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PREFACE

This report concerns antenna models and computer subroutines intended to
be used with a larger program, the IONospheric Communications Analysis and
Prediction (IONCAP) program. This introductory section is a general descrip-
tion of the larger program. The body of this report is arranged to agree with
the reports describing the IONCAP program.

For many years, numerous organizations have been employing the high fre-
quency (HF) spectrum to communicate over long distances. It was recognized,
in the Tate thirties, that these communication systems were subject to marked
variations in performance. The effective operation of long distance HF
systems increased in proportion to the ability to predict variations in the
ionosphere, since such an ability permitted the selection of optimum frequen-
cies, antennas, and other circuit parameters. A worldwide network of iono-
sondes was established to measure ionospheric parameters. Worldwide noise
measurement records were taken, and variations in signal amplitudes were
recorded over various HF paths. The results of this research established that
most variations in HF system performance are directly related to changes in
the ijonosphere, which in turn are related in a complex manner by solar
activity, seasonal and diurnal variations, as well as latitude and longitude.

By 1948, a treatise on ionospheric radio propagation was published by the
Central Radio Propagation Laboratory (CRPL) of the National Bureau of
Standards. This document (CRPL, 1948) outlined the state of the art in HF
propagation. Manual techniques were given for analyzing HF circuits of short,
intermediate, and long distances. Because the manual methods were laborious
and time consuming, various organizations developed computer programs to
analyze HF circuit performance. All these programs were based on manual
methods for short or intermediate distances and used various numerical repre-
sentations of the ionospheric data. The program described here is a direct
descendant of these programs. Use of such an HF prediction program and
required input parameters and output options is described in OT Report 76-102
(Haydon et al., 1976).

The lonospheric Communications Analysis and Prediction Program (IONCAP)
was designed in modular form and coded in simple FORTRAN following as much as
possible the ANS Standard. The modular form allows any subsection to be
replaced without affecting the rest of the program. As much as possible,
table look-up techniques were used to reduce computer run time, to facilitate



the modular structure, and to determine the possible pitfalls of any sub-
section. In particular, iterative search procedures were eliminated as these
tend to become unstable under some ionospheric conditions. The program is
divided into seven largely independent sections:

\ 1. input subroutines,
path geometry subroutines,
antenna‘*subroutines,
ionospheric parameter subroutines,
maximum usable frequency subroutines,
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system performance subroutines, and
7. output subroutines.
This report describes the revisions to the antenna subroutines.

The input subroutines handle the various input options. There are three
kinds of input: card images, a long-term data tape image, and an antenna tape
image. The card images contain various circuit parameters and control run
options. The long-term data tape contains numerical coefficients for iono-
spheric parameters and for atmospheric noise as well as various tables of
parameters needed for circuit performance. The antenna tape contains optional
antenna patterns which can be generated by the IONCAP program or from some
other source. Simplification of the input card images, along with greater
input flexibility as well as extended and newly developed input features,
provide significant improvements in this section over previous models.

The path geometry subroutines determine the circuit geometry, select
optimum areas to sample the ionosphere, and evaluate the magnetic field at
these sample areas. There are no significant improvements in this section
over previous models.

The antenna subroutines process antenna data input cards, calculate
antenna gains, and output antenna patterns. These subroutines assume the
antennas are associated with existing systems that have been properly
designed.

The ionospheric parameter subroutines evaluate all ionospheric parameters
needed by the program. The old programs assumed an implicit two parabola
ionosphere. A complete explicit electron density profile is used in this
program. The profile includes a D-E region starting at 70 km, an F2 region,
an F1 ledge, and an E-F valley. [A method of including the top side is given
in a Radio Science article (Haydon and Lucas, 1968)]. Any electron density
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profile subroutine could be substituted for this one and not affect the opera-
tion of the program. It has been found that traditional empirical absorption
equations using the secant law will not work at those lower frequencies with
corresponding heights from an electron density profile lower than 90 km. This
problem has been corrected in this program.

The Maximum Usable Frequency (MUF) subroutines evaluate MUFs and Optimum
Traffic Frequencies (FOT). The method is a direct evaluation of the junction
frequency (for 50 percent of the days) rather than an iterative search. A
corrected form of Martyn's theorem is used. The E, F1, and F2 layer MUFs are
considered. There is also a separate sporadic-E MUF calculation. The program
also includes the old manual nomogram method as an option (Lucas and Haydon,
1961).

The system performance subroutines evaluate all needed circuit param-
eters. There are two separate sets of subroutines, one for shorter distances
(less than 10000 km) and one for long distances. The models for the shorter
distances are replacements for previous computer programs. The long path
models have not previously been incorporated into a computer program. The
short path models correspond to the manual method in ITS-81 (Haydon et al.,
1969). A manual method corresponding to the long path models is given in NBS
Report 462, (CRPL, 1948). The user may run either set of subroutines for any
given distance (overriding the 10000 km breakpoint). Somewhat pardoxically
the two models are identical for one-hop circuits. The short path model
evaluates each possible ray path for the circuit; high and low angle, E, F1,
and F2 modes, possible over-the-MUF modes, and sporadic-E modes. Losses
include regular D-E absorption (CCIR-252 loss), deviative losses, and
sporadic-E losses. The CCIR-252 Toss was only for F2 modes. For E-layer
modes, an additive corrective factor was developed and used. For lower fre-
quencies, which have low reflection heights (less than 90 km), a correction to
the frequency dependence was added. The noise at the receiver site is evalu-
ated as well as the mode, signal, and noise statistics.

The short distance model applied to long paths would lead to the expecta-
tion that failure of propagation at any of the reflection areas would cause
propagation to fail altogether. Empirically, however, it has been found that
propagation does not fail until the ionosphere at control areas about 2000 km
from each end of the path fails to support propagation. The Tong-distance
model evaluates the optimum radiation angle at the transmitter and the optimum



reception angle at the receiver, using an antenna-gain-minus-ionosphere-loss
function. Losses are as for the short paths at each end of the path with a
loss-per-kilometer function used to fill in the path. Noise and signal
statistics are as for the short paths.

A complete HF communications systems performance program has been
rewritten. The chief limitations to improvements are not primarily those of
the computer state-of-the-art nor of theoretical, physical, or mathematical
ignorance, but of lack of better statistical knowledge of the circuit param-
eters and their interrelations. Approximately six areas of research were
incorporated into this revision of the program. Much of the improvements
result from the combined efforts of various laboratories, both government and
private, and both domestic and foreign.

1. The description of the ionosphere is now more complete.

2. The loss equations have been supplemented. This includes E-mode
adjustments, sporadic-E effects, over-the-MUF losses, and losses for
lTow reflection heights.

3. Revision was made to the ray path geometry calculations. This was an
empirical adjustment of Martyn's theorem.

4. Revision of the loss statistics was made to include the effects of
sporadic-E layer, and of over-the-MUF modes.

A separate long-path model was developed.
Revisions made to the antenna gain models are described in this
report.

Although this program was coded so that revision of any subpart is
relatively easy, the hardest part of joining so many diverse submodels is to
assure consistency and continuity of the entire program. The whole in this
case is much more than a sum of the parts.
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LIST OF MAJOR SYMBOLS

The more frequently used symbols appear here. These symbols that are
grouped together by definition are first shown.

(R, 8, ¢) Spherical coordinate system, see Figure 6.

(X, ¥, 2) Cartesian coordinate system.

Ry Vertical reflection coefficient.

Cy Absolute value of Ry

by Phase of RV; check normalization in text.

w'v by * 2kh cos 8; phase including height, h, above ground.

Ry Horizontal reflection coefficient

Chq Absolute value of Ry.

Iy Phase of Ry, check normalization in text.

w‘H ¥y * 2kh cos ©; phase including height, h, above ground.

GREEK LETTERS:

Y Euler's constant, 0.5721%,

A Angle of elevation measured from tangent to earth's
surface.

€p Relative dielectric constant.

n Impedance of free space ("~ 120m v 377).

8 Angle of elevation, measured from normal to earth's
surface; used in spherical coordinate system.

A Wavelength.

u Permeability.

n 3.14%,

) Angle between x-axis and reference point; used in spherical
coordinate system.

Yy Angle between antenna wire and far field reference point.

w'a Ang1e between image of antenna wire and far field reference
point.

0 Angular frequency.
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ROMAN LETTERS:

a Radius of the earth.
Cy Cosine integral.
Cin Modified cosine integral
Cin (@) =y +1og, o - C:(a).
in e i
D Ground distance.

E Field strength, dBu.

e Field strength, volts/meter.

€ Referénce field strength isotropic antenna in free space.

ep Prima(y field; used to gather constants into one symbol in antenna
equations.

Ee Theta component of far field.

E¢ Phi component of far field.

FCS Absolute value of cymomotive force; used by CCIR to describe antenna

gain. G = 20 logyqy (F../173.2), dBI.
f Operating frequency, MHz.

G Gain of antenna, dBI.

g Gain of antenna. G = 10 10910 g.

H, h Height of antenna.

I Current on antenna.
Im Maximum value of antenna current.
L Length of antenna wire or dipole.
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COMPUTATION OF LINEAR COMMUNICATION ANTENNAS
John L. Lloyd*

This report contains a consolidation of practical engineering
equations for linear communication antennas suitable for use in
the prediction and analysis of the system performance of high
frequency communication equipment. The theoretical background and
the nature of the approximations are discussed. Complete equa-
tions are provided. Examples of the computations are given for
each type of antenna.

SECTION I - THEORY

1. INTRODUCTION

The Institute for Telecommunication Sciences (ITS) undertakes studies of the
ionosphere in order to predict ionospheric propagation effects. The basic pre-
diction program used for assessing ionospheric propagation conditions was in-
tended to provide the necessary data for the design of HF communication systems
and for selection of frequency complements for such systems. The computer pro-
gram, Ionospheric Prediction and Analysis Program (IONCAP) is described elsewhere
in an unpublished document by J. L. Lloyd, D. L. Lucas, G. W. Haydon, and L. R.
Teters entitled "Estimating the performance of telecommunication systems using
the ionospheric transmission channel--Techniques for analyzing ionospheric
effects upon HF systems." This report describes the antenna models and program
code to be used with the IONCAP program.

The intention of this work was to create an antenna package to be used with
the HF skywave predictions. The radio waves considered here have been reflected
from the ionosphere and thus have traveled a considerable distance. This allows
the separation of the problem into two parts: the local effect of the ground at
the transmitting site on the antenna, and similarly the local effect of the
ground at the receiving site on the antenna. Further, the assumption of plane
wave reflection is justified for this skywave case. While many workers have
studied this problem over the last 50 years, the basic references and sources for
the models used here are depicted in Figure 1. The plane wave reflection method
and appropriate experiments are described in Feldman (1933). A general method of
‘analyzing antennas was described by Schelkunoff (1939). Laitinen (1957) combined

*The author is with the U.S. Department of Commerce, National Telecommuni-
cations and Information Administration, Institute for Telecommunication
Sciences, Boulder, Colorado 80303
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these methods into a general analysis of skywave atennas. Ma (1974) continued
the work in a series of reports, most of which is included in the monograph
referenced. Since the report by Laitinen is not generally available, the devel-
opment of the general integral equations used is reproduced as Section 3 of this
report. The theoretical development then continues as in the monograph by Ma
(1974), page 243, ff. No ground wave effects are to be included in the antenna
patterns included here. The appropriate patterns for use with the ground wave
will depend on the ground wave model used (see e.g., Norton, 1941, Bremmer, 1949,
or Okumura et al., 1968).

No new theory is included in this report, the effort was directed to devel-
opment of a simple, reasonably accurate submodule to be used with skywave predic-
tions in which the overwhelming uncertainties are in the effect of the iono-
sphere, and which are described only on a statistical basis over monthly or
seasonal periods. The analysis of the antenna models was broken into two logical
subdivisions (Carrel, 1964):

(1) the exterior (radiation) problem that deals with the interaction of the

antenna with the propagation medium, and

(2) the interior (circuit) problem that deals with the interaction of

currents, voltage, etc., within the antenna system itself.

The solution to the interior problem is implemented as precalculated curves
or measured curves where available. The exterior problem is implemented using
the full equations as developed by Ma (1974). For arrays of dipoles, the
practice used by Uda of expressing the array equations as that of the resonant
dipole element and a reduced array factor (Uda and Mushiake, 1954) is intro- ,
duced. This procedure results in computer code that is quite stable and fast in
running time. There are no matrix inversion routines nor any use of the complex
arithmetic routines.

The revised code includes all the antenna types previously included with the
IONCAP program. The old antenna submodules were designated as ITSA-1 (Rev.
1977), which corresponded to the ITSA-1 prediction program (Lucas and Haydon,
1966) and as ITS-78 (Rev. 1977) which corresponded to the ITS-78 prediction
program (Barghausen et al., 1969). A version of the ITSA-1 code Appendix F of
Lucas and Haydon, 1966 was used as the basis of the revised code since this
contained more antenna types and more stable code. The code was subdivided into
separate modules and then additional antenna types added. The initial version of
the revised code is designated as IONCAP VERSION 82.02 (second version completed



in 1982). The primary simplification used was to solve the interior problem in
free space. The resulting antenna patterns are reasonably accurate when the
antenna systems are well designed, and the frequency complement specified is
within the design limits.

2. FIELDS AND POWER GAIN

The antenna subroutine included in the program is a modification of the one
from the ITSA-1 program (Lucas and Haydon, 1966). This subroutine is relatively
fast and contains simple models which assume that the antennas were well
designed.

Basically there are three quantities in the evaluation of the antenna
gain: the power gain as a function of elevation and azimuth angles (and fre-
quency, of course), the input resistance looking into the antenna feed point
(i.e., the radiation resistance), and the ability of the antenna to radiate the
power supplied to it (i.e., the antenna efficiency). Both the power pattern and
the radiation resistance depend greatly upon the current distribution along the
antenna, the environmental conditions, and the mutual interaction among antennas
if there are more than one in the system. The antenna model follows the common
convention of assuming a sinusoidal current distribution on all the wire
antennas. With this assumption, the calculation of power patterns including the
ground effect is rather straightforward. Evaluation of radiation resistances
with the ground influence included is, however, still somewhat difficult for some
antenna models. The basic reference for the models used has been taken as the
ITS-74 report (Ma and Walters, 1969). Any questions of difficulties with the
equations have been resolved by taking the values given in that report as
standard.

2.1 Basic Definitions and Standards

In this section, some basic equations and standards used for both skywave
and ground wave propagation are collected. The standard reference antenna for
skywave propagation is the isotropic antenna in free space. For ground wave
propagation, the standard reference antenna is the short vertical over a per-
fectly conducting ground. The equations to be used for these antennas are
given. The skywave antennas are to be used with the calculation of system loss
so a short description of this is given also.

The isotropic antenna in free space is an omnidirectional antenna, i.e.,
rad%ates equally in all directions, and is placed in free space, a homogeneous,



nonabsorbing medium of dielectric constant unity. This is, of course, a fic-
titious situation, unrealizable in practice, but used to standardize the
antenna gains and transmitted power. The field intensity or power density in
free space is given by (Norton, 1959)

el p (1)

e is the field strength, volts/meter

n is the impedance of free space, ohms

P 1s the radiated power, watts

D is the distance from the antenna, meters.
The 41TD2 reflects the use of a sphere and the n reflects the use of free
space. The impedance is given by:

amc10”’

120

ohms ; (2)

3
it

where
¢ is the velocity of light in free space.
The primary field from an isotropic antenna is then

ey = \IEE \[E;Vb ; V/m. (3)

Here p,. is the actual radiated power, not the power output of the transmitter
nor the power input to the antenna.
At a standard distance of 1 km and a power of 1 kW, the field strength is

e, = 173.2 mV/m or 104.8 dBu.

This is for a full sphere; if a half-sphere, i.e., over a perfectly conducting
plane, the field intensity is doubled

e, = 245 mVm or 107.8 dBu.
Following Ramo and Whinnery (1960), the gain, g, relative to an isotropic
source is defined as the ratio of power required from the isotropic source to
produce the given intensity in the desired direction to that required from the

actual antenna:

2 2
LT @)
g
¥ -% RIZ



where
v

the time average Poynting vector, i.e., power flow through a
reference sphere,

Pp

D = the distance from the origin of the coordinate system to point in
space,
= the total radiated power in free space,
R = the radiation resistance of the antenna, ohms, and
I = the input current to the antenna, amperes.

Here PAV is related to the radiated power, Pps (equal when reference antenna
and units are added as below):

p, = I%R. (5)

When the efficiency factor is used to account for heating losses, the antenna
input power is (Laitinen, 1957):

- 2
Pi = I"(Rhadiation * Rioss’- (6)

The antenna subroutines as used here and HF prediction methods used at ITS and
the CCIR 252-2 method required the antenna input power.

The HF prediction methods are based on the concept of system loss. The
system loss (Rice et al., 1965) of a radio circuit consisting of a transmitting
antenna, receiving antenna, and the intervening propagation medium is defined
as the dimensionless ratio, pr/pa, where

P, 1s the radio frequency power input into the terminals of the
transmitting antenna, and
p, Ts the resultant radio frequency signal power available at the
terminals of the receiving antenna. The system loss is usually
~expressed in decibles:

Lg = 10 Togyq (p./p,)- (7)
From transmitter output to receiver input, the situation is depicted in
Figure 2.

Lot is power radiation efficiency for the transmitting antenna.

L is power reception efficiency for the receiving antenna.

er
th is the loss from transmitter to antenna and includes both transmission
line and mismatch losses.
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Figure 2, System loss for a radio circuit.
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Lzr is the loss from the transmitter to the receiver antenna and includes
the transmission line loss between the antenna and the receiver, but
not the mismatch losses.

L is the transmission loss defined as the ratio of the total radiated
power to the available power from an equivalent loss-free antenna.

Two other loss terms are (1) basic transmission loss, Ly, which is system
loss when the real antennas are replaced by isotropic antennas, and (2) free
space basic transmission loss, Lpfs the Toss occurring when only the spreading
loss in free space is considered (but with isotropic antennas). The reception
area of an isotropic antenna is

"2
area = _A (8)

where
A is the wavelength in same units as the distance D.
This gives the free space basic loss as (CCIR 252-2, 1970):

Py
L = 10 Tog z >
bf 10 Py A /(47D)
= 32.44 + 20 10910 f+ 20 10910 D (9)

where

f is the operating frequency in MHz
and

D is the distance in kilometers.
The inclusion of medium losses and dielectric losses and antenna circuit losses
in the system loss, Ls’ provides a quantity which can be directly and
accurately measured. Transmission loss and basic transmission loss are
theoretical values which can be used to compare radio circuit performance.

Another measure used to evaluate radio circuit performance is the incident
field intensity at a specified distance from a transmitter. This is commonly
called field strength (although it is e? not e). The receiver antenna is by
definition taken as an isotropic antenna. The relation between field strength
and basic transmission loss is (Norton, 1959):

P, = -pl N (10)
zb n 4m

where the variables are as in equation (1), and



L =10 log,. % . | (11)
Solving for e?: b 107

e? - Pr n(ig)—%; s (v/m)?

., [tzom (4n)] 1\,
T (%% % )

2
480 2( 1 2
= p f ;o (v/m)® .
”[womz] (Zb)

The units of frequency, f, were taken as MHz and changing the intensity to
squared wV/m '

2 12

2 4807°7 .2 10 2

e = p f 3 (uv/m)
r [(300)2] Ly

Now change to decibels above a pV/m;
E = 107.21 + 20 logyg f + P. - Ly . (12)
Changing to a real transmitting antenna:

E = 107.21 + 20 logyq f + Py + G¢ - Ly (13)

where

E is rms field strength in dBu,

f 1is frequency in MHz,

Pt is antenna input power, dBu,

Gt is transmitter antenna gain, dBI (decibels above an isotropic antenna)

with efficiency factor included.

Lb basic transmission loss, dB.
The HF prediction methods as well as the CCIR method use equation (13) in this
form and units. Evaluating equation (13) for a standard power of 1 kW and
distance of 1 km for only free space losses [equation (9)].

E = 107.2 - 20 log10 f + 30. + 0.
-32.44 - 20 10910 f - 20 10910 1.
E = 104.8 dBu, i.e., e, = 173.2 mV/m,

which are the same numbers as evaluated with equation (3).



The ground wave reference standard is a short, vertical antenna over
perfect ground radiating 300 mV/m at 1 km [compare with equation (3)].

e, = WL 5 vm. (14)

For a standard power of 1 kW and distance of 1 km,

e, = 300 mV/m or 109.54 dBu.

The 300 is not arbitrary; it is an approximation of\/3c10'§b 100,
¢ 1is the speed of 1ight (Norton, 1959).
The gain of this antenna is 4.8 dBI. This antenna is used with the CCIR
ground-wave curves, the methods in Bremmer (1949) and one of the ground wave
programs used at ITS (GW78, L. Berry, private communication).
Using equation (13) for this antenna, the field strength is

m
il

107.21 + 20 Togyq f + 30. + 4.8 - L,

142 + 20 logyq f - L, (15)

which is identical to the equation given in CCIR Report 252-2.

The confusion between the ground-wave reference antenna and the skywave
reference antenna arises from the old skywave standard of effective radiated
power (CRPL, 1948):

"The effective radiated power, P, radiated in a particular direction
from a transmitting antenna is, for the purpose of calculations in
this chapter, defined as 1/3 gp,.

The factor 1/3 is introduced for the sake of convention, so that

1 kw of effective radiated power corresponds to a field intensity of
300,000 uyv/m at 1 km, which is the field produced at 1 km in the
horizontal direction by a short vertical antenna over a perfect
earth, with one end on the ground, radiating 1 kw total power. The
gain g of such an antenna in the horizontal plan is 3.

The effective radiated sky-wave power determines the field intensity
for sky-wave propagation. Calculations of incident field intensity
described later in this chapter are based upon a standard effective
radiated power of 1 kw, i.e., a field intensity of 300,000 pv/m at a
distance of 1 km, which, as seen from the above, corresponds to an
isotropic antenna radiating 3 kw total power in free space.”
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The situation can then be described as either a different reference
antenna or as different powers. The graphical methods in R.P.U. 9 (Laitinen,
and Haydon, 1950) and NBS Circular 462 (CRPL, 1948) as well as the FTZ method
(Beckmann, 1965) expect power as effective radiated power, i.e., 1/3 the
radiated power of an isotropic antenna, or are referenced to a short dipole
over perfect ground. The method used with computers at ITS as well as the
CCIR 252-2 method require power, Pt’ input to the antenna and gain, including
efficiency factor, referenced to an isotropic antenna in free space. The
difference, neglecting efficiency factors, is 4.8 dBW in power or 4.8 dBI in
antenna gain. ,

One more reference is used by the CCIR (ITU, 1978), "the value of cymo-
motive force (c.m.f.) on a half-sphere above the ground centered at the
antenna and of radius which is large compared to the physical and electrical
dimensions of the antenna.”

The electric field, e, in mV/m at a distance of 1 km for 1 kW radiated
power is numerically equal to c.m.f. ch‘ The maximum value of FCS is given
as

_ 200 37 )
ch(max) = ; volts

J T /2 2 (16)
fz !‘ F¢ (4, 6) cos6 dodé
0

F is the normalized radiation pattern, maximum value is 1.

where

(¢, 6) are the spherical coordinate angles.
For an isotropic antenna, F is identically 1, so

200y 3 .y

N7

2 .
(qz=)\f3_(100) ; Vv
(W2 ) (N3 (100) ; V.

The integration with respect to 6, was over a half-sphere, so halve for free
space (half the intensity)
V3 100 ; Vv

173.2 3 vV

FCS (max) =

FCS (max)

11



which is numerically equal to e, for p. =1 kW and D = 1 km [equation (3)].
So to convert from F..(max) to gain, dBI,

F__ (max)

6 = 20 logy,

For the short vertical antenna; Fes = 300 volts.

Some care must be taken in distinguishing the skywave pattern from the
ground-wave pattern. The skywave antenna pattern is intended for waves that
are reflected from the ionosphere, and thus it is proper to separate the
antennas (transmitting and receiving) and consider only the effects of the
ground at each antenna site and to consider the propagation as that of plane
waves (Feldman, 1933). The procedure is then to use the reflection coeffi-
cient method, described later, and to integrate over the antenna structure.
This method is not intended to be an evaluation of the ground wave field,
although it corresponds to one of the possible approximations to the ground
wave. For short distances, the ground wave consists of three factors: the
direct wave, the reflected wave, and the surface wave. Although the skywave
antenna patterns as given in this report were developed independently of the
ground wave methods, the relationship has been described:

"For small angles and short distances, the third term must be used
together with the first order terms. As the distance is increased,
the first order terms are sufficient for the specification of the
field down to a very small angle which is inversely proportional to
the distance. This latter property of the first order terms is very
useful in computing the sky-wave radiation from antennas. In this
case we are interested in the total field at the ionosphere where
the waves are reflected or refracted back to earth. At high angles,
the distance to the ionosphere is of the order of 100 miles, but at
high angles the first order terms may be used at very short dis-
tances; at lower angles, the distance to the ionosphere becomes
inversely proportional to the angle (neglecting the curvature of the
earth) in just the manner required to make possible the use of the
firs§ order terms for computing the sky-wave radiation," (Norton,
1937).

The ground-wave pattern is to be used with some method of calculation
that has been normalized to a standard antenna [e.g., equation (14)]. The
variation of the pattern with elevation angle for the short dipole was omitted
above. The equation (14) becomes

12



e, = (3V10 \/pr Y cosA , V/m (18)

A is the elevation angle (measured from the earth's surface).

where

The user needs to check to determine if the cosine term is in the program or
curves being used.

It is possible, of course, to determine the ground-wave field from the
antenna by integrating the ground-wave equations over the antenna structure.
This is a complicated and expensive method, although programs exist which
attempt this (e.g., Strait, 1980). The more common method is to determine the
pattern of the antenna as normalized to the standard reference antenna and to
compute the field strength (or system loss) using the reference antenna. When
this approximation is used, the height of the antenna is the mean electrical
height, [, (Laitinen, 1957). This height is defined as the height at which
the current can be considered to be concentrated. For a vertical antenna
(Figure 3),

1 =In‘ﬁn[ul—sﬂ

1|z

r']'rl

T’-"‘ C
!

Figure 3. Mean electrical height of a vertical antenna.

. , radians (19)

4- Id

L
-{ k Ids
S
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where
I 1is the current distribution,
L 1is the length of the antenna,
k =2m/)\, A is wavelength.
The units are the old units, the transformation to L is

Lo=f{1\n2x. (20)
)

The results for a vertical antenna and an inverted L is given in Figure 4.

2.2 Antenna Efficiencies
The efficiency of an antenna or its ability to radiate the power supplied
~to it (Laitinen, 1957) is assumed in these methods to be 10C percent for hori-
zontal non-terminated antennas, and 67 percent (1.7 dB reduction) for termi-
nated horizontal antennas. The efficiency (Fl) of an inverted "L" antenna
(Figure 5) is represented by the following polynomial

Fy = 20 Togyo (6.335 X + 67.95 X2 - 693.00 X3 + 1600.00 X*)

X = physical height/A (21)
where

Xo= wavelength of the operating frequency

F2 = theoretical power gain to be reduced by this amount--dB.

The efficiency (F,) of the grounded vertical antenna (Figure 5) is
represented by the following polynomial

F, = 25.646 - 364.817 X + 2179.89 X2 - 6091.33 X3 + 6416.702 X* (22)
(variables are identical to above).

The above efficiencies are for a matched system; i.e., there is no mis-
match loss between the antenna and the transmission line (Wolfe, 1967). The
measured and theoretical values differ due to the ground system used and to
antenna heat losses. The curve of Figure 5 is taken from measured and
theoretical values of efficiencies (Laitinen (1957).

14
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Figure 4. Mean electrical height, H, vs. physical height in fractions
of one wavelength, L, grounded vertical antenna, inverted
"L" antenna.
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Figure 5. Efficiency of the inverted "L" and grounded
vertical antennas.
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For the reception of high frequency signals, the ability of the antenna
to discriminate between the signal and the noise is the important consider-
ation, since the major noise sources--atmosphere, man-made, and cosmic--are
external to the antenna system. In the absence of better information, it is
assumed that this external noise arrives equally from all directions, and the
receiving antenna gain (performance of the antenna in the reception of this
signal relative to its performance in the reception of noise) is the directive
gain of the antenna; i.e., antenna efficiency is not considered in the
receiving antenna gain. ‘

The directive gain may be applied to signal-to-noise ratio predictions;
however, power gain should be used when predicting system loss or receiver
input power.

2.3 Reflection Coefficients

If an electromagnetic wave in air is incident on the ground, then the
reflection coefficient of the wave is defined as the ratio of the field
strength of the reflected wave to the field strength of the incident wave.
Since the incident and reflected waves have phase as well as amplitude, the
reflection coefficient is, in general, a complex number. For waves polarized
parallel to the plane of incidence of the wave (vertical polarization) the
reflection coefficient is (Schelkunoff and Friis, 1952)

(e.. - jx) sina -\l(e - jx) - cosZA
= r r > (23)
(er - jx) sina +\[(er - jx) = cos"A

v

and for waves polarized perpendicular to the plane of incidence (horizontal
polarization)

sinp - (er - jx) - coszA

R, = - (24)
H sinA +1/(gr - jx) - coszA

where / denotes the principal branch of the complex square root function, and
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€. = relative dielectric constant of earth

r

x 22 = 18 x10% o/f (25)
v

€, = dielectric constant of free space (farad/meter)

o = conductivity of earth (mhos/meter)

w = angular frequency

f = frequency in megahertz

A = angle of elevation in degrees, and

i =/,

If, using:the appropriate subscript V or H on R, one writes R in the
form R = [R] €'Y, then |R| is the amplitude of the reflection coefficient
and y the phase. Since the function eiY is periodic with 2wi, the expression
given here does not uniquely define the phase. It will, however, always
be clear from the context which value of Y is being used. Letting ¢y =y * 7,

R=-kelV (26)
It is the purpose of this section to obtain K and ¢ for both vertically and

horizontally polarized waves. Letting A = (e* - ix) - cos2 A, one finds
that

A= Deja ’ (27)
where
p = [e, - cos? a)2 + xz]]/2 , (28)
\ and
o = -Tan"! X 5 . (29)
(Er - cos” A)

Equafion (26) can now be written as

18



R

(er - jx) sin A - p

1/2 ej a/2

v..

(e,

- jx) sin A+ p

The reduction of (23) to the form (26) gives

p-

L

2
p

2
+ (er

+x2)251n

4

1/2 eJ a/2

A - 29(€r2+x2)s1‘n2Acos (a + 2 sin'][

r ) .

X

G 2+x

(30)

1/2

X

i 2.2y .2 1 el N S
p + (e "+x7)sin"a + 29 /2(€ )/ 2sinacos (%+ o [( 2,32y1/2

)

(31)

The analysis of wv yields the following three cases:

1. If (Er + x° )A - p =0, then
. . -1 x oy _ .
a. If sin A sin (Tan”' Z—+ %) = 0,. then y = 0. (32)
r
. hd A\
b. If sin A sin (Tan") X+ %) > 0, then y, = %— (33)
r
. . -1 x a = .7
c. If sin A sin (Tan E;—+ 5) < 0, then y = - 3 (34)
2. If p - (er2 + x2) sin2 A > 0, then
]/2 r + %2 sin A sin (tan” -1 é"+ %)
- r
Y, = Tan (35)
v p - (er2 + xz) s1'n2 A
3. If p- (2 + x%) sin® 4 < 0, then
]/2 /€ r + X2 sin A sin (tan” -1 E—-+ %)
b, = Tan” 2,2, 2 ; T
p - (Er + x°) sin® A (36)
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A similar analysis leads to :

1/2
K. = [pz + sin4A - 2p s1n2A CoSo. ] (37)
H [b + sin®p + 2pI7z sinA cos J&]
and 2
172 . .
-1 2077~ sind sino/2
¥y = Tan™k Az % (38)
p - sin"A

The normalization of these parameters is as was done in ITSA-1 program (Lucas
and Haydon, 1966). In order to compare with the complex numbers Rys Ry (Ma,
1974) subtract 7 and add .

Ry = Ky exp(ily, - =) (39)
RH KH eXP(J'(an + 7)) (40)

3. GENERAL ANTENNA EQUATIONS

The general form of the equations describing linear antennas over lossy
ground are given in this section. The coordinate systems used are
described. Then the general antenna equations are given. These will be
applied to specific antenna systems in the following sections of the report.

Three coordinate systems are used: (1) the mathematical model the
antenna is placed in, (2) the circuit between the transmitter and receiver,
and (3) the computer code used. The model coordinate system will be a
spherical one as depicted in Figure 6. The three coordinate surfaces are:

(1) The sphere, R = constant, > 0.
(2) The cone, 6 = constant, 0 < 6 < m.

(3) The plane,$ = constant, 0 <¢ < 2m.
The relationship with Cartesian coordinate is given by the equations

X =R sing cosd

y =R sing sind

z =R cos® (41)
R = VX2 + y2 + 22

6 = arc cos (Z/V§2*+ y2 + 2%)

¢ = arc tan (y/x).
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X

Figure 6. Spherical coordinates. The unit vectors 1ie in the lines of
intersection of three pairs of coordinate surfaces. The dif-
ferential element of volume is shown at the right of the
figure.
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The ground plane is taken as the x-y plane. The basic problem is to
determine the field from a wire element placed arbitrarily above the ground at
an observation point P (Figure 7). Two angles that will recur throughout the
antenna models are the angle y, between the wire element and the observation
point and the angle w'a between the image of the wire element and the observa-
tion point. Using the inner product formula and equations (41), the angles

are
cosy, = (sing cos¢, sino sin¢, cose) (sing, cos¢y,
sind, sin¢,, cose,)
= sind cos¢ sinea cos¢,+ siné sing sind, sind,
+ cos® cosf,
coslPa = cosP cosea + sin® sin6, cos(¢ - ¢,) (42)
and
coswa = ~c0sH cosea + sind sinea cos(¢ - ¢a) . (43)

In this report the antenna system will be placed so that the desired main
beam of the antenna will be placed in the direction of the positive x axis.
This convention is not followed in the references‘so some care must be
exercised when comparing equations.

The coordinate system used to describe the circuit between transmitter
and receiver is centered on the transmitter site and uses ground distance from
the transmitter, azimuth angle east of north, and vertical distance from the
earth's surface. While normally the main beam of the antenna is in the same
azimuth as that of the circuit, this is not always the case. The computer
code uses the mathematical model coordinate system and converts the circuit
coordinates into this spherical system.

The power gain of the antenna is defined using equation 4 (IEEE, 1965):

2
g - 4m R PAv
W (44)
2
_R% 2 2
=(30 W, )(|E9| g 1)
in

where
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Figure 7. Arbitrarily oriented antenna above a flat earth.
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E8 and E¢ are the field in the indicated direction;

= 2
Wip = IIinl Rin
where
Lin is the input current at the feeding point and

Rip 1s the input resistance.
The calculations are simplified using the general radiation formulas
(Schelkunoff, 1939; Laitinen, 1957) for traveling waves

L

By = ke sino [ o1y endks (1 -cosd) g (45)
0
and for standing waves
L .
Eg = ke, sine.f F(s) e Jks cos8 ¢ (46)
0
where
-jkR ~-jkR
- s iage B
e, = J oM g ~ 330k S (47)

The factor k = 21/A = w ﬁo €0 has been included within ep here. This factor
will come from the integration of the standing wave current distribution over

a thin wire. The revaluation

1 fve 30

is used in equation (47). L is the length of the antenna and F(s) is the
standing wave.

For an antenna over a lossy ground, the effect of the ground reflection
must be accounted for. The horizontally and vertically polarized fields
produced by a linear antenna are found by projecting the horizontal and
vertical projection of the radiation vectors in the 6 and ¢ directions. For
horizontal polarization (Ma, 1974)

EH total horizontal component
Ei(Rl) + Er(Rz) (48)

E4(Ry) + RyE;(Ry)

where

E; is the incident field,

) Er is the reflected field,
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Ry is the distance between the antenna feed and the far field point,

Ry, is the distance between the image of the antenna feed and the far field
point, and

Ry is the horizontal Fresnel reflection coefficient.

For vertical polarization
Eﬁ = total horizontal component

E;(Ry) - RyE4(R))

m
"

v Ei(Rl) + RVEi(RZ) (49)
where
Rv is the vertical Fresnel reflection coefficient.
So the equation for the fields are

L
Eg = k ep[cosa cos(¢ - ¢a) cosf j' I(s)
0
exp(jks coswa) [1 - R, exp(-2jk hg cos6)] ds
L
-sina sine.f I(s) exp(jks coswa)
0
[1+ R, exp(-2jk hg cos6)] ds] (50)
and
) L
E¢ = e, k cosa sin(¢ - ¢A) J'I(s)
o
exp(jks coswa) [1+ Ry exp(-2jk hg cosf)] ds (51)
where
o= T2 - ea,

I(s) is the current distribution.

The term exp(jks coswa) is the phase advance of the element ds at s over
the origin.

s is the height of the antenna above ground.

The equations (50) and (51) are based on the assumption of plane wave

reflection over a lossy earth and are the basis of the antenna equations

formulated by Laitinen (1957) and Ma (1974).

h
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In order to finish the calculations, the radiation resistance, Rin’ must
be determined. This can be calculated by viewing the antenna and its image as
a coupled two-port network.

Vi L1+ 0 (52)
where
Vi is the impressed voltage, volts,
I1 is the input current of the antenna, amperes,
Zy;, is the self impedance, ohms,
Z12 is the mutual impedance between the antenna and its image, and
I, is the image current of I

12 = Ry I1 ; evaluated with 6 = 0 for (53)
horizontal elements and
I, =R, I; 5 06 =0 for (54)

vertical elements.
From equation (52), then the radiation resistance is

where

Re is real part,

C is R, or Ry calculated with 6 = 0.

The antenna pattern can now be calculated using equations (44), (50),

(51), and (55). There are three basic levels of approximation:

(1) Numerical integration using method of moments. The current
distribution I(s) is expanded into base functions to carry out the
integrations. The use of Sommerfeld integrals is sometimes used to
find the current relationships and the radiation resistance (see e.g.,
Strait, 1980).

(2) Analytic integration using a 3-term current expansion and using
complex matrix inversion methods for the current relationships and
radiation resistance (Ma, 1974).

(3) Using the simple l1-term current expansion (sinusoidal) and solving for
the current relationships and radiation resistances either in free
space or over perfect ground. This is the classical method of finding
patterns for skywave fields.

To each of these approaches, the efficiency factor of the antenna must be
added [see equations (6)]. The approach followed here is to use free space,
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or perfect ground Spgditions, or to use precalculated or measured curves to
find the current relationship and radiation resistances and to do an analytic
integration of equations (50) and (51) with a sinusoidal current distribution.

For convenience in referencing, a standard integral that appears in the
formula for particular antennas is evaluated here. From standard integral
tables (or verify by integration by parts) it is known that

AX

feAX sin (Bx+C) = =8—=— [A sin (Bx+C) - B cos (Bx+C)] . (56)
A2+B2 ,

where A, B, C are dummy variables. For a wire of length, L, the integral will
be of the form:

Z .
jks cosV
(%_) [C + j D] =fe 3 sin [k(L - s)] ds
0
jks cos
(1 -—%— e Va (cos[k(L - s)]
k J sin Va
VA
+j cos',ba sin [k(L - s)]) (57)
0
jkZ cos¥
C+jbD-= “——%—‘ e a (cos [k(L - Z)]
sin wa
+ coskba sin [k(L - Z)] (58)

- {(cos kL + j coswa sin kL))

The factor (&—) that appears in equation (57) is combined into the factor
€p> equation (47).” For a straight wire, the integration limit, Z, is taken as L.
Z=1L:

C =—— [cos(kL cos¥,) - cos kL]

s$in a

D = —1 [sin(kL coswa) - cosp, sin kL] . (59)

For a bent wire 1ike the inverted L antenna, L is H + 2 and the integration
limit is Z = H.
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(]
"

cos(kH cosy.) cos kg - cosy, sin kL sin(kH cosy,)

- cos [k(H + 2)]

o
n

coswa sin kP cos[kH coswa] + cos k2 sin[kH coswa)
- cosy, sin[k[2 + H)] . (60)

For a dipole, the required integral is

L/2

Jks cosy, 1
e sin [k(L - s)] ds i (C+ jD) . (61)
-L/2

The integration of equation (61) is easily accomplished by using the symmetry
of the sine term, an even function, the symmetry of the real part of the
exponential term, an even function, and the anti-symmetry of the imaginary
part of the exponential term, an odd function. These functions are depicted
in Figure 8. The real part of the integral is a symmetric (even) function, so
the total integral is twice the integral of the positive integral (i.e.,
equation (59). The imaginary part of the integral is an anti-symmetric (odd)
function, so the total integral is zero. From equation (59)

C . 2 [cos [k(% coswa)] - COS (k -12'-)]
siny,

D = 0. (62)

The above equations (59), (60), and (62) will recur with some of the antennas
described below.

4. VERTICAL MONOPOLES AND STANDING WAVE WIRE ANTENNAS

The equations and approximations used in the computer code will be given
in this and the following sections for various antenna types as specified.
The derivation of the equations follows from the general formulae given in the
last section. Since most of the equations have been derived elsewhere
(Laitinen, 1957; Ma andVWa1ters, 1969; or Ma, 1974) only a compilation of the
results is given, unless the form of the approximations is not published
elsewhere.
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Figure 8. Integration of current for a dipole using symmetry.
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Vertical monopole, antenna 2 and 17 (Antenna numbers refer to numbering with
computer code)

The vertical monopole has the geometry as indicated in Figure 3. This
antenna is usually placed over a ground screen. No direct explicit account is
made here for the ground screen. The efficiency factor (Section 2.3) is for a
monopole over a properly designed ground screen. The current distribution is

I(s) = 1, sin (k(L - 2)), z>0. (63)
The field components are
Eg = - e, k I [C + D +Ry(C - jD)] (64)
E¢ = 0, (65)
where
C = (cos(ke cose) - cos kg)/sing
D = (sin(ke coss) - cosg sin kg)/sing (66)
(cosy, = cosg here.)
Let
b = Arctan (D/C) (67)
then
30 (c2 + %) [1 + K2 - 2K cosly. - 2b)]
v v v
g-= (68)
Rin
where

Ky is the magnitude of the reflection coefficient,
Y, is the phase of the reflection coefficient. (= arg(Rv) - as
given in Ma (1974) so the change in sign in equation (61).)
The substitution (from Laitinen)
2 + b2 = ¢2/cos?b (69)
is made into equation (61) for use in the computer code.
The radiation resistance is calculated assuming a perfect earth. The
equations used are taken from Jordan (1950) as these are already separated

into real and imaginary parts.
Rip = 30 [(1 + cosp) Cy,(p) - 0.5 cosg Cy, (28)

- sing S;(g) + 0.5 sing $;(2p)] (70)
where
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8 =2(ﬂ)L=2kL
X

Cm(B) =y + 109eB - C'I(B)
C;(B) = cosine integral
$;(B) = sine integral

Yy = 0.577

For short antennas, L/A» < 0.181, the short antenna formula is used.
Ri, = 10(kL)2.

Vertical log periodic monopole array, antenna 19

The vertical log periodic monopole array is a simple approximation
intended for an azimuth (i.e., main beam) use. This is modeled as a quarter-
wave monopole with additional gain as specified by the user.

Sloping long wire, antenna number 11

The sloping long wire is a tilted monopole when placed on the ground
(Figure 9). This can also be elevated. When horizontal, this configuration
is a long wire. The radiation resistance formula used assumes that the base
of the wire is on the ground. The assumed orientation of the wire is that the
acute angle of the slope, o, is along the positive x-axis (Figure 8). Thus,
the geometric relationships are

TITIIITTTTI T 7R

Figure 9. Orientation of sloping long wire antenna.
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cosy, = cosb sino + sin6 cosa cos¢
(]
coswa = - c0s6 sina + sinb cosa coso

hg = h + (sina) s.

Since this is a standing wave antenna, the current is
I(s) = I, sin[k(L - s)].
Using equations (50) and (51), the field components are

L

Ee = ep k Im cosa CO0S¢ cosef sin[k(L - s)] e Jks cosy,
0

(1-R e-2jk (h + sina s) cose) d

v S

L
- sina sinef sin[k(L - s] edks cosvy
0

[1 +R, o-2dk (h + sinas) cose:]ds

=e, I [F3 + G3]

L Jks cosv,
E¢ = ep k I, cosa sin¢ sin[k(L - s)] e

0

[1 PR, o-J2 [h + sina s] cose ds]
= ep Im (F4 + G4) .

The required integrals are

L

jks coswa 1 ;
f sin[k(L - s)] e ds = (C1 +j Dl)
0
and
L jks cosy, -2jk sina s cos®
f sin[k(L - s)] e e ds
0
L jks cosy, . 1
=f sinfk(L - s)] e ds = (C2 + ] Dz) e

0
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C, = [cos(kL coswa) - COs kL]/sinZwa

Dy = [sin(kL coswa) - (coswa) (sin kL)]/sinle)a

C2 = [cos(kL coswé) - cos kL]/sinzwé

D, = [sin(kL coswé) - (coswé) (sin kL)]/Sinzwé . (77)

It is convenient to combine the height phase term with the phase of the
reflection coefficients.

' —
wv = wv + 2kh cosf
wg = wH + 2kh cosb .

The field components are then

F3 = (cosa cos¢ cos6 - sino sind) Cq
- (cosa cos$ cos® + sina sing) |R, |

[C2 coswo - sinw& D2] (78)

Gy = (coso cos¢ cos® - sina sinb) Dy
- (cosa cosd cos6 + sino sind) IRVI [D2 coswo + C2 sinwo] (79)
Fp = (cosa sing [C1 + (C2 coswh - D, sinwﬁ) lRHl] (80)
G4 = €0Sq Sing [D1 + (D2 coswh + C2 sinwh) ]RH 1. (81)

The gain is
_ 2 2 2 2

g = 30(F3 + G3 + F4 + G4 )/Rin . (82)

The radiation resistance is calculated assuming the antenna is on the ground
(h = 0) and perfect ground conditions (Shelkunoff and Friis, 1952).

R, = 60 C;,(2kL) sina
+ 30 [2 Cyp(2kL) - Ci,(2kL) (1 - sina)
- Cip(2kL) (1 + sina)] cos (2kL)

+ S;(2kL) (1 + sina)] sin(2kL) . (83)
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This variable, Ry» is calculated in the subroutine RWIRE. For the sloping
wire Rin is 0.5 Ra' For a vertical wire, a = 90°, the factors become

C1=C2 = (

Dz = -Dl =D
and

E¢=00

So the field components are identical to those for a monopole [equations (62)
and (63)]. Also the radiation resistance .5 Ry, equation (81), becomes Ry,
equation (68). The only difference is the efficiency factor, which is zero

for the long wire.

Inverted L, number 8
The inverted L is a bent wire orientated for the computer model as in
Figure 10. The assumed current distribution is shown also in Figure 9.

I(s) = 1I_ sin [k(L +H - s)] .

m

The field derivation is divided into that for the vertical portion and that
for the horizontal portion. For the vertical portion

¢ = 90°; coslPa = cos® and hg = hy + s.
E¢=0.
6 L ) jks coswa
Eg = -ep k sin Jf Im sin [k(L +H -5s)] e
0
-2jk h0 cosh -2jk s cosh :
[1+ R, € e ] ds. (84)

As for the monopole

H
J. sin [k(L +H -5s)] e

0

ks coswa
ds

]
p -]
S
]
[
(=2
S
~
~}
m’\}‘
.v
o
(3, ]
~
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Z ? I(s) = I sin [k(L-s)]

H{
o ~ >

he H L

77777777777 77777 777777773

o

Figure 10. Orientation and current distribution
of inverted "L,"

Using equation (60)

A4 = [cos (kL) cos(kH cos8) - cos8 sin(kL) sin(kH cos®)
- cos[k(H + L)]]
B4 = [cos® sin kL cos[k(H coswa) + cos kL sin[kH cos8]
- cosg sin[k(L + H)]] . (86)
so,
Im . ( —Z,J‘kh0 cose) )
Ee = 'ep'ETﬁE' (A4 +j B4) + Rve (A4 - B4) (87)
. -2j(b + k h cose))
- 1 ‘, 2 2 jb
= 'ep (%Tﬁé) A4 + B4 e (1 + Rv e 0
Ee z - (F11 +j Gll) Im ep (88)
b = Arctan (B4/Ay)
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A2 + 32

F11 = —lEETR;JQ— [cos b + C coswv]
2 2
A + B
_v4 4 '

G11 sing [sin b + C_ siny']
Cv = |Rv[
wv = wv -b - 2kho cosf .

For the horizontal portion
o= 0°, coswa = sin6 sin¢

I(s) = sin[k(L-- s)]

In
L

Eg=+ e k sin¢ cos® Imf sin(k(L - s))
0

=21 0
odks sin¢ sin® 2jk(h, + H) cos

[1- Rv e 1 ds
L
_ . jks cos¢ sin®
E¢- -e, k °°S¢ImI sin[k(L - s)] e
0
-2jk(ho + H) cos®
[1+R,e 1 ds.
The integral is
L
' Jjks cosy A +38B
sin[k(L - s)] e a=_5 5
k sin2y
0 a
Ag = cos[kL cosqh] - cos kL
By = sin[kL cosqé] - cosy, sin kL .
So,
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e sing coso I

-ij(ho + H) cosb

Chie " [(A + 3 Bg) (1-R, e
0 sin2¢a 5 5 v
=8 In [Fp +3 Gppl
-e) cos¢ L )
fo [(Ac +J Bz) (1+R e
¢ ‘sinZwa 5 5 H

=ep (FZ +JG2).

The total field is

®p Ip (Fp +3 6y

E¢ =& In (Fz +J GZ)
g =30 [Fi +6 +F; +6)]
Rin
"1 =_:-_:$];:£Sj Ag + Bg [cos b' - C, cosu!]
"ET%F AZ + Bz (cos b + C, cosiy)

_sin¢ cosb 4,2 L2

(sin b + Cv s1n¢b)

Gl";;z'l;a— Ag + Bg
“g%ﬁg Ai + Bi

b = Arctan (B4/A4)

b, =¥, -b - 2kh cosb

b' = Arctan (Bg/Ag)

by o=y, + b - 2k(ho + H) cos®
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sing 2

) 2 . \

F2 = ———— Y A5 + B [cos b' + CH cost]
sin wa

Gz =._§l;9__ AE + BE [sin b' + CH coswﬁ] (101)
sin wa

wg = wH +b' - 2k(h° + H) cosb . (102)

The radiation resistance is calculated using the equation (70) with L
replaced by the total length of the antenna, H + L. To this is added the
maximum of 0. or Ry, y, where (Ma and Walters, 1969)

Ry = 60 [log, L - C,(2kL) - Ei;ééi&l.- 0.423]. (103)

The practice of restricting Rin,H to positive values was a programming conven-
tion since it is not well defined for small values of L and meaningless for
negative values. The problem arises when H + L nears 0.7A. The term Rin,H is
actually a difference term rather than an independent radiation resistance term
(Schelkunoff and Friis, 1952), which is negative when L/A is more than .25A.

For L = 0, the radiation pattern is identical to that for a vertical
monopole, as Ag = By = 0, and Ey for the vertical portion is the same as for
the monopole. When the height and length of the inverted L are selected so
that the contributions to the magnitude of E; are equal except for the azimuth
term sing; the preferred direction of radiation is at an azimuth of -90°.

This corresponds to the antenna used by Marconi in 1906 (Sommerfeld, 1964).

5. DIPOLES AND ARRAYS OF DIPOLES

The patterns for a vertical dipole are like those for a monopole over
perfect ground. The equations for a tilted dipole will be derived; then the
equations for a horizontal dipole and arrays of horizontal dipoles will be
given. The vertical dipole and arrays of vertical dipoles will follow. These
are all standing wave antennas.
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Tilted dipole, number 14

The assumed orientation of the tilted dipole is shown in Figure 11.

geometric relationships are: ¢y = 90°, ea = 90° - a.

cosy, = sina cosd + sinb cosa cos(d - 90°)

= sina cosO + sin® cosa sin¢d

cosx; = - sino cos® + sind cosa sing

h =h+(sina)s,-_':<s< L
s 7= =

2

and the current distribution is

I(s) = I, sin [k (%-- Isl)]

TITTTTTTTIITTI 7777777777

Figure 11. Orientation of a tilted dipole.
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L

2 L Jks cosy,
Eg = k ep Im [cosa sing cos%’n sin [k (= - |s|] e
2

-L
2

[1 - Rv e-Zth cosb e-ZJkS sino cose] ds

L
2 L Jks coswa
- sina sinef sin [k = - |s|)] e
- L 2
2

[1+ Rv e-Zth €0sh e-ZJkS sina cose] ds] (108)

Eg = ep Im [cosa sing cos® [(C1 + Dl)

-2jkh cos®© .

- Rv e (C2 + Dz)]

- sina sing [(C; + j D)) + R, ek €0S%c 5 p )7 (109)

L
2 L jks cosV¥
E¢ =e 1 cosa cosd>f sin [k (= - |s|)] e a
pm 2
-L
2
[1 + RH e-2jkh cosee -2jks sina cose] ds
-2jkh cos®©

=e I cosa sin¢ [(C1 +j Dl) + Re

) (C, + 3 D,)1 (110)
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The required integrals are given using equation (62)

L

1 . _f jks r.osq)a _ L
R (ZC1 +j Dl) = e sin [k GE - Is])] ds
- L

2

1
- 20 (@)

_2__ [cos [k (. cosy,)] - cos (k E )]

sin w
and
L
2 . ,
1 . f Jkscoswa . L
g (2C2 +j DZ) = e sin [k (5 - Is])] ds
L
2
_ 1
= 2C, (E)
L
= ___2_7— [cos [k (2 cosy' )] - cos(k 2)]
sin w
So
Eg = 2 e, L [(cosa sind cos6 - sina sind) C1
- R, g~J2kh cosf (cosa sing cos6 + sina sinB) C2]
=2pm(F +JG3)
= -Zth cosb
E¢ = 2 ep I cosa cos¢ [C + RH C2]
= 2e e, I (F + G4)
where

Iy

(111)

(112)

(113)

(114)



3 (cosa sind cos® - sina sin6) C

-n
L]

1
-IR | (cosa sing cosé + sina sine) C, cosy, (115)
Gs = -IRI (coso, sing coss + sing sing) C, siny, (116)
Fp = cosa cosy (C; + |Ryl C, cosyy) (117)
G, = cosa cosd [R,| C, siny) (118)
¢Q = ¥, - 2kh cosf (119)
By = Yy - 2kh cosb . (120)

The gain is then,

[F2 + G5 + F2 + G2 1 (120)
g = : (121)

Rin

The radiation resistance, Rin» is calculated using equation (70) with a
length of L/2 and doubling the result.

Horizontal dipole number 3
For the horizontal dipole, the geometry becomes:

o =0, ¢a = 90

COswa sind sind

v _
coswa coswa.

The equations simplify to:
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n
1]

o )
3 = sing cose C; (1 - IR | coswv)

[<pl
L]

3 -sind cos9d Cl lel
(122)

-n
I

P i
4 = €0sé Cy (1 + IRHl cost)

o
§

- : 1
4 cos¢d Cl IRHI s1an .

The radiation resistance of the horizontal dipole is taken as in free
space, equation (70), with length as one-half the length of the dipole and
radiation resistance twice the calculated value (73.2 ohms for a halfwave
dipole). For a perfectly conducting ground and a horizontal antenna on the
ground (h = 0), the radiated field is zero (Sommerfeld, 1964). The dipole and
its image will cancel out. The use of the approximation of the radiation
resistance used here will result in the gain going from the perfect ground
case of 8.2 dBI to the free space gain of 2.2 dBI as the height of the antenna
approaches zero. The effect of the ground can be added by using the calcula-
tion of mutual resistance. Following a suggestion by Uda (Uda and Mushiake,
1954), we write the mutual resistance as relative to that for a halfwave
antenna, and then as relative to the self impedance

R11 = b Ryg
where R;; is given as described above by equation (70) and b is given by

Table 1 [generated using values of Ry; in Kraus (1950)].
Then equation (55) and Ry evaluated at 6 = 0:

P
{

in Rip + Ry bRy

Ryy (1 + Ry b) . (123)

‘For perfect ground, RH = -1, the radiation resistance approaches zero as
the height approaches zero; i.e., the field becomes zero. This can be
effected within the computer code by making Rin = R11 (1 - b) have a minimum
value of (0.000120).
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Table 1. Mutual Resistance of Parallel Dipoles Relative
to That of Two Halfwave Dipoles

Height, h/X\ Relative Mutual
Resistance, b
0.00 1.000
.05 .923
.10 .706
.15 | .402
.20 .086
.25 -.174
.30 -.320
.35 -.339
.40 . -.254
.45 -.098
.50 .052
.60 .216
.70 .079
.80 -.113
.90 -.131
1.00 .015
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The computer code follows Ma and Walters (1969) and so uses

2 _ 2 2
A" = (F3 + G3)
2 _ 2 2
A2 = [1+ IR 1% - 2IR | cosy!] sin®s coso
2 _ 2 , , 2
B® = [1 + IRHi + ZIRHI cost] cos“¢ (125)
g =(:2)cE (% +8% . (126)
in
Vertical dipole, number 5
For the vertical dipole, the geometry becomes
o = 90°
- 2 20 = einl
cosy, = cos® , sin“YP, = sin“@
coswa = - cosd
The equations simplify to
Fg= - sinb C1 (1 + [RVI coswv)
Gz = + sin® C; IR, I siny, (127)
F4 = G4 = 0.

Yagi array of horizontal dipoles, number 4

The geometry of the Yagi array is shown in Figure 12. A dipole array is
aligned with one or more parasitic elements. The elements usually consist of
a reflector, the dipole, and one or more directors in the desired direction.
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The program code will handle two or more elements. The geometry as in
Figure 12 gives the relationship

6 . T
A 2
HS = H
cosy, = sing sing.

The distance from the base of the mth element to the observation point is
approximated by
rp = rp =Xy Sineé coso.
The current in the dipole is taken as the standing wave sinusoidal
current

I y) = I sinlk 5 - Iyl]. (128)

The current maximum on each element, I , is required for the solution of
the interior problem. Following the procedure used by Uda and Mushiake (1954)
for this array, the gain can be written as that of the driven element plus
correction factors for the array. This procedure will smooth the computer
calculations.

t
Tz

© 0 o e O ' I —-—xb
TITTTTTTIT 777X
123 N N

ACTIVE v O~

REFLECTOR -
DIRECTORS w

Figure 12. Geometry of a Yagi array.
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This procedure will also be used for other arrays such as the log
periodic array. The gain is then

- 2
g = 92 ISI /GRin

g =1§?_: (|Eez|2 + |E¢2|2) (129)
where
g, is the gain of the driven element as given above, equation (126).
S is the array factor.

8Rin is the change in radiation resistance given by the presence of the

additional elements.

The solution for the array factor is straightforward assuming the
interior problem for the current distribution is solved. The currents are
normalized to that for the driven element, number 2. To simplify the
notation, use I for the ratio of the current of the mth element to the
driven. (So, I, = 1.) Then

N
5=Z Sy -
1

Sl is the reflector

C1 jk(x1 - x2) sind cos ¢
$; =1 (—) e (130a)
Cy

So is the driven element
S, = 1.
The other elements are the directors,
C jk(x_ - x,) sin6 cos¢
Sy =l (Me M2 : (130b)
C
2
The C, are the dipole factors given by equation (111). The interior problem
for the current distribution is given here under the assumption that the Yagi
array is well designed and for the HF/VHF bands (e.g., Ma, 1974, or Uda and
Mushiake, 1954). Thus the element lengths are near A/2. Note also under
these assumptions the dipole factor ratios Cm/C2 are nearly one. The
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theoretical solution for the current distribution and radiation resistance can
be formulated as a matrix inversion problem (Ma, 1974). Rather than using
this procedure in the computer code, a precalculated curve is used here. The
values are given in Table 2 and plotted in Figure 13. For two elements, the
theoretical solution is reasonably simple (Kraus, 1950), and the relative cur-
rent maximums are given by Table 1. For elements near A/2 in length, the
numbers in Table 2 are reasonable. For other lengths (and frequencies) the
curves will have the same shape as in Figure 13, but will vary. The solution
as calculated by the method of moments for a long array is added to Figure 13
(Thiele, 1969).

With this many elements, the relative current amplitudes reach a minimum
(or vary about a minimum curve). This is caused by the presence of a
traveling wave along the array (Mailloux, 1966). The equations used here
assume a first order solution for the standing wave on each individual element
[equation (128)]. A set of curves similar to Figure 13 is calculated using
the second order, King-Sandler approximation, and compared to measured values
by Mailloux (1966). The third-order approximation used by Ma (1974) is
discussed and compared to those curves by King (1967). The curves given here
(Figure 13) agree with the third-order approximation for free space (Ma,
1974). The radiation resistance factor (dR;,) is taken from these
calculations as (1/1.358).

In summary, the calculation procedure is to calculate the gain of a
single dipole, number 2. Then calculate the array factor for the reflector,
number 1, using equation (130a) and Table 2. If any directors are present,
equation (130b) is used with Table 2 to include their effect. Finally, the
somewhat ad hoc correction, dRin, to the radiation resistance is used. The
program will do a single element array (as a check on the computer code), a
two-element array with a single reflector (or a single director if the azimuth
is specified as 180°), or an array with an arbitrary number of elements. For
arrays not designed with elements nearly A/2 in length, the curve of Figure 13
needs to be replaced by an appropriate curve or set of curves.
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Table 2. Relative Current for a Yagi Antenna
dA RMPINP; o - o)
0. 1.00 0.
.12 .95 -70.
.20 .644 -130,
.25 .263 -220,
.65 .1565 -720.
1,357 .00002 -1470,

a. Values used in the calculation.

4/ |11 /11 Ho, - %)
Degrees Radians
Free 0. 1. 0. 0.
Space .2 .6435 -150. -2.6
.25 .2639 -247, -4.3
Sea .0 1. 0. 0.
.2 .7153 140. -2.44
.25 .291 =231, -4.0
Land | O. 1. 0. 0.
.2 .758 -139, -2.43
.25 313 -234, -4.1
b. Values as calculated in Ma (1974),
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Figure 13. Relative current for a Yagi antenna,
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Curtain array, number 6

The curtain array is a two-dimensional array of horizontal dipoles
(Figure 14). There are N bays of M stacked dipoles. A reflecting screen is
placed in back of the array. This array is modeled using the results for a
single horizontal dipole, the array factors for a two-dimensional array, and
the effect of the reflecting screen (Stewart et al., 1964).

t:

Zﬂ{—.-—1 N=—c—

77777777y

———

n

» It

Figure 14. Geometry of a curtain array.
The gain is given as
2 2 2 2 2
1S, 15 IS 1% (1S 1% + 15y1%) (131)

Cy is the element factor, equation (111).

S, 1s a screen factor. Assuming equal current distribution in a perfect

image of each element, the factor is

1 - e-JZkXS costx = 2] e-kal cos¥ sin(kxS coswx)
or

415,12 = sin® (k xg cosy,) (132)
where

X is the distance to the screen and

Cos Xg = cosd sind.
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The effect of the number of bays is given by the width factor

N
Sy = }E: Am exp[jkym (sin® sing - 8)] (133)
1
where
N is the number of bays,
Ap s the relative current in the mth bay (the current is Inm = Aqp Bpe By
as below),
Ym is the distance to the mth bay,
§ is the phase delay.
The main beam of the curtain array can be steered in azimuth by the
application of a progressive phase delay between the bays of the array. For a

desired direction specified by the angles, the phase delay is (Ma, 1974, page
188)

§ = sing, sing,
where

6y 1s the desired angle for elevation (90° - A))

bg 18 the desired azimuth angle.

The effect of the number of elements in each bay, the height above
ground, the polarization, and the ground reflection is given by the factors

M .
S = sin¢ cos® }E: B eJkZm cos®
v \/c052¢ + sin2¢ cos20 . m
—2kzm cos®
[1 - R, © ]
M .
S = cos ¢ }E: B eJkZm cos®
H \fc052¢ + sin2¢ cos28 - m
-2kzmcose
L Ry e 1 (134)

B, is the relative current in the mth element of the bay (the current is

vam = A, By Ay as above).

Zn is the height of the mth element.
52



The polarization terms are normalized by the factor under the square root
sign in the denominator of equation (134).

The radiation resistance term, R;,, is approximated by the value
[0.5M N (73.2)]. The solution for Ry,
self and mutual impedances is given by Ma (1974). For a large array, which is
the intended application, the field appears to radiate from the center.
Considering the array as a large conducting sheet, the radiation resistance of
"elements” near the center is 480/r. Near the edges, the resistance is
different (Schelkunoff and Friis, 1952).

For broadcast use it is common to designate the array by the symbols
(CCIR, 1978) HR N/M/H, where

HR denotes horizontal array of halfwave elements a halfwave apart, with a

reflecting screen spaced a quarterwave behind the elements,

N is the number of bays,

M is the number of elements per bay, and

as a matrix inversion problem using

H is the height of the lowest element.
The patterns are given for perfect ground. In this case,

2 2y _ 2
(15,12 + 15,17 = 2 13,1

M jkzm cos8 -2jkzm coso
S=ZBe [1-e 1, (135)
z m
1
the gain becomes
_ 960 2 2 2 2
_ 2
= |F (¢, )} (136)

where F(4, 6) is the radiation pattern function normally plotted.

Flos 8) =g g € S, S, S, - (137)
1

Contours of normalized values of F along with the maximum value in
cymomotive force [equation (16)], and the radiation angle of the maximum are
given in the CCIR Antenna Diagrams (1978). A rough estimate of the gain can
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be given by multiplying the number of elements in the array by two (for the
reflecting screen) and by the gain for an individual element,

(1.64 = 120/73.2). To this gain in dB should be added 6 dB for reflection
from perfect ground (Stewart et al., 1964). The equation is

g=LMxNx2) 120)1x34
73.2
_792_02) MN (138)

For a 4 by 4 array, this is 32 (16 plus 16) times 1.64, giving a gain of
17.2 dBI. Adding 6 dB for the perfect ground, this gives a total gain of
23.2 dBI. ,

The computer code used is that of the ITSA-1 program (Lucas and Haydon,
1966). The phase retardation, g, is not included (s = 0). The current terms
Ap and By are omitted (Arn =By = 1). The normalization of the polarization
terms in equation (134) are omitted (no difference in main beam directions,
¢ = 0). The full equations were given here as a reference to possible future
incorporation into the code and for comparison with other formulations of the
curtain antenna.

Log periodic array of horizontal dipoles, number 13

Log periodic dipole arrays are the result of the application of log
periodic principles to the design of arrays of conventional elements. This
technique was reported by D. E. Isbell (1959).

If frequency independent operation is sought from a structure composed of
resonant elements, the resonances must be staggered so that as the frequency
is varied, the function of the resonant element is transferred smoothly from
one element to the next. Figure 15 is a drawing of an array made up of dipole
elements. The length of the elements and the spacings between the elements
are related to the design ratio T.

Excellent information on the design of log periodic dipole arrays has
been done by Carrel (1961). Carrel made a mathematical analysis of log
periodic dipole arrays which takes into account the mutual impedances between
dipole elements. He has reduced this information to a set of nomographs which
may be used in the design of these arrays.

An antenna is generally designed to have a certain directivity and input
impedance over a given frequency range. Physical size and the number of
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elements are also of interest since they govern the weight and complexity of
manufacture. A repeat of Carrel's set of nomographs and the physical
construction details is in Smith (1966).

The number of elements is determined mainly by the design ratio t. As T
increases, the number of elements also increases. Antenna size is determined
primarily by the spacing factor o. As o increases, the boom length becomes
greater.

Each of the geometrical parameters of a log periodic array is shown in
Figure 15. The elements are spaced within a triangle according to the design
ratio t. The ratio of lengths Tn is

T = ]m . (139)
]m+1

This is theoretically the ratio of dipole radii also, although this is
not usually found in practice. The spacing factor is

dm . ,
o= = .25 (1-1) coto . (140)

4 1m+1
The distances from the apex are given by the X The apex angle is o.

The array is fed in a crossed dipole arrangement; i.e., adjacent dipoles are

in a “"phase-reversal" fashion via a transmission line of impedance Zo'

Over a ground plane (Figure 16), the effect of the image of the antenna
must be considered. The height of the first (lowest and shortest) dipole is
Hi. The heights of the other dipoles are

Hp = Hy + x, cot B. (141)

The angle between the vertical and the array is 8. The angle, ¥, between
the antenna dipoles and the direction of the observation point P(r,8, ¢) is
given by

cosy = sind sinB . (142)

The angle, wa, between the antenna axis and the direction of the
observation point is

cosp, = sind sinp cosd + cosb cosB . (143)
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The distance from the mth dipole to the observation point (far field
approximation will be used) is:

Pm = Ty = Xp CSCB COSp, - (144)

A1l of these geometric variables will be used in the calculation of the gain
for this array.

Basic Theory

The 1og periodic array of horizontal dipoles is an approximation of a

frequency independent antenna. The design is based upon two principles:
(1) The shape of the antenna is to be specified only by angles.

(2) The antenna is to be self similar; i.e., if the antenna is cut from a

flat sheet, the remaining part looks like that cutaway.

The dipoles are an approximation to the "teeth" remaining when a
triangular sheet is cut in a log periodic fashion. If the dipoles in
Figure 15 were extended in both directions and fed at the apex, the antenna
would be log periodic; i.e., whatever field is produced at a frequency, f,
will be reproduced at frequency, tf, at location on the antenna also specified
by . The rf energy at a given frequency travels along the feeder until it
reaches a region (active region) where the electrical lengths and phase
relations are such as to produce radiation towards the short end through
elements shorter than A/2. Due to the cross-fed connection, fields produced
ahead of this active region (those in the transmission region) will cancel.
The remaining region at the long end (the reflection region) has little effect
since very little power travels past the active region.

Assuming a lossless structure, the behavior of the three regions can be
described in terms of transmission line theory. The transmission region
(short end) behaves 1ike a feeder transmission line loaded by a capacitive
reactance. This is why the truncation of the short end works in practical
antennas.

"The active region behaves like the loading is a capacitance in parallel
with a resistance.

The reflection region behaves like a transmission line loaded with a
shunt inductance. If the shunt inductance is greater than the capacitance of
the line, then this is a series inductance and a shunt inductance. Since this
is a network representation of a filter, a useful antenna must have most of
the energy radiated before the reflection (or filter) region. If this occurs,
the effect of the truncation at the long end will not be noticed.
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Thus, the effect of truncating the structure is to create a practical
antenna‘that behaves 1ike an infinite structure between two frequencies. If
the array is placed over a ground plane (Figure 16), the array must be sloped
so that the antenna dipoles are at a constant electrical height above the
ground. In the main beam (on azimuth), the pattern is similar to a halfwave
dipole a quarterwave high within the frequency range of the antenna.

The analysis and approximations used here depend on the above
observations and on separating the problem into two parts:

(1) the interior (circuit) problem which deals with the interaction of

currents, voltage, etc., within the antenna system itself; and

(2) the exterior (radiation) problem which deals with the interaction of

the antenna with the propagation medium.

The interior problem can be expressed as a matrix inversion problem. The
dipole base currents are given by Ma (1974)

I,= W+yz,17l [1o....01t . (145)

Ia is a 1 by N matrix of base currents.
N is the number of dipoles and this is normalized such that I, = 1,
U is the identity matrix,
Y is an N by N matrix of admittances,
Za is an N by N matrix of impedances.
Instead of solving equation (145), a precalculated curve for an antenna
in free space can be used. The radiation resistance, R;., is the real part of

in®
Z;p 9iven by

N
Lin= D gl (146)

m=1

where the components Zlm and Im are from the matrices Za and Ia'
The gain, g, is

g = 120 [cos?6 sin2¢ lsel2 + cos2¢ |S¢I2] (147)

N
Se = :E: I, exp (jkxm cscB cosyy) [1 - R, exp(-j2kH cos6)] F,  (148)

m=1
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N .
S¢ = :E: I, exp(Jkx  cscp cosy ) [1 + Ry exp(-2jHy cose)] Fp ' (149)

m=1

Ry and RH are the Fresnel reflection coefficients.
The one term theory is used for the dipole factor Fine

F = _Cos(kl cosy) - cos(k1) (150)
m siny

where
“k = 2m/A; A = wavelength.
The equations (148) and (149) will be summed only over the active region.

Approximate solution of interior problem

The relative current distribution has been both calculated and
measured. A well-designed log periodic has a current relationship as in
Figure 17. The usable bandwidth of the antenna depends on the relative
bandwidth the antenna can move before it becomes distorted by the smallest or
largest element. The high frequency limit is reached when the current of the
smallest element reaches 10 dB of the maximum. This happens at a length of 2%_.
(Lengths are used here, since the distance from the apex varies with the apex
angle a.) The low frequency limit is reached when the current in the longest
element is 3 dB less than the maximum. ' This is the length e+ The maximum
occurs at a length lo and the upper 10 dB at a length &,. The following
empirical equations are used:

b= .5S(Zy, 2/a) (151)

S is a shortening factor (Carrel, 1964). The curve, for a ratio of wire
length to wire radius 2/a, for £/a = 500 developed using a calculated value
from Ma (1974) (Figure 18).

Z, is the feeder impedance.
L = zc/Bar (152)
Byp = 1.1 + 30.7 o(1-1) (153)

By is the usable bandwidth of the antenna. Figure 19 shows the measured
values of B,. and equation (153). '
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+ c
= Bap % - (154)
and
%o = % * .7166 (2.-2). (155)

Equations (154) and (155) are designed to reproduce the curves of both
Carrel (1964) and Ma (1974). The coefficient (.7166) is for %/a = 500.

The procedure used is to evaluate only those dipoles that fall into the
active region between 2_ and 2,. For each antenna the curve of Figure 17 is
reproduced. A current, I, is evaluated for each dipole within the active
region. A1l the dipole currents are then renormalized so that the maximum
current is 1. (A dipole will not usually fall exactly at 20.) Although these
current curves are normally drawn as in Figure 17, the equations (146) through
(149) assume the first dipole current, Iy, is equal to 1. Thus, to complete
the calculations, the ratio Il/Rin must be calculated.

The following formula for the average resistance level is used.

Rip = Zoﬁﬁ* (Zo/2,) (WT/(40)) (156)
where ;
Z, = the impedance of the transmission line.
Z, is the average characteristic of a dipole.
Z, = 120 log, (2/a) - 2.25 . (157)

The current levels, I , are then normalized by taking I, as 10 dB less
than the maximum if the first dipole is outside the active region. The
current value from the curve, Figure 17, is assigned to the first dipole when
it is within the active region.

The resulting procedure is quite fast and is reasonably accurate within
the designed frequency range of a 1og periodic antenna. This active region
ana]ysisAis not limited by the number of dipoles as no matrix inversions are
involved.

Log periodic array of vertical dipoles, number 22

The log periodic array of vertical dipoles can be constructed in two ways
as indicated in Figure 20. If constructed at a constant height as on the left
side, the array will have broadband characteristics, but the height factor
resulting from the ground reflections will be frequency sensitive. In order
to alleviate this problem, the array can be constructed with varying heights
as bnbthe right hand side. The geometry is somewhat more complicated in this
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case. The necessary parameters can be obtained using the two input angles 6,
and o (= o for the hprizonta] case). The angle between the array axis and
the far field point is

cos¥, = cosb cos®, - sinb sind cos¢ . (158)

As in any log periodic structure, the lengths are given by

L =1, M) (159)

m N

The height of each dipole is obtained using a convenient identity and the
auxiliary figures on the left side of Figure 20 (Ma, 1974).

(h./x,) 1
hy + oLy = (h./x.)
nzn

41
hm = (-Z—-Lm) I
m
and

hp/%p = €Otg,» (cot is cotangent)

(h, +-;-Lm)/xm = cot(g, - o)
SO
h = (5 L) — _COt) e? - (160)
] co ea
(h, = h for the horizontal case.)
The distance from the apex along the array axis is
d, = h, secs, . (161)

The gain is then (Ma, 1974)
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where
S =Ap7+3JByy
m

N Jk(d, - dl) cos Jkh_ cosg
= I e F e
:E: m
1

-j2khm cos o
[1+ Rv e ] (162)

N
- oJkh cosp -j2kh cos ﬁ;‘ Jk{x, - x;) cosva
S e [1+Rve e] Ime m 1 Fm
1

(horizontal case) (163)
Fin is sino Cl for each element
cos(k _€; cosp) - cos(k Lm/2)
F =
m

sing

The solution of the interior problem for the relative current distribu-
tion, Im, and the radiation resistance, Rin’ is taken for free space
conditions, i.e., identical to that described above for the horizontal LPA.

Stacked arrays of vertical log periodic dipole arrays, number 23

The 1og periodic array can itself be considered an element of a larger
array. Identical units can then be arranged to form an array according to
basic array theory. Direction for arranging the phase centers for optimum
operation is given by Smith (1966). The only case considered here is an array
of identical vertical log periodic dipole arrays. The intended use is the
lower VHF range. The radiation pattern is taken as that of the single unit
and an array factor. Parameters are
N,, number of arrays in the y direction (width);

y

N,, number of arrays in the z direction (height);
.Dy, spacing in the y direction; and

D,, spacing in the z direction.
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The radiation pattern for the lowest unit VLPA is calculated using the
method described in the previous section.

120
= ) g (164)
Ra is the radiation resistance;
E; = radiation pattern for single unit.
The total gain for the array is then
g = (120) IE, 12 15,12 15,12 (165)
where
Rin = N.y NZ Ra
N
Y jky, sind sing
S =Z e (166)
Y
1
Yy = (m-1)D
N
Z jky,, cos®
S. = }E: e (167)
z
1
z, = (m-1)D

6. RHOMBICS AND TRAVELING WAVE ANTENNAS
The antennas discussed in the previous sections were designed such that

the current on the wires was predominately a standing wave. This current dis-
tribution, approximately sinusoidal, can be considered as composed of two
traveling waves. By appropriately terminating one end of the wire, in the
direction desired for reception (or transmission), the current can be made to
approximate a traveling wave. The basic idea (Kraus, 1950) is to terminate a
wire so that only the traveling wave in the desired direction is present.

This results in a unidirectional pattern. Typical patterns are shown in
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Figure 21. The "back" lobes of the wire are reduced by the terminating
resistance. By using two such wires to form a vee antenna, a pattern in the
desired direction can be obtained. By bending the wires and terminating at a
common juncture, a rhombic antenna is formed.

A11 of these antennas can be analyzed as the sum of the appropriate num-
ber of tilted wires each with a single outgoing traveling wave. In contrast
to the dipole arrays, there is no complicated interior problem to be solved.
The exterior (radiation) problem is solved using the appropriate geometry and
the integral of the current [equation (45)]. The basic integral that will
recur is

-jkL (1 - cos¥ )
)l-e m

L
/‘ e-Jks (1 - cosyy) o =(J__

jk 1 - cosvy
0

m

- (ﬁ‘) Foo (168)

As with the dipoles, the integration constant (Eiﬂ is merged with ep for
ease in writing the equations. Fm will then denote the bracketed expression
for wire number m.

No new modeling or new computer code has been developed for this
effort. Both the models and code are those included in various prediction
programs used before, although some minor changes have been made in the code.

Terminated sloping long wire, number 20
This antenna has geometry identical to that of the standing wave wire
antenna (Figure 9). The geometry (and notation) is

coswa coswl cosf sina + sinf coso cosé

cosp, = COSt3

-cos8 sina + sinb cosa cos¢

he = h +s sino . (169)

]
The angle y, for the image of the wire is numbered here for convenience in
comparing with the other antennas described below.
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The current is
I(s) = I, e7dks | (170)

The required integrals are similar to equations (73) and (74) with equation
(73) substituted and equation (168) used for the integrations. The results
are:

Eg = e I, {-cosa cose cos¢ [F; - F5 R, gi2kh cos®
+ sina sing [F; + F5 R, e~J2kh cos®y (171)
and
£, = €, I cosa sing [Fy + Fy Ry gi2kh cos6 1 (172)
The gain is
g = (ﬁf;) (IEGIZ + IEI%) (173)

The radiation resistance is taken as 300 ohms.

Terminated sloping vee, number 7

The terminated sloping vee antenna consists of two terminated wires
separated by an angle of 2y (Figure 22). The geometry is set so that the
angle between horizontal projection of the wires and the x axis is y. The
geometry gives |

cosy; = cosd sina + sind cosa cos(¢ - v)
cosys = -c0s sino + sind cosa cos(¢ - v)
cosy, = cos6 sina + sind cosa cos(¢ + )
cosyy = -cos6 sina + sine cosa cos( ¢ + ) (174)
sina = (Hy - H)/L (175)

where 3 and y, are for the images of wires 1 and 2. The current in wire 2 is
out of phase with wire 1.
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= _ -Jjks
Il(s) Im e (176)
- -jks
Iz(s) Im e (177)
hS =H+ s sina . (178)

The integral of the current yields

e-j2kh c056]

E = ep Im {-cosa cosd cos(¢ - ¥) [F1 - F3 Rv

%

-2jkh cose]}

+

sina s1ne[F1 + F3 Rv e

= - ~COS ¢ _ -j2kh cosd
£, = % In {-cosa cose cos(s + v) [F, - F, R, e ]

.. -2jkh cos6 }
+ sino sind [F2 + F4 Rv e ]

- Ced _ -j2kh cos®
E¢1 ep Im cosa sin(¢ - v) [F1 + F3 RH e 1
- . . -j2kh cos®© 7
E¢2 e, I, cosasin(¢+ y) [F, +F, R, e ] (179)
and
Ee = Eel + E62 = Im ep [F5 + j Gs]
E¢ = E¢1 + E¢2 =1 e [F6 +j Gé] cos0o, (180)

where the notation is introduced to ease the comparison with the computer
code. The gain is

030 2.2, 2 2, .02
g = 'R;;I‘ [F5+G5+COS a(F6+G6 )] (181)

with Rin taken as 600 ohms.
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The notation used in the code (and Ma and Walters, 1969) is

F o= - zm _ vm
m T T
Z, = -1 + cos(kLUp)
Um =1 - cosy,
Vp = sin(kLUm) ,m=1,2, 3, 4. (182)
-2jk cos® h _ .
Rv e = Cv (w3 + ] w4) . (183)
-2jk coss h _ .
RH e = CH (w1 +J wz) . (184)

So the variable Fg in equations (180) is

- —U2 21 cosw7 + U1 22 cosw8
5 =
Uy Y
cV

with the cosy,; m = 5, 6, 7, 8 being shorthand for sum and differences of the
trigonometric terms.

cosiy = siné sina + cosd cosa cos(¢ - v)

cosig = sinb sina + cos6 cosa cos(d + )

cosyy = - sing sina + cosé cosa cos(¢ - )

cosyg = - sing sina + cos® cosa cos(¢ + vy) . (186)

The other variables, Gg, Fg, and Gg, also follow from the algebra (Ma and
Walters, 1969).

Sloping rhombic, number 9

The sloping rhombic is an extension of the sloping vee with the wires bent
to save space. The wires are numbered as in Figure 23. The geometry is the same
as for the sloping vee. The length of the wire is input as L so equation (175)
for the slope becomes
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H =~ H
sina ='inf—'. (187)

The currents in wires 1 and 2 are the same. The currents in wires 3 and 4
are referenced to the center of the coordinate system and so are delayed in

phase.
Ii(s) = -Im‘e'jks
Li{s) = I eJks
Iy(s) = I e Jks g-JkL
) = -1 e eIk, (188)

There is also a phase shift in the integrated fields due to the difference
in distance to the far field point. Using the normal approximation, these are

rs r-»L COS1p

(189)

rg = r - L cosy .
The off azimuth angles for wires 3 and 4 are the negative of those for 1 and 2.
The integrated fields for wires 1 and 2 are again given by equations (179). For

wires 3 and 4 the fields are

-jkL{1 - coswz)

E, =-e_1 e -cosa cosB cos(d - )
83 pm {
[Fl _ F3 Rv e-2jkh cosb e-jZkLs sina cose]
+ sina sind [Fl + F3 Rv e-2jkh cosb e-jZkLs sino cosel}
-jkL(1 - coswl)
Ee = + e Im e {-cosa cos® cos(d +v )
4 p
[Fz _ F4 Rv e-JZkh coso e-JZkLs sina cose]

-2jkh cosb6 e-jZkLs sino cosel}

+

sina sin®d [F2‘+ Fqa R, ©
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~JkL(1 - cosy)

E¢3 =-e I e [cosq sin(¢ -y )
[Fl + F4 RH e-j2kh cosf e-j2ks sina cose]]
-jkL(1 - coswz)
E¢4 =te, I, e [cosa sin(¢$ + )
[FZ + F4 RH e-j2kh cosb e-j2ks sina cosGJJ . (190)

These equations are identical to those in Ma's text (1974) where here the height
term for the start of the wires is written explicitly. The total fields and gain
are

e4—ep Im (Fl + G7)

E¢ = E¢l + E¢2 + E¢3 + E(M = e In (F8 +j G8) cosa

_ 30 2 2 2 -2 2
g "R;;'(F7 + G5 + cos®a (Fg + Gg )),. (191)

Again, the radiation resistance is taken as 600 ohms and the notation with F,,
Gy, Fgs and Gg is to ease comparison with the computer code. The terms from wire
1 and 3 can be factored out as can those terms from wires 2 and 4. For the
direct wave, the factors are (symbols as for the sloping vee)

. —ij2 -ij1
A6 +j B6 = Ul [Fl -e F1] = U2 [F2 -e F2]
with
A6 =1+ cos(kL(U1 + Uz)) - cos(kLUl) - cos(kLUz),
B6 = - sin kL(Ul + U2) + sin kLUl + sin kLU2 . (192)

For the ground reflected terms, the slope angle, o, was set to zero. This
eliminates the extra height term and sets Ul = U3 and U2 = U4. Then the factors
become

--ij1 -jkU

2
F4] = U3 [F3 - e

A

-jkU

= U4 [F4 -e

3 g [Fy-e Fsl (193)

4l = U
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with

>
n

7 1 + cos kL(U3 + U4) - cos kLU, - cos kLU

3 4’

3 ¥ sin kLU4. (194)

By = - sin kL(U3 + U4) + sin kLU

With these conventions, the variable Fq in equation (191) is

cosy cosy cosy cosy
Fo=(——L-—28)a -, (—2.—2b

7 Ul U2 6 v U3 U4

) (A Wg - By W) (195)

The other variables, G7, F8’ and G8 then follow from similar algebra (Ma and
Walters, 1969).

Horizontal rhombic, number 1

This antenna is a special case of the sloping rhombic. This was one of the
earliest types analyzed. The equations derived above for the sloping rhombic can
be used as is by setting the slope angle o to 0. These equations are here
reduced to the special case. For o = 0 the variables become

cosy; = cosy = sinb cos(¢ - v)
cosy, = cosy, = sind cos(¢ + )
hs =H

Uy = U3 =1 - sino cos(¢ - v)
Up = Uy =1 - sine cos(¢ + )
Fy = F3

Fy = Fy

cosyg = cosyy = cosB cos(¢ - )

cosyg = COSYg = oSO cos(¢ + )
A6=A7
Bg = 87
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The equality using Ag and Bg is evaluated as follows:

A +3jB |2 -5kLU, |2
6 ol Ir. - e %
uZ Y2 1 1
1 Y2
| -jkLUl |2
= F2 - @ F2
| -3kLU, -jkLU, 2
=|(1 -e Y (1 -e )
YA 4
Uy U;

2 1 2 1
sin (2kLU1) sin (2kLU2)

Z 2
Uy Yy

16

Then the Ee and E¢ terms become

IF, + 3 6,12 = 16 cos?0 [U, cos(6 - 1) - U] cos(o + 1)]°

sin? (1/2 LU, ) sin? (1/2 kLU,)

2 . 2
UZ UZ (Cv IN3 *J N4I )
1 72
2

IFg + 3 Ggl? = 16 [U3 sin(¢ - y) - Uy sin(¢ + v)]

sin (1/2 kLU;) sin (1/2 kLU,)
2 2

u
172
The use of trignometric identities leads to

(21U, + 3 Wyl?)

Uy cosyg - Uy cosyy = 2 cose siny sing
and

Uy sin(¢ - y) - Uy sin(¢ + v) = -2 siny (cos¢ - sinb cosy).
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So the gain factors become

2 2 2 2 '

Dv = cos 9 sin“¢ [1 + Cv + 2 Cv cosuw]

D% = (cos$ - siné cos )2 [1 + C2 - 2C, cos ']
H Y H H €OSWy

sin® (1/2 kLU,) sin® (1/2 kLU, )

V4
2

1 F+0d1.  (19)

2
g = 3.2 (siny) [ :

r4
U1 U
Interlaced rhombic, number 10

This array consists of two horizontal rhombics placed as in Figure 24. The
notation used corresponds to that used in the computer code. The model is that

for an end fire array as taken from Ma and Walters (1969). The geometric

relations are
ro vry -d cosy,

cosy, = cosp sing + sing coso sing

d =JTFS2 + HT

tang = HT/S.

The variable H is the difference in height here, not the total height. The
angle Uy is the angle between the array axis and the vector to the far field
point. The array is fed with an end fire phase difference of -kS. Since S = dq,
the total phase difference is

-jk(S - d cosy,) -jkd(cos o - cosy,)

e e
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which is the usual end fire condition in the a direction for an end fire array
(Ma, 1974). The gain is given by equation (196) with Dy and Dy replaced by the
following: '

Dy = cosb sin¢ [1 + e~JY Ry e-2JkH cose () | e-iZ)y
= cosH sin¢ [V1 +j vz]
D, = (cosp - sind cosy) [1 + FEN AN Ry o~JZKH cos6 (1 + e-jz)]
= (cos$ - sin6 cosy) [H; + j H,] (197)
where
Y = k(S - d cosy,)
Z =Y + 2kHp cosb

Vy = (1 + cosY) - Cy (coswo (1 + cosZ) + sinwé sinZ)

Vo = - sinY - Cy (- sinZ cosyy + sindy (1 + cosZ))
Hy =1 + cosY + Cy (coswﬁ (1 + cosZ) + sinwﬁ sinZ)
Hy = - sinY + Cy (- sinZ coswﬁ + sinwﬁ (1 + cosZ)) (198)
Cy = IRyl
wo = wv - 2kH cos®
Cy = IRyl
wﬁ =Yy - 2kH coso .

Horizontal double rhombic, number 16

This array consists of two identical rhombics offset from the desired
direction by a small angle and fed at a common junction. The sides are numbered
as in Figure 25. Sides 1, 3, 6, and 8 form one rhombic, while sides 2, 4, 5, and
7 form the second. The current in each wire is:
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Rhombic 1:

-jks
I1 = - Im e
- -jks
I3 Im e
-jkL
- 1
I6 = I3 e
-jkL
2
Rhombic 2:
12 = I].
14 = I3
I = - Ig
I7 = - I6.

The fields from each wire are evaluated ignoring the offset angle B. For the
first rhombic, the fields are:

1 - el -3kL, U,
Eq = cos® [ U ) (1 - e ) cos (¢ -0 )
1 1 1
L. e'jkLzua -3kLyU
- . ) (1 -e ) cos (p+ay)] .
3

Ignoring the constant terms in the absolute value of Eel (a factor of 4 is
transferred to the constants), this becomes
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sin (1/2 kL,U;) sin (1/2 kL,U,)
171 273

Eel = cosb [ 0 ] [U3 cos(¢ - dl) -y cos(9% + dz)]
173
- cosb [sin (1/2 kL1U1) sin (1/2 kL2U3)] [cosé (cosy,- cosa,)
+ sing (sina1 + sinaz)] (199)

where, as before

Uy =1 - sing cos (¢ - a)
U, = 1 - sinb cos (¢ - o)
U3 = 1 - sinb cos (¢ + o)
Uy =1 - sinb cos (¢ + o) (200)
R | kLU,
£y, T ) (e P sin (6 - ay)

L s -JkLyUy

+ T ) (1 -e ) sin (¢ + ) . (201)

1

Ignoring the constant terms in the absolute value of E¢1, this becomes

E

o " - [sin (1/2 kL,U,) sin (1/2 kL?Uq)] [U; sin (¢ - o)) U; sin (¢ + )]
1 U Y3

_psin (1/2 kLyUy) sin (1/2 kLU

Uy Y3

- coso (sina1 + sinaz) + sin6 sin (al + 02)] . (202)

323 [ sin¢ (cosu1 - cosaz)

For the second rhombic,

EG = - cos6 [sin (1/2 kL?U?) sin (1/2 kLIUA)]
‘ Uy Uy

* [cos¢ (c05a1 - cosaz) - sin¢ (sinal+ sinu2)] (203)
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E = [Sin (1/2 kL2U2) sin (1/2 kLlU4)]
¢2 U, U,

* [sind (cosoz1 - cosaz) + cos¢d (sin01+ sinaz)

- sing sin (o + o,)] (204)
Eg = Eel * Eez
fo =g *Ey,
g = 1.6 (E5 K + €5 K5) (205)

where R;p is taken as 300 ohms corresponding to the doubled receiving area.
For the special case of equal leg lengths, L, =L,, we have = o = 0,
Ul = Uz, U3 = U4.

sin (1/2 kL4U,) sin (1/2 kL,U,
Uy U,

)] sind sina

Ee = 4 coso [

E¢ = 4 SinY (COS¢ - sine COSY) [Sin (1/2 kLlUl) sin (1/2 kL?UZ)]
Uy Uy |

which agrees with the single rhombic equation (196).

Side loaded vertical half-rhombic, number 15

This antenna consists of two wires arranged so that the antenna would be a
vertical rhombic over perfectly conducting earth (Figure 26). The geometric
relationships for this antenna are

0° - g

N %0° - v for wire number 1.

Q0° - o

6a %0° + vy for wire number 2.
COSy, = COSYy = c0sB siny + sin cosy cos¢; wire 1

°°5¢$ = COsy, = - C0s® siny + sin6 cosy cos ¢
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RHOMBIC #1

Figure 25. Horizontal double rhombic.

Figure 26. Vertical half rhombic.
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for the image of wire 1 and the angle for wire 2. Also
Cosy, = COSy,

coswé = cosy, for wire 2.

h

S s sinv, for wire 1

hs

(L - s) siny, for wire 2.
The currents are

-jks

—
Ll

=] e

, for wire 1;
1 m

- -jks _-jkL
12 = Im e e .
The usual approximation for the distance to the far field point is used

rpnry - Lcosy; for wire 2.
This gives for wire 2 a total phase lag

-jkLU 1
e where as before
U1 =1 - coswl
U2 =1 - coswz.

The field integrals for wire 2 will contain the factor

a = e-ZJkL s1nY‘cose.

When combined with the phase lag,

~GkLU; KLU
a e ]=e 2-

Combining equations (50) and (51) with the integral equation (168) and the
geometry above, the field equations are

Eel = COSY COS6 COS¢ (F1 - RV Fz) - siny sin® [F1 + RV F2]
kLU .
Eg =e 1 [cosy cos® cosd (F, - Ry Fq e~JkL siny Cose)
2
+ siny sind [F2 + Ry Fy o~2JkL siny cosGJ
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E¢1 = cosy sin¢ (F1 + RH Fz)

-jky L
E¢ = e 1 cosy sing [F2 + Ry Fle'kaL stny Cose] . (206)
2

The gain is then
30 2 2
g =F._(IE9| + lEq)l ) (207)
in
where

Rin = 300 ohms

The computer code uses the notation (Ma and Walters, 1969)

E F.+JG

8 9

!

9

m
1]

¢ cosy sin¢ (F10 +] GIO)

p
n

cosy cosO cosd - siny sinb

cosY cos® cosd + siny sind .

o
1]

Separating equations (206) into the real and imaginary parts

Fg = Ag (1 - €o0s kLUl) + By [cos (kLU; - cos [kL (Uy + U7)]]
U1 U2
- - kLU
- ¢, [Bg (coswv cos SZV L 21)
cos (wv - kLUz) - cos (wv - kL (U1 + Uz)))]
+ A8 ( 03
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sin (kLUl) (sin kLU; - sin [kL (Ul + Uz)])]

Gg = Ag — = -B, [
9 8 8
Yy Us
siny, - siny( .- kLU,)
- ¢, [By (— v 2,
v g U
2
. {sin (wv - kLU2) - sin (wv - kL (Ul + Uz))\]
8 \ U /]
1
i 1 - cos (kLUl)\ cos (kLUl) - cos [kL (Ul+ Uz)]
F = ( ) +
10 U1 U2

+

R, [(Sosvy - cos (yy - KLUp),
U
2

cos (yy, = kLUy) - cos (y, - kL (U; + U,))
U

+

)]

1

sin (kLU;)  sin (kLU;) - sin [kL (U + U,)]

G = -
10
Ul U

2

+

R, [S1My - sin (by - kLU,)
H U,

sin QPH - kLU2) - sin (WH - kL (U1 + UZ))

. U
1
So the gain becomes
_ 2 2 2 .2 2 2 ,
9= .1 (Fig + Gg + cos®y sin¢ (Fy, + Gi4)) . (209)
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7. MISCELLANEA
A description of remaining antenna models is presented in this section.

7.1 Isotropic, Number 12

The reference antenna is an isotropic antenna as described in Section 2.1.
For this antenna, the gain is O dBI with an efficiency of 1. (0 dB loss). For
use with the prediction program, the user can input added gain and efficiency.
This procedure will, howeve, not include ground effect or polarization effects.
The option to use the ground reflection factors has been added to the subroutine;
vertical, horizontal, or circular polarization may be specified. The equations
are

Horizontal:

2
g = (Cy +1+2C, cosy,

+ e+ 1. -2y cosy)/2. (210)
Vertical:
= (2 '
g =Cy +1+2C, cosy. (211)
Circular:
= (C2 + 1. + 2 C, cosy,, + ¢Z+ 1. -2c, cosy
g =1by* L HCOSPy * Ly T L y COs¥y
2 1
+Cy +1+2C, cosyy)/3. (212)

7.2 Measured Pattern Adjustment, Number 25
This model makes use of measured patterns in free space and adds the effect
of the ground. If the antenna (array) is at a constant height, the ground effect
can be factored from the general antenna equations (as for the Yagi). Then the
ground reflection factors can be used to evaluate the ground effect. The
measured gain is obtained by table look-up.

7.3 Smoothing the Nulls in the Antennna Patterns
While the prediction program uses a ray to describe the propagation path,
the actual propagation is by a wave that may arise from a larger part of the
antenna pattern than that indicated by the ray alone. The standard practice’was
to take the minimum gain as -10 dBI corresponding to long distance (i.e., low
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radiation angles) propagation. For short distances (high radiation angles), this
procedure can result in gains being Unrealistically high. A simple procedure
based on the variation with radiation angle of the area illuminated at the
ionosphere by the antenna is used. This area is proportional to the square of
the sine of the radiation angle (A). The minimum gain is set to -10 dBI at 3
degrees. ‘

gy = - 35.624 for A > 70°

- 35.624 - 20 109, (sinp); 3° < A< 70°

- 10. for A < 3°. (213)

This procedure allows the nulls of the antenna pattern to vary smoothly from
-10 dBI at long distances to -35 dBI at short distances.
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SECTION 2. USER'S INFORMATION

1. INTRODUCTION
This section is arranged in accordance with the more complete manual
describing the use of the general systems performance prediction program. Only
information relating to the antenna submodule is included here.

2. PRIMARY PROGRAM RELATED REQUIREMENTS

The computer requirements for use of the antenna submodule are presented
here. The computer code is as close to ANS FORTRAN as was possible for
implementation on the available computer. No external data base is necessary for
the antenna submodule. No complex arithmetic, numeric integration method, or
matrix inversion routines are required. Computer systems using 16 bit integer
words and 32 floating point words are adequate for this submodule (and for the
full IONCAP program as well). The antenna submodule can be used as part of the
full prediction program or as part of a separate program using the ANTCAP program
as a driver. The computer requirements for the prediction program are
found in the user's manual for that program. For use as a stand-alone program
with ANTCAP, the computer requirements follow. The load module requires 17000
(decimal) floating point words. Of this, 5586 are the output arrays and 3914 are
the operating system. Three files are used:

TAPE 5: An input file, 80 characters per record are used (card images).

TAPE 6: An output file, 135 characters per record {print file).

OUTPUT:  System output file, used for system messages.

3. INPUT DATA REQUIREMENTS

The input for the antennas submodule consists of a description of the
antenna site, of the antenna configuration, and of the run options desired. Each
antenna is described by a single card (Table 4) with the exception of the stacked
arrays which require an additional card. Only those input cards that are rele-
vant to the antenna submodule are described here. Figures 38 to 57 describe the
antenna configurations and the corresponding input cards.

Each card format consists of an alphanumeric name up to 10 columns, followed
by up to 14 data fields of 5 columns each. Each floating point variable may have
a decimal inserted, while the integer variables must be right justified.



Floating variables are read in an F5.1 format. Thus "12345" in the field is the
number 1234.5 for all variables.

Each input card diagram for an antenna contains three columns; the first is
the card column number of the field; the second is the format used to decode the
field; and the third is the description of the variable.

The ANTENNA input card defines whether the antenna is transmitting or
receiving, specifies the type of the antenna, the ground conductivity, and
dielectric constants in addition to the other parameters necessary to compute the
necessary antenna patterns. Typical values for selected ground types are given
in Table 5 where typical good ground is low hills with unforested rich soil or
flat wet coastal regions; fair ground is medium hills or forested heavy soil; and
typical poor ground includes rocky steep hills, sandy dry coastal regions, and
city industrial areas. The ground constants are optional on each antenna card
for the IONCAP program but are required for the ANTCAP program. If not specified
by the user, they will be calculated with the land mass map from the ionospheric
long-term data base file. The ground constants will be set to poor ground as a
default if they are not specified by the user and the land mass map is not
available. The user may specify up to three transmitter antennas and three
receiver antennas to cover the frequency range considered for each system
configuration. It is also possible, with the IONCAP program, to indicate that
the antenna is to be read from an external antenna file (LU25) instead of being
calculated by the program. The input parameters required vary with antenna
type. The basic ANTENNA card parameters are described below and the geometric
description of each available antenna type is given in Figures 38 through 57.

(a) IAT indicates whether the antenna is transmitting or receiving,
IAT = 1 for transmitting, IAT = 2 for receiving.
(b) IANTR indicates the number that corresponds to the antenna type desired.

(c) AETA indicates the antenna bearing in degrees from east of north.
Negative denotes off-azimuth from along the desired path. Positive
denotes the main beam direction.

(d) ASIG indicates the ground conductivity (¢) in mhos per meter.

(e) AEPS indicates the relative dielectric constant (g).
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The following parameters describe various characteristics dependent on the
antenna type specified. The user should refer to Tables 6 through 46 for the
description of the following antenna parameters and the antenna characteristics
required for each antenna type.

(f) AND - usually an angle.
(g) ANH - usually a height term; negative being in wavelengths.
(h) ANL - usually antenna length (height); negative being in wavelengths.

(i) AEX(4) - four variables used to describe the more complicated
antennas. If not needed, AEX(1l) is gain, dB, above computed gain by the
model.

(j) AFQB - ending frequency when more than one antenna is used for a
pattern. Starting frequency is 1 MHz; each antenna card then indicates
the last frequency for that one. The starting frequency for each
antenna is 1 MHz more than the last ending frequency. Thirty
frequencies are used for each antenna pattern.

(k) IAIN - indicates antenna number 1, 2, or 3 for multiantenna patterns.

The placement of the input parameters on the output formats is given in
Table 3.

In order to specify the arrangement of a stacked array, an additional
antenna card is required. The system used is to add 100 to the antenna number;
e.g., for a stacked array of vertical log periodic dipoles, antenna number 23,
the auxiliary card uses 123 as the antenna type. The number 100 was used to
indicate a change of starting frequency for the pattern, AETA becoming the new
start frequency (1. MHz is default).

Other input cards relevant to the antenna submodule include the METHOD card,
the EXECUTE card, the COMMENT card, and the QUIT card. The METHOD card, if used
for antenna patterns, has 13, 14, or 15 in columns 11-15 (I5 format). The
EXECUTE card needs no additional information. The COMMENT card allows
description of the input in columns 11-80. The QUIT card is required at the end
of the input card record. The ANTCAP program ignores all cards except the
ANTENNA card and the QUIT card. The ANTENNA card will execute and print a
pattern. The QUIT card will end program execution.



Table 3. Output of input parameters

OUTPUT:
Field | INPUT | PRINT OUT
0 | "ANTENNA" |
1 | IAT l -—-
2 | IANTR | Alpha
3 | AETA l Azimuth
4 | ASIG | Conductivity
5 | AEPS | Dielectric Constant
6 | AND | Angle
7 | ANH | Height
8 | ANL | Length
9 l AEX(1) | EX(1)
10 | AEX(2) | EX(2)
11 | AEX(3) | EX(3)
12 | AEX(4) l EX(4)
13 | AFQB | "Frequency Range"
14 | IAIN |
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4. OUTPUT OPTIONS .

The only output of the antenna module is antenna gain (dBI) and efficiency
(dB). A set of sample patterns is given in Tables 27 to 50. Table 26 is the
input data used to generate these tables. Where available these correspond to
published patterns (Ma, 1974). The ANTCAP program includes the radiation
resistance output line.

5. APPLICATIONS

The output of the antenna submodule consists of the antenna gain in dBI as a
function of elevation angle, azimuth, and frequency, and the efficiency in dB as
a function of frequency. The antenna models were based upon the assumption that
the antenna was well designed and that the operating frequencies used are within
the design limits of the antenna. Operation outside the designed frequency range
of the antenna or constructing a hypothetical antenna that does not correspond to
a reasonable configuration may result in misleading and erroneous results from
these models.

The antenna gain consists of three components: the space pattern
corresponding to the (lEel2 + IE¢|2) term, the radiation resistance, and the
efficiency.

The radiation resistance and efficiency terms will set the maximum gain at
each frequency but will not affect the variation with elevation angle and
azimuth. Thus a knowledgeable user can adjust the power/gain input to overcome
suspected deficiencies in the radiation resistance or efficiency calculations.

The subroutines in the antenna module are listed in Tables 47 and 48.
General subroutines are listed along with their function in Table 47. The sub-
routine for each antenna type is listed in Table 48 along with a cross-reference
to the input table and to the theoretical equations used.

As was described in Section 2, the antennas modeled are for skywave
patterns, are referred to an isotropic radiator, and are to be used in the system
loss calculation. Most of the variation in the system loss calculation is due to
those variables which depend upon the state of the ionosphere. The effect on the
use of the antenna models is the change of usable frequency with the resultant
changes in elevation angle. The problem to be solved by the user of the antenna
models is then to select or design an antenna system that will, with some accept-
able probability, provide the necessary power/gain pattern over the required
period of time and area of coverage. There are basically two methods that have
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been used with the prediction programs. The first is a brute-force method of
running all possible antenna models with complete system performance predictions
and then selecting the optimum antenna from the output. An alternate approach is
to first run the prediction with a standard reference antenna, e.g., isotropic
radiator, or a short vertical or horizontal dipole. The prediction run could be
based only on MUFs for each layer saving the elevation angles. Then from a
collection of antenna patterns, select an adequate antenna system(s). Finally,
check the selection using a full systems performance. The alternate approach
tends to much shorter labor time and computer cost.

The collection of antenna patterns could come from measured patterns or be
precalculated from other models or from those included here. Within Timits, the
models used here can be used to design antenna systems to operate at specified
elevation angles at specified frequencies. The known limitations in the models
used here are discussed in the same order as they were presented in Section 1.

Vertical Monopole, No. 2: This model uses the traditional equations (64 ff.)
with the efficiency factor modeled assuming a properly designed ground screen.
The radition resistance is the perfect ground approximation.

Sloping Long Wire (Standing Wave), No. 11: This model uses the usual equations
(71 ff.) with a perfect ground assumption for the radiation resistance. The base
of the antenna may be raised above the ground. The radiation resistance has an
elevation angle limitation of 10 degrees. When the antenna is horizontal and low
to the ground, this approximation will not cancel the field as is appropriate for
perfect ground (Sommerfeld, 1964).

Inverted L, No. 8: This model uses the usual equations (96 ff.). The radiation
resistance assumes the perfect ground approximation. The efficiency factor
assumes an appropriate ground screen. Problems with the radiation resistance
model at low frequencies for some configurations have been corrected. The base
of the antenna may be raised above ground.

Tilted Dipole, No. 14; Horizontal Dipole, No. 3; and Vertical Dipole, No. 5:
These antennas are based on the same basic equations for the radiated field (113
ff.). The radiation resistance is the free-space approximation. With this
approximation, the tilted dipole model will yield the horizontal dipole or the
vertical dipole with the appropriate input.

Yagi Array, No. 4: This model uses the usual equations (129, 130) for the

radiated field with the currents for each element taken from a table appropriate
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for the HF and Tow VHF frequency bands. The radiation resistance is a free-space
approximation. The number of elements may be two or more. Appropriate curves
have been devised to design this type of antenna (Uda and Mushiake, 1954). The
model implemented here will give valid results for antennas designed this way.

Curtain Array, No. 6: This model uses the standard array equations (135 ff.).
The radiation resistance is the constant 480. A reflecting curtain is always
included. See the discussion of the model in Section 4 for the use of the CCIR
notation HR N/M/H, for the possible inclusion of beam steering, and for the quick
method of estimating maximum gain.

Horizontal LPD Array, No. 13; Vertical LPD Array, No. 22: These models employ
the usual equations for the radiated field (138 ff.) with the currents given by a
preconstructed curve. The radiation resistance is given by an empirical
formula. The model is intended to be correct only within the design range of the
antenna. Outside the design range, the model returns a dipole pattern. Only the
halfwave active region is considered. Higher order, e.g., 3/2 wave, active
regions are not considered. Design methods for these types of antennas is given
in Smith (1966). This design method corresponds to the measured criteria given
by Carrel (191) as do the antenna models used here.

The rhombic and other traveling wave antennas assume proper termination and

use radiation resistances of 600 or 300 ohms. The efficiency of these antennas
was taken as -1.7 dB (67 percent) which corresponds to that used in previous
antenna programs. This value should vary in accordance with the radiation
resistance used. The -1.7 corresponds to a radiation resistance of 600 ohms.
For a value of 1000 ohms, the efficiency is -3 dB; for 300 ohms, -0.5 dB
(Schelkunoff and Friis, 1952). Design criteria for rhombic antennas is given by
Harper (1941). Some criteria for arrays of rhombics are given by De Carvalho
(1959).

Terminated Sloping Long Wire, No. 20: This model is based on the equations for a
traveling wave when a terminator used (Eq. 169 ff.). The radiation resistance is
taken as 300 ohms. The base of the antenna may be elevated from the ground, in
which case it corresponds to a wave or Beverage antenna. This antenna is

intended for use as a receiving antenna. For use as a receiver, the low powers
involved allow an easy method of termination. For use as a transmitter, the
terminating resistance must be capable of dissipating a significant proportion of
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the power supplied while the terminating resistance has no inductance or capacity
(Thourel, 1960).

Terminated Sloping Vee, No. 7: This model uses the usual equations (174 ff.)
with a radiation resistance of 600 ohms.

Sloping Rhombic, No. 9: This model uses the usual equations (187 ff.) with a
radiation resistance of 600 ohms. The ground reflected wave is taken as if the
image is horizontal. This was implicit in some of the older gain programs.

Horizontal Rhombic, No. 1: This is a special case of the sloping rhombic.
However, the equations have been rearranged into the traditional form (Eq. 196)
used in design (Harper, 1941). That is a term depending on the angle between the
wires, a term depending largely upon the length of the wires, and a term
depending on polarization and ground reflections. The mistake in the sign of the
vertical ground reflection factor has been corrected.

Interlaced Rhombic, No. 10: This array consists of two horizontal rhombics
offset in the horizontal direction and possibly in the vertical direction. The
rhombics are assumed to be fed as an end fire antenna. The signs on the
reflected wave terms (Eq. 197, 198) are corrected to agree with the reflection
coefficient normalization and the phase difference in currents between the
rhombics. The radiation resistance is taken as 600 ohms.

Horizontal Double Rhombic, No. 16: This array consists of two rhombics offset
from the desired direction by a small angle (Eq. 199 ff.). The rhombics are fed
at a common junction. The radiation resistance is taken as 300 ohms.

Side Loaded Vertical Half Rhombic, No. 15: This antenna is constructed so that
it would be a vertical rhombic when over perfectly conducting earth (Eq. 206
ff.). The radiation resistance is 300 ohms.

Isotropic Antenna, No. 12: This antenna is included as a reference antenna. A
common practice has been to use this option and to use the minimum angle option
with the prediction program. This procedure is intended to eliminate those lower
angles at which the antenna is not expected to operate effectively. For long
distance circuits this procedure can be misleading, since the MUFs may be arti-
ficially reduced due to lower order modes not being present. A more effective
method is to use a standard reference antenna that will include the effect of the
ground cutback factors. The vertical polarization or the circular polarization
options included with this model is a possible choice of a reference.
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6. CONCLUSIONS

The work presented here is intended to be documentation of antenna models
intended for use with the HF skywave systems performance program (IONCAP). This
report is not intended to be a general antenna design guide or user's handbook.
The general antenna equations are included here and all radiation equations are
derived here. Thus, the work could be used as a reference to derive equations
for other wire antennas. The radiation resistance equations are not derived here
but are selected from the literature. Most of the equations used are found and
derived in the monograph by Schelkunoff and Friis (1952).The major benefits of

this work are:

(1) direct correlation between the equations and the computer code

(2) all radiation pattern equations are derived and compared with published
equations if available

(3) the use of the radiation resistance equations is clarified and referred
to their source ‘

(4) the normalization of the reflection coefficients and their use with the
ground reflection factors is clarified. (This problem has been
recurring for 50 years)

(5) the models for use with the prediction program are simplified and
computational stability of the computer code enhanced.

The chief limitations of the work are:

(1) Possibly invalid results when the antenna is placed close to the ground.
This problem arises for smooth ground sites because of the approximation
of free space or of perfect ground that is used for the radiation
resistance. For realistic antenna sites, local variations in the site
parameters are important and cannot be included in general routines as
provided here. A table of this effect for horizontal dipoles over
perfect ground is included in this report.

(2) The use of the models outside the design limits of the antenna may not
be valid. This is not always apparent when a frequency complement
covering a large band is used. Some attempt has been made to assure
that the antenna will appear to perform poorly outside its intended
region when compared to performance within the designed range. But no
claim to absolute accuracy of the pattern outside its design range is
made.
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Possible areas of improvement to this work are:
(1) incorporation of antenna types not included here
(2) improvements to the solution of the interior problem, mainly
radiation resistances, as used here.

Methods such as those using numeric integration and matrix inversion
techniques such as the three-term theory (Ma, 1974) or the many method-of-moment
programs (Strait, 1980) are not really improvements to the work here but rather
are alternative and sometimes more accurate approaches. Patterns generated by
these methods or from measurements can, of course, be used by the prediction
program with the precalculated antenna file option.
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Table 4. Antenna Input Card Formats

IONQSPHERIC COMMUNICATINNS ANALYSIS AND PREDICTION PRNGRAM ~ [ONCAP VERSION 78,03

! 2 3 4 5 6 7 8
123456789012364567R901234567890123455789012345678901234567A9012345678901234567390
COMMENT THESE CARDS ARE FAR LNSSY GRAUND
COMMENT
COMMENT RN TEST CASES THENRY AND APPLICATION NF ANTENNA
COMMENT  ARRAYS, M,T,*a. J.WILEY AND SONS, 1974
METHIN 13
COMMENT  WORT7ONTAL RHOMRIC, NO TFST CASE, SO DD 0T-76-102
ANTENNA 1 1 2001 4.57.5 £B,3916,76
EXECUTE ‘ " »

COMMENT  VERTICAL MONDPOLE, N7 TFST CASE, DO DT-76-102

ANTENNA 1 2 001 4, -.25

EXECUTE

COMMENT  HORT7INTAL DIPOLEs PAGE 249, THIS IS ALSD AT-T6-107

ANTENNA 1 3 001 4, -5 =425

EXECUTE

COMMENT  WARTIONTAL YAGI, PAGE 264

ANTENNA 1 4 $001  4.15.5 15,0 =.25 14, 3. 6. 7.5
EXECUTE

COMMENT  VERTICAL DTPRLE, NO TEST CASE, USE 0T-76-102

ANTENNA 1 5 001 s, -5 =25

EXECUTE

COMMENT  CURTATN, PAGE 277,

ANTENNA 1 6 $001 4. 1. 15. 7.5 4. 15. 7.5 15,

“EXECUTF .
COMMENT  SLOPING VEE, PAGE 379
ANTENNA 1 7 $001 4. 15, 150, 15. 33,75
EXECUTE
COMMENT  INVERTED L, NO TEST CASE, D3 0T-76-10?

ANTENNA 1 8 L0016, 21.34 10,
EXECUTE

COMMENT TERMINATED SLAPING RHIMATIC, PAGE 392
ANTENNA 1 9 .C01 4. 30. 120, 10, 20.

. EXECUTE
COMMENT  INTERLACED FHOMBIC, NO TEST CASE, THIS IS A ITSA~1
ANTENNA 1 10 001 4. 70.114. 20. 4. 33,

EXECUTE

COMMENT  SLOPING LMNG WIRE, NO TEST CASE, DO OT-76-102

ANTENNA 1 1 <001 4, 10. 91,44

EXECUTE

COMMENT  ISNTRAPTC AMTENNA IN FRFE SPACE, GAIN IS 5 DB

ANTENNA 1 12 «001 4. 5.

EXECUTE

COMMENT LOG PERINDIC ARRAY NF UNRIZONTAL DIPOLFS, MA PAGE 361
ANTENNA 1 13 $001 4. 46, 33.47 2,96 18, .87 12,
EXECUTE

COMMENT  A9BTTRARY TILTED DIPOLE, OT-76-102

ANTENNA 1 14 $001 4, 45, =.5 =,25

EXECUTE

COMMENT  VERTICAL HALF RHYNMBIC, MA PAGE 400

ANTENNA 1 15 J001 4, 27.5 120,

EXECUTE

COMMENT  4NRTZONTAL NOUBLE RHIMRNID

ANTENNA 1 16 001 4, 150, 62, 25.5 17,5 214.8 62,
EXECUTE

COMMENT  LNG 9ERINDIC ARRAY OF VFRTICAL DIPOLES

COMMENT LPA VeDes POOR GRNAUNA, MA PAGE 344

ANTENNA 1 22 «001 4. 90. 15, 8, 12.5 .87 12,
EXECUTE

QUIT



Table 5. Typical Values of Ground Electrical Characteristics

GROUND TYPE CONDUCTIVITY DIELECTRIC CONSTANT
Sea Water 5.0 mhos/m 80.
Good Ground 0.01 10.
Poor Ground and Sea Ice 0.001 4.
Polar Ice Cap 0.0001 1.
Fresh Water ~0.002 80.
From Maps blank blank
Perfect Ground blank - 2.
Free Space blank - 1.

Variable ASIG AEPS
Columns 26-30 31-35
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Table 6. Horizontal Rhombic, Input Card
-~ - o - - » -y
1 1 L0010 4057, 33,3515,V
; ! ! i i L N R Y i ' ] i 1 i
8 9 10011 12 13 14 1516 17 18 19 20|21 2223 24 2975 26 73 J0J1 923334 '3 31 39 40|41 42 44 €5dG ¢7 49 50}5: 52 53 % 5356 57 58 53 6061 62 63 64 65'63 67 66 £3 10]71 72 7374 1576 17 18 13 80
b ~T T T T T T T v T ) LSS U SR P SR NI SO SR SIL G SAR S SRR S | LA A § N T T, T T LI S0.J0 PRt A S S 5 ‘ T T l T T T T T
356 7 8 9 I‘OII‘I 2 (3 lagsie 74813 2‘0!2,1 72 23242526272829 3‘0[;" 323333353837 3839 1014} 424344 9535 37 48 49 5.045‘1 52 53 53 55,56 67 58 59 SP!

2222J22222

1231456761918

3333033333
44444
6

78910

"I 5555
66666/566686

123456783971
177117111117

9)
888885838838
1234

5678351

000000000ﬂbﬂﬂﬂﬂﬂﬂ

11 12 13 14 15716 17 18 19 29,

1111'P11|'
2222222222

111213 14 15716 17 18 19 20

3333333333
YYYUYIIY

111213 14 15 16 17 1819 20

5555q55555
656666666686

M1213 14151617 1813 20

171171111111
8888808868

TI21314 1516171819 20

¢
21 22 23 24 25{25 27 28 29 30

fr1111111°
2222J22222

212223242526 212829 30

333333 333
4444444444

202004752621 2829 30

5555555555
6666666666

21722324 03 26 27 28 29 30

1711111117
885883 888

212223242526212829 35

98999998493¢

Uﬂﬂﬂﬂﬁhﬂﬂﬂ
IRRRENRRER|
22222221222

31 32 33 34 35 36 37 38 39 40

33337133 33
444 4l44444

31 32 33 34 35 36 37 38 39 4(]

55555ﬁ55'5
66666 6666

31 32 33 34 35 36 37 38 39 404

11171771 1711
8
88038 [88 88

21 32 53 34 35 36 37 38 23 40

59998/9999¢

31123334353637303940L

1 42 43 41 4545 47 48 43 50

11111{1111

2222222222

41 42 43 44 45 46 47 48 49 50

3377333733
s44a4laaaae

41 42 43 44 45 46 47 48 49 50

555551655355

uuonn@unnoﬁooo@bonngunouuuunu

51 52 53 54 55’56 5758598

IRERRRERRE

2222222222

51 52 53 54 55 52 57 5B 59 60]

33333133333
44444/44444

51 52 53 54 55 56 57 58 99 60f

5555“55555

51 62 63 64 6565 67 b3 69

RERERERRS
2222222222

61 62 63 64 65 66 67 68 69 70

[33333l33333

44444144444

5162 63 64 85 66 67 68 69 70

55555P5555

666666 66 |6666666666G666666668

41 42 43 44 45 46 47 48 495
17171717111 1
8888 8

51 52 53 54 55 56 57 58 59 50§

111717117117

6162 63 64 65 66 67 64 63 70

1111171111

ONE

9999939594

TWO

9999@9999%

THREE

FOUR

gpunoownno

1TNRIMUIBZIBINRTD

111111111

%

2222222222

71 72 73 74 7576 77 78 73 80}

3333333333
4444444444

7172 7374 7576 717 78 79 80§

55655556855
!
6666666666

717273747576 77 78 79 8

1711171711111

| 0 | © | o
. 8(8888888883{88888'88888/8388888838¢8

ﬂ424344{?4?\#74849505!5353545556575853506162638465566758697071727374757677787980

9999 9906%99999'999909/989 9 93999{9999%
FivVE 8iX SEVEN EIGHT

GLOBE 30(674

GENERAL DATA CARD 10-5

ANTENNA CARD, HORIZONTAL RHOMBIC

Column

N

ame

Format

Description of Input Data

1-10

A10

"ANTENNA"

1

1-15

IA

T

15

1 for transmitter, 2 for receiver

16-20

IANTR

I5

Antenna type

1

2

1-25 A

ETA

F5.1

Bearing
if positive?

ot antenna, degrees, E of N, negative; ofT azimuth

26-30

A

SIG

F5.1

Ground conductivity

3

1-35 A

EPS

F5.1

Relative dielectric constant

36-40

AN

D

F5.1

Tilt angle, degrees (1/2 the interior angle (at feed end))

4

1-45 A

NL

F5.1

Antenna leg length, meters, or wavelength if negative

46-50

A

NH

F5.1

Antenna height, meters

5

1-55 A

EX (1)

F5.1

Additional gain, dB

56-60

6

1-65

66-70

71-75

A

FQB

F5.1

76-80

IAIN

I5

an
hree differept apnteppas

Ending frequency when more than one antenna is used

Antenna number 1ndicator (ea
antenna can he defined by up to t

8¥ggkthe Trequency range; default i1s one, 17 IAIN s left

10

4




G0l

Matching Section

h= ANH

Stainless - Steel
Dissipation Line

Figure 27. Horizontal rhombic structure (1),

7



Table 7. Vertical Monopole, Input Card

N d Eg . - - .".. - SRR N gl ST R s A
HH!EHHH 1 3 .ont 4 .33
. . i { j_ ] | H { } i i
[‘ 73 35 B uunWEE T zﬂl 12223 24 2 i‘ 217829 30]31 33 35‘35 3738 33 40{41 43 44 45145 47 48 49 0[5 52 53 3¢ 5556 57 50 59 60]61 62 63 64 6566 67 68 69 1071 1273741576 17 78 19 80 |
- LS — — F: . et e, A
D I3 3 5 5 7 8 3 xo[n 12 13 14 x’s i6 17 18 19 zo[;\ 22 23 24 2'5 26272829 30| | 32 3334 312‘3‘6 37 3839 4]0[4‘1 4243484545 47 48 49 S0l51 52 53 54 55 56 57 58 59 60]
¥ ¥ 4

[«

0'0 000000000 0 0opojooooo0000 G‘P 000 0]0 pooe

000
ua««wuanwlanuswﬂnu s1e263 64 ssles sTes IOl 2 M B IE T N 79
111

0. UGPOGUBPOOB

0{0
cEEEESEEEECEEET
1

123 45|67 8 9 10§11 1213 141546 17 18 19 20§21 22 23 24 25|

[' IRRRREERRIIRRER P111111111111 I RRERRRRERII |F111111111F111111111311111111r11111?
L) . . H g
2222222222222222222‘22222&2222222222222222 22222222222222222)22222222222222222222
12345678 91011121314 15:15 17 18 19 28§21 2223 24 25 ?S 27 28 29 30831 ?Z 33 34 35 36 37 3B 39 40§41 42 43 44 45|45 47 48 49 50)51 52 53 94 55 5k 57 58 59 60161 $2 63 54 65 56 67 68 69 70§71 72 73 74 7576 17 18 79 80| T
Eza’33“3333333333333333;33(33333 333333333 3333333333333&333&3333ﬂ333333333ﬂ333333
'444444444444444&444444444A4444'4444“444444444h444444444444444444#444444444q44444ﬁ
12734 5 6 7 8 910J11 1213141516 1718 18 20§21 2223 24 25|2s 27 28 29 3031 32 33 34 35 36 37 38 39 40§41 42 43{4 45 46 47 4B 49 5051 52 53 54 55 56 57 58 53 60§61 62 63 64 65 66 67 68 69 J0§71 72 73 74 15 76 77 78 79 80) 8
[:5'5 't 55555555qss55555555555555555ﬁ55555555 q5555555ssqs55555555ﬂ555555555ﬁ55555J
= <
ssssqsssssssssqsssssssssJsssssssssssssssssssgsssssssssqsssssssss&sssssssssqsssss5
123 456 78 9101t 1213 1415161718 19 20§21 22 23 24 25 25 27 28 29 30§31 32 33 34 35 36 37 38 39 40341 42 43 44 45 36 47 48 49 SGHSI 52 53 54 SSISS 57 58 55 60461 62 63 64 SSISS 676863 70§71 72713 4 75I75 7178 79 8 5
777777777777777777771777”777777777ﬂ777777777777777777777777777777777777777777777o
& @ ® .06 |.0 ® | . ® © 0N @ i C) ® ] ©®
! aa asssssssssssssssssas|sssss 8538/88368/8 508580688(88508808386{3885806'888068/365668/36638
1 22 6§78 911112131415 XG 17 18 19 2042122 23 24 25 26 27 28 29 30]31 32 33 34 35 36 37 3B 39 4041 42 43 44 45‘464748 495051 52 53 54 55 56 57 58 59 60§ 61 62 63 64 65 66 67 68 69 JO§71 72 73 14 15 76 77 18 19 8
' 9 ‘9999 99999'99 9999999999/99599199999/999999955239999'98998/99 999/99999'9899
[§ NE TWO J THREE FOUR FIVE SiX SEVEN EIGHT
T TGLOBE 50(574 i .
ANTENNA CARD, VERTICAL MONOPOLE
Columns Name Format Description of Input Data
1-10 A10 "ANTENNA" 2
11-15 IAT 16 1 for transmitter, 2 for receiver
16~-20 IANTR 15 antenna type = 2
21-25
26-30 ASIG F5.1 ground conductivity
31-35 AEPS , F5.1 relative dielectric constant
36-40
41-45 ANL F5.1 | antenna height, meters
46-50 ANH F5.1 | gain above a dipole, dB
51-55 AEX(1) F5.1 | additional gain
56-60
61-65
66-70
71-75 AFQB F5.1 | ending frequency when more than one antenna is used
antenna number 1ngjcatol (each transmitier or receiver
76-80 IAIN I5 antenna can be def: caq° Ly U to three ?ferent antennas
¥er the frequency range detfault 1s one, 1s le
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Rodius of wire = AEX(1)

eo /
0= AND :
. . \\/ h=Feed Height = ANH:=0

Figure 28. Vertical monopole structure (2).
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Table 8,

Horizontal Dipole, Input Card

AHTENHG
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it

Lo
i

4.

i

23

Rk . .
515 8 8 10fn 121314154617 1818

} 1 - - 1 }
0212223242596 2020 3031 32 33 34 Vag a7 e 33 aofar a3 44 wsac ey i3 s0f5: 52 53 54 595k by 50 59

{ ol 1 ! |
60]61 62 63 64 6565 67 68 69 10}71 72 73 74 15'75 17 18 13 80

[

| 1

| J

f’z ""‘5!"5 voL T Ta t5 16 T Te ‘_1rf,vrlunq---"‘v1_‘.v,
i 3 4 )“VGL 7 8 9 l,!()l 12 13 t4 l)5=l.6 171819 ﬂ“l 22 23 2.4 2‘5:252:[&152.938!"5 3‘2 333< 35

} T . T U \J ¥ T T
36 37 3839 40[4) 42 4344 45
+

y—ri - ey
(4547 4 49 ‘-lolh' 52 33 53 95,58 57 5B Ziép!

[

nquoonn
45
1117111

2222J22222

123456781910

33‘3q33333
4444444

4
345678810
5

123458
11

B

189 10||| 12131415

' 5555

0000%

16 17 18 19 20

1111'P1111
2222222222

111213 14 1516 17 18 19 20

333333333
YYTUINIY

181213 14 15 15 17 18 19 20

5555%55555

ogooo0g00000

212223 24 25

00 ¢

\{BERRRRERN
zzzzzbzzzz

21222324252627 262930

333333 333
4444444404

2122 23 24 ?S|26 212829 30

5585555555

26212.2!&!30

IR RERRR R
22222222122

31 32 33 34 35 36 37 38 39 49

3333133333
4447444448

3132 33 34 35 36 37 38 39 40,

UUDOPODUUL

41 42 43 44 45 46 47 48 43 B!

55 55555 5

OUUUNUGEGWOUODQUOOB

132 33 34 35'38 37 38 39 4DJ1 42 43 44 4545 47 49 49 50051 52 53 54 55'56 5758 59

11111ﬂ11111111111111
2222222 22022222
141 12 43 44 45 46 47 48 49 SOfS1 52 53 54 55 5% 57 58 59 &Y

3733337 333)33333l33333
sesaslesaaalesnadasnas

i
|

22222

51 52 53 $4 55 56 57 58 59 60

5555%55555

0000%

61 62 63 64 65166 67 69 63 X

IRRREREREE
2222222222

6162 63 b4 65 66 67 68 69 70

33333133333
44444044444

6162 63 b4 65 66 67 68 B3 70

5555ﬁ55555

0000000000/00008

17213747576 77 78 79 80

111111111
222222221212

7172 71374 75,76 77 78 79 80

33333033333
Ba4444444

717273747576 71178 78 BD(

55555ﬁ5555

55555f5555
6666666666

31 32 33 34 35 36 37 3B 39 40

117111111711

6666666666

1N 75'78 71 78 13 80

1111111111

GBEBJEBBBB

2122 23242526 27 28 28 30

1111111111

6666666666

111213 1415 16 17 18 18 20,

171171111111

6666666666

41 42 43 44 45 45 47 48 43 50

1111111111

6666666666

51 52 53 54 55 56 57 58 59 60§

1711171111117

66666666686

61 62 63 64 65 66 67 68 §9 70

17111111111

12345678 910

11111711111

GENERAL DATA CARD I10-5

l 66666(666686
|
!
|

Ejssaaaaaaasssasaaassaasaaqa'aasaaasﬂaaaase’ssas”&saaesaJaeaeasaqaﬂaa?asesasJea?as i

R el o e ke i i i
ANTENNA CARD, HORIZONTAL DIPOLE
Columns Name Format Description of Input Data

1-10 A10 "ANTENNA" 3

11-15 IAT 15 1 for transmitter, 2 for receiver

16-20 TIANTR 15 antenna type = 3

21-25 AETA F5.1 bearing, degrees E of N

26-30 ASIG F5.1 J o

31-35 AEPS F5.1 | €

36-40 )

41-45 ANL F5.1 | antenna length, meters

46-50 ANH F5.1 | antenna height, meters

51-55 AEX(1) F5.1 | additional gain, dB

56-60

61-65

66-70

71-75 AFQB F5.1 | ending frequency when more than one antenna is used

76-80 | IAIN I | e D D oo fo Chren Gifrevent antennas_

g¥ggkfﬁé frequency range; default 1s one, 1 TS 1€
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L= ANL

AEX(1) = Additional Gain in dB

Figure 29. Horizontal dipole structure (3).
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Table 9. Horizontal Yagi, Input Card
SHTEHMG 1774 00t 401506 1500 -85 14, 30 B, 7.5
A . | [ - .- P o - f -, I - { i 1
[’ 23 5°6 8 9 )0]11 121314 1516 17 18 19 20;21 22328192 2829 Jﬂiﬂ 323334, 73631 39 4GL4! 42 4445745 ap 49 50151 52 .M 551‘56 5758 16061 63 64 h5'66 67 69 70[7! 12137471576 17 18 19 BDJ

"

{
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;
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+
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212223 24 ?5[25 27 26 28 30

5555555555
BGGGJGBBBG

21 22 23 24 25 26 27 28 29 30§

1771111171117
88888/8 883

2122 23 24 25 26 27 28 29 20
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6666666666
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SENERAL DATA CARD 10O-~5

S c—————

.

GLOBE 501674

ANTENNA CARD, HORIZONTAL YAGI

Columns Name Format Description of Input Data
1-10 A10 "ANTENNA" i 4

11-15 IAT 15 1 for transmitter, 2 for receiver

16-20 IANTR I5 antenna type = 4

21-25 AETA F5.1 | bearing of antenna, E of N

26-30 AS1G F5.1 l o

31-35 AEPS F5.1 | €

36-40 AND F5.1 length of reflector - wavelength

41-45 ANL F5.1 driven element length, meters - wavelength

46-50 ANH F5.1 | antenna height, meters - wavelength

51-55 AEX(1) F5.1 | director length

56-60 AEX(2) F5.1 | number of elements, 1, 2, 3,

61-65 AEX(3) F5.1 | director spacing

66-70 AEX(4) F5.1 | reflector spacing

71-75 AFQB F5.1 | ending frequency when more than one antenna is used
76-80 IAIN 15| anEepne Torbgr IndTCatop (e T IATen diFrerhnt Satunn

g¥g;ktne Trequency range; default 15 one; 1t IAIN 1S ie%f
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X y t\ Reflector

L.= AND

Driven

l‘\/\me:-ent

dr= AEX(4)

dg= AEY(3)

"

Number of Elements = AEX(2)

Figure 30. Horizontal Yagi structure (4).



Table 10.

Vertical

Dipole, Input Card
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6666666666
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1111111111
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8888 1888886

31 32 33 34 55 36 37 38 39 4h

TRBUGEETL

22222222 2

1142 43 44 45,45 47 48 49 50
33 3333 33
44444h4444

41 42 43 44 45 45 47 43 48 54

555 55555
6666666666

41 42 43 44 45 46 47 48 48 505! 52 53 54 55 55 57 58 53 60Y

17111111
9
88 8868 88

41 42 43 44 45 45 47 48 49 50]

51 52 53 54 55'55 57 58 59 6061 62 63 64 65166 67 68 69 70§71 72 73 74 7576 17 76 79 80}

IIIIIFI111111]]”111111111111]1
222222222202222222222

22222221222
51 62 63 64 65 66 67 €3 59 7071 72 73 74 75,76 77 78 19 &)

51 52 53 54 55 5% 57 58 59 60}
33333h333%33333“333333333h3333
44444144444

44444044444044444044444
717273 74 7576 77 78 79 80]

5152 53 54 55 56 57 58 59 60{61 62 63 64 65 66 67 68 69 70
5555ﬂ55555

5555q555555555ﬂ55555

66666666666666666666/6666666666,
6162 63 64 65 56 67 68 §3 70471 72 13 74 75.75 77 78 79 80
111171117111

1711171711111

‘ i ® | ©

8868688888/3888888868
717273747576 77 78 79 89

ﬂuuuouunuunouooopuunu
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I

GENERAL DATA CARD 10-5

111717111111
aasaJeaaaa

51 52 53 34 55 56 57 58 59 B0} 61 62 63 64 65 65 87 68 63 70

111

©

[§9999ggsssqgggggﬁﬁzgzgsag&ggss@asssiﬂsss999993@9999P99953999
ANTENNA CARD, VERTICAL DIPOLE
Columns Name Format Description of Input Data

1-10 A10 "ANTENNA" 5
11-15 IAT I5 1 for transmitter, 2 for receiver

16-20 IANTR 15 antenna type = 5

21-25 AETA F5.1 bearing or off azimuth (-)

26-30 ASIG F5.1

31-35 AEPS F5.1 note: :% %g ;£$$eg agsound

36-40 |

41-45 ANL F5.1 element length

46-50 ANH F5.1 feed height

51-55 AEX(1) F5.1 additional gain, dB
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AEX(1) = Additional Gain in dB

™

L= ANL 4{

h = ANH

/‘» 10 i
772 7y &5

8

N ",

%s

. Figure 31, Vertical dipole antenna structure (type 5).
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Table 11. Curtain, Input Card
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21220204 252627282330

22222222212
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51 52 53 54 55 55 57 58 59 60§51 62 63 64 65 66 67 68 69 70
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i
Y
2
[:33'3%3333333335333333333”'ssaas'saﬂas 330333 333 3333 331333 333 3333 3u3333ﬂ333333
—444444444444444&444444444J4444"4444H444444444“44444”44”444444444”444444444q44444ﬂ
122 .4 ’5 ‘S 78 910011 1213 1415 16 17 18 19 2021 22 23 24 25I2S 27 28 29 3031 32 33 34 35 36 37 38 39 40§41 42 43 44 45 45 47 48 49 50§51 52 53 54 §5 56 57 ?859661 62 63 64 65 €6 67 68 6?'7071 273747576 77 78 79 80] 3
|:5‘5;! 55555555qssssss5555555555555%5555555 55555 55555555 55555 ﬂsss 55555ﬁ55555J
~ q
ssssqessssasssqssss'ssssﬁsssssssssssssssssssqsssssssssqsssssssssqsssssssssssssse5
123 456 7 6 31041112133 141516 17 18 19 20§21 22 23 24 25 26 27 28 29 30431 32 33 34 35 36 37 38 39 40041 42 43 44 45 46 47 48 49 5051 52 53 54 55 56 57 585956!52.6354656667_686970” nnHM 75.76 77 78 19 80 5
1111117071070 0 110001 I n i ap i ana i in111y 11111111117 1117 1111111111111 0
E| ¢ 2 _ . Q O] o ] e @ | (9
| ls8¥58'a8888/8858588888/888088 8588/8 588lss 80[883 868 08888 84888 88 selsg 88/3088888888 I
g 123 456 78 9 10J11 12131415 15 17 18 19 20§21 22 23 24 25 26 27 28 29 30|31 32 33 34 35 36 37 38 39 40041 42 43 44 45 45 47 48 48 50)51 52 53 54 55 56 57 58 59 60] 61 6: 66 67 68 6 117273 74 75 76 77 78 79 B0
999999999999 99/99999,99999/99999199999/99989.99§ 99/99999'99998 '
@ . ONE
ANTENNA CARD, CURTAIN ANTENNA
Columns Name Format Description of Input Data ‘
1-10 A10 "ANTENNA" 6
11-15 IAT 15 1 for transmitter, 2 for receiver
16-20 IANTR 15 antenna type = 6
21-25 AETA 15 antenna bearing
26-30 ASIG F5.1 o
31-35 AEPS F5.1 €
36-40 AND F5.1 number of bays
41-45 ANL F5.1 antenna element length, meters
46-50 ANH F5.1 antenna height to first element, meters
51-55 AEX (1) F5.1 number of elements per bay
56-60 AEX (2) F5.1 distance between elements centers
61-65 AEX (3) F5.1 vertical spacing of elements
66-70 AEX (4) F5.1 distance from screen _
71-75 AFQB F5.1 ending frequency when more than one antenna is used
76-80 TAIN 15 antenna Number 1ndicator (each transmitter or receiver
' antenna can be defined by up to _three different antennas
g¥erkthe frequency range; default is one, if IAIN is left
an . .
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d, = AEX(4)

N
Mpaunnnn ¢
—

)

X

s\\ «\\.\\
7 7,

=AND

Number of Elements per Bay=AEX(1)

Number of Bays

“N\
2%

Figure 32,

Curtain structure (6).
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Table 12.

Sloping Vee, Input Card

OANTEMHG

-

t

1

.00t 4. 15, 150, 15, 33,7

. ) ) ! i
[ 235 757 Tswnuenuisensnannnn:

HI. i) ce -, -
Y SRR R I

{ —~ i 1 1 i { i
50[51 52+ 3¢ 55156 57 58 59 60[61 62 63 6a 6566 §7 58 69 7071 72 73 74 15'76 77 76 19 80|

ED jz'_%_ 7 si ¢ 7 8 9 »:oi i 02 13 14 115% 16 17 (8 19 2021 22 23 24 z[’sgz:s 272829 310i3'L 32 33 34 3'51 35 37 38 31‘9_4"oi4:1 424344 415‘l4:5 a7 41141975'0'[5‘1 52 53 54 5‘5:—5:6 57 58 59 sjgi
00 oojooooofooooojooooofooooojoo OEuonopoooouo uopnnunnounupuuonuuuuooouonpouuomuung
’1 23 45|8 .7 8 9 w01 121314!51617 18 1920212223242526272529?0 |3233343.535:_i7303§l0} 4243“45454148495051 52 53 54 55'56 57 50 50 50§61 62 63 G4 65{66 67 6AGI TOP1 1213 4 756718 19
5 IRRRRERERIIRRR! P1111111111111 Trrig 111 1111“ l1111111r111111111311111111111111?
@ 1 o}
2222?22222222222222222222%222222222222222222222222222222222222222222222222222222‘
1 2’3 § 56718 SEOHIZ!JNISJE]?|8192021??23242525?7?8793031323334??363735??404!4243:54_45|4E47484?5051?2_5%54555‘575859666]6263645555576865707‘727374757877787581! g
[:33 343333333333333333333ﬂ3,3333333'333 3333 3333 3 3ﬂs333&3333ﬂ333333333ﬂ333333
- 44444444444444ﬂ4444444444A4444444"4H444444444h444444444u444444444“444444444M4444 g
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! 123456 78 91001121314 1916171833 20[2122 23 24 25 26 27 28 29 30431 32 33 34 35 36 37 38 39 40§41 42 43 44 45 46 47 48 495051 52 53 54 55 56 57 58 53 £0§61 62 63 64 65 66 67 68 63 70J71 72 73 74 75 16 77 78 79 80
99999'99599/99999'99969/999 9999i99
= ONE 1 TWO THREE FOUR
ANTENNA CARD, SLOPING VEE
Columns Name_ Format Description of Input Data
1-10 Al0 "ANTENNA" 7
11-15 IAT 15
16-20 IANTR 15 antenna type = 7
21-25 AETA F5.1 bearing of antenna
26-30 ASIG F5.1 o
31-35 AEPS F5.1 €
36-40 AND F5.1 1/2 apex angle in plane of wires
41-45 ANL F5.1 antenna leg length, meters
46-50 ANH F5.1 antenna height, meters
51-55 AEX (1) F5.1 terminated hetght
56-60
61-65
66-70
71-75 AFQB F5.1 ending frequency when more than one antenna is used
Antenna number indjcatoy--each transmitier or recejver
76-80 TAIN 15 antenna can be de wneg by up 1o tﬁree TFfevent antennas
B¥erkthe frequency range; default 1s one; it IAIN Ts Teft
ank.
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/~

300 Q
Terminations

hy = AEX(1)

Figure 33. Sloping vee structure (7).
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Table 13, Inverted L, Input Card
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6666666666
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711717111111

® i @ @ | G
8{ssi88'888088/e8888'88883
71727374 75 75 77 78 79 80l
999/99999'9943
SEVEN EIGHT

CARD 1C—-58

GENERAL DATA

GLOBE 501674 2= A =
ANTENNA CARD, INVERTED L
Columns Name Format Description of Input Data
1-10 A10 "ANTENNA" 8
11-15 IAT 15
16-20 IANTR 15 antenna type = 8
21-25 AETA F5.1 bearing
26-30 ASIG F5.1 g
31-35 AEPS F5.1 £
36-40 F5.1
41-45 ANL F5.1 antenna length, meters
46-50 ANH F5.1 antenna height, meters
51-55 AEX(1) F5.1 additional gain
56-60 AEX(2) F5.1 feed height above ground, meters
61-65
66-70
71-75 AFQB FS.i ending frequency when more than one antenna is used
76-80 TAIN 15 antenna can-be detinad by up fo thyae different sntennas
8¥g;the frequency range; default 1s one, 1T IAIN Is Teft
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8




et

hy= Feed ht.=EX(2) ~

Figure 34, Inverted L structure (8).
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Table 14. Sloping Rhombic, Input Card
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GENERAL DATA CARD 10-85
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z
m

ANTENNA CARD, SLOPING RHOMBIC

Columns Name - Format Description of Input Data
1-10 A10 "ANTENNA" 9
11-15 IAT I5
16-20 IANTR I5 antenna type = 9
21-25 AETA - | F5.1 bearing
26-30 ASIG F5.1 o
31-35 AEPS F5.1 €
36-40 AND F5.1 1/2 large interior angle at feed end in plane of wire
41-45 ANL F5.1 leg Tength, meters
46-50 ANH F5.1 antenna height, meters
51-55 AEX(1) F5.1 terminate height
56-60
61-65
66-70
71-75 AFQB F5.1 ending frequency when more than one antenna is used
76-80 TAIN I5 ?ﬁ%gﬂﬂg can be égg}ﬁggog—-sacto Eﬁpee1§1$¥ereng anzennas
g¥ngFﬁe Trequency raﬁﬁ@%‘agT5UTf'ﬁ??ﬂﬁﬁ‘ﬁT‘TﬂTN'T§‘T§Tt
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Let

Matching Section

h= ANH

Stainless - Steel
Dissipation Line

Figure 35. Sloping rhombic structure (9).



Table 15. Interlaced Rhombic, Input Card
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Figure 36. Interlaced rhombic structure (10)
(only two rhombics are coded),
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Table 16.

Sloping Long Wire, Input Card
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GENERAL DATA CARD 10-5

—— -

ANTENNA CARD, SLOPING LONG WIRE

Columns Name Format Description of Input Data
1-10 A10 | "ANTENNA" 11

11-15 IAT I5 1 for transmitter, 2 for receiver
16-20 IANTR 15 anterina type = 11

21-25 AETA F5.1

26-30 ASIG F5.1 o

31-35 AEPS F5.1 3

36-40 AND F5.1 a, slope from horizontal, degrees
41-45 ANL F5.1 element length

46-50 ANH F5.1 feed height

51-55 AEX(1) F5.1 additional gain
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Table 17, [Isotropic Antenna, Input Card
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Columns Name Format Description of Input Data
1-10 _A1Q "ANTENNA" 12

11-15 IAT 15 1 for transmitter., 2 for recejver

16-20 TIANTR 15 antenna type = 12

21-25 AETA . F5.1

26-30 ASIG F5.1 g

31-35 AEPS F5.1 €

36-40
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46-50 ANH F5.1

51-55 AEX(1) F5.1 gain above isotropic, dB

56-60 AEX(2) F5.1 receiver antenna efficiency, dB

61-65 |  AEX(3) F5.1 | 3 13 MONIZ- oo ORe Ok afbund, 45" 1 o1d constant Gain
66-70 '

71-75 AFQB F5.1 ending frequency when more than one antenna is used

76-80 | IAIN [5 | ankenna HumbRr e oDy 3 o three difFepent sntennas

8¥g;k?he frequency range; default 1s one, 11T IAIN 1s Teft
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AEX{(1) = Gain in dB

777 77777777777

AEX(2) = Antenna efficiency, dB

Figure 38. Constant gain pictorial pattern (12)
(isotropic in free space is 0 dBI).
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11-15 IAT 15 1 for transmitter, 2 for receiver
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71-75 AFQB F5.1
76-80 IAIN 15
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Figure 39. Horizontally polarized crossed-dipole log periodic antenna structure

(type 13).



Table 19. Tilted Dipole, Input Card
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GLOBE 5Gi674

ANTENNA CARD, TILTED DIPOLE

Columns Name Format Description of Input Data
1-10 A10 14

11-15 IAT I5

16-20 IANTR I5 antenna type = 14

21-25 AETA F5.1

26-30 ASIG F5.1 g

31-35 AEPS F5.1 €

36-40 AND F5.1 tilt of element from horizontal, degrees
41-45 ANH F5.1 feed height

46-50 ANL F5.1 element length

51-55 AEX(1) F5.1 additional gain
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Figure 40. Arbitrarily tilted dipole antenna (type 14).




Table 20. Vertical Half Rhombic, Input Card
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Columns Name Format Description of Input Data
1-10 18

11-15 IAT I5

16-20 IANTR I5 antenna type = 15

21-25 AETA F5.1

26-30 ASIG F5.1 o

31-35 AEPS F5.1 €

36-40 AND F5.1 interior angle between leg and ground, degrees
41-45 ANL F5.1 Teg length
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able 21.

Horizontal Double Rhombic, Input Card
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8988888588
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99999'9959998 9“39§9ﬁ9993w99999
$IX SEVEN
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GLO#HC 501674

GENERAL DATA CARD 10-5

ANTENNA CARD, HORIZONTAL DOUBLE RHOMBIC

Columns

Name -

Format

Descriptio

n of Input Data

1-10

A10

16

1

1-15

IAT

I5

1

6-20

IANTR

F5.

antenna type

16

21-25

AETA

F5.

off azimuth

26-30

31-35

ASIG

F5.

g

AEPS

F5.

€

36-40

AND

F5.

ang|
atg

g between principal antenna axis and rhomboid major

41-45

ANH

F5.

feed height

46-50

ANL

F5.

short leg length

51-55

AEX(1)

F5.

angle between'major rhomboid axis and short leg (°)

56-60

AEX(2)

F5.

angle between major rhomboid axis and long leg (°)

61-65

AEX(3)

F5.

Tong leg length in meters or wavelengths (-)

66-70

AEX(4)

—t et Joed et [ e et ied eed e —

F5.

termination height in meters or wavelengths (-)

»
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Table 22.

Vertical Monopole with Ground Screen, Input Card
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6666666666
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IRRERREERN
2zzzzhzzzz
33333133333
4444444444
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55555P5555

11171171111

Bjooooe
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2222222222

44444044444

6162 63 54 65 66 67 68 63 7

55555F5555

8666&6565%6666&66665

51 52 53 54 55 56 57 58 59 50§61 62 63 64 65 66 67 68 69 7

11117111117

88888%8888

5t 52 53 54 55 56 57 58 59 €0)

88888/88888

6162 63 64 65 66 67 58 63 70

0000000000“0000

1727374 75776 77 78 78 804

1111111111
2222222222

74 7273 74 75,76 77 18 79 80]

3333333333
4444444044

MNT27374715767778 19 80{

5555ﬂ55555
6666666666

71727374 7576 77 78 79 80

11117111111
15 ! @
8888888888

717273747576 77 78 79 8

CLOBE 501674

GENERAL DATA CARD 10-~5

T as——

ANTENNA CARD, VERTICAL MONOPOLE WITH GROUND SCREEN*

CoTumns Name - Format Description of Input Data
1-10 A10 17
11-15 IAT 15
16-20 IANTR I5 antenna type = 17
21-25 AETA F5.1
26-30 ASIG F5.1
31-35 AEPS F5.1
36-40 AND F5.1 length of radials
41-45 ANH F5.1 gain above monopole over ground specified
46-50 ANL F5.1 length of element
51-55 AEX(1) F5.1 additional gain
56-60 AEX(2) F5.1
*No valid computer code for this was available; this 1is
now a call to Antenna No. 2.
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Figure 43. Vertical antenna with a radial-conductor earth system (type 17).
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Table 23. Input Pattern from Data File
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33333'33333
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535551955555
6666666666

41 42 43 44 45 46 47 48 49 504

17111111111
(9

0000“0000

0
51 52 53 54 55'56 57 58 59

IRERERRRRN

22222221222

51 52 53 94 55 5% 57 58 59 60§
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9999499 99999'90099[93999,9 999494l 99 99999'99999/98958{99999
ONE TWO THREE FOUR FIVE SiX SEVEN

000000000

?
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SRR RREREE
222222212122

71 72 73 74 75 76 77 78 79 80

3333333333
4444414444

71721374 576 77 78 79 804

3555585555
6666666666
71727374 7576 77 78 79 80

711171711117
| (®
8885898888

717273 74 1576 17 78 79 8¢

99995'9999¢
EIGHT

GLOBE 501674

GCENERAL DATA CARD 10-5

eoursacron em——

Columns Name Forma Description of Input Data

1-10 A10 "ANTENNA" 18

11-15 [AT I5 1 for transmitter, 2 for receiver

16-20 TANTR I5 antenna type = 18

21-25

26-30

31-35

36-40

41-45

46-50

51-55

56-60 (Antenna type 18 (a). If IAIN > 0, then IAIN indicates

61-65 the number of antennas to skip forward from present

66-70 Jposition on the antenna file (LU26) before reading the

71-75 <\desired pattern. {(b) If IAIN < 0, then the antenna file

76-80 IAIN I5 is_rewound before searching for the antenna pattern.
The pattern that is used is |IAIN| on the antenna file.
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Table 24,

Vertical Log Periodic Monopole Array, Input Card
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6666666666

51 52 53 54 55 56 57 58 59 604

1111717171111
12

Euuunmuunu

61 625350555667605970 17273747576 77 78 79 80f

ll111ﬂ1!ll
22222222 12

81 82 63 64 65 66 67 66 69 70

333303333 ]
444 4l44444

§1 62 63 54 65 66 67 68 69 70

55555P5555
6666666666

6162 63 64 ES 66 67 68 63 70|

11171111111

INRRERERER
2222222222

7172 73 74 75 76 77 78 79 80]

1383333)33333
4444q4444g

717273747576 77 78 13 8

5555ﬂ55555
6666666668
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11117111111

GENERAL DATA CARD 10-5

{aashssgs;sssesssspsssaaaaa{saaas'aaphs?sess 88688888888 88 8 a‘@aﬁassa 88988l88883
ANTENNA CARD, VERTICAL LOG PERIODIC MONOPOLE ARRAY
Columns Name - Format Description of Input Data
1-10 A10 "ANTENNA" 19
11-15 IAT 15 1 for transmitter, 2 for receiver
16-20 TANTR 15 antenna type = 19
21-25 AETA F5.1 bearing degrees E of N. (-) is off azimuth
26-30 ASIG F5.1
31-35 AEPS F5.1
36-40
41-45 ANL F5.1 rear_element length (height), meters or wavelengths (-)
46-50 ANH F5.1
51-55 AEX(1) F5.1 '
56-60
61-65 AEX(3) F5.1 ratio of element length, vy, e.q., 0.86
66-70Q AEX(4) F5.1 number of elements
71-75 AFQB F5.1 ending freguency when more than one antenna is used
76-80 TAIN 15 e e Ol Cakohy pCto fhree diffepent anfennas
¥er the F?equency range; default 1s one, 17 IAIN is left
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Figure 44. Vertical log periodic array of monopoles (type 19)
(egt;mated by 1/4 wave monopole plus additional
gain).
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Table 25. Terminated Long Wire
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GENERAL DATA CARD 10-5
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3 9 g § 9j99999lg 9/ 9999989 99999'99994/99999/19999599999'9999
THREE I FOUR { FIVE $1X SEVEN EIGHT

939989 aga1sgsewgsssg
ONE TWO

GLOBY 501674

ANTENNA CARD, SLOPING LONG WIRE, TERMINATED

Columns Name Format Description of Input Data
1-10 Al10 "ANTENNA" 20
11-15 IAT 15 1 for transmitter, 2 for receiver
16-20 IANTR 15 antenna type = 20

21-25 AETA F5.1

26-30 ASIG Fo5.1 g

31-35 AEPS F5.1 g

36-40 AND F5.1 0. slope from horizontal, degrees
41-45 ANL F5.1 element length

46-50 ANH F5.1 feed height

51-55 AEX(1) F5.1 additional gain
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Table 26. ' Log Periodic Array of Vertical Dipoles
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GENERAL DATA CARD 10-5

ANTENNA CARD, LOG PERIODIC ARRAY OF VERTICAL DIPOLES

Columns Name Format Description of Input Data

1-10 A10 22
11-15 IAT I5

16-20 IANTR I5 antenna type = 22

21-25 AETA F5.1 bearing

26-30 ASIG F5.1 o}

31-35 AEPS F5.1 £

36-40 AND F5.1 array slope from vertical

41-45 ANL F5.1 rear element length

46-50 ANH F5.1 feed height

51-55 AEX(1) F5.1 transmission Tine jmpedance, ohms

56-60 AEX(2) F5.1 angle between array axis and element tip*, o,
61-65 AEX(3) _F5.1 | v, geometric ratio of element lengths, < 1.
66-70 AEX(4) F5.1 number of elements

71-75

76-80

*Upper angle if array is sloped AND 1s not 907,
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Figure 46. Vertical log-periodic antenna above flat earth.
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Table 27

. Stacked Array of Vertical Log Periodic Dipole Arrays
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GLOBE 501674

71721314 75'75 1778 79 80| 4

NERAL DATA CARD 10-5

G

ANTENNA CARD, STACKED ARRAYS OF LOG PERIODIC ARRAY OF VERTICAL DIPOLES (Card 1)

Columns Name Format Description of Input Data
1-10 A10 "ANTENNA" 23
11-15 IAT I5 1 or 2 for T orR
16-20 IANTR I5 antenna type = 23
21-25 AETA F5.1 bearing
_26-30 ASIG F5.1| o
31-35 AEPS F5.1 €
36-40 AND F5.1 array slope from vertical
41-45 ANH F5.1 feed height
46-50 ANL F5.1 rear e]ement'Jength
51-55 AEX(1) F5.1 transmission 1line impedance, ohms
56-60 AEX(2) F5.1 angle between array axis and element tip*, a,
61-65 AEX(3) F5.1 Y, geometric ratio of element lengths, < 1
66-70 AEX(4) F5.1 number of elements
71-75
76-80 _
*Upper angle if array is sloped, AND is not 90°.

146




Table 28.

Auxiliary Card for Stacked Arrays
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GLOBE 501674

, C

8868588888

, agg4assgwesesg
SEVEN EIGHT

GENERAL DATA CARD 10~5

ANTENNA CARD, STACKED ARRAY OF VERTICAL LPD (card 2)

Columns Name Format Description of Input Data
1-10 A10 "ANTENNA" 23
11-15 IAT 15 1 or 2
16-20 IANTR 15 "123"
21-25 F(1.IAT), F5.1 number of arrays in horizontal (X) direction
26-30 F(2,IAT) F5.1 distance between arrays, meters, (-) is wavelengths
31-36 F(3,IAT) F5.1 number of arrays in vertical
37-40 F(4,IAT) F5.1 height between arrays
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Table 29.

End Fire Array of Vertical Loops
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123456738 S!ik\ilzﬂﬂ!fﬂsﬂlﬂ!‘ilﬁ

ANTENNA CARD, END FIRE ARRAY OF VERTICAL LOOPS

Columns Name Format Description of Input Data
1-10 A10 25
11-15 IAT I5
16-20 IANTR I5 antenna type = 25
21-25 AETA
26-30 ASIG
31-35 AEPS
36-40 AND distance between elements
41-45 ANH height of loop
46-50 ANL radius of Toop
. 51-55 AEX(1)
56-60 AEX(2)
61-65 AEX(3)
66-70 AEX(4) F5.1 number of elements
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Table 30. Horizontal Rhombic, Output

METHND 13
HEIGHT
16.760

6 7

=11.0 =34,2
=77 =37.3
-544 =32,.2
=3.7 =20.6
=27 =13.9
~2.1 -9,5
-2.1 b4
=27 =4,3
-3.8 =3,0
=545 =2.3
=-8.3 =2.4
=12.3 -3.1
-18.4 =4.6
-29.5 =-7.0
-36.,2 -10.9
~29.8 ~17.0
~17.2 -28.,6
=93.9 =35.7
~4.9 =26,0
=1l.1 -14.0
1.8 =7.0
4l =240
6.0 1.7
745 4.5
Beh 5.8
9.5 845
10.1 9.9
10.5 10.9
10.8 11.6
10.8 12.1
10.6 12.3
10.3 12.3
9.8 12.1
9.2 11.7
Bs4 11.1
7.5 1044
Aol 9.5
5.2 8.4
3.8 7.1
243 547
o5 3.9
-1l.7 1.9
=443 -7
=749 =4.3
=11.7 =-10,32
-11.7 =11.7

6 7

=1.7 =-1.7

-] 7

1

AZ IMUTH
0.000

12
-3.0
-3.1
~5.6

=11.5
=253
=373
=15.9
“649
24
~eb

-9
=-3.4
-8,7

~19.6
-3642
=21.2
~10.0
~-446
-2.1
-1l.3
~2+0
-3.8
=647
-11.0
~18.2
-33.5
~32.6
-12-9
-3.3

3.0

7.5
10.9
13.3
15.1
1643
17.1
17.4
17.3
16.9
16.1
14.9
13.3
11.1

7.7

1.9

12

-1.7

ICNCAP 78.03 PAGE
ANTENNA PATTERN
LENGTH ANGLE
284290 67.500
8 9 10 11
=10.4 -10.8 =37.3 =10.6
-12.R =~8,8 =-20.1 -18.9
=16.8 =8.,2 ~12.3 -37.3
=23,6 =8.8 =-8.0 -29.8
=37¢3 =109 =~5.8 =14.5
=37.3 -14.8 =~5.3 =7.6
=2749 =21e6 <~<6+3 =4.0
«1749 =-35.9 =9.1 ~2.6
=11.9 =-37.3 ~14.,3 =3,1
=8.0 =2642 «24.,1 =5.4
=5:4 -16.5 ~36.8 -10.2
=347 =109 =30.7 -19.5
=249 =~T743 =17,5 =36.5
-2.9 =-5.1 -10.9 -28.7
=3.7 =3.8 =7.1 =14.8
=5.4 -3.4 ~=5.,0 -8.4
~8+4 =3.9 -3.9 =-5.0
=13.4 -54¢% -3.8 -3.4
-22.3 =-8.2 =4.5 =3.0
=3543 -13.1 =6.3 -3.7
=30.9 -22.3 =9.,5 =5.3
=1543 -34.7 =-15.4 =840
=Te0 =277 =27.6 =12.4
=1.5 =12.9 =-34.2 -21.0
2¢6 =~4,9 -19,6 ~33,8
5.7 o6 =842 -26.5
8.1 4¢6 =1.2 =11.0
9.9 7.6 3.7 <=2.6
11.3 9.9 7.3 3.1
12.4 11.7 10.0 7.2
13.1 13.0 12.1 10.3
13.5 13.9 13.6 12.6
136 14.5 147 14.3
13.5 14.7 15.4 15.5
13.2 14.7 157 16,2
12,7 144 15.7 1646
11.9 13.9 15.4 1646
11.0 13.1 1449 16.3
9.9 12.2 14.0 15.6
8.5 10,9 12.9 14.7
6.9 9.4 11.5 13.4
4.9 Te 9.7 1l.6
2.3 5.0 7.3 9.3
-1.2 1.5 3.8 59
~Te2 ~4,4 =-2.1 o0
=11+7 =11+7 =11.7 ~11.7 =11.7
8 9 10 11
FREQUENCY IN MEGAHERTZ
ANTENNA EFFICIENCY
=1le?7 =17 =~-1e7 =147
8 9 10 11

12

FREQUENCY IN MEGAHERTZ

13
=l4.4
-6.1
-2:4
-l.6
-3.4
~8.8
'21.5
~37.3
=14.3
=5.0
~eb

-1.7
13

EX(1)
0.000

14
-19.0
-37.3
-17.1

-6.7
=242
T =1lel
~3.0
-9.0
=24.7
-31.3
-10.1
-2.2
1.4
2.1
2
-4.9
=16.2
=35.7
-14.9
=446
o2
2.2
2.1
3
3.4
-8.9
-16.9
’32.7
-32.3
-12.8
=24

404

9.2

12.7
15.2
1649
18.0
18.6
1847
18.3
17.4
1640
14.0
10.8

5.0
-11.7

14

-1.7
14

Antenna Pattern

EX(2) EX(3) EX(4)
0.000 0.000 0.000

16 18 20 22 24
=10e2 =119 =242 =2.5 =2848
=548 =23,5 <-8.0 =6.8 -17.0
=5.7 =3743 =3.,9 -28.7 <-4.4
~10s1 =1645 =644 =164 =3.7
~22.9 =848 =-18.5 -3.4 -14.3
=3743 =74 =35.9 <~1l.2 -31l.1
~13.,2 =11le1 -10.2 =7.3 =5.6
~-4,9 =23,8 =3.9 =37.3 -7
=1.9 =37.3 =4.4 ~12.4 -4.9
=26 =14.1 -11.9 -1.7 -29.9
~-7.8 =642 —36.8 -¢3 ~-11.8
=22:9 =3.8 -18.5 -=6.5 -0
-29.5 =5.9  ~7.3 -32,6 1.2
-840 ~14.5 =4.5 =15.0 =6.4
=42 =3642 =b6:6 =3.4 =-36.2
3.0 =13.6 =1541 =142 =744
3.0 =2.2 =35.9 -5.2 1.1
-2 2¢6 =14.7 -18.0 1.3
-8,3 3.5 -2.7 -3505 -5.8
-33.5 8 242 =111 -31.7
~-17.8 =7.3 3.0 -1.9 -17.6
-3.5 =34.,7 -eb 1.8 =5.4
25 =13.4 -11.9 l.1 -7
5.1 -2 =34.2 =-5.4 oh
5.2 S5¢4 =5.0 -31.9 <-3.4
3.2 7.6 4e4% ~-10.9 -20.0
-1.0 7.2 8.5 3.0 -16.4
-7.9 4.4 9.4 8.9 240
~18.8 -1.0 7.8 10.8 9.2
-31.8 -10.3 3.4 9.9 11.9
=25¢4 =27.1 -4.6 6.2 1l.4
=-8+3 =30.8 -19.1 «lel 7.9
163 -13.9 =302 -14.7 7
7.6 ~leb -18.4 =29.5 =12.9
12.1 6ok =3.1 -20.8 -28.8
15.2 11.7 6.0 =3.,4 -20.6
17.4 15.4 11.9 6.3 =2,5
18,8 17.9 15.9 12.5 Teb
195 19.4 18.5 16.5 13.4
19.6 20.2 20.0 19.0 17.2
19,1 20.2 20.5 20.3 19.4
1841 1944 20.2 20.5 20.2
1642 17.8 18.9 19.5 19.7
13,1 15.0 16.3 17.1 17.5
7.5 9.4 10.8 11.8 12.3
=117 =11.7 =11.7 =11.7 -11.7
16 18 20 22 26
=1e7 =17 =1.7 =147 =147
16 18 20 22 24

CONDUCT.
«001 4,000
26 28 30
=10¢4 =122 ~16.2
-8¢2 =37.3 -=3,1
~18.8 =108 =7.3
-32.1 ~6s1 =37.3
-9.2 =15.6 =~6.1
=5.9 =32.7 ’205
-14.6 =87 ~16.1
-37.1 ~6.8 ~17.8
=Teb =19.5 =2.9
-2+2 =26.0 -5.3
~Te5 =7.2 =35.0
-36.7 -542 ~11,.5
=Tsh =16.4 4,1
lo4 2441 -9.8
2 =248 =36,2
=13.5 1.1 -Q.4
-19.0 =55 -100
e2 =35.7 =347
402 =26 =32.4
5 5.0 =5.9
-14,9 3.7 €.9
=23.3 -7.9 5.2
=5.0 ~29.9 -4,9
-1.1 =3.3 -32.5
-9 1.2 -1.s2
=-3.7 -ob 3.8
=172 =4.9 1.1
~19.4 ~18.0 -6.2
1.8 -18.,6 -21.9
9.7 2¢6 =14,6
12.8 10.7 b
12.4 13.7 12.0
8.9 13.1 14.53
1.3 9.1 13.4
-13.2 8 8.7
~28,0 -15.7 -1l.1
«17.9 -27.1 =-21.0
=¢5 =13.6 =261
8.9 2.1 ~-8.8
14.5 10.5 4.6
17.8 15.3 11.8
193 17.8 15.6
19.3 18.4 16.9
17.5 17.0 16.0
12.5 12.2 11.5
=117 =11.7 -11.7
26 28 30
“le? =1l47 =1l.7
26 28 30

DIELECT.

90
88
86
84
82
80
78
76
74
72
70
68
66
64
62
60
58
56
54
52
50
48
46
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12

-
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0§t

INNCAP 80.01 ANTENNA PACKAGE
FREQUENCY RANGE

Z20m=PpP<cmmrm

Zz - mroOZe

Uurmmodomo

1.0 7O

2

90 -36,2
88 =29.7
86 ~23.6
86 -20.1
82 ~17.6
80 =15.7
78 =l4.l
76 ~12.8
T4 -11.6
72 =1046
70 -9.7
68 =-8.9
66 =-8.1
64 =T.4
62 ~-6.8
60 -6.2
58 ‘5.7
56 =~5.2
54 -4.8
52 =4.4
50 =4.,0
48 <3.6
46 =3.3
44 =3.0
42 =2.7
40 =-2.5
38 -203
36 =2.1
34 -2.0
32 ‘1:9
30 -1.8
28 ~-1.8
26 -1.8
24 =149
22 -2.0
20 =242
18 =2.5
16 -249
14 =3.4
12 =4.1
10 -~5.0
8 =6.2
6 =8.0
4 ~10.7
2 =10.6
0 -10.6
2
=ab

2

30,0

3
~36.2
=-30.0
-24.9
=20.4
~18.0
=16.0
~l4.%
-13.1
=11.9
=10.9
-10.0

'9.2
=-9.5
=7.8
‘7.2
8,6
=641
=5.6
-5.2
-4.7
~4.4
-4.0
=3.7
~3.4
-3.2
-2.9
~2.8
~2.6
=25
=24
=2.3
=23
-2.4
=245
=246
~2.9
=3.2
=3.6
~4e1
-4.8
<548
‘7.1
-8.9
-11.7
~10.56
~10.6
3

ANTENNA TYPE

VER
&
=36.2
‘30-1
~24.1
-20.6
-18.1
=162
~l4.6
-13.3
=12.1
=11.1
-10.2
~9.4
~B46
-8,0
=7.3
-6.8
=642
~5.8
=5.3
-4,9
=445
~4.2
=3.9
-3.6
-3.4
-3.1
-3.0
=248
=2.7
=246
-2.6
=246
=246
=2.7
=-2.9
-3.1
=3.5
=3.9
~4.5
~542
=-6.1
=75
-9.3
=12.2
-10.6
-10.6
4

MOND
5
-36.2
~30.,2
~24.2
=20.7
-18.2
~16,2
-14,7
-13.13
-12,2
-11,2
-10.3
9.4
-8.7
-8.0
=Te%
-6.8
=643
=5.8
~5.4
=5.0
-4 .6
~4.3
-4.,0
‘307
-3.4
-3.2
-3.0
=2.9
-2.8
=27
=2.7
2.7
=247
-2.9
-3.0
-3.3
=3.6
-4.0
~beb
=5.3
-6e3
=76
=-9,5
~12.4
=10.6
-10.6
5

Table 31.
METHOD 13 IONCAP 78.03 PAGE 2
ANTENNA PATTERN
HEIGHT LENGTH ANGLE AZTMUTH
0.000 =250 0.000 0,000
6 7 8 9 10 11 12
=3642 =362 -36.2 —36+2 -3642 =36.2 =36,2
=30,2 =30.2 -30.2 -30.2 -30.2 -30.1 -30.1
=28442 ~2442 —2442 -2642 =2441 =-24.1 =24,1
=207 =20e7 =207 =2046 =204h =20.6 -20,6
-18.2 ~18.2 ~18.,2 -18,1 ~18.1 ~18.,1 -18.,1
~16s2 =1642 ~1642 =16+2 =16.2 =162 =-16,1
=14.7 =14.7 =146 =14.6 -14.6 =14.6 =14,6
-13.3 -13,3 -13,3 ~13.3 -13.3 -13.3 ~13.2
=1242 =1242 -12.2 =-12,1 ~12.1 -12.1 =12.1
=11e2 =1142 -11.2 -11.1 -11l.1 -11.1 =-11.1
<1043 -10.3 -10.3 -10.2 =10.2 -10,2 ~10.2
~9¢5 =9.5 -=9.4 ~9.4 =9,4 <-9,4 ~=9,4
=B8e7 =847 <-84¢7 =-Bs7 <~B8B.7 <~B.7 =846
-8.,0 -8.0 -8.,0 -800 -840 -8.0 -8.0
“Teh =Teb ~Te&s ~Te4 =74 =-T.4 =T.4
-5.9 =-6.9 =6.9 ~6.8 -6.8 ~6.8 =-6.8
=603 ~6e3 =643 =63 -6.43 =643 =6.3
=549 =549 =5,9 =5.,8 =5.8 =5.8 -5.,8
“5e4 =5.4 =544 =5.4 -5.4 =-5.4 -=5.4
=50 =5.0 -5.0 =5.0 =5.0 =5.0 ~5,0
=4eb =4,6 =46 =4.,6 -b.H =46 =4,6
=4s3 =4,3 -64.3 -4.3 =-4.3 <-4.3 -4,2
~4.9 =440 =440 -4.0 -4.0 -4.,0 .‘3.9
=347 =3.7 =-3.7 =3.7 -3.7 =-3.7 =3,7
=345 =3.5 =3.5 =3.5 -3.5 -3.4 -3,4
=-3.3 =3,3 -3.3 -3.3 =-3.2 -3.2 -342
=3,1 =3.1 =-3,1 =3.1 =~3.,1 -3.1 =-3,0
=269 =2.9 =2.9 =2.9 =~2.9 =2.9 =2.9
~2e8 =2.8 -~2,8 -2.8 =-2.8 =-2.8 =~2.8
-2.7 ~2.8 -2.8 -2.8 ~2e7 -2.7 =2.7
=247 =247 =27 =2.7 =247 =2.7 =2.7
-2.7 =2.7 =-2.7 -2.7 -2.7 =247 -2.7
=248 =2.8 =2,8 =2.8 =-2.8 =-2.8 -2.8
=29 2.9 =2.9 ~2.9 =2.9 =2.9 =2.9
=3.1 =3.,1 =3.1 =3,1 =3,1 =3,1 =-3,1
=343 =343 -3.,4 -3.3 =-3.,3 -3.3 -3,3
-3.7 =3.,7 -3.7 -3,7 =-3.7 =-3.7 -3.7
=4el =4,1 =4.,1 -4.1 <~4.1 =4.1 =4.1
=4e7 4.7 4.7 -4.7 4.7 =4.7 -4.7
=5eh =55 =5.5 =5.5 =5.5 =5.5 <=5.4
“beh  =B,6 =6.4 ~6.5 =~b6.4 ~6.4 -~b6.4
“7e7 =7e¢8 =TeB <~T7e8 <=7.8 =T7.8 =~7.8
=96 =946 =9.7 =9,7 =97 =~9.7 =~9,6
~1245 =125 =12.5 =12e5 =12,5 ~12.,5 =12.5
<10eh =106 =10.6 ~10e6 =10,6 =10.6 =10,.6
=10e6 =10:6 =106 ~10.6 ~10e6 -10.6 =10.6
6 7 8 9 10 11 12
FREQUENCY TN MEGAHERTZ
ANTENNA EFFICIENCY
-5 -eb ~eb =eb =6 ~eb -eb
[} 7 8 9 10 11 12

Vertical Monopole, Output Antenna Pattern

FREQUENCY IN MEGAHERTZ

13
~36.2
=30.1
~24.1
=20.56
-18.1
-16.1
~14.6
-13,.2
-12.1
-11.1
-10.2

“9e4
-846
=7.9
=73
6.8
=63
~5.8
=5.3
-4,9
=446
=4.2
-3.9
“3.7
-3.4
-3.2
-3.0
=249
=2.8
=2.7
~2.7
-2.7
=248
-2.9
=3.1
=33
=-3.7
=4,1
-4.7
-5.4
=644
-7.8
-9.6
=1245
«10.5
=10.6
13

=eb
13

EX(1)
0.000

14
~36.2
-3001
=24.1
-20.5
-18.0
=16,.1
-14.5
~13.2
~12.1
-11.0
-10.1

‘9.3
~8.6
=7.9
-7.3
=648
=602
=5.8
=5.3
-4.9
=45
~4.2
~3.9
~3.6
-3.4
-3.2
-3.0
-2.9
-2.8
~2.7
=2.7
-2.7
=2.7
-2.9
-3.0
=343
=3.6
‘601
~4e7
~5.4
-60‘
-7.7
-9-6
-12.5
‘10.5
=10.6
14

b
14

EX(2)
0.000
16 18
~36.2 =36.2
=30.0 -30.0
=24.,0 ~24.,0
=-20.5 —-20.5
-18,0 -IQ.O
-16.1 -16.1
=14.,5 =14.5
-13.2 ~13.2
~12.0 -12.0
-11.0 -11.0
-10.1 =-10.1
“9.3 =9.3
-8.6 ~8e6
=T7.9 =7.9
-T7.3 =73
=6e7 =6.7
6.2 =642
=5.7 =5.7
-5.3 =5.3
~-4,9 -4,9
~4.5 =445
-4,2 ~4.2
-3.9 -3.9
=3.6 =346
-3.4 -3.4
=-3.2 =3.2
-3.0 -3.0
~2.9 =2.8
=27 -2.7
=247 =2.7
~2¢6 =246
=2.7 =2.6
=27 ~-2.7
-2.8 -2.8
-3.0 -3.0
-3.3 =3.3
=3.6 <3.6
-4,1 -4.1
~-4,7 ~4.6
=5.4 ~5.4
~bekh =b6.4
-707 =-7.7
=96 =946
-12.5 -12.5
~10e6 ~10.6
-10.6 =10.6
16 18
e b -eb
16 18

EX(3)

0.000

20
-36.2
=30,0
-24.0
=20.5
-18.0
-16.0
=14.5
-13.1
-12.0
-11.0
-10.1

=-9.3
-8.5
=7.9
=73
=-6.7
-6,02
=-5.7
=543
~4.9
-4.5
-4.2
-3.9
-3.6
-3.3
=3.1
-3.0
-2.8
=2.7
=2.6
=26
=246
-2.7
-2.8
-3.0
-3.3
-3.6
-‘.0
~4.6
=-5.4
-6.4
'7.7
~-9.6
=12.5
-10.6
-10.6
20

b
20

22
-36,.2
=30.0
-24,0
~20.4
~-17.9
-16.0
~14.4
-13.1
~12.0
-11.0
=10.1

-9.2
=845
-7.8
-7.2
-6.7
-6.2
=-5.7
=542
~4.8
~-4.5
-4.1
-3,8
=346
-3.3
-3.1
-3.0
-2.8
=2.7
=246
-2.6
=26
-2.7
-2.8
-3.0
~3.2
-3.6
~4.0
4.6
-5.4
6.4
-T.7
-9.6
-12,5
-10.6
=10.6
22

=eb
22

EX{4)
0.000

24
-36.2
-30.0
-23.9
-20.4
-17.9
~1640
-14.‘
-13.1
-11.9
-10.9
-10.0

-9,2
-8.5
-7.8
-Te2
-647
-6.1
~-5.7
~542
~4.8
~-4.5
-4,1
~3,.8
=3.6
-3.3
=3.1
-2.9
~2.8
-2.7
=246
2.6
~2e¢6
-2.7
~2.8
-3-0
=32
=3.6
-4.0
4,6
~5.4
6.4
7.7
-906
-12,.,5
-10.6
-10.6
24

-2b
24

CONDUCT. DIELECT.
«001 4.000
26 28 30
=36.2 =36+2 =36.2
-30.0 -29.9 =29.9
=23.9 =23.9 =23.9
=-20¢4 =204 -20.4
=179 =179 =17.9
«16.0 =16.0 ~16.0
=l4o4 =14s4 =l4.%
~13.,1 -13,1 -13,1
=119 -11.9 -11.9
=10.9 ~10.9 ~10.9
-10.0 -10.0 -10.0
~942 -9.2 =942
-8.5 -8.5 -8.5
=T7.8 -7.8 -7.8
=T7e2 =Te2 =742
~6e6 =66 -6e6
=-6.1 -6.1 -6,.1
-5.7 =546 -5.6
=52 52 =-5.2
4.8 =4.8 =4,8
-4.5 ~4eb -4 4
=41 =4.1 =4.1
-3,8 -3,8 ~3.8
=3.6 -3.5 =345
-3.3 -3.3 =-3.3
-3.1 =3,1 -3.1
=249 =2.9 ~2.9
~2.0 -2.8 -2.8
-2.7 =27 -2.7
=26 =2.,6 -2¢6
=2.6 ~206 =-2.6
-Z.b =246 =246
=2.7T =247 =2.7
-2.8 =248 -2.8
-3.0 -3.0 -3,0
=32 =3,2 =3,2
=3.6 =3.6 -3.6
-4.0 =§00 ~4.0
=446 =446 ~4.6
-5.4 =F o4 ~5.3
-6.3 =6+3 -6e3
=TeT? =Te? =77
~9.6 -G b -9.6
=125 =12.4 ~12.%
=106 ~10.6 -10.8
=10s6 =10.6 ~10.6
26 28 30
~eb -sb s 0
26 28 30

90
8s
86
84
{ T4
80
78
76
T4
72
70
68
66
64
62
60
50
56
54
52
50
48
46
44
42
40
38
36
34
32
30
28
26
24
22
20
18
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Horizontal Dipole, Output Antenna Pattern

Table 32.

.

IONCAP 78.03 PAGE

METHAD 13

ANTENNA PATTERN

LENGTH

TONCAP 80,171 ANTENNA PACKAGE

FREQUENCY RANGE

«9 18
«1 16
-.8 14
8

6

4

2

0

-1.9 12
-3.3 10
-5.0

4.8 70 E
=7.3

4.8 68 L
4.8 66 E
4.9 64 V
4.9 62 A
4.9 60 T
4.9 38 1
4.9 56 0
4.9 54 N
4.9 52

4.9 50 A
4.8 48 N
4.8 46 6
4.7 44 L
4.6 42 E
4.5 40

beb 38 I
4.2 36 N
4.0 34

3.8 32 D
3.6 30 E
3.3 28 6
2.9 26 R
2.5 24 E
2.0 22 E
1.5 20 §

4,000
30

47 90
4.7 88
4.7 86
4.7 B84
4.7 82
4,7 80
4.7 78
4.7 76
4.8 74
4.8 72
30

DIELECT,

77777777888899999999988765‘2186395159
@ ® © ¢ 0 ¢ % @& ¢ © 0 0 5 0 06 0 0 06 © ¢ 0 2 2 0 0 9 ° s 0 a ® S 9 008 0 e 0
N T T T T T T TSI I I IT T IS I ST SIS ST LT NOONNN A

ol
_08
-1.9
-3.2
-540
=73
28

«001

COCOCODDODMNONEMNOO

S S Y
. * o
R R R R X

L & ¢ & & 2 o » o o
NIy

CONDUCT,
4.9
1.5

9
ol
-8
=1.9
-3-2
-4.9
=72
26

4.1
3.9
3.6
3.0
1.6
9
ol
-8
~1.9
=-3.2
=449
-7.2
24

MANAAANAENODODOCOCOCCOCOCCOCCOCODON O A FOOVO~MOOCN

Nl & o @ 2 0o & 0 0 ¢ 0 0 0 9 4 0 6 O ° 0 9 0 s ® P O s 0 9 s 9 0 s S 0 0 s o0
NG I T I T I T T IT I T I T T T LT T T LTSI ST ST IO NN~

"07
~1l.8
-3.,2
-4.9
=-Te2

22

MM AENE DD OO DOCCCCCO000O0CCDDOAONMAOCMNSIFOONVYONM
© ® o ® 0 2 9 0 2 0 ® 0 0 0 0 08 0 0 g O 0 6 0 0 0 0 0 6 e s 0 s 0 B 0 e s e
PN T T T I T T IS SIS IITTINN NI ITISISTISILIONOMONN A~ L]

EX(3)
0.000
-1.8
-3.2
-4 .9
=T.2
20

MMM OO ODOCCCOOO0O0QOO00CTOMRVINEINOMTIRM~ANNMON

G ® e 8 » & & & & 0 % & 06 0 0 00 ¢ ° o & o o O O P 0 S O 0 0 S 0 e B 0 e s
T T I TFTT I I I TS TN NNNINESIT IS I TIITIOOONN

-7
-1.8
-301
=448
-7T.1

18

4 =10.1 -10+41 =1040 -1041 =1041 -10e1 =10+2 =10.2 =10.2 =10+3 =103 =103 =104 =10s4 ~1044 =1045 =10+5 =10s5 =10.6 ~10.6 =10.6

2 =1040 ~1040 =10,0 =10+0 =10.0 -10.0 -10,0 =10.0 =10.0 =10.0 =10,0 ~10.0 =100 =10,0 =10.0 =10.0 =10.0 =10.0 =10.0 =10.0 -10.0

0 =10,0 ~10.0 =10+0 =100 =10.0 =10.0 =1040 =1040 =1040 =10.0 ~10.0 =10.0 =10.0 =10.0 =10.0 =10+0 =100 =10.0 =10.0 =10.0 -10.0
12

[

EX(2)
0.000
16
l7
4.7
4.7
6.

ODDOCCCCOOO0O00OOOCOCOCDODMFOTrNODIN=M~ANMSAMO
® o ® 6 0 9 ® o 9 ® 0 6 6 ® o e % 0 0 0 0 6 0 8 0 e 0 2 0 0 0 e
“4“44“555555555“‘4“lﬁlﬂ‘lﬁaaazzll -

4.8

4.8
-1.7
-3,1
~4.8
7.1

16

«8
B
4.9

COO0OOOOrNariOO0O0O D~ OINMEOINNDOTMNMO MO
© © ® o 4 ® 8 6 6 & .0 © 2 0 9 9 0 0 0 0 08 % % s 0 s 0
45555555555544““4“43332211

EX(1)
0.000
14
4.7
4.7
4.8
4.8
4.8
l'
l'
4.3
4.9
-1.7
-3.0
-4.7
=-7.0
14

88888899900001111110099865318628381“
® & & ® 0 0 ¢ © 6 0 &6 6 6 0 0 ® g 6 46 0 % ° O o 9 2 e P 6 P 0B O e 0 o0
TET ST IIT LTI NDDNDINONINNINNINT S TSI EIONMONN

~e5
-1.6
-3.0
=47
~7.0

® o
.
o

13
13

8888888999000011111111009875619628682“5
® o ® & 5 ® ® 0 0 " 6 e 0 % 9 9 8 0 e 0 0 2 s O 0 0 8 0 g 0 0 0 0 0 o 0 o o
1“‘lﬁlﬁ:ﬂ.lﬁlﬁ“4‘555555555555554“‘“4‘3332211

AZIMUTH
0.000
2
~1.6
-3.0
4.7
=7.0

.

DL OODOCOCCCOOOANHEH AN ANANANEFOCDOMNOTNCOMOMOTOC NN
v & o ® & 5 & ©® 0 4 0 % s 0 ? o 0 e s 0 . O s 2" 9 S 0 % 8 0 ® 2 0 0 % e e 2o
NI I TSI IT TSN RO OINNS ST TTIOMOMAN - [ ]

-1.6
-2.9
-4,6
-6.9
11

o COODOCCCCOOO0OHHANNMNNNNMFHRANOOCOOESNOMNMOOOMINY
OO ¢ o ¢ 2 2 0 8 0 0 8 0 0 5 6 0 2 00 6 0 O 0 2 6 0 0 0 % 2 80 2 92 9 % s e s
AT ST T TNV RNINN NGNS TS ST ITIMNMON - ]

=1.5
=2.9
-4 .6
-6.9
10

99Q.Q.99900011122222222221098753071’05.0364
® o ® 5 @ 2 0 0 4 & s 0 0 O 0 8 4 O o ° 06 5 0 0 o 06 0 9 0 % 0% e 0 8 s
LTI IO ND NNV N NN ONNNININT ST ST NOMN N - 1

~+.500

9
-1.5
-2.8
~4.6
~-6.9

9

9qQ.Q.9000011122233333332210986418516046
G & ¢ & & & 2 & & o B 6 6 8 & 0 2 0 0 o & ® 2 s 0 0 9 ° 0 O g 6 0 0 0 0 0 0 0
T TIOHO N NDNNOOBNBNONINE NI T TrFOmmau o~

-e3
-1.4
=248
=45
~6e8

8

OnVOAvOAUI-LI.LZqLB.Jz:s4,§6.ﬁ4,~3452.10.87.7)u9.01911.47
I ® 2 © 8 @ 2 ® ¢ ¢ 9 ¢ 0 6 ® B e 6 ® g 0 & ¢ s 8 6 ° 2 " e e ® a9 e ® 8 s
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FRFQUFNCY IN MEGAMERTZ

ANTENNA EFFICIENCY
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Horizontal Yagi, Output Antenna Pattern

Table 33.

IONCAP 73,013 PAGE 4

THOD 13

ME

ANTENNA PATTERN

LENGTH
15.000

IDNCAP 80,01 ANTENNA PACKAGE

FREQUENCY RANGE

3.0 48 N
3.1 46 6
3.3 44 L
3.5 42 E
3.6 40
3.7 38 I
3.7 36 N
3.7 34
«9 16
«0 14

6

4

2

0

-1.0 12

2.0 66 E
30

OIELECT.
4.000
30
1.9 64V
2.0 62 A
2,0 60 T
2.1 58 1
243 56 0
2.4 54 N
2.6 32
2.8 50 A
7.2
7.3
7.3 3.7 320
7.2 3.6 30 E
7.1 3.4 28 G
6.9 3.2 26 R
6.6 2.9 24 £
6.3 2.6 22 E
5.8 2.1 20 S
5.3 1.6 18
4.6
3.8
2.7
le4 =-2.3 10
~e3 4.0 8
=245 =6.3
=5.8 -9e¢6
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ANTENNA TYPE
~649

HOR

30.0
3
o7
=3
=144
=2.9
=47 =2
=7.0 =4
’Bcl

4 ~10.4

2
.
]
.
.
6.3
=10.0 ~-10.0 =10.0 ~-10.

2 -10.0 -10.0 -10.0 -10.0 -10

1.0. 70
18
16
14
12
10
8
6
0

FREQUENCY IN MEGAHERT?

ANTENNA EFFICIENCY

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 12 13 14 16 18 20 22 24 26 28 30

o.o
10

0.0
9

FREQUENCY IN MEGAHERTZ



€61

INNCAP 80,01 ANTENNA PACKAGE
FREQUENCY RANGE

ZQAm—APgcmrm

Z -

Mmoo Mo

1.0 T0
. 2
90 =35.6
88 ~-35,1
86 =29,.1
B4 =25.7
B2 -23.2
80 -21.4
78 -19,.,9
76 =18,6
76 =17.6
72 -16.6
70 ~-15.8
68 -15.0
66 =14.3
64 ~13,.6
62 ~12.9
60 ~12.2
58 =11.5
56 ~10.8
54 -10.0
52 =9.2
50 =8.4
48 =7.6
46 -heQ
44 =6.1
42 =5.4
40 -—4.7
38 ~4,0
36 -3.4
34 -2.8
32 =2.3
30 -1.8
28 =1.4
26 -1.1
25 ~o8
22 —eb
20 -eb
18 .'06
16 =7
14 -1.0
12 -1.5
10 =2.3
B -3.4
6 =5.1
4 -7.8
2 ~10.0
0 -19.0

2
0.0

2

30.0
3
-35.6
=34,2
~2R.2
=24.7
=222
-20.13
-18.8
'17.5
=1l6.4%
-1544
=l4.5
-13,8
=13.9
-12.3
-11.6
=10.9
-10.2
=95
-8.8
~B.1
~Te4
-6.7
-6.0
-5¢4
-4,.,7
~-4,1
=35
-3.0
=244
=20
=16
-1.?
-1.9
-8
-5
-h
-7
_.9
=1.3
=1.8
=24h
-3.1
-5.5
-8.3
-10,0
-10.9
3

0.0

ANTENNA TYPE

VER
4
=35.6
-33.¢
~27.4
=241
'2107
-19.8
=1R,?
=1h.9
~15.R
-14,8
-13.9
-13.1
-12.3
~11.5
-10,8
-10.1
-9,5
-R,P
~-8.1
=Te4
~6e8
-6.1
=5eb
~4 .8
-4.2
~3.6
-3.1
-206
-2.1
=1l.7
-1.3
=1.0
-7
-oh
=5
- h
=eb
-8
-1l.?
=1l.8
-2,.5
-3.8
=5.¢
-8.4
=10.0
-10.0
4

040

DPOL

5
-35.6
-23.3
=27.,3
=238
=21.7
=13.4
-17.9
-16.5
=15.4
-1l4.4
~13.5
-12.6
-11.8
-11.1
=12.4
=9.7
=940
-8,3
~7.6
=7.0
~He3
=544
=5.0
~4.4
-308
=-3.3
-2.7
=2.2
-1le8
~l.¢
-1,0
-7
=5
-.k
-3
~.3
-t
=7
-1l.1
-1.7
=245
=37
=5.5
=843
-10.0
-19.¢

5

METHOD 13
HEIGHT
~+250
& 7
=315%.6 -15.6
-33,1 -33.0
=27.1 -27.0
=23.5 =23,5
=21.1 -21.0
=19.2 -19.1
=17.5 =-17.5
=163 =16.1
-15.1 -15.0
-l4,1 -113.9
=13.? -13.0
-12.3 -12.1
=11.5 -11.3
=13.8 -10.56
-10.0 =9.8
-3,.3 ‘9.1
=8.6 ~B.4
-8.0 =7.7
~7.3 =7.1
—heb =heb
=540 =5.,7
=543 '5'1
=447 <=4.5
-4.1 =-3.9
=3.5 -=3.3
=-3.0 =~2.8
=2.% =243
=2.0 ~-1l.8
=1le6 =l.4
-1l.2 =-1.0
-<8 -e?
=eb b
=3 =2
-.? =.l
~.1 «0
=1 =0
-.3 -2
=5 “eb
~e9 -8
=15 -1le4
“2.4 ~2,3
=3.6 =3.5
=54 =543
-3.2 =Ba.?
=10,0 ~10.0
~10.0 -10.0
A 7
7D 0.0
h 7

Table 34.

Vertical Dipole,

5

AZIMUTH
0,000

12
-35.6
-32.7
=26.7
-23.2
=20.7
~1R.7
-17,.1
~15.8
=14,6
=13.5
-12.6
-11.7
-10.8
-10.1

-9.3
~Be6
~T7.9
-7.2
-6e5
=5.8
=542
~4.6
-309
-3.4
-2.8
=2.3
~1.8
~1le3

-e9

~eb

-2

+ 0
o2
3
b4
3
Y4

-1

B
-1.1
-2.0
-3.2
=5.0
-7.9

=19%.0

12

0.0

IONCAP 78,013 PAGF
ANTENNA PATTERN
LENGTH ANGLE
«500 0.000
8 9 10 11
=35¢h =35.% =35.6 =35.6
=32.9 =32.8 -32.8 -32.8
=264 =26eB ~2648 =26.7
=2344 =23,3 =213,3% -23.2
=20.9 ~20¢3 =20.8 =20.7
~1849 =18.9 ~18.8 ~1R.8
=17.4 ~17,3 -17,2 -17.2
=160 =-15.9 =15.9 ~-15.8
=14.9 <1448 =14.7 ~14.6
=13.,8 -13,7 -13.6 =13.56
=129 =12.8 =12.7 =12.56
-12.0 -11.,9 ~11.8 -11.7
=11¢2 =114l =11.0 ~10.9
=10.4 -10,3 -10.2 -10.1
9.7 =945 =9.,&6 -9.4
=8e9 -B48 -8B,7 -846
-8e2 =84l =B,0 =7,9
=T7e5 =Teb =T7¢3 =742
=6e9 =647 =6.5 ~beb
=6.2 =~b6besl =6,0 =5.9
“5¢6 =544 =5,3 ~5.2
=449 =448 <=4.T7 -4.b
=443 =~4¢2 <=4.1 =4.0
=347 =346 -=3.5 =3.4
=3.2 =3.1 =3.0 =2.9
=2e¢6 =2.5 =2.4 =2.3
~2.1 =-2,0 =1.9 -1.9
=147 =1le6 =1.5 -1l.4
=-l.2 -1l.1 =-1l.1 -1,0
-.9 ~+8 -7 ~eh
=5 ~eb -l -3
-3 =2 =1 =.0
=l 0 ol 2
el a1 o? o3
el o2 o3 3
.1 o2 o2 o3
-1 .0 ol o1
-3 -2 =2 -1
-7 =7 =b ~eh
=le4 =1.3 =1.2 =-1.2
2.2 -2.2 =2.1 -2.0
=3.5 -3.4 =3.3 -3,3
=53 =-5.2 =-5.1 -%5.1
=B8.1 =Fed =840 <=7.9
~10.0 =10.0 -10.,0 -10.0
=10.0 -10,0 -10.0 -10.0 ~10.0
8 9 10 11
FREQUENCY IN MEGAHERT?Z
ANTENNA EFFICIENCY
0.0 0.0 0.0 0.0
8 9 10 11

12

FREQUENCY IN MEGAHERTZ

Output Antenna Pattern

13
~35.5
=32.7
-26.7
-23.2
=20.7
-18.7
-17.1
-15.8
=1l4,56
-13.5
=12.5
-11.6
-10.8
=10.0

=-9.2
=845
-7.8
-7.1
-bel
-G8
=541
-4.5
~3.9
=343
=2.7
~242
-1.7
-1.3

-9

=5

-e2

o1
o3
o
X
b
2
=0
—e5
~1l.1
=2.0
=-3.2
=540
-7.R

=10.0
-10.0
13

0.9
13

EX(1)
0.000

14
-35.6
=32.7
-26,7
-23.1
=23.6
-18.7
-17.1
-15.7
~14.5
-13.5
=12.5
~11.6
-10.8
~12.0

~9.2
-8.5
-7.8
~7.1
~644
=5.7
-5.1
“4.4
-3.8
-3.3
~2.7
-2,2
-1
-1.2
-3
-5
-.2
.1
3
o4
5
o
o3
=0
=k
-1l.1
-1.9
=342
=549
=743
=10.0
-10.0
14

0.0
14

EX(2)
0.000
15 18
=35.6 =35.6
=32.,7 =32.6
~2646 =26,.6
-23.,1 -23.1
=20.6 -20.6
=187 -18.6
-17.0 -17.0
-15.7 =15.7
=144.5 =14.5
-13,4 -13.4
~-12.5 -12.4
-11.6 -11.5
-19.7 -10.7
-%.9 =9.9
=-9.1 -9.1
-Be.4 ~8,3
=~Te7 =746
=7.0 =6.9
-6.3 =642
=5¢6 =5.6
=5.0 =449
—hob =4.3
-3.8 =3.7
‘3.2 -331
—2¢6 =246
-2,1 -2.0
=l.6 =1.6
-1.2 -1.1
-8 -7
’.k -.3
-.1 ~«0
o2 2
oh ol
o5 o5
5 6
o5 o5
o3 b
ol ol
el -3
-1.0 =9
-1.9 -1.8
=3.1 =-3.1
~4.9 =4,9
=7 =7.7
=-10.0 -10.0
-10.0 -10.0
15 18
0.0 0.0
156 13

EX(3)
0.000

20
=35.6
=32.6
=266
-23.1
=20.6
~18.6
~17.0
~15.6
=l4,.,4
-13.4
~12.4
-11.5
=10.6

-9.8
-9.1
~-843
=7.6
~-6.9
“642
=545
-4.9
=4.3
-3.7
-3.1
=245
=-2.0
-1.5
-1l.1
=7
~e3
«0
3
.5
b
b
b
T4
el

-3

-9

-1l.8
-3.0
-4.8
=77
~10.0
-10.0
20

20

22
~35.6
=32.5
=265
=23.1
~2045
-1846
-17.0
-15.6
~l4.4
-13.3
-12.4
-11.5
-10.6

-9.8
-9.0
-8e3
=7.6
-64¢9
-6.2
=545
-4.9
~442
-3.6
-3.0
=245
=2.0
-105
-1.0
~eb
=3
0
3
5
1Y)
b
b
o4

rd

-3
-9
~1.8
~3.0
-4.8
‘7.6
-10.0
-10.0
22

~N O
N e

EX(4)

« 000
24
=35.6
~32.6
~2646
-23.0
=20.5
-18.5
=17.0
-15.6
=1l4.4
-13.3
=12.3
-11.4
-10.6
-9.8
-9.0
-8.3
=7.5
~6.8
=-6.1
=545
~4.8
-4e2
-3.6
-3.0
=245
-1.9
-1.5
-1.0

=-eb

-2

ol

3

5

)

o7

X

5

2

Y4

-9

-1.7

-3.0

~4.8

—706

-10.0

-10.0
24

0.0

24

90
88
86
84
82
80
78
76
74
72
70
68
66
64
62
60
58
56
54
52
50
48
46
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10

oNSO®

CONDUCT. DIELECT.

001 4,000
26 28 30
=35.5 ~35.5 —35.6
=32.,6 =32.6 =32.6
=26+6 =264H =2646
-23.0 -23.0 ~23.0
-20e5 =2045 =20.5
=18.6 =1B8.6 =1846
-17.0 =17.0 ~17.0
~15:6 =1546 =156
=lhes ~lbot =14.4
-13.3 =13.,3 =-13.3
-12.3 -12.3 -12.3
~11.4 ~11le4 -1ll.4
-10.6 =10.6 ~10.6
~9.8 =9.,8 =9.7
~9.0 =9.0 =9.0
-B842 ~Be2 -8,2
=7¢5 =T7¢5 =7.5
-6eB =648 =~6.8
-6.1 =-6.1 =6e1
=55 =5.4- =5.4
=448 —4.8 ~4.8
-442 =442 -4.1
~3.6 ~3.6 =3,5
-3.0 -3.0 -3.0
<244 =244 =2.4
~1.9 =1.9 ~1.9
-1l.4 =144 ~le4
-1.0 -1.0 -9
=eb L)) -5
-2 -e2 -2
.1 o1 ol

3 o4 ob

o5 o6 )

o7 o7 7

7 7 7

o7 o7 o7

o5 o5 o5

2 o2 3
-e2 -e2 -2
~¢8 -8 -8
=1e7 =1.7 =1l.7
=3.0 =2.9 <=2.9
~4.8 -4 .7 -447
~Teb =745 =T.0
-10.,0 =10.0 -10.0
~10+0 =10.0 =10.0
26 28 30
0.0 0.0 0.0
26 28 30

ZOM—~APp<mMrm

Z — mro>»
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IONCAP RDO,21 ANTFNNA PACKARF
FREQUENCY RANGE ANTENNA TYPF

1.0 TO 30.0 Hoe CURT

‘ 2 3 4 5
90 «35.6 =35.4 =35,6 -15,6
88 =35,6 ~35.5 =29,5 -26.6
B6 =35.6 ~29.6H5 =23,5 ~20.6
84 =35,6 =26.1 ~-20,0 -17.0
B2 =34,.,4 =-23.6 ~17.5 =14.5
B0 =3245 =217 -15.5 -12.5
78 =30.9 -20.1 -13.9 -10.8
76 =29.7 -18.8 ~12.6 =3.4
T4 <2846 =177 -11.4 =-8,2
72 =27.6 =167 =104 =7,1

E 70 ~2648 -15.8 =9,4 =6,1
L 68 =26,0 -15.0 =-8.6 =5,2
E 66 =25¢4 -14.3 =-=7.9 <-4,
V 64 <24.8 =13,7 =7,2 =~3.%
A 62 ~24,3 =13,2 =6,5 =2.8
T 60 -23.8 ~12.6 =6.0 =2.2
I 58 =23,4 -12.2 =546 ~1l.5
D 56 -23.,1 ~11,8 =449 -1.0
N 54 <22.,8 -11.4 =-4.5 -4
52 =22.% ~11.1 =4.1 o1

A 50 =22.3 -10.8 =-3,7 o b
N 48 ~22.,1 -10.6 =3,4 1.0
G 46 =22.0 -10.4 =-3.1 1.4
L 44 =21.9 -10.2 =-2.9 1.7
_, E 42 -21.8 -10,1 -2,7 2.0
53] 40 =-21.8 -10.0 =-2.5 2.2
£ T 38 -21.8 =9.9 =~2.4 244
N 36 =21.9 -10.0 -2.4 2.6
34 =22.,0 =10, =2.4 2.7
D 32 -22.1 -10.1 =-2.% 2.7
E 30 -22.4 -10.3 =-2.5 2.7
G 28 =22.6 ~10.5 =2.6 2.6
R 26 =-23.,0 ~-10.8 =2.9 245
E 24 =23.4 -11.1 =-3.1 243
E 22 -23.8 =-11.5 =3.5 1.9
S 20 =24.4 ~12.1 ~=4.0 1.5
18 =25.1 ~12.7 =4.6 1.0
16 =24.4 -13.4 -5.3 o3
14 -23.3 -14.4 =-6,2 =5
12 =«22.0 -15.5 =-7.? =15
10 =20.4 16,8 <=8.6 =2.8

8 =18,5 ~18,5 -10,3 =-4.,5

6 =16.,0 =16.9 =12.6 =5,8

4 =12.5 -12.5 =12.5 -10.1
2 =10,0 =10.7 -10.0 -10.0
0 -10.0 ~10.,0 ~10.0 ~-10.0

2 3 4 5
0.0 2.0 0.0 0.0

2 3 % 5

PN VWSS OANCITITV NN RS WW NN

VONONOWWMEYVADOOOO DN L rd YW DwDmNNWU

L)
[orgra
[ e ]
.

b

METHOD 13
HEIGHT
7.500

6 7
=35.5 =35.5
=2644 =2842
=2%.3 =22.1
-16,7 ~18,6
=14.1 -16.0
=12,1 -13.9
-10.4 -12.2
-8.9 -10.5
=7¢5 =9.2
-het ~B.0
=5.3 =647
~4.2 =5.6
=343 =4.,5
=2:4 =3,4
=1l.5 =2.4
=7 ~-1l.4
01 -eb

o8 o5

.
>
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TabTe 35.

Curtain, Output Antenna Pattern

IPNCAP 78,02 PAGE 6
ANTENNA PATTERN
LENGTH ANGLE AZIMYTH EY(1) EX(2)
15,000 1.000 0.000 4,000 15.000
] 9 10 11 12 13 14 16 18
=356 =358 =35,6 =35.6 =35.6 =35.5 =35,5 =35,6 -35,6
=2Q.,2 =30,1 ~35.6 =23.5 ~16.4 -13,3 -12.7 -14.6 -12.9
=2342 2441 =35.6 =17e7 =10s5 =7e4 =648 =8,7 =7.0
=1947 =2045 ~35.6 =146 =742 =640 =3,4 =5,4 =3,7
=172 =1749 =35,2 =127 =5.1 -1.8 =-1.0 -3.2 ~-1.5
=1542 =1548 =29.4 ~11.5 =3.6 -el 7 =147 0
=13.7 =14.1 ~24.9 =-11.0 =2.6 1.0 2.0 =5 1.0
=12¢3 =12.,7 =21.1 =11.0 =-2.0 1.9 3.0 o3 1.6
=11e1 =11.5 =18.1 =1146 =-1.7 244 3.3 1.0 1.8
“10es1 =10e4 =15.5 -12.8 ~1.8 2.7 4.3 1.5 1.6
=9.1 -9,5 ~13.,3 -15.1 =-2.2 2.7 445 1.9 1.0
-8+1 -8.7 =11.5 -19.3 =-2.9 245 45 242 .0
=71 =8.1 -10.0 =-30.6 =4.1 1.9 4.3 2.2 =15
“6el =T7e5 =B.9 -25.1 -5.9 1.0 3.8 2.1 <=3.4
=541 =70 =7.9 -17.0 -8.5 -2 2.9 1.5 =5.9
-4.0 ~6.4 =72 =13.0 -12.4 -1.9 1.7 5 -9.3
=2+9 =5¢B8 =648 =10.6 =19.7 -4.2 0 -1.2 -15.2
=1la7 =541 <645 =9,0 =-32.,8 =7.4 =-2,2 =-3,9 -30.0
—eb =641 =643 =8¢l =17.7 =12.0 =5.2 =~8,7 ~-10.6
5 =3.1 «6e2 ~=T7¢7 =13.5 =198 =-9.2 =21¢2 =-4.2
le5 =1¢9 =5.8 =7.7 =11.7 =33,3 -15,0 -15.5 =.3
2.5 ~e6 =5¢1 =840 =11.1 -2147 -24.1 -8.8 2.3
3.5 ¢6 =4¢D =8.3 =-11l¢4 =-19.2 =-32.8 =645 3.9
4ot 1e8 =2.7 =842 =12.5 =20.1 =32.5 =~b6.4 4.6
5.1 2.8 =15 =TebH =1l4el =24.5 -25.9 =8.7 4.5
5.9 3.8 =¢3 <=6.7 =15.6 ~31.8 -18.2 ~-15.5 3.3
665 4o «8 =5¢7 =17¢1 =260 =14.0 -21e4 Y]
7.0 5¢3 leb =5.1 =20,0 -18.3 -11.5 =9.4 =4.7
T4 5.9 242 =4.9 ~30.6 =122 -9.4 -5.5 -23.4
7.8 643 2eh5 =543 =18.5 =bheb =5.6 =443 =~B.7
8.0 6eb 2¢7 =6e7 =9.5 =1.9 =1.0 =~3,8 =4,1
8.2 6.7 2.5 =9.7 -4,0 2.1 3.3 =e9 =3.5
8.2 6.7 2¢3 =16.9 «0 S5¢4 649 4.0 =3,7
8.1 5.6 l.6 =21.5 3.1 8.1 9.9 Bek .8
7.9 €3 b =~0.4 5.6 10.3 12.3 11.9 6.1
Teb 5.9 =eT7 ~4.4 Te4 12.0 14.2 14.6 10.0
7.2 5¢3 =2.3 =~1l.4 9.9 13,4 15.7 16.6 12.9
6.6 4.5 =4.4 b 9.9 14.3 16.8 18,0 14.8
5.8 3.6 -=7.1 le8 10.4 14.8 17.4 18.9 1640
4.8 2.4 =10.4 2.4 10.6 14.9 17.5 19.3 16.6
3.5 1.0 ~14.6 2.4 1042 1446 17.3 1942 1646
l.8 -8 ~18,5 1.7 9.3 13.7 16.4%4 18.4 15.9
=ebh =3.2 -16.0 2 Te7 120 14¢7 16,9 14.3
=3.7 <=b.6 =12.5 =2.6 4.8 9s1 11.9 14.1 11.5
=9.6 =10,0 -10.0 -B,.1 -8 3.5 653 8.5 6.0
-10.0 -1040 -10.,0 -10.,0 -10.0 -10,0 =-10.,0 =10.0 =10.0
8 9 10 11 12 13 14 16 18
FREQUENCY IN MEGAHERTZ
ANTENNA EFFICIENCY .
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 9 10 11 12 13 14 16 18

FREQUENCY IN MEGAHERTZ

EX(3)
7.500

20
=35.6
=35.6
=35.6
=27.1
-19.6
=-14.2
-10.2

=72
-5.1
-3.7
-3.0
-3.2
=444
-7.0
-12.6
~34.4
-12.8
=7.6
’501
=-3.0
=eb

0.0
20

EX(4)
15.000

22 24
=35.5 =3546
=12.0 ~-11.1
=643 =5.5
=3.,3 =2.56
-1.7 -1.0
-8 -e2
-8 «0
-1l.4 -3
-2.9 -1.1
=5.3 =2.6
-9.3 =5.2
=16.,0 -~10.0
=31l.4 =23.0
=-34.7 -16.7
-27.1 ~-10.8
-13.5 -10,1
~6.8 =14.3
=2.8 =25.0
~e4 -8.2
«8 =2.9

o8 -e3

ol 4
-3 -t
«9 =2.6
2.8 =5.5
4.0 =66
4.3 =-6.9
3.3 -9.8
1.0 ~24.5
=3.,2 -12.1
=10.3 -6.7
=24 .6 =6.7
=284.5 -12.4
~27.8 =19.3
=22.2 =845
~-14.3 <~B8.5
~3.,5 =25
3.6 6.4
B.6 12.2
12.0 15.9
14.1 18.1
15.0 19.1
1l4.6 18.38
12.6 16.8
7.6 11.8
-10.0 -10.0
22 24
0.0 0.0
22 24

90
a8
86
84
82
80
T8
76
T4
T2
70
68
66
64

62

60
58
56
56
52
50
48
46
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12

-
oNSHF OO

CONDUCT. DIELECT,

«001 4000
26 28 30
~35.6 =35,6 ~35,6
-6e6 =9.3 =35,6
-1le1 =3,5 =35.6
1.7 =4 =26,1
3.1 1.3 -19.1
3.6 242 ~14.5
3,2 243 ~11,7
2.0 1.5 ~-10.5
~el =5 =11.4
=345 =~4.5 ~1646
=91 =14.6 =23.4
-22.6 =13.5 =8.9
=16.0 =5.5 =35
-8.7 =2.8 -eb
=5.0 =2.2 .6
=2.7 =2.7 &
=-1.7 -3,.3 -l.1
=242 -3.3 =441
-4.5 -3.6 ‘8'3
=10s6 =5,0 =12.7
=-28.5 ~8s6 ~18.5
~10.4 ~16.1 -33.0
=75 ~32.8 ~17.3
=86 ~32.,5 =16.1
~13.8 =16.,2 =-32.1
-31.8 =-9.1 -12,8
=19.1 6o ~6e2
=10e8 <=6.7 —4,3
~3.8 =660 =5.6
6 =140 -8.9
2.8 2.7 <=4.0
3.0 4.2 =6
o6 3.5 o1
-6.8 ~s0 -1le7
=152 =9.6 ~T7.1
=640 =13.5 -22.6
“~746 «-849 -18.6
1.6 ~9,3 -20.8
9.5 1.8 =14.9
l4.2 Te9 -8e1
17.0 11.3 =6.2
18e3 1249 =7.5
18.1 12.8 ~12.2
16,3 11.0 -12.5
11.3 6.0 =10.0
~10.0 -10.0 ~10.0
26 28 30
0.0 0.0 0.0
26 28 30
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gsl

IDNCAP 89,71 ANTENNA PACKAGF
FREOQUFNCY QANGF
1.0 T4 35,0

ZO~—-P<cmmm

mreoZ>

Z -

VMMMOD MO

? 3
=24,5 ~-12.1
=21.2 =12,3
~18,5 =-12.7
=lAes =13,.4
=14.%5 -14.5
=13.,1 ~-16.2
~11.8 -18.7
=10.7 =22.9

~9.7 -32,4
=R.8 =27,8
“B.0 =20,0
=-7.3 =-15.4
=b6e7 =1245
“f.1 =1C.3
=5.h =PR,4
“5.2 =ho8
=4 R =5,5
=445 =4.4
=443 =3,4
~4.0 =2.5
=3.9 =-1.9
-2.,3 -1.2
-3.7 -7
=2,5% -3
=345 ol
-2,.7 3
-2,.8 5
-3.9 oh
—4.1 7
-444 o?
-4.7 )
=540 ol
=-5.4 o2
=549 -2
-heb ~h
=7.1 =-1l.1
-7.3 =1.7
=847 =2.5
-9.7 =3,4%
=10.9 =-4.6
-12.3 -=5.9
=14.1 =7.7
=16+5 =-10.0
~l4.2 -13.6
-11.7 -11.7
=117 -11.7
2 3
-l.7 =1.7
? 3

ANTENNA TYPF

Sto
4

=1ke %
~14.7
~13,.%
=12.5
-11.9
-11.5
~11.%
-11.5
=12.C
-12.8
~14.1
-15.8
-1R,.1
~20,0
-17.8
-15.2
-12.0
-9.3
=7.1
=542
=3.f
~2e?
=1.0

-
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MN O NNV ADPIPTTRIE= YN IN

-1.?

VFE
5
-20.2
254
~24.4
~184R
=1%.1
-12.7
-11.1
~10.1
-
~-9.4
=1%.0
-10.R
=-12.0
-13.%5
=15.4
=165
-15.8
-13.7
-11.2
-8.9
~5.8
-4.9
-3,?
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Table 36. Sloping Vee, Output Antenna Pattern

PAGE

ANTENNA PATTERN

ANGLE
15,000
10 11
=15.0 ~19.4
-18.5 ~13.8
—26.9 ~12.1
=19.,5 -13,4
-14.3 -18.8
=12.6 =22.3
-13,1 -13.9
=16+45 =10.7
=267 =10.5
-19.8 -13,3
-13,7 -21.0
=11.3 ~16.7
~10.9 -19.9
-12.3 =8.9
-16.0 =9.3
=27.2 =12.2
~-19.9 -20.6
-11.8 21,9
=77 ~12.3
~5.2 =9.3
=-3+9 =5.9
“~3.9 -4.4
=545 =4.0
-10.3 ~5.0
=223 =8.9
=T¢4 =22.0
=l.6 =7.2
1.7 -8B
3.6 2.8
4.8 4.9
545 6.1
6.0 be?
6.8 7.2
7.9 7.8
9.1 Re8
103 10.1
11.3 11.3
11.9 12.3
12.2 12.9
12.1 13.0
11.6 12.6
1.5 11.7
8.7 19.0
57 7.1
o0 1.5

7

AZIMUTH
0,000

12
~1l4,1
-20.1
=265
~14.7
=-11.6
~12.1
-17.3
=25.7
-13.1

-9.5
=9.3
=127
-21.5
~13.0
-8.2
-7.0
-B.4
-13.6
~21.8
=11.5
=T.4
~5.5
=4.6
~4 .4
~5.3
=9.1
=23,5
=51

.
+H

0D m~N~N>>
® ® o o 0 * o o

&SN ODO®NOWHO

-
N

13.3
13.7
13.5
12.8
11.2

8.4

2.8

=117 =11.7 =11.7 -11.7

10

11

12

FREQUENCY IN MEGAHERTZ

ANTENNA EFFICIENCY

=1.7

METHAN 13 IONCAP 78.03
HEIGHT LENCTH
15,000  150.009

A 7 8 9

“11e6 =27.8 ~lb,6 =25,5

-11.1 ~24,3 =15.0 -18,4

~11.5 =16.5 =17.2 ~15.6

=12.9 =12,8 =23,2 -15.0

-15.8 =11.0 -34.,7 =14.3

—22¢4 =1043 =19.0 =20.5

“32,1 =10.7 -14.0 -37.3

“17.7 =12.6 =11.6 =21.9

“17.7 =16.R =1D.7 -15.6

-2,8 =78,8 =11.1 -12.8
8.2 =18.5 -12.2 ~11.5
-7.3 -11.8 -18.9 -11.8
-7.2 -8.4 -28.0 -13.7
7.7 =645 -14.4 -19.1
~9.0 =5.6 -9.1 =32.5

-11.2 =5:5 =63 =14.6

16,7 =5,4 <=4,8 =9.0

“1R.8 =B,4 =4.4 <=5,9

—15.2 =12.5 =5.0 =4.3

“11.8 =22.,1 =7,1 =3.9

“Be5 =18,7 =11.7 =4.7
~he3 =9,6 =21,6 =T7.4
445 =5.8 =12.7 ~lke4
2,0 -3.4 -5,1 -17.9
=145 =148 =2.7 4.8
“e2 =5 =45 -2.1
1.2 oh .9 b
2.5 1.8 2.0 2.3
1.7 3.0 2.9 3.6
947 4.2 3.8 4.2
5.6 5.6 4.9 4.9
Aed A5 6.1 5.8
Aed Teh T3 740
7.3 A.1 8.3 8.2
7.5 9.6 9.2 9.3
Teh 9.9 9.8 10,2
7.5 9.0 1.2 1049
7.1 8.9 10.3 11,2
5.6 8.5 10.1 11.3
5.8 7.9 9.6 11.0
4k 6.9 8.7 1043
1.1 5.4 T4 9.0
9 3.3 5.4 T.1
-2.3 1 2.2 41
=8,1 =5.,68 =3,5 =1,6

-11.7 -11.7 =11.7

5 7 8 9
1.7 =1.7 =1.7 =1.7
6 ? 8 9

10

-1.7
11

-1.7
12

FREQUENCY IN MEGAHERTZ

EX(1)
33,750

13 14
~16.3 -21.3
=13.4 -19.5
~14.7 ~12.3
=215 -12.1
-2045 —~156.5
=13.4 -24.1
=11.5 =13,5
=13,1 ~10.7
-21.5 =-11.9
-18,9 -17,.8
-10.9 ~-19.3
=8.6 =11.5
-9.7 =~8,.8
-15.2 -9,1
~18,2 -13.6
~Bs8 =28,1
=5.9 =9.9
-6.1 -5.5
=9.6 ~4.8
-18.0 ~7.5
=10.5 ~15.5
=640 =946
=4¢3  ~4.5
-4.2 =2.9
~4.8 =3.4
-6.2 =541
=10.7 7.7
=21e2 =14.5
=4.2 ~13.4
1.9 -1.9
5.4 345
Teb 548
Be5 8.7
8.9 3.5
9.1 9.8
9.8 13.0
11.0 10.3
12.4 12.2
13.5 13.5
14¢2 14.5
14.3 14.8
13.7 14.4
12,2 13.1
«5 10.5
440 51
-11.7 -11.7
13 14
-1.7 =17
13 14

EX(2)
0.000

15 18
-27.3 -19.9
=14.1 =164.5
-11.0 -186.1
-15.0 =25.56
-25.2 =14.2
-11.2 -13.9
=9.5 ~24.1
~14.8 -16.3
=19.7 -11.2
-9.,1 -12.9
-7.8 =-30.1
=12.7 -11l.1
<21.0 =7.5
-8.7 ~10.6
=645 =23.3
=-8:5 =6.9
=15.5 =4.3
~15.0 =7.7
=8.1 =26.7
-4.8 -7.1
-4.,1 =3.7
-6.9 -=3.6
-17.7 -5.4
-6.56 -11.8
=1.5 =12.5
=-e3 =2.0
-1.9 1.3
-6.5 1.2
=16.2 =2.6
=14.7 -l4.4
-3.3 ~10.2
3.2 =2.4
7.3 3¢5
9.7 8.0
10.9 10.8
11.2 12.1
11.2 12.3
11.8 12.2
13.2 12.9
147 144
15.5 15.8
15,6 16.3
14.7 15.8
12.2 13.6
7.0 845
=11.7 ~11.7
15 18
~1.7 ~1.7
16 18

EX(3)
0.000

20
-16.5
-13.1
-20.7
=15.4
-12.1
-19.7
~l4.4
-11.0
-18.4
=14.5
-10.1
-15.3
=19.0

-9.9
~9.5
~16.3
-13.9
=55
=445
-11.8
=945
=2.0
-1.3
~4.8
-11.7
=10.9
24
2.0
2.9
o1
=9.2
-6.0

-2

4.6

9.0

11.9
13,2
13.3
13,1
14.0
15.6
16.7
16.6
14,7

9.8
=11.7

20

=1.7
20

22
=1%.1
-15.7
=28.1
-13.9
=163
-22.1
~12.3
~16.3
-18.0
-10.3
-15.3
-14.0

~B.4
=14,2
-11.9
=T.3
~12.%
=16.6
=7.3
=545
-8.9
-15.3
“2.0
b
~3.0
~16.1
=5.4

J
.
@
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NN NFWwN
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14.2
13.9
13.8
15,2
16.7
17.0
15.5
10.8
~11.7
22

=1l.7
22

EX(4)
0.900

24
~11.5
-2008
-12.8
-12.2
-21.9
=10.1
=17.4
-13.0
-10.4
-27.6
-11.2
-11.1
-27.5
~1046

-9.0
=226
-T.6
-6.8
-17.8
543
~5.4
~11.5
=l4.4
=2.5

-1.7
24

CONDUCT., DIELECT.
001 4,000
26 28 30
-13.6 -18.2 ~19,6
=26¢3 =14.9 =15.5
=1244 =15.4 =18.9
=20.7 =1642 -1l4.6
~12.8 =13.2 -17.6
-13.1 -19.7 ~-13.5
=1649 ~1146 ~15.8
~9.4 =30.s1 =12.4
=279 =11.0 -~13.8
-8.7 ~16.2 -11.9
-11¢1 =12.8 =-11.7
=131 =9.3 =13.5
=70 =25.0 =9.4
~19¢7 =646 =22.1
=9.2 ~11.0 ~8.,0
-8.1 =9.0 ~10.7
-19.2 =5.1 =10.5
-10.2 =-22.,0 =4.0
=-5.8 =Te¢3 =20,2
=13.2 =5.9 =4.2
~6e4 =13,6 -4¢9
=3e5 <=T7.4 -19.6
=12.7 ~2.4 =6.3
=943 =-10.,0 <=2,1
-2.4 =5.5 -9.8
o4 ~1.3 =246
=246 -eb -2
=12.0 =5.3 =2.6
le?7 =4.7 -13.0
3.8 4.3 5
43 5.4 6o
4.6 4.8 6.2
1.0 4.3 4.9
=3.6 ~1.3 3.3
3.7 o7 =440
63 6.0 4.6
9.9 8.0 T.6
13.7 12.2 10.2
154 15.3 14.4
152 15.9 16.3
l4.6 15,0 15.7
15.9 15¢3 14.9
17.1 168 16.2
16.5 16.6 16.5
12,2 12.6 12.8
=11.7 =11.7 -11.7
26 28 30
=1l.7 =17 <-1.7
26 28 30

90
86
86
84
82
80
78
76
T4
72
70
68
66
64
62
60
58
56
54
52
50
48

44
42
40
38
36
34
32
30
28
26
24
22

18
16
14
12

-
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-8.,1 70 E
=7.7 68 L
=743 66 E
=7.0 64 V
~6.8 62 A
~6+6 60 T
~645 58 I
~6.3 56 0
=642 54 N
=5.9 52

=5.7 50 A
~5.3 48 N

-Qe4 T4
~8.7 72

4,000

DIELECT.

28
=-9.3
-8.3
“Te4
=6.6
-5.8
=5.1
=4.5
=3.9
=3.4
=2.9
=25

«001
=943 =13.9 -10.3 76
~8+s5 ~1246
=7+8 ~11.,4
=742 =10.3

~6.6

26
=6.1 =1545 =35,6 -16.1 90

~5.6 =14.7 =-31.4 ~-19.2 88
=5.6 =14.0 =25,3 ~17.5 86
=5.6 =13.1 =21.8 =~15.6 84
=5¢6 =12.,1 -19.2 -13.9 82
=56 -11le1 =17.1 -12.5 80
=546 =10.1 =15.4 ~11.3 78

CONDUCT.
'6.2
~5.8
=5.4
=5.2
=5.0
-4.8
-4.7
-4.7
=47
-4.8

EX{4)

0.000

24
-545
=55
=5.5
=545
-5.4
~5.4
=543
-5.3
=542
=5.1
=5.0
-4.9
-4,7
=445
~4.4

~e4
L
=3
-3
-2
~e2
=1
-0
0
el
o2
o2
3
3
.3
3
o2
el
«0
=-.1
-3

22
=643

EX{3)
0.000

18 20
=355 ~17.4 -11.1 =2.9
=5.3 ~eb
=543 -5
=5.2 -5
=5.1 -5
=449 -5
~4.8 -t
=446 =l
-444 ~-eh
442 “.3
=440 -3
-3.8 -3
=35 -3
-3,3 -3
~3.1 -k
=2.9 ~ob
=2.8 =5
=246 -7
-2.5 -.8
=244 -1.0
-2.3 =1.3
~2.3 -1l.6

EX{2)
0.000

156
-13,3
-9.8
-9.2
-8.6
-8.1
=7.7
=7.3
~6.9
=6.6
~6e4
~he2
=641
=549
=549
-5.8

=9.7 =108 =14.1 =21¢3 =-25.7 ~12.6
=9¢6 =1047 -13.6 =19.8 =23.,7 ~11.9
=9.6 =10.% -13.1 -18.4 -22.,1 ~11.1

14
~9.5 =10.3 =12.,5 ~17.2 -20.5 ~-10.4

EX(1)
0,000
=95 =11.5
-9.1 -10.8
=87 -10.2
-9.6
-9.0

=9.9 =12.6 ~-15.4
=945 ~11.9 =~14.5%
=9.1 ~11.3 -13,7
=847 =10.7 -13.0
~Be4 -10.1 -12.2
-8.1

~Be2

-7.8

0.000
-7.8
=7.6
-Te4
~7.2

2

AZTMUTH
=9.9 ~11.4 -1%.1 -18.3

=96 =10.9 -14.2 ~17,2
~9.4 =13.4 -13.4 -16.3

~6e3 =15.56 =26.2
-9.2

=9¢7 =11el =1%5.2 =26+65 =35.56 =14.3
~9.7 =110 =14¢9 =24.9 =31,8 =13,9

PAGE
-9.0
~847
=845
~Be3
-8.0
-7.8
-7.6
~7.3
-7.1

6.000

ANGLF
=9¢5 =10.1 ~-11.9 -156.1 -19.4

=9.7 =10.9 ~l4,6 -23,1 -28,2
-9.4
-9.2
-9.1
-9,0
-R.9
~8.h
~8.3
-840
=T.7
~Teb
-7.1
=647
-6.3

Inverted "L", Output Antenna Pattern
-4.5

IONCAP 78.03
ANTENNA PATTERN

LENGTH

21.340
~1.8
-7.8
=7.8
-7.8
=7.8
-7.7
-7.7
~7.6
=75
=7.3
-7.2
=7.0
=549
=646
~5.4
-6.1
=5.8
=545
=5.2
~4.8
4.4
-4.1

Table 37.
-5.1
-5.C
=4.9
-4.8
-4.,6
~445
~4.3
-4,]
=3.5
=347
=-3.4
~3.1
-2.8
-2.5
=22
-1.9
-1.6

-2.2
-2.1
-1.9
-1.7
-1.5
-1.2
-9
-7
-4
-.2
.1
o4
.7

METHOD 13
HEIGHT
19.000

-2.3
-3.3
=3.3

-3.2 -=2.0
-3.1
~3.1
=29

=248 -1l.4
-2.7
=2+5
=243
=2.0
=1.7
=1.5
-1l.1
-~ R

=9

-9

-0
-1.0
-1.0
-1l.1
-1.2
-1.2
=1.3
-1.%
=1.5
=leb
=1.R
-1.9

L

ANTENNA TYRE
of
=3.8
-3.8
-1,A
-3.8
-3.9
-3,9
-3,9
-4.1
—4.1
-4.2
—4,2
~4.4

INVT
=440

~4.0

-5.9
~7.9
-7.8
=77
~T.7
=7.7
“T7.7
~Teb
=Teb
=T
=7.5
=T7.5
~Te4
-T.4
-T.4
-7.3
~7.3
=7.3
-T2
=Te2
-7.2
~7.2

310.9
=R.2?

88 «13,4
86 =13.6
84 ~12.5
82 -13,4
80 ~13.3
78 ~13,2
76 -13,1
74 =12.9
72 ~12.8
E 70 =12.6
L 68 ~12.4
E 66 -12.3
V 64 -12.1
52 -11.2

A 50 -11.1
N 48 ~11.0

90

IONCAP R0.71 ANTENNA PACKAGE
1.0 TO

FREQUENCY RANGE
A 52 -11.9
T 60 ~11.8
I 58 ~11.5
0 56 -11.5
N 54 ~11.3
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0.0
30

0.0
28

0.0
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0.0
24

0.0
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0.0
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0.0
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0.0
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0.0
13

0.0
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0.0
11

0.0
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FREOUENCY IN MEGAHERT?Z

FREQUENCY IN MEGAMERTZ
ANTENNA EFFICIENCY
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3
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Table 38. Sloping Rhombic, Output Antenna Pattern
METHID 13 IONCAP 78,03 PAGE 9
INNCAP R(0.,01 ANTENNA PACKAGE ANTENNA PATTERN
FREQUENCY RANGE ANTENNA TYPF HEIGHT LENGTH ANGLF AZIMUTH Ex(1l) EX(2) EX(3) EX(4) CONDUCT, DIELECT,
1.2 T 32.0 sLe RHNM 10,000 120.000 3n,000 0.000 20,000 0.000 0.000 0.000 «»001 4.000
2 3 4 5 ] 7 A 9 10 11 12 13 14 1% 18 20 22 24 26 28 30
90 -R8.8 -10.1 D =231 =249 =544 =14.5 =4,0 =18.2 =12.4 =3,2 ~12,5 ~3.1 ~10.7 -13.1 =8.4 -2.7 -1l.l =24.6 =8.,7 =5.5
88 -=7,1 -13,0 o7 =165 =5.1 =249 ~17.9 =76 =6,5 =12,9 =2.2 ~10e4 =648 =11leé4 =5.1 =2.7 =13.6 ~1l4el =1.9 =-3.5 -19.4%
86 5.6 -16.7 1.0 =10¢7 ~=8.2 =146 =20el =1645 =247 =1447 -648 =642 =113 =-5.5 =1.9 -13.6 =13.7 =e8 =2.9 =29.4 -13.,1
84 -4.,2 -21.% e@ =543 =125 =led =943 1547 =2.5 =1444 =948 =144 =95 =16 =76 -13,4 -3.5 =-3,3 =29,1 =6.9 -~5.1
82 =2,0 -27.9 8 =3,0 =17.9 =243 =443 =13,5 =5¢9 =4,6 =11,3 =242 =3,9 =244 -1249 =102 ~2.5 =2149 =2.7 =~2.4 -30.7
B0 =2.0 -31.R =5 =e7 =2145 =442 =-1.9 =23.8 =17.5 =-1.3 ~14.4 =b6.2 ~+9 =7+5 =103 =-1.3 -18.6 -4.0 -1 =28.9 -~8.4
78 =1.1 -27.7 -1.9 1o =1642 =740 =1al =112 =1445 =18 =6e4 =-9,9 =143 =-10e3 =~1.9 =7.8 -12.0 «5 =18.8 =5.,1 =5.1
76 =a2 =20,7 =~=3,P 2s1 3¢5 =106 =148 =4,0 =12¢2 =644 =141 =1143 =52 =544 =1.0 =12,2 =2.2 =8.9 =5.1 -e5 =37.3
74 e5 =15.2 =6.3 2.6 =4e7 =14,7 —=3,B =~1,0 -37.3 -14,3 -e2 =57 =9.1 =e6 =847 =15,2 =18 =12.5 2.1 =22.8 -4.8
72 1.1 =10.9 =-9.7 2¢6 =1e3 -19.3 =6.7 ~e5 =7¢5 =10.3 -3.0 -+5 =-8.8 «3 =9.6 =e5 =22.0 =e2 =78 =4.,0 =-3.8
E 70 leb =745 =~14.? 2.1 lel =13.9 =9.4 =2,0 =145 =-15.5 ~-9.1 eB =3.2 =~2.5 =%.1 =2.1 -13.8 -.1 -11.6 2,0 =34,8
L 68 20 =4,7 -19,° 1.0 2e7 =7,0 -11.8 =5.4 4 -10.3 =-9.0 -1.7 8 ~7.2 e7 =15.7 ~1.9 -15.3 243 ~13.4 =142
£ 66 266 =244 =25.1 -7 3.6 -2.3 -16.6 =9.1 ~eb =1.5 -12.7 =5.7 1.3 ~6.7 7 =9.5 el =B.4 el =5.3 ~-1.0
vV 64 2.7 ~e% =23.6 =3,2 3.9 «8 =13.6 =96 =4,2 1e3 =9.0 =78 =1.7 =le4 =4.3 =1.3 =23.7 «3 =17.6 4.1 =28.5
A 62 2.9 l1e?2 =156 =545 3.5 249 =5,7 ~11.1 -11.1 .8 =e4 =120 =549 2.1 ~-7.0 2e2 =9.8 +3 =2.5 =3.8 1.4
T 60 3.0 2e6 =1048 =11.3 2.4 4.2 =e¢9 =17.5 =-9,7 =3,5 263 =47 -7.4 25 =248 =-2.9 -2.9 -20.3 3.1 ~12.3 248
I 58 3.0 3.7 =%.2 -17.1 o7 4.8 2¢2 =8,1 =-8.8 -16.0 1.3 le?7 =845 -.2 21 =649 269 =11,4 =~1.9 3.4 -19,2
0 56 3.0 4¢7 =27 =2143 =2,0 4.6 4¢1 ~1l46 -15.5 -9,1 =4,3 3.2 =el =-4.2 3.6 =3.,3 =3.6 -e% -10.5 3.2 b6
N 54 2.9 5.5 «2 =17.9 =548 3.7 542 2ol =B¢F =T7.6 =25.2 9 3.7 =546 2.1 27 =642 3.1 =549 -11.2 5.9
52 2R hel 2.5 -11.4 =19.9 240 5.5 4.3 =9 =165 -6.6 =-7.9 3.4 -2.4 -1.7 4,5 -2.8 -10.3 34 =4.9 =3,5
A 50 2.5 heb 4¢3 =5.9 -15%5.5 -7 Sel 5¢6 249 =549 <«T7.6 =9.0 -1,.5 3.3 =3,7 2.7 4.0 4,2 o7 2¢6 =T7.3
N 4R 243 6,9 59 =1leb6 =174+ =4,5 3.9 6.1 5.1 l.1 ~15.8 =4.8 -10.2 5¢4 =1l.1 ~-1,0 561 ~e5 =840 3.9 3.3
G 46 1.9 7.1 7.1 le7 =12.0 =9.7 l.8 5.9 he2 4.4 =~1ls6 -12.5 =-3.9 3.5 3.9 =2.1 2.1 5.8 =547 =19.9 5¢2
L 44 1.5 7.2 8.0 4.3 =5.9 =-14.9 -1.4 4.9 6.6 Aol 347 =543 =6.7 =-3.0 6e5 le4 =-1.0 4.6 4¢4 =3.8 =5,1
F 42 1.1 Te2 8.9 6e4 =160 -14.3 =6.C 3.0 6o 6.9 6.0 2.8 -10.6 -2.8 5.4 5¢5 2 b 6.5 lo1 =2.7
40 ] 7.1 9.3 8.0 247 =844 ~-ll.4 -el 5.4 7.1 7.1 6.0 1.9 ~2.5 «3 746 4.3 -.0 1.8 Te4 =307
I 38 =N he9 9.7 3.3 506 =2.6 =13.5 ~—4,4 3.4 6.7 7.6 Te 4 6.1 -33.1 -8 6.0 7.5 3.6 b 3.6 7.6
N 36 ~e7 5.5 9.9 1D.3 7.9 l.9 =-8B.,7 =-9.8 Y4 545 7.8 8.0 7.7 l.2 - @ 1.3 843 7.1 3.2 »8 5.1
34 =1.3 he?2 10.0 11.0 Fe5 544 =2,7 -11.9 =~4,3 3,3 heQ 842 Beb 6.6 =-23,.6 1.3 545 9.1 7.0 3.1 1.0
D 32 -=2.1 5.7 2.5 1l.5 11.0 B.1 2.2 -7.3 -9.5 ~eb 53 8.0 8.8 8e6 245 -8 2.0 8.2 9.4 7.1 3.5
E 30 =-2.9 542 9.7 11.8 11.9 10.1 59 =1ls4 ~10.0 =5.,4 2.4 6.9 8.8 9.4 7.8 =9.7 2.7 4.0 9.6 9.7 7.3
G 28 =-3,7 445 9.3 11.9 12.5 11l.6 8.7 3.4 =448 =96 ~1.9 4.5 8.1 10.0 9.7 563 =4.7 3.8 6.2 10.5 10.0
R 26 =4.7 3.8 849 11.9 13.0 12.7 10.9 7.1 e85 =745 <=7.2 o7 5.2 10.5 10.6 9.3 3 1.8 4.2 7.8 11.2
E 24 <=t.6 3.0 83 1145 1342 13.5 12.4 9.8 Be2 =149 =-8.8 =-4,5 2.8 10.3 11.7 10.9 8.1 -12.9 4.4 b4 8.8
€ 22 =-6.7 2.1 76 11l 13.2 13,9 13.5 11.8 8e¢5 3.2 =4.3 =8.6 =-2.2 8.8 12.5 12.3 10.8 5.9 =5.9 5.8 4ol
S 20 ~7.8 1.1 6.8 1Ne6 12.9 14.1 14,2 13,1 10.9 7.0 lal =645 =744 640 12.4 13.8 12.,7 10.2 2.6 9 6.4
18 =9,0 «0 5.9 9¢9 125 1440 14.5 14,0 12.5 9.7 5S¢4 -=1.2 -8.3 le6 1140 14.6 14.7 12,6 9.0 =149 4.1
16 -10.,3 =1,2 4.9 9.0 11.8 13.6 14.5 14,5 13,5 11.6 Be4 3.5 =3.7 -4,0 BeS l4e4 16,2 15,2 12.1 760 =~3.7
14 =11.7 =2.5 3.7 8.0 11.0 13,0 1l4.1 14,5 14,1 12.7 10,4 6.7 l.1 =-9.8 4.8 13.0 16,6 171 15.1 10.9 4.2
12 -13,3 =4.0 2.2 57 9.9 1241 13.5 14.1 14.1 13,2 11.5 8.7 4.5 =-10.9 ~e0 10.7 160 18.0 17.5 1l4.4 8.8
10 ~1%.0 -5.7 7 542 8.5 10.9 12.5 13.3 13.5 13,1 11.8 9.7 64 =64,2 =5.8 Teb 14,5 17.8 18.6 169 12.6
8 ~17.1 =7.7 =1.2 3.3 57 9¢2 11eC 12,0 12.5 1242 11l.4 9.7 7.1 -2.8 -13,2 3.8 12.2 1647 18¢5 18,0 15,1
6 =177 =10.2 =3,8 9 4.4 7.0 8.8 1040 1046 10e6 10,0 845 beB =1o7 =17,7 =eb 9.2 1446 17.2 17.6 15.8
4 ~14,2 =13.82 =-7.3 =2,5 1.0 3.7 5.6 6.9 7.6 7.7 7.3 6.2 4¢3 -2.8 =14.,2 =5.7 Sel 1142 l4e4 15.4 1l4.4
2 =11le7 =1147 ~11e7 =845 =4.9 =2,2 ~e2 1.2 1.9 202 1.8 o8 =+9 =74 =117 =117 =1,2 53 8.8 10.2 9.6
0 =11¢7 -11.7 =11.7 =1147 =11+7 ~11.7 =11¢7 =1147 =11.7 =1147 =11,7 =11.7 =11.7 =11,7 =11.7 =11.7 =11.7 =11.7 =11.7 ~11,7 -11.7
4 3 4 5 [} 7 8 9 10 11 12 13 14 15 18 20 22 24 25 28 30
FREQUENCY TN MEGAHERTZ
ANTENNA EFFICIENCY
=17 =147 =17 =1¢7 =147 =17 =147 =147 =147 =147 =167 =1e7 =17 =147 =147 =147 =1.7 =1e7 =~1e7 =1¢7 =-1.7
2 3 4 5 -] 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

FREQUENCY IN MEGAHERTZ
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Antenna Pattern

84l

Table 39. Interlaced Rhombic, Output
METHND 13 INNCAD 78,03 PAGE 10
IONCAP B04N1 ANTENNA PACKAGE ANTENNA PATTERN
FREQUENCY RANGE ANTENNA TYPE HETGHT LENGTY ANGLE AZIMUTH EX(1) EX(2) EX(3) EX(4) CONDUCT., DIELECT,
: 1.0 TO 30,0 INT RHNM 29,000 114,000 70,000 0.000 4,000 33,000 2.,000 0.3500 +001 4,000
2 3 4 5 A 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 3o
90 ~1146 -2245 =15.0 =373 =293 =19,7 =37e3 =5,0 =12,3 =15,9 =7.5 =37¢3 =1245 =35.9 =205 =744 =B8,1 =35,5 =36,4 =12.7 =-B8.8
B8 =98 ~2648 =13.4 =32.5 =312.7 =19,6 =37,23 =7,8 <=6,4 =27,3 =7,1 =15.0 =22.0 =340 =948 =9,5 =27,6 =24,0 =12,0 =22,2 =37.3
86 =842 =33,7 ~12.6 =26,0 =37,3 =20.7 =22.0 =140 =3,5 =2641 =11,1 =7,7 =37,3 =21.4 =11.2 =29,2 =-16.0 =9,1 =~14.4 =37,3 =-13.0
84 ~648 =3743 =12.0 =214]1 =37.3 =23,2 =15.% =2748 =346 =110 =23,4 =5,2 =15,4 =15,2 =24,1 =28.2 =5.,9 =-14.,2 ~-28.8 ~10.1 ~19,3
B2 =545 =373 =122 =17¢2 =3743 =25.6 =125 =237,3 <6,7 =5,0 =37.3 =96 =740 =1544 =3743 =20.7 =11.8 =32.9 =5,1 ~11,1 =-37,3
B0 =4,4 =37,3 -13,1 =-16.3 =27,3 =28,5 ~12,0 ~21e1 =14,0 =3,2 =15.,3 =20.9 =5.4 =30,2 =21e6 =197 =37,3 =6,8 =8,8 =25,3 =12.6
78 =344 =27.2 =16,7 =122 =270 =33,4 =13,6 =12,7 =32,7 =4,7 =7¢0 =3743 =945 ~25¢8 ~13.8 =29.6 ~17.6 =7.5 =37.3 =2.5 -18,3
76 =265 <2044 =17:4 =108 =20.1 =37.3 =1646 =9.3 =22,6 «10e1l =642 =1645 =23¢5 =843 ~1443 =25,4 =15.2 ~3743 =6¢7 =9,5 ~14.9
T4 1R =15.,4 =21.6 =10e2 ~1546 =37,3 =2144 ~Be8 =15,2 =23.7 =542 =8,2 =3642 =3,5 =33,2 =7,9 =20,2 =15,0 =~8¢8 =21,9 =3,2
72 =1el =1145 =2845 ~1342 =121 =31e3 =28.43 =1046 =9.1 =37,3 =10e6 =5,9 =14,1 =5.9 =19¢5 =5.7 =34.8 ~=11.5 =37e3 =~5.8 =24.1
E 70 =¢5 =8¢3 =368 =11el <1040 =20.9 =36.8 =1448 =Tel =1h46 =25,0 =748 ~8,5 =18,9 =50 =16¢3 =6.7 =22+3 ~13.8 =17.2 =9.7
L 68 =sl 25,7 =26,7 =129 =97 =16,5 =367 =215 =Be2 =G40 =36.,7 =14.8 8.5 ~32,8 =2,2 =28+s9 =2.6 =31,0 ~15.0 =34.4 =9,0
E 66 o3 =345 <30.5 =15.0 =843 =10.6 =27.9 -32.1 ~12,2 =6¢6 =15,4 =36,5 =13,1 =103 =842 =5.7 «13,0 =5¢9 =36,5 =12.1 =36.5
V 64 o6 =1e7 =20,1 =212 =8.8 =8,1 =17¢4 =36,4 =19.4 =T7e8 =8.4 =27.4 =25.0 =5.8 =36,4 =1¢3 =24.8 =3,2 =22,7 ~14+3 =15.6
A 62 oB =el =13.5 =2%,3 =1042 -H.8 =11¢3 =33,0 =31.0 =12¢5 =6e8 =12.7 =36e2 =8¢6 =11e7 =6He% =344 =206 =57 =36.2 =641
T 60 9 1e2 =8,7 =36,1 =12.8 =~hob6 =7¢b =18,6 =36.1 =21,8 =9,1 =7,9 =19,1 -19,8 =2.,4 =36,1 =1,0 =12.2 =8.5 =8,6 =35,0
I 58 9 2¢3 =50 =342 =17e3 =T7¢4 =5¢5 =1140 =32,1 =35,9 =1549 =743 =104 =35,9 =2.5 =9,9 =9,7 ~e5 =35.9 =642 =641
0 56 9 3?2 =2.0 =20.0 =25.5 =9.4 =4,9 ~be4 =16.9 35,7 =31.0 =12,4 =8,0 =35.7 =10.4% —e3 =35.7 =3,3 =-2.6 =32.7 =2.0
N 54 «f 3.9 04 =1241 =35,5 =129 =045 =4,0 =9,0 =25.% =35.5 ~-23.4 -10.1 -15,3 =35,3 —eT =~5.,0 =24.6 ~e3 =644 -20.2
52 b 4.5 2.4 =645 =35.3 ~19.C =745 =3¢3 =6,9 =1245 =35¢3 ~=35.3 =17.4 =7.7 =276 =102 9 =-14,7 =13.6 1.0 -9.4
A 50 3 4.9 4.0 =244 =19¢3 -31e6 -11e2 =4¢2 =2.3 =5¢6 =1643 =35,0 =32.5 =6s4 =114 =35,0 =2,6 =1¢6 =27.3 =8.3 1.5
N 48 -.l 5¢2 5.2 B =10¢4 =34,7 =17e5 =646 =20 =149 =5,8 =19,0 =34,7 =10,7 =4,3 =16,2 =-20.2 ~e9 =648 =34,7 =5.7
G 46 -5 543 hel 34 =4,5 -23.?2 =-30.4 =-11.2 =-3,5 =ebh  =le7 ~=Te% =19¢7 =23,5 =3,4 =5.,3 =24,0 =12.0 =2.,4 =15,3 =34,5
L 44 =~1,0 5.3 7.1 et ~sl =-11.8 -34,2 =-19.3 -7.2 -~-1.3 e5 =163 =T7e¢l =3442 =849 =140 =7¢5 =34,2 =~9.8 =6,3 -13,9
E 42 ~1.5 5.2 7.7 7.1 347 =407 =-2141 =-33,8 ~13,7 =4.3 3 1.5 =e5 =14.7 -28,2 =2.8 ~e8 =10.1 =-33.8 ~10+3 ~9,3
40 =2,2 %e9 f,1 Re3 5.9 4 =9,8 =33,5 «26,7 =19,1 =2.3 1.6 2¢5 =3.6 =-23,7 =-13.8 ~e2 =2,0 =12.5 ~33,5 -11.2
I 38 =2.9 4.6 8.2 9.3 7.9 462 =247 =150 =33,1 =21.,4 =~7,8 -8 2.7 263 =643 =33,1 -~7.9 6 =4.2 -13.,2 -33.1
N 36 =3,5% 4.1 8.3 9.9 3.5 7.1 244 =5,5 =19.3 ~32.,7 ~18.7 =6.5 o1 4.8 le6 =B8sl =32,7 =5.5 o4 =B.1 =9,9
34 =4,5 3.5 Bs1 10.3 192.7 Dot 6e2 o8 =Teb =21.49 =32.3 =17.9 =640 ka2 5.7 le5 =847 =32.3 =5.1 ~e¢3 =13,0
D 32 ~5.4 29 7.8 10,5 11.5 11.1 9.1 55 ~e2 =8,7 =22.2 =31,8 -19,0 3 6.5 6.4 2el =747 =318 =644 =1.0
E 30 =6.5 2.1 7.2 10,5 12,1 12.3 11.3 9.0 5.1 ~¢5 -8.5 =-20.4 -31.3 =B.4% 4.0 8.0 7.3 3.3 =543 -31.3 =9,9
G 28 -7.6 1.2 67 1062 12,3 1342 12.9 11,4 9.1 5.3 =e¢l =Tett ~17,2 -30.8 =2.,9 643 9.3 8.4 5.0 =148 =-21,1
R 26 -8.7 4 5.9 ¢ 1203 13,7 14,1 13,6 12.1 9.7 540 l1el =544 =253 ~-19.3 o1l Te7 10,4 9.7 6.9 1.9
£ 24 ~-10,0 -9 5.1 9e2 1240 13.8 14,8 14.9 14.3 12,9 10,6 7.3 2¢9 =9¢5 =29,5 ~14.5 1.7 8.7 11.3 11.1 9.0
E 22 ~-11.4 =-2,1 4.0 844 11e5 1347 151 15.8 15,989 15,2 13.9 11,9 9.0 e3 -11.8 -28.8 =13,1 2.1, 9.1 12.1 12.6
S 20 ~12.8 =3,5 2.9 Te4 1048 13,3 Sel 1642 16¢8 1648 1643 15,2 13.5 7¢9 =lel =12.6 =28.0 =14.5 1.3 8.8 12.6
18 =14,4 =64,9 1.t 6.3 F49  12.7 14,7 163 1742 1748 17.8 17.4 14,5 13,4 Tel? =1e2 =1244 =27.1 =19.1 =1.0 7.6
16 =1641 =~56.5 o1 540 8«8 11.8 14,1 15.9 17,2 18.2 18.7 18.9 18.7 17.1 13.9 8,6 03 =11.2 =26¢1 =2601 ~5,2
14 =17.9 =842 =1.5 3.5 Te5 1066 1342 152 1648 18e¢1 1940 1965 1948 195 17.9 15.0 10.4% 34 =742 =2246 =25.0
12 ~19.,8 =10.,1 =-3.3 1.9 59 9e2 1149 1442 1640 17.5 1847 19.5 20,3 20,8 20e4 19,0 16,5 12.7 Tel =1.2 =14.5
10 =22.0 ~12.,1 =5,3 -.l 4.1 TeB 1044 1248 14,8 1665 1749 19¢1 2069 2142 2146 21.3 20.1 18+1 15.0 10.6 4.3
B8 <2062 =14+5 =~T7e5 =2.3 2.0 5.5 Bed 1140 1241 1540 156 1749 19:D 2047 21e?7 22e1 2148 2049 192 167 13.1
6 =177 =17.4 =104 =5.0 -7 2.9 5.9 Be5 1068 1248 14¢5 1640 1762 1943 20e7 21e6 2149 2146 208 19e6 17.2
4 =14,2 =1442 =1441 ~=B,7 =-4.,3 -7 244 5.1 Tet 9¢5 113 12¢8 1442 1645 1842 194 20.0 20,2 20,0 19,2 17.8
2 ~11.7 =11e7 =11.7 =11.7 =1044 =H,7 =3,6 -9 1.5 3.6 5.5 7.1 B8e6 1140 1248 1442 1561 15¢5 1545 1541 14.1
0 =1147 =11¢7 =11¢7 =117 =1147 =117 =1147 =1147 =117 -11¢7 =117 =117 =11.7 =11.7 =11.7 =117 =117 =1147 =11.7 =-11.7 -11.7
2 3 4 5 [ 7 8 9 10 11 12 13 14 156 18 20 22 24 26 28 30
FREQUENCY IN MEGAHERTZ
ANTENNA EFFICIENCY
=167 =1e7 =1e7 =17 =17 =147 =147 =1,7 =147 =1.7 =147 =147 =147 =17 <~1¢7 =1.7 =1le7 =147 =147 =17 =1.7
2 3 4 5 5 7 8 9 10 11 12 13 14 16 18 20 22 24 26 28 30

EREQUENCY IN MEGAHERTZ

90
88
86
84
82
80
78
76
74
72
70
68
66
64
62
60
58
56
54
52
50
48
46
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
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Sloping Long Wire, Output Antenna Pattern

Table 40.

11

IONCAP 78.013 PAGE

METHOND 173

ANTENNA PATTERN

LENGTH
91.449

IONCAP RO,I1 ANTENNA DACKARGF

FREQUENCY 2ANGE

DIELECT,

CONDUCT .

EX(4)
2.200

EX(3)
0.000

EX(2)
0.0C0

15

Ex(1l)
N.000

AZIMUTH

ANGLE
10.000

£ HEIGHT
10

ANTEMNA TYP

sLe

4,000
30

001

D4D00

WIRE 74000

2.9

1.0 7™

28

26
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13
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Horizontal LPD, Output Antenna Pattern
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Tilted Dipole, Output Antenna Pattern
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Table 44,

Vertical Half Rhombic, Output Antenna Pattern

15

PAGF

IONCAP 7R ,N3

12

METHAN

ANTENNA PATTERN

LENGTY

121,909

SACKAGE
ANTENNA TYPF

N
VF?

ANT

IANCAP 8N, N1

DIELECT,

CONDUCT,

Ex(4)
2.200

EX(3)
0.000

£EX(2)
0.000

16
=2.7
-543

EX(1)
G.000

ATIMUTH

AMGLE
27,500

4T

=15

FREQUENCY @ANGE

4.000

#2001

0,C00

HR M 04302

317,70

1.,0-T2

26
~4.5% -12.7

24
=7.6
=12.5

~9.,9

20

18
-9.8

11
~2.9

NeJ

-3.0 90

-6.3 -10.7 88

“4.2

~4.,4 -12.8

=7eD =1h,7
=3.4 ~11.%

-2.2
© =348

14,72
-16,7

~5.,8 -19.,%

-4 .2

-3.1

Q0
38
BA

-2.9 =9,1

-4.3 =19.9
-3.8 ~10.4

-5.3
-6.1

-4.5

-11.0

~3,%

~5.1

4

-4
—4 40

~Belk =213,5

-5.3

-3 42

-5.,1 86
-2.0 84

=245

-5.1

=5.0 =21.8

=he7 =10,7 =-10,0

-1.9

-Fh o3

-2,7
""o."'

-4.2

=27.4 =7.5

=62

-3.3

=247 ~4%,5 -11.0
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Table 45. Horizontal Double Rhombic, Output Antenna Pattern
METHAN 13 INNCAP 78,21 DAGRE 16

IONCA®P AN ,01 ANTENNA PACKAGE ANTENNA PATTFRM

oL

FREQUFNCY RANGE ANTFNMA TYPE HET5HUT LENATH ANGLF AZTMUTH EX(1) EX(2}) EX(3) Ex{4) CONDUCT., DIELECT.
. leD T 29,0 HORY  NRAM A2 4000 150,000 0,000 0,000 25.500 17.500 214,800 52,000 »001 4,000
2 3 4 5 ) 7 R 3 10 11 12 13 14 16 18 20 22 24 26 28 30
90 =37,3 =1,? -37,7 1e0 =37,3 =26,5 =-37,3 31,R =37,3 =-2,7 ~37,3 444 =37,.3 =2Q,7 =37.3 =29,7 =34,2 =-35,0 =28.,0 =-37,3 =-23,8
B8R =200 ~6,2 =12,3 162 =17.v ~7,5 =-2,13 0 =17.0 4¢3 =h 4 =23,h =2,7 -7.9 4,3 =4,2 =2.2 ~e7 ~18,2 57 1.6
A6 =16442 =264,0 =3, =5 =21,k =3,5% 2.5 =19,7 —¢3 =10 =18,0 =T7.% 249 3.9 =7.8 3.8 =3,1 ~13,9 -1.6 =7.1 -20.1
84 ~11,1 =-9,1 Le0 =4.4 =-3,3 =5,2 o2 =74,2 3,2 =23,1 =-3,0 ~-1.9 =-11.,9 261 =2,0 =34,0 =17,2 =4,4 =2,7 =3.4 5.7
"2 -0Q,3 =~3,? 34k ~12.1 4e% <1946 =26,T7 =7,0 =1,3 =4,4 =2,4 =3,7 =8,) =28,5 -3.4 2¢4 -=l46 -19.0 1.2 2.4 -11.0
80 -9.5 -k 542 =37,3 7.7 =165 .8 242 =29,7 5.7 =20.2 1.5 =2.9 4.9 145 <1943 -5.8 =8.4 =4.4 =1,0 -17.8
78 =R,5 o2 5.5 =23,5 Be? ~1G,R 23 1.7 =21.1 7.1 -1%,8 3,5 =5.3 4,9 3,7 =10.,2 =841 =3,4 -12,1 5 =5.9
76 =9,5 -2 442 ~1hoh he? =Telh =3,5 =31.5 =h,7 =3,2 1.8 ~13,4 3.4 =H7 =21.,0 =12.3 -2 4¢3 =3,5 -1.9 L)
T4 =12.3 =2,0 .9 -=7.3 1.1 1.9 -21.¢ 2.8 -1.8 -11.2 4.9 =-12,.1 4.1 -8.9 2.7 Wb =2.9 ~=5,8 -5 =11.0 =15.5
72 =20.% =5,98 =3,72 =2.p =11,2 5¢8 =1345 443 =Th =643 =2,9 2.9 =20.9 -e7 =15 =H.4 <=5,3 4.8 1.9 -19.9 -3
E 70 -18,R =15,0 =-3,1 —et =23,5% feb =B,0 =3,5 <-F,5 4,3 -13,2 2.4 -.2 1.1 =12.,2 =2,1 5.1 =2.3 =~4,4 .8 -.0
L 6R =8,2 -16,7 .7 1 -11.5 3.7 1.3 =10.1 7 —eb =2.6 =11.4 8.9 le =6,1 ol 2s5 =948 =5,5 =3,2 =64.4
E 66 =2.8 =7,7 3.8 -8 5 =4e2 345 =27483 =2.5 ~4,3 bal =2545 4¢3 =19e5 =20.5 =16.5 o3 «7 -1045 4.9 542
vV 64 1.1 =~4,8 4.5 =4,? el =3K,4 2.0 3,2 -18,7 1.1 —eb =1,5 =29.2 =3,0 5¢5 =4,0 44 <=5,0 =9,8 =16.,2 =1,3
A 62 4,0 ~4,? 3,3 -18,1 7.1 =12, =-2.4 3.3 -2244 ~5.8 2.8 3.2 8,4 502 =140 =9,6 =256,5 2.8 6.6 =23.0 =745
T 60 6e5 =5,6 -t =F,9 Aol 2¢4 =1245 9.1 4.l =21.5 5¢3 =-15.9 -4 .6 o7 3,1 ~7.7 4e4 leb =1.9 -16.6
1 58 ReS5 =BR,3 =12,¢ oG 242 Beh =2940 4.2 111 =-1648 =~6,1 6.3 =7.5 =15.5 9¢2 =547 =941 -10.9 2.3 o7 2.6
056 10,2 =17, =7,¢ 2,5 =746 10.0 =4,1 =7,2 11,% 4.3 =-19.7 3.5 5 4.9 2.7 =1,2 5.1 =8s1 =7.1 beb 3.9
N 54 11.5 =19,.56 ok 1.3 =12.2 1C.1 hel =2441 7.4 108 <-4,9 22,4 443 4.2 =-12.7 8.7 2.9 =3.8 =644 2.7 .8
52 12.8 =5.,2 2,.¢ e =4, 5.6 108 =7.,9 =3,9 11.1 4ol =4abh =745 =2.4 -.7 5.3 4.9 ok —e2 =5,5 -2
A 50 13,9 =4,7 1e9@ =17,2 -1e1 =10.9 11,7 2.8 =11,3 546 8,7 Sel  ~-4,3 -0 1.3 ] 1.0 7.5 le2 =4.8 3.7
N 48 14,7 .9 =20 ~1l.4 -2 ~R f .6 8.8 =1,3 =5,1 7.5 5,51 8.5 =8,1 1.3 1.0 2.0 86 1.2 =-1.1 1.1
6 46 15.3 2.9 -17.9 4e  =3,3 1leh =64.5 0.k 245 .3 b 447 9.8 =2.9 4s5 =11,0 5.6 2.8 6¢3 10.0 ~16.1
L 44 15.8 he5 =3,2 S5e1 =178 =1l.1 267 e bot A2 1.1 1.5 3.4 1063 =2.6 1 =4, 1.1 7.9 lel 11.9
E 42 16,2 9.4 2.8 2,7 b =5.9 Bel =19,1 7.7 5.5 .8 240 -e5 13,9 -1.3 3.1 -6e.3 =5,8 7.3 4.8 7.0
40 15,4 12,2 4,7 -9.6 el ~156.9 3,13 L. «8 3.9 10.4 1C.0 2.4 9.9 9.3 6eT =Se4 =2,2 -23.0 12.8 -9
I 38 16,5 14.3 5.0 1.1 Se2 =%,2 =5,3 8.3 3.1 2.1 ek 12,3 190.7 1.0 13.0 6.1 Bebh -1848 =1a1 -10.8 13,3
N 36 16,4 14.0 4.9 B0 =-1,0 4.1 =13,6 3.7 9.3 =~2.0 -5 9.3 14.1 2.4 1049 6.7 13,2 5.0 =4.7 =3,1 3.7
34 16.2 17.4 7.2 192.7 ol Gebh =242 =R,4 Teb Re6 =4.8 =-1.3 11.0 11.8 7.3 11l.2 5¢3 15.5 2.1 2.9 =5.7
D 32 £¢9 18.4 11.2 11.2 19.1 =4,8 1.2 =7,9 =1.7 8.7 Te2 =~4.3 a2 14,4 4.6 13,5 642 10,0 1545 9.2 3,2
E 30 15.4 19.1 14.r 9.6 1%.9 5.7 lal =140 =h.4 1.0 Ae3 5.8 =3,9 9.3 12.4 10.6 15.4 =6 1042 14.4% 14,6
G 28 14,8 19,5 17.5 TR 1E,1 13,4 -1 b =541 =4,5 «8 648 444 -s6 10,7 BeO 1644 1640 -8 6.5 13.1
R 26 1441 19.7 1945 11eB 1348 1649 12.6 =3eh =242 =5,7 =2,7 =-1.7 3.9 ~l.4 1.3 8¢5 5.0 19.6 17.1 1.2 =-7.0
E 264 1343 19.5 20,8 1646 1940 1745 1746 12¢3 =2,1 =f,8 =5,4 =1,2 =3,8 =2,9 .9 -2 3.4 6s1 21.3 19,6 3.3
E 22 12+4 1943 21,7 19,9 11,8 15,2 19,3 13,31 13,2 25 =1R,5 =6,5 ~e7 =3.8 =-6.4 2.5 4.2 ~18,3 4¢3 2148 22.9
S 20 11.3 18,4 22,2 22,1 13.7 10.1 18.C 20,5 19.3 15,2 7.8 <-5.4 =-8,3 1.5 5.1 1.1 3.3 3.7 6,3 a2 19.7
18 10.1 1841 22.2 22.5 2149 J1A,2 12,3 19.3 21.4 20,7 17.8 13,0 Se4 =3,1 Seb 11,5 645 3.6 12.3 14.5 =16.1
16 Be7 1742 22,0 2642 2%43 22.0 15.R 12,9 19,6 22,0 22,0 20,5 17.6 6.2 =1.0 9.3 1649 12.6 3,2 10.9 18.3
14 Te2 1541 2146 2444 25,7 25,3 22,9 17,6 11.8 18,4 21.8 22.9 22,5 19.0 945 -s6 10.7 18.8 18,0 5.6 4.0
12 BeB 1447 20484 26,1 2h42 27,0 7feh 2448 2142 1447 1442 19.5 2242 23,5 2143 13.9 =-1.9 569 18.4 20,8 14.3
10 3e6 120 1941 23,3 2heD 2747 2Bebh 2843 27,2 2%.1 21¢7 1%:4 128 20Ce9 23,8 23,0 173 -+9 11,8 4.2 16,8
8 143 1140 17,46 21,7 2542 27,4 28,9 29,7 298 29,5 2845 2741 2443 17e8 13,7 20.6 21e¢9 17.5 Te4 20.8 22,2
6 =1.4 Res 15.0 19,8 72344 26,1 28,1 29,4 3043 20,8 21,0 30,3 3043 28.8 25,2 21.7 12.4 7.9 8ok 9.4 21.2
4 =5,1 408 1let 1heH 2004 2304 25,7 2745 2848 2948 3065 3049 3142 31e4 3142 30e6 2942 2663 2046 4¢3 11,2
2 -11.2 =-1.7 567 1049 14,8 17,9 20,4 22,6 22,9 25¢2 2641 26,9 27,5 28¢5 2542 29,7 29.7 28.7 25.8 18.3 12.4
0 -11.7 =11.7 =11.7 =11.7 =11.7 =11¢7 =11.7 =1147 -11.7 =11¢7 =117 =11.7 =11,7 =11.7 =11.7 =1147 =11.7 =11+7 ~11.7 ~11.7 -11.7
2 3 4 s - 7 8 3 10 11 12 13 14 16 18 2¢C 22 24 26 28 30
FREQUENCY TN MEGAHERTZ
ANTENNA FFFICTIENCY
~1e7 =147 =107 =107 =107 =147 =17 =147 =147 =147 =147 =1¢7 =1a7 =147 =147 =1e7 =147 =147 =147 =1e7 =1.7
? k! 4 5 6 7 3 9 10 11 12 13 14 15 18 20 22 24 26 28 30

FREQUENCY TN MEGAHFRT?

90
88
86
84
82

78
76
74
72
70
68
66
64
62
60
58
56
54
52
50
48
46
44
42
40
38
3%
34
32
30
28
26
24
22
20
18
16
14
12
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Table 46. Log Periodic Array of Vertical Dipoles, Output Antenna Pattern

G991

METHND 172 TONCAR 78,03 paGr 17
INNCAP BN N1 ANTENNA DACKAGE ANTENNA PATTERN
FREQUENCY RANGF  ANTENMA TYDF HETAHT LENGTH ANGLF AZIMUTH EX(1) EX(2) EX(3) EX{4) CONDUCT. DIELECT,
1.0 T 30,0 VER L°n 3.000 15,709 99,110 0.000 0,033 12.500 «870 12.000 «001 4,000
R k] 4 s A 7 3 3 10 11 1? 13 14 16 18 20 22 24 26 28 30
G0 =35,A =18,4 =354 ~235,6 =25,A «A5,A =358 8 =25, =35,4 =35,¢ =30,6 =35,6 =35,5 =25.6 ~35,6 =35.6 =35.5 =-35.6 =35.6 =35.6 =35.6
A8 ~38.6 -35.6 =35,46 =35,4 =15,4 =30,4 =27,0 =2%¢h =23,9 =23,4 =21.4 =22.7 ~19.5 ~18s4 =17.49 =205 =19.9 ~20.9 =-25.3 =24.1 -26.1
A6 =35,6 =35,4 =35,6 35,6 —35,4 =24,3 =20G,9 ~18.% =17.5 =-14.9 -15.1 =156,1 -13.s1 -12.0 =116 =-13.8 =1344 =14,5 =18.56 =17.6 =19.5
84 =35.5 =3%4h =215,% =33,3 =31.8 =20.48 =1743 -14,8 =13,7 =12.9 =11.2 #12.0 =942 =8¢l =7e7 =97 =9.4 -10.5 -14.5 =13,7 ~15.5
B2 =35,5 =35,6 =23,0 220,08 =27,3 =18,2 =14.F =12,1 =10.9 =10,1 =844 =9,0 =944 =342 =4.9 =647 =b6.4 =746 =1143 ~10.8 ~12,.6
B =35,4 =3445 =21,1 =22,3 =27.3 -16.2 =12,7 =120 =Be7 =78 =hu2 =57 =442 =3.0 =2.7 -4¢2 =4.3 =5.2 =847 =845 -10.3
78 =3%.5 =323,0 =29, =272 =25,7 =14.5 =11.0 =343 =6,9 =5,9 =444 =06,7 =2,3 =~-1.2 —eB =242 ~1.9 =341 =b6.4 =6.5 =8.4
76 =3546 =217 =2R8,7 =258 =26,3 =13,?2 =G, =HH =5,3 «4,2 =2,8 =3,) =8 ol o8 —.b =s2 =1le3 <=%.4 <~4.7 <~6,8
T4 =3546 =3N,5 27,0 =24,6 =23,1 =11.9 -R,3 =5.5 =3,9 =2,8 =1.5 =1,5 5 l.8 242 1.2 l.4 W3 =2.6 =3.1 -=5.4
72 =3542 =29.5 =26,0 -23.5 =-22,0 =10.8 ~=7,1 =4.3 =~2,7 ~1,5 -3 =2 1.8 3.0 3e4 247 2.9 1.8 =e3 =l.6 =4.1
E 70 =34.,3 =28,7 =25,1 =22.,4 =21.0 =348 =f£,1 =3.2 =1.5 —eb o7 9 2,3 4.1 4.5 4.0 4.2 3.2 .8 ~el =2.8
L 68 =33,6 =27,9 =26,2 =21,8 =23,1 =-R,9 =5,1 =~2,2 ~eh - le6 2.9 3,7 5.0 545 561 544 4e4 243 1.3 ~1l.6
E 66 =32,9 =27.,1 =-23.5 =21.0 =19.3 =8,3 =4.2 =1.2 b leb 245 249 4.5 5.8 6¢3 542 645 5¢6 3.7 2.7 ~o b
V 64 =32,2 =26,5 =224R =234 -13,5 =7.2 =13.3 -3 1.3 25 3.3 3.7 53 5.6 7.1 742 7.3 6.7 540 4.0 «8
A 62 =21.7 =25,9 =?2,2 =194 =17.8 =h.4 =2,% il 22 3.2 4,0 4.5 5.9 7.3 7.8 8.0 Bed 7.7 he3 503 2.1
T 60 =31,1 =25.4 =27,6 -19.0 -17.1 =5.7 ~-1.7 1.3 3.0 4.1 4.7 5e2 55 7.8 8.4 8.8 9.2 8.6 7.5 6eb 3.4
I 58 =30,7 =26¢,2 =21.1 -18.4 =1%:5 =5.9 =1.0 2.1 3.8 4.9 543 5.9 7.1 8e4 9.0 9.5 10.0 945 Beb 7.7 4.7
0 56 <3042 =264,6 =204k =177 =15,3 =4.4 ~e? 2.9 4o 5 Foh 5.9 50% T7e6 BeB 9.4 10.2 10.7 10.2 9.6 8.8 6.0
N 54 ~29,8 =264,) =23,]1 -17,3 ~-15,3 ~3,7 . b 3.6 543 6He3 5e5 749 8.0 9.2 9.8 10,7 11.3 10.9 1045 9.9 7.2
52 =29,5 =?22,5 -13,7 =14.9 -14.9 =-1,1 1.1 4.4 641 7.1 7.1 Teb 8.5 9.6 10.2 11.2 118 11.5 11.3 10.8 8.3
A 50 =29.1 =23, =13,3 =16,4 -14,3 =2,5 1.7 Sel 6B 7.8 7.7 8.2 Be9 9.9 10.5 11.6 12.2 12.0 12.0 11l.6 9.4
N 48 =28.,8 =22,9 -18,¢ =14,0 =13, =2,1 2.2 Se7 7.5 845 8.3 8.7 9¢3 1042 1047 1149 1245 1245 12.7 12.4 10.4
G 46 ~28,56 =22,5 =1%,F =15.5 ~13,6 ~-1l.¢ 2.5 Aol 842 9.2 8.9 3.3 3.3 19%.5 10.9 12.2 12.9 12.8 13.2 13.0 11.2
L 44 28,3 =22,4 -18,3 =15.,7 -131," -1,1 2,4 7.0 B,Q 9.9 9.6 9.9 10,3 10.8 11.1 12.4 13.1 13.1 13.6 13.5 12.0
E 4?2 -2841 =22¢?2 -18.1 =15.0 =12,4 -7 3.9 Teh 95 1065 1062 1045 1048 1162 1le4 126 13,3 13,3 14,0 13,9 12.6
40 =2R,N =22,0 =17,2 =14,7 -12,3 -3 444 8,7 1041 11.2 10¢8 1142 1143 11.5 11e6p 12.8 13.4 13.5 14.2 14.2 13.0
I 38 =278 =21.8 =17.6 =14,% -12,0 o5 4.8 8s6 1047 1148 11le4 113 11.8 119 11.9 13.0 13.5 13.6 14.4 14.5 13.4
N 36 =27.7 =21.7 =17.5% ~14.3 =11.7 .4 54?7 Sel 1163 1244 120 1264 12¢4 1204 1242 13¢3 1347 137 14e5 14eh 1346
34 =2746 =?21.45 =17.6 =14,1 -11,5 oA e 9.5 11.7 12.9 12,5 13,0 12.9 12,9 12.6 13.6 13.9 13.8 14.5 14.7 13.8
D 22 =27.5 =214% =17.2 =14, =11.3 . 5.8 Q.8 12.2 13.4 13,0 12.5 13.% 13.4 13.0 14.0 14.1 13.9 14.8 14.8 13.9
E 30 =275 =?2145 =172 -13,9 -11.? 1.0 £e1 1062 1245 13,8 13.5 1449 13.9 13,9 134 1444 14¢4 1442 15.0 1449 14.0
G 28 =2745 =?21.5 =17,2 -13.72 -11.1 1.2 Ae? 1004 12,9 1442 13.9 14.5 14.6 14,3 13,9 148 14,9 14.5 15,2 15.1 14.2
R 26 =274H5 =2145 =177 =12,3 =11,) 1.2 Aed 1045 1341 14¢5 1442 1449 1448 14¢8 14e4 1543 15.3 14,9 15.6 15.4 14.4
E 24 =277 =21.,7 =17.4 -13,9 -11.1 143 6e5 10e7 1343 1447 145 152 1541 152 148 1548 1548 154 16e1 158 14.8
E 22 =27,1 =21.9 =-17.% =1%.,1 =11.? 1.2 £eb 1048 1346 14,9 14.65 154 1543 15,4 1561 1642 1642 158 1646 1643 15.4
S 20 =264 =22,1 =17.7 =14, =11,4 1.0 £e1 1047 1344 1449 14¢7 1545 1563 1545 1546 1645 1545 1542 1741 1648 15,9
18 =25.4 =22.%4 =18.1 =14,6 =11.7 .8 6¢1 10,5 1343 14,9 14,7 15.5 155 15.7 15.5 15,7 16.8 15.5 17.5 17.3 1é6.4
16 =2644 -22.3 =18.%5 =15.0 -12.] 5 548 1043 13,1 14,7 14.5 15.4 1544 1547 155 1648 173 15847 17,7 17.6 1649
14 -23,3 =23,3 -1G.0 =15.% =12.K -0 Fet 98 1247 1443 14,1 15,1 15.1 15.4 15,3 15.7 16.9 16,7 17.8 17.7 17,1
12 =22.,0 =22,0 '=19.9 -1A.? -13.,3 -7 4.7 9e2 1241 13,7 1346 1445 14,6 1580 14.9 1643 16.5 15,5 17.6 17.6 17.1
10 ~2044 ~2044 =27,4 —-17.2 =142 <=1.h 3.8 8.3 11.2 129 1248 13.9 13,8 14,2 14¢2 157 16.0 16.0 1762 1742 1647
8 ~18,5 =18.5 =18.5 ~18,5 -15.5 =2.93 2.5 7ol 1060 1147 11leh 12.5 127 13¢1 13.1 1447 15.9 15.0 1643 1643 15,9
6 =1F 0 =14,0 =156,0 =1%.0 =-15,0 =~6,9 7 53 8.2 9.9 9.8 10.% 1749 11.4 11le4 13,0 1344 13.4 147 1448 1l4.4
4 =12.5 =125 =12.% =12,% =12.5 =7.,~ =2.1 245 S 7.1 7.0 8.0 8.1 8,6 8s7 10.3 10.7 108.7 12.1 12.2 11.8
2 =1840 =10,0 =10,7 =10.,2 =11,0 ~10.0 =7,% =?,9 o] 1.8 1.7 2.7 2.8 3.3 3.4 540 5.4 545 6.8 7.0 6.7
0 =10.0 =10.0 =100 =100 =13,) ~10.,7 =10, =10.0 =10,0 =10.0 -12.0 -10.0 -10.0 -10.0 =-10.0 =-10.,0 ~10.9 -10,0 -10.0 =10.0 =10.0
2 3 4 5 B 7 fa 9 10 11 12 13 14 1% 18 20 22 24 26 28 30
FREQUENCY IN MEGAHERT?
ANTFENNA FFFICTENCY
0.0 "0 N0 N0 N0 3.0 0.0 0.0 0.0 0.0 2.0 04l 240 0.0 0.0 C.0 04) 3.2 9.0 0.0 0.0
? 3 4 5 23 7 A 3 10 11 12 13 15 18 20 22 24 26 28 30
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Table 47. General Purpose Subroutines for the Antenna Calculations

SUBROUTINE FUNCTION
SETCOM To assure that all common blocks are the correct
length
AERIAL To process antenna INPUT data
GETANT To generate an antenna pattern
OUTANT To put an antenna pattern on an output file
GAIN Main antenna gain subroutine
FRESNL To calculate the Fresnel reflection factors
ANTAB To read an antenna pattern from an input file
GRDLOS To calculate the ground loss (needed by the prediction
program)
ANTWAV To adjust the nulls in the antenna pattern
VEFF To calculate the efficiency of a vertical monopole
CISI To calculate the sine and cosine integrals
RWIRE To calculate the radiation resistance of a bent wire
RVDPOL To calculate the radiation resistance of a dipole

166
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Table 48. Antenna Subroutines

INPUT THEORY
INPUT NO. SUBROUTINE ANTENNA TABLE SECTION EQUATIONS

1 HRHOM Horizontal Rhombic 6 6 196

2 VMON Vertical Monopole 7 4 66 to 69

3 HDPOL Horizontal Dipole 8 5 122

4 HYAGI Horizontal Yagi 9 5 129, 130

5 VDPOL Vertical Dipole 10 5 127

6 HCURT Horizontal Curtain 11 5 131 to 134
7 SLPVEE Sloping Vee 12 6 174 to 186
8 INVTL Inverted L 13 4 9 to 103
9 SLPRHM Sloping Rhombic 14 6 191 to 195
10 INLRH Interlaced Rhombic 15 6 196 to 198
11 SLPWIR Sloping Wire (unterminated) 16 4 77 to 83
12 ISOTRP Isotropic Antenna 17 7. 210 to 212
13 HLPD Horizontal Log Periodic Dipole Array 18 5 146 to 157
14 TDPOLE Tilted Dipole 19 5 113 to 121
15 VHRHOM Vertical Half Rhombic 20 6 206 to 209
16 HDRHOM Horizontal Double Rhombic 21 6 199 to 203
17 VMGS Vertical Monopole with Ground Screen 22 4 --

18 ANTIN Antenna Read in From an Input File 23 - -

19 VLPM Log Periodic Array of Vertical Monopoles 24 4 -—
20 TERWIR Sloping Wire (terminated) 25 6 171 to 173
22 VLPV Log Periodic Array of Vertical Dipoles 26 5 158 to 163
23 STVLPD Stacked Array of Vertical LPA's 27, 28 5 164 to 167
25 EFLOOP Array of Vertical Loops 29 7. --
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