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ABSTRACT

This report provides an account of a new rhombic antenna array
design and the resultant effect upon the antenna pattern resulting from
this design.

The intent of this effort was twofold, first to reduce the deep
nulls in the vertical profile that existed with a horizontal single
rhombic in order to obtain smooth vertical coverage from 2° to 24° in
elevation and secondly, to reduce the first side lobe levels in the
horizontal plane pattern of a single rhombic antenna. The first
objective was obtained by inclining the rhombic antenna approximately
8°. The factors responsible for the nulls in the vertical profile, i.e.
cancellation of signal energy that results when the ground reflected
wave arrives 180° out of phase with the direct wave at a distant point,
sti11 exist; however the amplitude of the reflected wave is less than
it was prior to inclining. Therefore the degree of signal cancellation
is much less than in the horizontal configuration. Available experimental
data indicates that maximum null depths on the order of 17 dB which
existed in the vertical profile of the horizontal rhombic, have been
reduced by as much as 12 to 15 dB in the inclined rhombic configuration.
The second objective was accomplished by physically separating the two
rhombic elements such that the first end fire null of the array factor
was coincident with the first side lobes of the element pattern, thereby
reducing the first side lobe levels of the array pattern. The available
experimental data indicates first side lobe levels that are 8 to 10 dB
down from the peak of the main beam, as compared to side lobe levels of
5 dB obtained for a single horizontal rhombic.

The rhombic antennas as installed now provide reduced side lobe
levels and the smoother vertical coverage required to achieve the
desired propagation characteristics to make use of a greater number of
propagating modes.

As cf the date of this report several operational high frequency
antenna installations, using inclined rhombic arrays of the type
described herein have been installed as part of Project 673A.
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SECTION 1

INTRODUCTION

TP V0. p——

This report outlines the results of a detailed analytical and

experimental investiaation of an inclined end fire receiving rhombic

antenna array.

R T L T

The following comments are presented with the intent of outlining

the basic design factors and principle of operation of the rhombic

antenna. The rhombic is an HF antenna using the travelina wave principle
in its mode of operation. It is best suited for long distance, low angle
transmission and reception. The antenna shown in Figure I-1 has a two -
wire transmission line running from the transmitter to the lonq wire
radiatina curtain. As shown, this diaaram indicates a unidirectional
radiatine capability; however a bidirectional capability can be achieved
by a standard switching arranaement which interchances feed and terminal
points. The terminal dissipation line serves as a load for power not
radiated. Each leqg of the rhombic has a radiation pattern which is the
result of an attenuated traveling wave. The overall pattern is due to
the interference between the four leas and their imaaes. The height
above ground H, the lenath of the leags L, and the included angle A are
the parameters that control the pattern for each fraquency.

Fiqure 1-2 represents the aenerully accepted antenna confiqguration
that had been used up to the time that this program was initiated to
accomplish vertical coverage at the HF frequencies. The conviguration
shown was designed to operate over a frequency range of from & - 24 MHz.
Complete vertical coverage of from 2° to 30° was achieved by switching

from orie rhombic to the other, i.e. from the high to the low rhombic. The
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lower antenna provided coverage frum approximately 10° to 25° in
elevation and the upper provided coverage from 2° to 10° in elevation.
A conputer nrogram was set up to determine what the vertical profile
would be for the antennas shown in Fiaure [-2. Pertinent rhoribic antenna
paramcters such as leqg lenaths, included annle anc height above around,
similar to those to be used in thc array to be installed,were used in
this proqran, thereby allowing a more valid pattern corparison to be
made between the conventional confiquration and the alternate confiaura-
tion to be discussed. The computed vertical profile of the antennas
shown in Fiqure I-2 is plotted in Figure I-3. This fiaure reveals
undesirable deep nulls in the vertical nrofile which are attributed to
the cancellation of sianal enerqy that results when the around reflected
wave arrives 120° out of phase with the direct wave at a distant point.
This horizontal confiquration does not adequately provide the vertical
coverage required to achieve the desired propagation characteristics.
The first objective of this program was t~ reduce these nulls to a
minimum in order to obtain a smoother vertical profile, thereby allowing
for the reception of a greater number of propagatina modes. This was
accomplished by inclining the rhombic antenna approximately 2°, as
shown in Figure I-4. The factors responsible for the nulls in the
vertical profile still exist, and the resultant vertical array pattern
obtained from the rhombic element and its image still has null positions
at the same location as prior to inclining; however the amplitude of
the reflected wave is much less than in the horizontally positioned

rhombics shown in Fiqure I-2. The degree to which this cancellation of

R et A S i 2 R
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signal enerqy was minimized is demonstrated Ly reduced null depths as
scen in Fiqures I-5 and [-€, These fiqures snov a rcouction of frou
12 to 15 dP din the maximun null depths that existed in the vertical
profile of Ficnure 1-2. This nodification /111 allow maximui use of @
qreater nurber ¢f propagating modes, which in the harizental rhontic
case were incident upon null positions that cxisted in the vertical
rattern profile. The inclined arranoerent of Ficure I-2 was optimwily
designed for the highest operating frequency in order to allow for its
usc at all frequencies below the upper limit.

lhe arrayed confiquration as shown in Fiqure I-4 allowecd for the
accomplishment of the second cbjective of the proara: unich 'as to
reduce the first side lobe levels in the horizontal nrlanc of the
antenna pattern. These lotes arc usually dovin orly about 5.0 to 5.5 D
from the peak of the main beanm. The two rhombic anterna eleuents .ere
rhysically separated such that the first end fire null of tie arrav
factor was coincident with the peaks of the first side lohe levels of
the element pattern, thereby reducina the first side lobe levels of the
resultant array pattern. It miaht be worth while to mention that this
approach for reduciric side lobe levels provices the added flexibility
of beinn able to steer the far out nulls of the array pattern. Tiis
may be accomplished by channing the frequency of oreration or in an
analogous way by physically varying the lenath of line hetween the

array elements. Frequency variations only sliahtly alter the siape of

the main beam and first side lobe levels: however the far out lobes are
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shifted appreciably.  Such a flexibility provides the capability of

nulling out interferino sianals in the reqion of the far out secondary

L i

lobes. The extent ot available frequercy excursion depends upon the

o

arrount of wain leam dearadation that is tolerable for the intended
apnlication. This null steering carability was mentioned only as a
poirt of interest and is nol to bLe interpreted as an intentional design
featwc of the antcnna under discussion, but merely as being available,
if required. Vtereafter reference will be made to the antennas before
and after modification, where this latter desiqnatior refers to the
inclined rhombic elerents and the former refers to the assued

nencrally accepted confiquration of Fiqure 1-2.
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F SECTION 1T

; PROCECURE

% lIsc was made of a portion of the ALN/ASM-12*Airborne Antenna Pattern

i Analyzer Syster installed aboard a C-131 aircraft. The syster. was
cesigned to measure racdiation patterns of lioth fixed and rotatina oround

: antennas in thcir actual operational environrient. The automatic ranqe

i control portion of the systert was uscd in 1'akinn the rhombic antenna

i pattern measurements. This portion of the system is courled to the

f. aircraft’s automatic pilot system to provide for constraining tie

f aircraft to any desirec slant range between 5 and 25 nautical miles.

i This equipment has hed a range accuracy of + 750 feet and the precision

; with which a selected path can be maintained is + 100 feet. The
aircrafts altitude is held constant by usinn the aircraft’s standard

altimeter and auto-pilot. The aircraft altitude is established to
the deqgree of accuracy reouired for the system by assistance from a

theodolite and wide anqle finder scope which are located at the site

and are operated by the qround crew. The pilot established an
approximate altitude and after the aircraft is flying under control of

the automatic ranqe control system, it is again observed by the around

theodolite. The pilot is then qiven voice instruction as to what
altitude corrections to make to attain the precise altitude required.

The auto-pilot will then maintain the aircraft at this altitude for

*This svstem has since been replaced by the FSM-17.

1
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the duration of the pass through the antenna pattern without serious
deviation.

On numerous occasions two runs vere made at the sane elevation
angle and resulted in successful duplication of the pattern, thereby
providing further confidence in the stability of the aircraft.

A triqgerina device, which was controlled by the ground crew
member observina the aircrafts azimuthal position through the wide
anqle scopa, was connected to the pattern recorder. As the aircraft
passed through the vertical cross hair of the scope, the device was {
tringered and a line was strobed onto the recorded pattern at every |
10° in azimuth. The qraduated circle on the theodolite was then used
to allow the operator to rotate the scope until the vertical cross hair
was positioned at a point 10° displaced from the previous location.

During the reduction of the pattern data the accuracy achieved by this
technique was on the order of + 1.5° over a 360° arc, as compared to
computed array patterns.

Complete orbital flights of 360° were made at elevation angles
varying from 2° to 24° in 2° increments, for a slant range of 5
nautical miles. This corresponds to vertical coverage of approximately
1100 to 13,000 feet.

Figure II-1 is a block diagram of the receivinn, r~ecording and
calibrating equipment. The receiver and recorder shown were calibrated
with a IIP 6088 signal generator.

Stepped calibration curves were made at 3 distinct frequencies,

10.5, 15.0 and 20.052 MHz, prior to and after each complete set of

12
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vertical coveraqe patterns from 2° to 24° were obtained. These compara-
tive curves did not vary more than + 0.5 d0 throughout the tests. In
the reduction of all data obtained, use was made of the calibration
charts since linearity was not assumed to exist throughout the dynamic
ranae of the receiving equipnent.

In an attempt to minimize the undesirable effects resultina from
variations in radiated power, caused by drifting in the transmitter
frequency, the following measures were taken. A Hanson synthesizer was
used as a transmitter. The frequency stability of the synthesizer is
one part in 192 per day. !lo power output chanae was noticed by the
transnitter operator on the aircraft. A transmitter-receiver stability
test conducted in the laboratory for a period of 36 hours provided
variations on the order of + 0.5 dC in the radiated signal level. !lith
tie maintenance of a constant frequency level, repeatable calibration
curves and a constant current on the transmittina Toop antenna, it was
reasonably assumed that at each particular frequency of operation the
radiated pover output was constant.

Transformer teminations had been incorporated into the Stockbridge
rhombics which allow for the reception of either a horizontally or

vertically polarized signal or both simyltaneously.*! Throughout the

*1This can be visualized in the following way, when the rhombic, which
is a conductina curtain, is fed in an unbalanced manner, 1.e. both sides
of the curtain are fed in phase and against ground, it receives only
vertical polarization. Its mode of operation is analogous to th:z
conventional Beverage antenna, which is simply a long radiating wire

fed against ground. Vhen fed with a balanced line, i.e. botk sides of
the curtain are fed out of phase, only horizontal polarization is
received.

14




tests the rhombics were used in the receive mode for a transmitted

sianal of horizontal polarization, i.e. receivers were placed at the

horizontal output ports of the antenna. Fiqure II-2 depicts the antenna

confiaquration and arrannement of the transformer terminations. From
this fiqure it is apparcent that a bidirectional receiving capability
is available, i.e. the antenna can receive in either of two directions
separated by 10n°,

It is essential that the polarity of the transmitting antenna be
precisely known and maintained. The orientation of the transmitting
loop as shown in Fiqure II-3 provides a transmitted signal that is
horizontally polarized. This loop operation was used throuahout the
fliaht tests. Fiqure II-4 represents a superposition of both the
horizontal and vertical components of the siqnal received on two
separate channels of the Sanborn recorder for a transmitting loop
orientation as shown in Figure II-3, Use was made of two separate
receivers located at both the horizontal and vertical output ports,
as shown in Fiqure II-2. From this fiqure, polarization isolation on
the order of 24 dC is achieved in the end fire direction, i.e. in the
direction of beam maxima. This figure is indicative of good antenna
balance for horizontal polarization and also provides an excellent

indication as to how weil the transmitting loop antenna is radiating

an essentially pure horizontally pclarized signal.
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SECTION III

EVALUATION

In the data to be presented use was made of the results of the
computer program conducted under Contract AF 30(602)-2881. A UNIVAC
1130A Computer was used for this program. Computed patterns were
provided for the horizontaliy polarized field, the vertically polarized
field and the total field at frequencies of 10.0, 15.0 and 20.0 MHz for
360° azimuthal coverage and for elevation angles of from 0° to 4C°.

The horizontally polarizec computed patterns obtained were compared
to the experimental patterns to determine the degree of success achieved
in properly designing and evaluating the inclined rhombic array.

The pattern data obtained using the Sanborn recorder as shown in
Figure 1I-1 was reduced to the polar plots contained in this report.
Figures III-1 through III-32 represent superpositions of both the
computed and experimental horizontal antenna patterns for elevation
angles of from 2° to 24°. The data of Figures III-1 through III-32
has been normalized to O dB at the peak of the main beam for both the
computed and experimental data. However, as indicated in the legend
of each of the plots, the peak (Pk) of the computed patterns at various
elevation angles, relative to thz peak in the vertical profile, have been
denoted at each frequency of operation. The experimental pattern data

has been plotted in a similar manner. For example, at a test

(experimental) frequency of 10.5 MHz the peak of the vertical profile

is at the 8° elevation angle and is denoted in Figure III-4 by
Pk = 0 dB. Also in this same figure the peak of the
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Figure I1I-1

WEST RHOMBIC
HORIZONTAL POLARIZATION

Elevation 2°

— Experimental Freq. 6.5 MHz ---- Computed Freq. 10.0 ‘iz
Pk = -3.8 db Pk = -11,1 dC
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Figure III-2

WEST RHOMPIC
HORIZONTAL POLARIZATINM

Elevation 4°

10.5 MHz ---- Computed Freq.

| :
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d e e
Wil 7.7

10.0 MHz

Pk = -11.1 dB
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Fioure I11-3 ‘

WEST PHQONEIC
HORIZONTAL POLARIZATION

Elevation 6°

— Experinental Freqg. 10.5 MHz ---- Computed Freq. 10.0 MHz

é‘ Pk = -1.3 d° ‘pk = -2.5 dB




Fiqure III-A

WEST RHOHPIb
EOPT70ONTAL POLARIZATIOM

Elevation °°

—— Experinental Frea. 10.5 MHz - ---- Computed Freq. 10.0MHz

Pk = 0 dp Pk = -.9 db
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Fiqure II1-5

WEST RHOMBIC
HORIZOMTAL POLARIZATION

Elevation 10°

Experimental Freq. 10.5 MHz ---~ Computed Freq. 10.0 MHz

Pk = -.2 dB Pk = -.1 d0
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Fiqure I1I-6
- WEST PHOMEIC
3 HORIZONTAL POLARIZATIOM

Elevation 12°

Experimental Freq. 10.5 MHz ---- Computed Freq. 10.0 MHz
Pk = -.4 db Pk = 0 dC
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Fiqure 11I-7
! WEST PHOMBIC
HORIZOMTAL POLARIZATION
3 Elevation 14°

Experimental Freq. 10.5 MHz ---- Computed Frea. 10.0 MHz

Pk = -1.4 dB Pk = -.7 db
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Fiaure III-?

WEST PHOMBIC
3 HORIZONTAL POLAPIZATION

Elevation 1€°

Experimental Freq. 10.5 MHz ---- Computed Freq. 10.0 MHz

Pk = -3.4 dC Pk = -2.1 dB
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Fiqure III-0

WEST RHOMEIC
HORIZONTAL POLARIZATION

Elevation 18°

Experimental Freq. 10.5 Mz ---- Computed Freq. 10.C MHz

Pk = -5.2 db Pk = -4.2 dC
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Figure II1-10
WEST RHOMBIC
HOPTZONTAL POLARIZATION
Clevation 20°
: Experimental Freq. 10.5 MHz ---- Computed Freq. 10.0 MHz
'f Pk = -6.3 dB Pk = -6.4 db 3
3' :
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Fiqure II11-11

WEST RHOMBIC
HORIZONTAL POLARIZATION

Elevation 22°
—— Experimental Freq. 10.5 MHz ---- Computed Freq. 10.0 MHz

Pk = -6.0 dB Pk = -7.0 db
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Fiqure 111-17

HWEST PHOMRIC
HORIZOMTAL POLARIZATION

Elevation 24°
—— Experimental Freq. 10.5 MHz ---- Computed Freq. 10.0 MHz

Pk = -7.0 dB Pk = -6.2 db
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Fiqure III-13

WEST PHOMBIC
HOPI7ZONTAL POLAPIZATION

Elevation 2°

Experimental Frea. 15.003 MHz ---- Computed Freq. 15.0 MHz
Pk = -2 dI Pk = -6.92 dB
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Fiqure III-14

WEST RHOMBIC
HORIZONTAL POLARIZATION

Elevation 4°

—— Experimental Freq. 15.093 MHz ---~ Computed Freq. 15.0 MHz

Pk = -.3 dB Pk = -1.9 dB
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Fiqure III-15

WEST RHOMBIC
HORIZONTAL POLARIZATION

Elevation 6°

—— Experimental Freq. 15.093 MHz

Pk = 0. dB

---- Computed Freq. 15.0 MHz

Pk = -.03 dB




Figqure III-16

WEST RHOMRIC
HOPIZONTAL POLARIZATINM

Elevation ]6°.

—— Experimental Freq. 15.093 MHz ---- Computed Frea. 15.0 MHz

Pk = -4, dB Pk = -5.7 dB
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Fiqure I1I-17

WEST PHOMLIC
HORIZONTAL POLARIZATION

- Elevation 18°

—— Experimental Frea. 15.N93 MHz ---- Computed Freq. 15.0 MHz

Pk = -4.5 d0 Pk = -5.16 dB
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Fiqure III-18

WEST RHOMBIC
HORTZONTAL POLARIZATION

Elevation 20°

——— Experimental Freq. 15.093 MHz ---- Computed Freq. 15.0 MHz

Pk = -4.8 dB Pk = -5.42 dB
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Fiqure 111-19 }

WEST RHOMBIC
HORIZONTAL POLARIZATION

Elevation 22°

Experimental Freq. 15.093 MHz ---- Computed Freq. 15.0 MHz -

Pk = -5.3 dB Pk = -5.85 dB
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Fiqure I1II-2n

WEST RHOMBIC
HOPT7ZONTAL POLARIZATION

Elevation 24°

— Experimental Freq. 15.093 MHz ---- Computed Freq. 15.0 MHz

Pk = -8.3 dB Pk = -€.44 dB
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Fiqure III-21
WEST RHOMBIC
HOPIZONTAL POLARPIZATION
Elevation 2°
Experimental Freq. 20.052 MHz ---- Computed Freq. 20.0 MHz
Pk = -1.2 dl Pk = -4.5 dB
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Fiaure I111-22

WEST RHOMBIC
HORIZONTAL POLARIZATION

Elevation 4°

Experimental Freq. 20.052 MHz
Pk = -.1 db

n

---- Computed Freq. 20.0 MHz
Pk = -.3 d&

e A




Fiqure I11-23

WEST RHOMBIC
HORIZOMTAL POLARIZATION

Elevation 6°

—— Experimental Freq. 20.052 MHz ---- Computed Freq. 20.0 MHz
Pk = 0 dB Pk = 0 dB
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Fiqure I11-21
WEST PIOMDIC
HOPIZOLTIL POLARIZATION
Flevation °°
Experimental Freq. 20,052 MHz ---- Computed Freq. 20.0 MHz
Pk = -.p dD Pk = -1.7 db
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Fiqure I11-25

WEST RHOMRIC
g HOPIZO!ITAL POLARIZATION

Elevation 10°

— Experinental Frea. ?20.052 MHz ---- Computed Freq. 20.0 MHz
Pk = -1.2 dB Pk = -3.6 dB
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Experimental Freq. 2n.N52 MHz

Fiqure I11-26

WEST RHOMBIC
HORIZONTAL POLAPIZATION

Elevation 12°

---- Cormputed Freq. 20.0 Mhz



.“ ¢ o
Hﬂ‘- b Ii
m ."./ »
m’ » g
Im“ t| IJ|- ({ f h
L
\ Ew | ﬂrfofrg{
" b x\ i ; g M,:{-?} X 5{,_ Z
SN lij / /": D
: . . ; A5 \.-I_} -\.}L \ | ] ";r.r'll.l"l.:':r. e 4
0" S HTFHL R T LS / ",.f:J' \,. | [rE ‘ '.,\\ \
+H : FI5E NN \
g ﬂ_"._ I 1
" P ;
"
<l
FLT
Hi
Fiqure 111-27
YEST RHOMBIC
HORIZONTAL POLARIZATION
Elevation 12°
—— Experimental Freq. 20.052 MHz ---- Computed Freq. 20.0 MHz

Pk = -4.2 dB Pk = -3.82 dB
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Fiaure I11-28

WEST PHOMDIC
HORTIZNETAL POLAPIZATION

[levation 16°

— — Fxperinental Fren. 20.002 MHz ---- Computed Fren. 20,0 MHz

Pk = -€.2 d0 Pk = -2.n dE




Fiqure I11-29

HEST PHOMBIC
EORIZONTAL POLAFIZATION

Elevation 1£°

— Experimental Frea. 2C.052 MHz ---- Computed Freq. 20.0 MHz

Pk = -9.7 dC Pk = -4.5 dB




Fiqure TI1-30

WEST PHOMEIC
HORIZONTAL POLARIZATION

Elevation 20°

—— Experimental Freq. 20.052 MHz ---- Computed Frea. 20.0 MHz

Pk = -15.2 db Pk = -7.6 db
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Fiqure I111-31

WEST PHOMEIC
HORIZONTAL POLARIZATION

Elevation 22°

— Experimental Freq. 20.052 MHz ---- Computed Freq. 20.0 MHz
Pk = -13.7 dB Pk = -13.1 dB
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Fiqure 111-37

VEST PENBIC
HORIZONTAL POLAPIZATINN

Elevation 24°

Experimental Freq. 20.052 MHz ---- Computed Freq. 20.0 MHz

Pk = -13.2 db Pk = -14.4 dB

e

| P

O T O T T LT




T

computed bean at 10.0 MHz 1s .9 df below the peak ot the computed
vertical profile which lies between the 10° arnd 12° ¢levation plots

of Fiqures II1-5 and ITI-€. This apparent difference between e peal
position in the vertical profile of the measured pattern data and the
corputed pattern data will be accounted for in the followirn paraaraphs.
The available experimental data of Fiqures III-1, I11-32 indicate

first side lobe levels from £ to 17 dB down relative to ti.c peak cof tie
main bear, as compared to anticiprated first side lobe levels of 5.5 0
using the horizontel confiquration of Fiourc [-2.

It shiould be noted thet the limited experinental data taben at
15,092 iz resulted in the assuiption that the peak of the exnerimenta)
vertical profile wes ot €° in elevetion, This assunpticn vas made with
the knowledne of the experimental pcak positions at frequencices of 10.5
and 20.052 MHz. The accuracy of this assumption is demonstrated when
comparing the relative peak position of the computec at 15.0 MHz to
that assuned for the experimental at an operating frequency of 15,092
MHz.

Fiqures I11-33 through III-56 are plots of the measured antenna
patterns with respect to the vertical profile peak position, for elevation
angles of from 2° to 24°. These fiqures, I11-33 throuqgh III-56 provide
another means by which the data of Fiqures III-1 through II1-32 can be
represented. However, they allow one to more accurately visualize antenna

pattern shape at various elevation angles as viewed from the peak of

the vertical profile.
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Fiqure [11-33

WEST PHOMBIC
HOPTZONTAL POLARIZATIOH

requency - 16.5 MHz

Elevation 2°




Fiqure [I1-34

WEST PHOMBIC
HORTZONTAL POLARIZATION

Freauency - 10.5 MHz

Elevation 4°
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Fiqure T111-35

WEST PHONMBIC
HOPT7ONTAL POLAPIZATION

Frequency - 10.5 MHz

Flevation 6°




Fiqure I11-36

WEST REONEIC
EORIZONTAL POLARIZATION

Frequency - 10.5 MHz

Elevation £°
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Fiqure 111-37

WEST RHOMRIC
HORI7ONTAL POLARIZATION

Frequency - 10.5 MHz

Elevation 10°
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Fiqure 111-3P

WEST PHOMBIC
HORIZONTAL POLARIZATION

Frequency - 10.5 MHz

Elevation 12°
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Fiqure T11-39

WEST PHOMBIC
ORI ZONTAL POLARIZATION

Frequency - 10.5 MHz

Elevation 14°
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Fiqure II1-40

WEST PHOMBIC
HORTZONTAL POLAPIZATION

Frequency - 10.5 MHz

Elevation 16°
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Fiqure 111-41 X
WEST RHOMBIC
HORIZONTAL POLARIZATION
Frequency - 10.5 MHz
Elevation 18°
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Figure I1I11-42

WEST RHOMBIC
HOPIZONTAL POLARIZATION

Frequency - 10.5 MHz

Elevation 20°
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Fiqure I111-43

VEST PHOMBIC
HORTZONTAL POLARIVATION

Frequency - 10.5 MHz

Elevation 22°
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Fiqure 111-44

WEST PHOMRIC
HORIZONTAL POLARIZATION

Frequency - 10.5 MHz

Elevation 24°




Fiqure I11-45

WEST RHOMBIC
HORIZONTAL POLARIZATION

Frequency - 20.052 MHz

Elevation 2°
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Fiqure 1I1-46

WEST RHOMBIC
HORTZONTAL POLARIZATION

Frequency - 20.052 MHz

Elevation 4°
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Fiqure I11-47

' WEST RHOMBIC
E HORIZONTAL POLARIZATION

Frequency - 20.052 MHz

i Flevation 6°
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Fiqure [11-42

WEST RHOMBIC
HORIZONTAL POLARIZATION R

Frequency - 20.052 MHz

Elevation £°
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Figure I11-49

WEST RHOMBIC
HORIZONTAL POLARIZATION

Frequency - 20.052 MHz

Elevation 10°



Fiqure 111-50

WEST PHOMBIC
HORIZOMTAL POLARIZATION

Frequency - 20.052 MHz

Elevation 12°
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Fiqure I11-51

WEST RHOMBIC
HORIZONTAL POLAPIZATION

Frequency - 20.052 MHz

Elevation 14°




Fiqure I11-52

WEST RHOMEIC
HORITONTAL PCLARIZATION

Frequency - 20.052 MHz

Elevation 1€°




Figure I11-53

WEST RHOMBIC
HORIZONTAL POLARIZATION

Frequency - 20.052 MHz

Elevation 18°
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Figure T11-54

WEST RHOMBIC
HORIZONTAL POLARIZATION

Frequency - 20.052 MHz

Elevation 20°



Fiqure III-55

WEST RHOMBIC
HGRIZONTAL POLARIZATION

Frequency - 20.052 MHz

Elevation 22°
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Fiqure III-56

WEST RHOMBIC
HOPIZONTAL POLARIZATION

Frequency - 20.052 MHz

Elevation 24°
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The polar plots shown in Fiqures III-1 throuah III-32 were used
to plot Figures III-57a, III-57b, and III-58a, III-58b which respectively
depict the computed and experimental horizontal bcamwidths at 10, 15
and 20 MHz. Each of the individual plots provides both the 3 and 10 dB
beamridths as a function of elevation angles. It is readily apparent
that discrepancies exist between the experimental and computed
horizontal beamwidths at 15 MHz for elevation angles of &°, 10°, 12°
and 14°. In plotting the data at these particular elevation angles,
only the values at 10 and 20 Mc were experimentally determined, because
of limited experimental data at 15 MHz. Therefore only the 10 and 20 MHz
points were used to plot the 3° to 14° experimental elevation curves.
It was assumed that the appropriate experimental points for 15 Hz lie
on ithe line joinina the two known points. The inaccuracy of this
assumption is demonstrated in Figures III-58a and III-58b., Figure III-59
represents a compilation of all the data contained in Figures III-57
and I1I-58, i.e. horizontal 3 and 10 dB beamwidt! s, both experimentally
and computed as a function of elevation angles at operating frequencies 2
of 10, 15 and 20 MHz.

In order to make any meaningful comparison between the computed
and experimental data of Figures III-57 and III-58 reference must be
made first to Fiqure III-60. This figure was extrapolated directly
from Figures I-5 and I-6 and depicts the vertical profile beamwidth
and peak positions as a function of frequency. It should be observed

in Figure ITI-60 that the peak of the experimental vs the peak of
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computed after modification, at a particular freguency of operation,
are not exactly coincident. This can be attributed to two possible
causes. First, in the computed data, consideration was given to ground
irreqularities which might alter the apparent height of the antenna
above gqround and consequently its vertical profile. However, it is
quite difficult to accurately approximate these effects) therefore the
possibility of inadequate compensation is a very probable source of
error. Secondly, the difference of .5 MHz between the computed and
experimental frequencies at 10.0 MHz would account for a difference in
the vertical profile peak position of 1° 39'. Correspondingly, the
difference of 0.052 MHz between the computed and experimental frequencies
at 20.0 MHz would account for a di%ference in the vertical profile peak
position of 0° 26'. These values were obtained using the “ollowing
equation from Williams.*

Fi (H a) = sin (BH sin a)

2n
A

Antenna Height.

where B

H

The above equation was solved for A when

F = 10 MHz, H = 1.286 a 10 obtain & = 11° 12'
F = 10.5 MHz H = 1.507 A to obtain a4 = 9° 33'
F = 20.0 MHz H = 2.572 a to obtain A = 5° 36'
F = 20.052 MHz, H = 2.771 a to obtain A = 5° 10

It should be noted that these theoretical differences in peak position

due to differences in frequency of optracion are precisely those

*See Appendix
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observed in Figure III-60. When comparing vertical experimental to
computed beamwidths, the difference in relative peak positions shculd be
taken into consideration. For example, in Fiqure 1I1-60 the 10 MHz
experimental pattern peaks at 10° and the computed at 12°. Therefore,
when comparing the computed data ¢f Fiqures III-57a and I1I1-57b to the
experim.ntal data of Fiqures III-58a and III-58b, the 10° elevation
pattern of Fiaure III-5fa should he compared to the 12° computed
elevation of Fiqure III-57a in order to make a valid comparison.
Correspondingly the 12° and 14° experimental plots of Figures III-5fa
and II1-58b should be compared respectively to the 14° and 16° plots
of Fiqure III-57h,

Figqure III-61 lists the experimental and computed 3 dB and 10 dB
horizontal beamwidths at operating frequencies of 10 and 20 MHz. A
close examination of this figure indicates a mean variation of 2.5°

between the computed and experimental beamwidths.

SECTION IV

CONCLUSIONS
The experimental and computed data discussed, reflects a
considerable degree of success in achieving the two primary Objectives
of this program. The first was to make the vertical antenna pattern
frequency insensitive, i.e. to reduce the undesirable deep nulls in the
vertical pattern profile and second, to reduce the first side lobe
levels in the horizontal plane, to minimize the interference effects.

It is well-known that increasing the antenna height will increase the
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number of nulls in the vertical pattern and hence reduce the
reception of available propacating modes. The results of inclining
the antenna allow for the reception of a greater number of propagatina
modes and the end-fire array reduces the high azimuth side lobe
interference problems associated with a single horizontal rhombic

antenna.
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APPENDIX

Derivation of cquations defining the height factor for both
vertical (positive image) and horizontal (negative image) radiating ;
elements.

In calculating height factors reference is made to Williams.

The resultant field at a point due to n coplanar elements is
given by

: I £0360° () cos (s + an) + g,] (1)

"
=~
— 3

h = a constant depending on the distance to a field point and
the frequency of radiation

current in antenna n

distance of antenna n from origin

angular positicn of antenna

relative phase of antenna current

exploring angle of the polar diagram.

In calculating height factors for both vertical radiating elements

(positive image) and horizontal elements (negative image), the following

two special cases of the above equation are considered:

Positive images: Referring to Figure la the first case is obtained

0° therefore

by putting a; = e]

]
o

@) 8

Cophasal for positive image case,

B2
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Substituting the above values into Cquation (1) and using radians

instead of degrees, i.e. B = %} to turn Tengths into radian

measure, Equation (1) becomes:
i

E o= k[ I, £0360°(91) cos (8 +aj)+8y1el, 2 (360° (%)
. . A
cos (8 + ap) + 85 } ]

B k[I][{360°(f’;_)cos (6+0) +0 ) +1y L 360° %2_)“,5.
(6 +x) +01}]
E = k(I Z{eH(cose)} + I L{BHcos(o+m)}],

where B = 2;_ and dy = dy = H.

By use of the cos (e + n) triqonometric identity the above equation
becomes |

E = k[ I, [(BHcose) +Ip [(-8Hcose)] POLAR EQUATION.

This polar equation can be represented vectorally in the following way:v

E = k[ Iycos (BH cos ej + 1, sin (8 H cos o) + Iy cos (-8 H cos o) +
Io sin (-8 H cos @) ] VECTORIAL REPRESENTATIdN- . |
Simplifying and letting Iy = Io we obtain:

E = 2k 1y cos (8 H cos s),
It is convenient to define a height function'F] (H, ) whosé value
gives the relative value of the polar diagram in a vertical plane.

This may be done by putting 2KI equal to unity (nomalizing) in the
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above equation, which gives:

cos {8 H cos 8)
’ POSITIVE IMAGE

cos (B H sin a) |

F]' (H, o)

or F'l (H, A)

|

where A = elevation anale,

Referring to Fiqure Ib, the second case, for horizontal elements
- (neqative image), is obtained by again putting a; = By =0
therefore

“'I = ( B.I =
Antiphasé] for neqative jmage case,

n
E |
w
[a ]
|
k|

'

@2

Proceeding as before:

E

K[ 1y £360° (91) cos (0 +a;) + 8y} + I,/ (36r° ((92) cos
A By

(6+ap) + 8,17

m
3]

k[ 1, £360° (%1) cos (o +0) + 03 +1Ip £360° (%2 ) cos
i 3

(o + ) +n}]

™~
[]

k [ 11 /{8 Hcos g+ Ip /(8 Hcos (o+ n) + 1} ]
2n e
where 8 = =, dj = dp =H.

A-4

o i RPN T Y Lad G i ke bt i bk gl o s 1 o FTTNRVITR T ] ey




ey

L o

Aqgain using the trigonometric identity the above equation becomes:
E = k[ 1, L(BHcose)+ I, [(-BH cos e +n) ] POLAR EQUATION.
This polar equation can be rcpresented vectorially in the foliowing way:

E = k[ I, cos (BHcose)+1Iysin(sHhcose)+I,sin(x-H cos e)

1
+ 1, cos (n - H cos 8) ],

Simplifying and letting I = I, we obtain
E = 2kIy sin (8 H cos o),

tiormalizing as before, we obtain:

Fy (11, 8) = sin (g H cos o)
NEGATIVE IMAGE
Fy (H, 8) = sin (8 H sin a)
where A = angle of elevation.
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