak 

w 

S. 

Afsk 
9411 

_p° 

- 45 
N 
W 
W 
CC 

fi 
W 

- 90° 

N 
O 
z 

-135° Z 
w 
I- 
z a 
ó 

- 1a0° 

N 

-225° 

-270° 

-315° 

W 
W 
2 a 
o 

" 
O a 
z 
O Z 

~ z 
z 
W N 
E 
o z 
02 
O 

7 

.r) 

O 
o z 
U 
aa 

U1 

S2 
2 

W 

h za 
0 

4 z 
Ii Z 
p W 

H 
(7 Z 
Z 
H N 

x z 

i2 
0 

6 

n 
a 

03 

I I I 

5 4 3 

113 - PHASE PATTERN NUMBER 

W 

CC 

C) 

o 

4 z 
LL 2 
O W 

U z Z a 
U en 

á ó 
m z 

S3 

5 6 0 

W 

K c 
o 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

i3 

2 
DEGREES 

45 

f 
4 4 4 
z Z Z IA z 2 J Z y y J W J W a W y J N 

I- le) Ñ~ 
a 
H Z Z Z NH a 

a r O a y Ñ a y N a W C Z -N _ I - NN N I- -M - N 1 W 
ci t7) 

2 F 
W O Z Z= 2 Z= Z C a y= W W O Z 

Z Z Z O Z-0 W 2 
CC 

O WLL O WIZi OyOjLL 
J. 

W á- W yJjáW W áW X i- - 2 - 2 2 Z U.04 "-054 ,-,34 Oa c.a.:o 
a J J o a J o Q J 

O K d .:11 d O R O. O a 1 

E1 E2 E3 co 
23 22 50 67 

RIGHT HAND PATTERN NUMBER 

GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

o 

4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 



0°- 

452- 

o 90° 
z 

CV 

O 
z 

z 135°- z 
W 

z 

ó 
1801- 

z 
V) 

_ 

k 225° 

270°- 

315° 

4/3 PHASING OF ANTENNA No. 3 IN DEGREES 

00 45° 90° 135° 180° 225° 
I I I I I I 

2700 315 - 
M.W119.tr 

;ezaxl . :elet)w oxt . 2a 

21x2 20214147 41144) zS)04111 x21 xt 241 

my 
15430 ¡221341 26204x9 /:21114 

3en 442131 

.4k Alk .40h1 
`gil M 

3:2231.0 29411991 9.22041 -- 294915, x22112 21411595 1922393 29471545 x22344 et 

1829x7 

Álz3eóe 

19` 1 

9334240 

.cak .`. ?o :J 
i24x4 29343144 ):24341 2734 3143 

x£'66 '. 32431740 x22341 ir- 

.iik j gr. ,!, 
Á482155 >r:3341 . )Á32143 3.23x2 . 914 23931923x1 . 

Á4ez162 %23344 . 29542442 Me 340 . 2e442esP x2,6 . Á492n; i4:3.92 

my 
1927x5 

"rl',', .1 .1/11 .11 
I/ 453941 .x243, 52401969 244344 . 59594J15 x24xs 0204412 

.Aid r 
x2534) 28244142 112534", 

ARt ii 
21Á455e 9624x1 

'_ ir'_ 
) i426 

.411\ 

my q21í, 0Á50, ;927X4 

25234749 . 
21244747 19243449 x 094 

'144 

)4:4x1 

4961 x:5141 

Att 

r. M 
1244749 192ix5 21224799 ,92'341 

2994749 *425x1 

431794 

25251049 

4244x3 

qp. 
1224761 )02-x1 22244141 

I 

0 

4 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 

2 3 4 

4/3= PHASE PATTERN NUMBER = 

3.21 

W 
W 4t) 

p 
4 W 
Z O 
W 

Z 
W 

O 4 
4 t_ 2 Z 
W V) O 

W O >- 
u) Z 

W W 4 
m Z Z 
2 r W N 

2 ¢ O 
2 - O 

NO. 02 
3 0 

LEFT 

N 

W 

O 

N 

S2 

2 

O 

o 
N N 4 
x ó a z 

i2 
O 

N. 

W 
¢ 
4y 

O 

03 
3 

N 
9T 

HAND PATTERN NUMBER GIVES 
PLACEMENT AND PHASING DATA. 

5 

DEGREES 
45 

N 
W 
cc 
O 
W 
O 

6 7 

3.195 

-o 

N 
W 
W 
o -2 W 
O 

3 

4 

-5 

6 

7 

f 
W 
I- 

2 2 Z N 2 Z J Z > > J W J W 4 W r J N 4 Qr )_ 
~ Z Z Z Z ,-.7, H Q 

H O 4 > O Q > 4 
W O Z N _ H N N )- - 31) F NW - N - ¢ ¢ 

O ¢ 
Z -H 2¢ p N p 0 N O - 2 

Z W Z W 2 0 OQ Z 
2 Z f ~ z f ~ 22 J 2 -p Z _ p Z- 0 W Z p 

O ¢ O ¢ O ¢ LL ¢ 
O W LL O W LL O W LL O LL J J J 1/) W 
W á W W á W W á W 1- W 

Z -- 2 Z 4 2 
LL O Q LL O Q LL O Q ¢ O Q 

O 4 J 0 4 J O Q J 0 4 J O¢ a o¢ a O¢ a. O ¢ a 
53 4/3 E/ E2 
6 0 23 22 

ANTENNA 

E3 E0 
50 67 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3.196 j/j _ PHASING OF ANTENNA No.3 IN DEGREES 

315° 270° 225° 180 135 90 
I I I I I I 

iN 
W 
W 

W 
o cc 

3 0 

7 

52 WP 

3 0 

1 I I I 1 

6 5 4 3 2 

V3 = PHASE PATTERN NUMBER DE áREES 

N 
W 

n á n C O 
o 

W 
O Q 
Z Z 
O Z 
F W - 

Z 
Z 
W e 
E ó 
o z 

03 
5 

W 

(! 

o 

Vt 
W 
W 
¢ 
W 
O 

e ie 

4 4 
z Z 

LL Z W Z 
O O 

o z á z 4 
U en In 

Q 
M 

aQ ó x d 
V) Z 1 Z 

S3 W3 

7 0 
LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

i 
á ..i Q 
Z Z Z M z Z J z y Y J W Q W Q W r.3 n 

n Q F ~ Q a z z z 1n r 7 
Ñ O Q 

y Ñ Q Y N a W o Z -N- F N H 
K 1A = ti 

Z¢p n00 1A00 - ¢Z O Z Z= Z O Q 

= z i z i Z Z f - -O Z- O Z- O W z 0 
02 W o W O 

W á - W yJ)áW W á 1 f áW 
2 Z 2 

W O Q 1i O Q W O Q ¢ 0 4 
J Q 

Q. o Q 
aJ o ¢ oJ óo x aJ 

E E2 E3 Eo 
20 26 49 76 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

45 

0 

4 

U) 
W 
W 
C7 
W 

- 90' 

N 
Ó 
Z 

135 Z 

a 
w 

- 180' -9 

<71 

- 225° 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT sHART. 



413 = PHASING OF ANTENNA No. 3 IN DEGREES 

0 45° 90 135° 180 225° 270° 315' 

0°- 

4 5° 

tA 
W 
W 
CC 

(.7 

ó 90' z 
N 

O 
z 
4 O 

Z 135 

Lai 
I- 
Z 

ó 
180° 

_ 
(N 

a 

225'- 

270= 

315° 

.A 
w2.)70 01 11214121 W1371 

21204072 %10)22 /642 )024373 20244241 3434)24 212044M w20)7. 152n112 w20)7,44 i420)7 

a .4a 
11244)72 %2Uí\, 15941 14201,) T11)3410) 102132) 

.__ .___ . : 
1122))4 2110312 3422))1 . 1020)545 3422)22 . 2212137.5 3422?) 

goy 'NI, 

.04k: 
31 12 21),) 

24 

1934+034 3021)'4 2)%)542 p241i,' 

I__ ir% Ji NU)544 Y1!, 
:41 .4111 .41 .411% 

40)72151 w33,1 41392400 )u))))5 %2)' 0 0. »14 ISO w1l) 

1 M' 1 %2)))1 

i' .4,1 
!1/ '1 ,1 

)1)03450 34AD2 ))1404) 3024 ?3 5254241 $24374 . 421)1340 5i2U)5 

4 awl 
7)r 

p23)70 -- )722410) w20)71 ! )51NIs5 %2))72 

3424))4 -1 2115493 

nip 
%1542)) %2):24 

.AL\ _ 

.1 
I 7 

).3422ri %2.74 . 15%2451 

% MP" 
422'.766 %24m . 4214%) 

friky nw 

1 

25 3264 

lilt 
wz))7 42))2151 

my 
52214452 w25)24 . 212[4%> ja20)v5 21154%5 %25.31 . 2)214)44 74.01 

AL 

.A i 
24273)1 - 20114470 %7)71 - 2022444 N27)72 . ¿)224014 1027))) . 20224543 14273)4 . 22234442 X22,3 . 24.94442 %225.4 . z)n4)42 %2737 23214473 

20254144 

%up 
22244242 

It V dal q 
o 

4 

SPOTS LOCATE THE ANTENNAS FOR 
THIS FAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 

2 3 4 5 

¢/3 = PHASE PATTERN NUMBER = )EGRESS 
45 

V) 4A N N 
W W W W 
W W 

Q o Z o 
á 4 a v o a 
Z W W W W 
Z O O O O 
W 

U. 1- x 4 
2 W 0 4 4 4 0 Zz 
W N O Z W Z W Z 0 2 W Z IL 
O > O W O W O W O 

In ori 

W W Z 4 Z 2 4 Z 4 2 4 Z 
W N á N Q N W M U M 

Q 
D ¢1i aó x ¢ ó á ó x 
Z O Z N Z d Z O Z IN Z C 

No. 02 S2 g/2 03 53 W3 

3 0 2 0 3 7 0 
LEFT HAND PATTERN NUMBER GIHES ANTENNA 
PLACEMENT AND PHASING DATA. 

W 

CE 

U 
O 

6 7 

3.197 

-0 

3 

-4 

-5 

6 

7 

f 
Q Q W 

Z z z N) 
Z 2 J Z > > J W JW 4 W Jys 4 n ÑF- ~Z ZZ 4A4 

ró4 >04 > )4014 W ZOZ 
N H N N H- M H N W 2 p O p O N O O Z Z 

H x Z 
W x Z 

W I Z 
0= 4 

Z ZO Z Z Z ZO W 2 Ó 

O W Cr O O W W O 
WáZ WaZ WáZ áz 
W 0 4 W O Q "04 O Q 

O 4 J O 4 J o 4 J O.4 J o Cc a o 11 0 0c n. o R 6. 

E/ E2 E3 E0 
20 26 49 76 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY 'DATA IN PERCENT. 

PATTERN' NOMENCLATURE 

4n 

' .4h 
2U)4, 

241 44444 1.2.372 . 201M51) ).21.71 2614/660 3424)74 . 20134641 T.U.5 24 44n) %Z11.11 2 
) 5621),1 



3. 198 103 = PHASING OF ANTENNA No. 3 IN DEGREES 

315 270' 225' 180 135° 90 

I 

0- 

n 

2- 

3- 

4- 

6- 

7- 

I 

7 

YI 
W 
W 

U) 
W 

n W 

N 

n 
w a 2 

CCo 0 
W 

¢ 0 
W 

a 

2 O O 
W 
H LL 

o 

Z W 
a r 
IL n 
O > 

0 a 
z z Z 2 
O 

W 
W Z W 2 

o= 
O W O W 

Z a Z U ~ Z 
W W I- a 2 Z Z a 
CD x 2 
X r 
O z W N Q N Q N Z O CL = O 
Z - O Z N 2 CL 2 
No. 02 
3 0 2 

se WP 

0 

1 I I 1 

6 5 4 3 

{J3 PHASE PATTERN NUMBER 

on 

2 
(º 
O 

03 

on 
a 

N 
W 
W 
(º 
O 

W 
CC 

W 
O 

S3 013 

5 8 0 
LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

2 
DEGREES 

45 

i 
á á «i 
Z Z Z n Z Z J Z y > 

J W J W a W 1,-- n 
In r H Z H Ñ F Q 
? 

ÑZOa YOa YÑa WÓ2 

N - r N N H- pc/ 0- N W 
nK (7) Cr (1)..°C1 

CLZ-~ -C 
I- 2 W Z W O O Q S 
Z Z ó Z Z Ó Z Z p W Z Ó 

O Z O Z O Z W K 
O W IL O W lL O W W O 

J j in .oi WáW yáW WáW W 
Z -- "-Ea W a«: a 0 a ¢ 5 a 

o a J o a J o a J o a J o K a o Q a o a' a oCC a 
El E2 E3 Eo 

22 21 45 77 
RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

45 0° 

0 

4 

N 
w 
W 
cc (i 
W 

- 90' 

N 
O 2 

-135 Z 
z 
W 
2 a 
U- 

- 180° (-9 z 
<7) 

If 

- 225° 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 



0°- 

4 5° 

W 
W 

90`- 

(V 

o 
z 

135°- z 
W 

z 
Q 

ó 
Ieo° 

Z 

fi 

S 

225° 

270°- 

31 5°- 

4/3 = PHASING OF ANTENNA No. 3 IN DEGREES 

0° 45° 90° 135° 180° 225° 
I I I I I I 

270° 315° 

362040 22234977 1620311 

J 

211.4677 3620542 -'ir 21254.41 %20383 

tal 
WI 

102352)1 5021301 

102-54e4 nu3111 

.41)% 
'XV 

R5.251 .43331 

542 »1 

212. 4173 :.2442 222 O 

30243. si2?302 30242944 s.2130 

4 

V. 
1 

21234210 362095 21254414 702411/5 

my 
22244250 20714 . 222)4204 91:447 

et .4. y go 
!J'2771))57 1S.N12130 

1. 

.#L 
`2559 y. 

.AL 
p11ese ü:512 51551ef1 ;0:11 

'4k J J 
964n6s .24101 

átá_ 
v17 

S17..322 A..341 _ ,559 ri20562 

-4 1 ,1 
194)27,) 14:612 M2A4 .4:41) 

25 43551 1.254] 

23204274 

Pf 
7751244 3021307 271)177 

133e2530 422565 . 14^.154 2y 
1k 

1451,53 N2154 

gro 
s. 

:Alt 
32531757 d. 70401.1 

'AL 
5.197 ±)305 . 29512050 :425150 25142:55 107.a53254 

my , -11I_ . ? 
555924,4 40.4N4 54,125.7 9i: 305 17772504 ..: 0 97772105 .::.N7 H55544) 

s 
111 

%11, 
2)1S,fá n 551 

no- 
14314714 

1 

14314754 r25503 

AL. 
T 
--__ 

2124437 ..:9304 2013474e 30.1301 14374W1 +2`50 10214743 ..='117 . 11114443 

.Al 
15314454 70249e, . 1521,255 52/4664 ,.:4N5 202052 . 21216)64 

1144 54:51 . 2~4.._-154 7144450 ,.'305 . 24144542 I. - 4 . 2510.60 3420917 . 25144,4 

o 

4 

SPOTS LOCATE THE ANTENNAS FOR 
THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 

1 1 I 

2 3 4 

4/3 = PHASE PATTERN NUMBER = 

4J 
W 
W N 

rn o a 
o 

Z 
W 

Z W 
O Q 

Q F Z 
W 477 0 z 
O y P12 2 N Q z 
W 
CD I Z f W N 

z 2 O z - o z 
NO. 2 
3 0 

4n 

W 

0 
a 5r 

án 

W 
2 
w 
0 

r 
a 

5 

DEGREES 
45 

W 

(9 

o 
ó 

4n 

W 
z o 
o 

52 4/2 03 S3 4/3 

2 0 3 8 0 22 21 45 77 

6 7 

3.199 

-0 

N 
W 
W 
K 

-2 w 
O 

-3 

-4 

-5 

-6 

-7 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA.. 

f 
W 

Z Z Z N 
2 Z J Z y y J W J W Q W F J Y) 

5(: Ñ~ H Z~ N rQ 
5t Óá yzoQ yNa wó2 

N f N _ K Z ~ H Z p N o 0 N O O -¢ z 
H= x z W= Z 

o= Q 

z z ~ Z f f- Z J 2 
_ O ?- o Z- o W i 0 

O W O W O W LL O 
J J J N W 

W á 
1,J W á W W á W f Q Z 

W O Q W O Q W O Q O Q 
o Q J O Q J o Q J O Q J 

R 1 0 0. o K 0_ O K d 
E/ E2 E3 E0 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

h 
a 



3.200 d3 = PHASING OF ANTENNA No. 3 IN DEGREES 

315° 2700 225' 1800 135' 90 

u) 
W 

W 
O 

7 

ut 

W 
K 

ó 

No. 

3 

LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

u) 

o 
W 

cc 

ó 

n 

I I 1 

6 5 4 3 

0/3 = PHASE PATTERN NUMBER - 

o 
W 

á 
c 

u) 
a 

N 
W 
R 

ó 

ut 

W 

U' 

O 

2 

DEGREES 
45 

2 
4 ¢ ¢ 
Z Z Z u> Z Z J Z y Y J w á W ¢ W I.' -J 

¢ r ¢ enrr = zZ c7) e- 
O w¢ y Ñ¢ y N¢ w ZO Z N- rN HM) r N Z p N p 0 O p O Z¢ Z p Z Z O r= Z W Z W y Z 

o=¢ 
Z Z Ó Z Z Ó Z ó W Z Ó 

O W O W LL O W W 0 4 
W 

W áW yJj á W W á W 
ID r W 

Z -Z Z ¢ Z .-a. 4 ,-,54 a 0¢ o¢ J o¢ J o¢ J o¢ J o Q. o¢a oa o¢a 
4)2 03 S3 073 Ei E2 Ea Eo 

0 5 4 0 27 21 51 58 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

45 0 

O 

4 

fA 
W 
W 
C7 
W 

-90 
N 
O z 
Q 

-135 z z 
w 
I- 
z 

Ii 
O 

- 180' 

Zr5 

a 

- 225 3N 

SPOTS LOCATE THE ANTENNAS FOR 

THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART. 



4/3 o PHASING OF ANTENNA No. 3 IN DEGREES 3.201 

O° 45 90° 135° 180 225° 
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s wl.%l 
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AL 
. ..4 

i r 
18244551. s.35341 /: 

6 

,.3 %e . 3.14!52 ..Y%1 

4432363 

elm my 
20.3150 IA, NJ 

.a 
24.5)'67 ' . 

S1'4 1!L3 
!1P642161 w764 w32%4 A?%S J.12763 ke5 

g 
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Ali 
3'M 

ri.'c 
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.Gk 
I3162 11,M1 1%3X62 H3%6 15R.e2 .' 

.a'a161 A.4143 . 2e'ki4. M>., 
AL 
1,r 

2a?.. 61 .e=%3x 2437%. 

. 

Iu,ib6S n).Mf su '044 

114443 303,345 

.á A 
)a%l . 20:5477e A61 3036 5 

.a. 
r ".. . N2^5[ 

31342 

AL 
gr. 

3.124q02 ,.3+%2 . 34124307 A 32 3 .43+%4 

% 162%66% MY%. . 20?54. n5442 

kip 

AIL 
37I!15í1 .4 4477 -. 6 

r414,`_' 
` V 

2.327'2 

2.154,: 

.1.R .4 . 

%X4. 306. 'z 

- 0 

-4 

-5 
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GIVES ANTENNA FIELD INTEN- 
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45 

0/3 o PHASING OF ANTENNA No. 3 IN DEGREES 

90` 135° 180 225° 
I I 

270° 315 

3. 203 

0° 

45° 

270° 

315° 

. ., . 

305.031 8 22285242 3033í 

30)'4 

.-_ 
21214154 211.15 

411 
21245042 343032 

i252544Q 
.6)a5) zbH4:66 1)0354 27223 

2/2.25710).3f2 21114M4 1131053 

3 

. 
102151 1115 15024051 /433311 

/ gpf. 
1318741 3412152 

r 
1 .002151 

. dk kly 
20244407 1415 )62146) M)4f5) 

.1.ak 
121341,13032)5' m 3132.4 112114772 

.:.r!30)35l 3G505e 13552 1414f151 0433) 

1 
124714 30))354 ,. )It145 

2827)043 143035/ . . 
vu5lse 54)'. 

AIL 
04f.ri1 11114912 1 

1111541 0454ri2 1.353241 

_1 
14345201 30).32 1 

1np 6z/131152 

4324111 

MY.f1 i .: ,J f.J i 
7< X:355 22114571 1334 3114451 13357 331es 

.A.í, . .dirÁ .'l 
3274141 5014351 . 312135 300052 .. 11203762 303433 . 11264070 103354 . 29214475 1434555 . 25i3)tt 041434 . 2524145 15432 326513 

Yf 
22224,51 103151 

Ark nip 
3430350 

.Áik 
8254150 51)532 22244360 3011350 13244 'be 305314 173745 

AL gro 
21244551 0156351 23244455 130532 

my 
1017310 2727435 1077131 

013 6254781 301 

2929433 11352 Sr 14374141 0437353 

1/12/5070 í030n4 182/4571 

19214047 30 

. 
IOSSSf11314171 303336 103 15214969 10 35117 

11t 
},"43:72 

)n1 9303 

rdv 
Ie2nosE 

JP: 
361519314415 16)6357 

%." 
21224247 3037314 

71234357 

22254160 113357 24274057 

-0 

N 
W 

K 

-2 W o 

3 

-4 

-5 

-6 

0 

4 

SPOTS LOCATE THE ANTENNAS FCR 

THIS PAGE OF PATTERNS IN THE 
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LEFT WAND PATTERN NUMBER GIVES ANTENNA 

PLACEMENT AND PHASING DATA. 
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RIGHT HAND PATTERN NUMBER 

GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 



3.204 PHASING OF ANTENNA No. 3 IN DEGREES 
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RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
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THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 
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3.206 f/3 = PHASING OF ANTENNA No. 3 IN DEGREES 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
SITY DATA IN PERCENT. 

PATTERN NOMENCLATURE 

45 0 

0 

4 

SPOTS LOCATE THE ANTENNAS FOR 
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THIS PAGE OF PATTERNS IN THE 
SYSTEMATIZATION PLACEMENT CHART, 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 
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LEFT HAND PATTERN NUMBER GIVES ANTENNA 
PLACEMENT AND PHASING DATA. 

RIGHT HAND PATTERN NUMBER 
GIVES ANTENNA FIELD INTEN- 
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