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LOST ART OF RHOMBIC ANTENNAS
27 dB of gain is not
to be sneezed at!

Big And Old

Of all ant ever i for long:
ications (and that includ g
and reeeiving), none has endured so long nor has
retained its aura as well a&the fabled “rhombic”,
The rkombic is legendary. Until the birth of ocean-
hopping satellites, the rhembie was the sophisti-
cated workhorse of inter-continental communica-
tion cirenits, And where the satellites have not yet
ghained a toe-hold, the rhombic antenna remains
the only ingredient of the 1930°s created interna-
tional communication networks still holding its
own, original form against virtvally all comers to
come down the pike in the ensuing 40 years.

The rhombie, for all of its avra, is constructed of
wire, It is supported typically at modest heights
above ground by unobtirusive wooden poles and
the rhombie gains its respect not from its impres-
sive physical features but rather from its perfor-
mance.

It has been estimated that from 20 to 25% of all
early CATV systems employed at least one rhom-
hic antenna for their early-day off-air reception.
R of rhombics at early-50's headend sites
are stil] visible in places like Fayetteville, Arkan-
sas and Marathon, Ontario and Sonora, California,
Yel inspite of the fabled advantages of the rhom-
bic antenna, surprisingly little hard-design data
has appeared in print over the period 1931 (when
the rhombic was introduced by a man named
Bruce) to the present time.

The rhombic has three primary advantages,
even teday, over virtually any other antenna sys-
tem a CATYV system or other off-air receiving sys-
tem for VHF-UHF signals can create. It also has at
least one substantial dis-advantage, and a second-
ary dis-advantage that is primarily a problem at
low-band VHF.

Advantage number one is gain. We will explore
in construction detail rhombics that offer gain over
tuned reference dipoles as high as 27 dB. To put
that number into perspective, if you setl out Lo
construet a 27 dB gain array utilizing 10 element,
12 dB gain single channel yagi antennas, you
would need no fewer than 64 of the ten element
yagis to reach the 27 dE gain level.

Aduantage number two i pattern. Rejections of
unwanted signals can be “tailored” with a rhombic
antenna, and nulls can be placed more at less at
will where they are required. It is not easy to do,
bui it ean be done, and rejections in excess of 34
dB over the forward direction can be achieved

with relatively simple rhombics, while rejections
in excess of 50 dB are possible in most-dis-favored
directions with specialized rhombic designs.

Advantage number three is price. There are five
Erimary ingredients in the construetion of a rhom-

ic antenna. One is a relatively small amount of
copper-weld wire (ie, copper plated or coated
steel cored wire) and some ceramic insulators,
Two is a suspension system to provide a method of
raising and lowering (i.e. installing) the rhombic
antenna to the desired location {this primarily
consists of ropes and pulleys). Three is a support
system, typically up to four utility poles of some
height to get the antenna the design-height above
ground for proper performance, Four is a suvitable
location to erect the antenna. And five is the man-
power required to make the installation. On the
assumption you have the land available, and the
manpower is part of a regular payroll or can be
recruited for a few hours work in exchange for a
case of beer and some good fellowship on an other-
wise dull Saturday, the balance of the ingredients
e?p usually be put together for around $50-
$100.00, plus the cost of the support poles, For
gains of up to 27 dB, that is an extremely cost-
effective antenna system!

Then there are the dis-advantages.

Dis-advantage number one iz the care and skill
required to make the anlenna system perform to
specification. The rhombie, for its apparent simpli-
city in form, is a very sophisticated antenna. One
reference source calls the rhombic “the highest
development of the long wire antenna”. Those who
believe a long wire antenna is itself not much of a
development may believe otherwise when we have
finished. The rhombic is extremely sensitive to
ground reflections, and to obtain the design-
pattern in real life {versus getting it on paper)
requires more than a small bit of skill and probably
a great deal of patience.

In talking with dozens of “old-timers™ in CATV
who have had occasion to try a rhombic or two, it
is our beliefl that probably only ene or two of the
hundreds constructed by CATV operators in the
1950's ever worked within even a couple of dB of
their theoretieal gain capacity,. We'll try to see
why that might be so here.

Irs-advantage number two is the space required
for a rhombic, Perhaps to be more precise, not just
the space required, but the “lay of the land re-
quired” to erect a rhombie. If you are in the mid-




weslor south, finding a plot of ground at a suitably
quiet location where you can mark-off an area say
400 feet long by 175 feet wide for installation of the
rhembic support poles might not present a prob-
lem. Bul if you are on a mountain peak in Oregon
or a hilltop in West Virginia, finding that much
flat-ground could be a problem. However, the
space reguirement diminishes with frequency, and
a full sized rhombic at high band requires an area
around 130 feet long by 60 feel wide, And at TUHF,
well, you could almost put 27 dB gain of anlenna
ahove & typical suburban lot home roof!

And you may find that, for say 14-19 dB of gain,
you can gel by with less than a full sized rhombic,
and thereby reduce the space reguirements so
that even a low band rhombic will fil into a much
smaller space. We'll look at all of this here.

The Art of Design

Designing a rhombic is largely a matter of know-
ing what you want it to do, and then fitting the
pieces of the puzzle together for that end achieve-
ment. Most rhombie design data is heavily slanted
towards shortwave communications, where the in-
coming wavelront (to a receiving rhombic) is arriv-
ing al some vertical angle greater than zero de-
grees (the horizon is assumed to be zero degrees).
Shortwave propagation utilizes the refllection/
refraction medium of the jonosphere and once a
shortwave signal (typically 3-30 MHz) exits the
transmitting antenna, it is beamed towards the
intended receiving location at some angle greater
than zero degrees with reference to the actual
horizon, so as to enter the jonosphere at the
proper point between the transmitting and receiv-
ing location to produce signal reflection/refraction
1o the desired receiving point.

Therefore a great deal of conventional rhombic
design data is needlessly ifor our purposes)
wrapped up In producing an antenna design which
concentrates the antenna's pattern say 12.5 de-
grees above the horizon, 8 degrees above the
horizon, and so on, but seldom if ever, on the
horizon itself.

Inspite of the multiple-thousands of commercial
rhombics in service throughout the world even
today for communieation purposes, there remains
2 dearth of material for reference. There are, in
fact, but four generally referenced sources for
rhombic design data, and none are generally avail-
able Lo the casual practioner of the art. CATT was
succeseful in running down three of these for our
own use here, but the fourth never was found
except by reference.

During the evolutionary days of te!ews:on. or

data they published was sufficiently lacking as 1o
leave a reader desirous of constructing his own
rhombie system with inadequate dala to do Lhe job
correctly. Consequently, many of the rhombics
construcled in that era, by TV (and CATV) de-
sirous people prohably never functioned as well as
they might have. A listing of the material in print
in that era along with the major reference works
in this antenna [ield is included at the end of Lhis
report,
Of all of the serious workers in the rhombic
field, onl)' one seems to have heen concerned with
overcoming the major shorteoming of the rhomhie,
Lhar. being. .

long wire antennas alweys radinte large
)mmbers of sidelobes.

A sidelobe in a long-wire xntenna is not unlike a
sidelobe in a yagi or a log; it is simply antenna-
gain-response in a (side} direction, which is um-
desired.

That worker was Edmund A. Laport of RCA's
international division; who published his work ini-
tially in the March 1952 edition of RCA Review
(“Design Data For Horizontal Rhombic An-
tennag”), and who subsequently came back in the
March 1960 RCA Rewew with “Improved An-
tennas Of The Rhombic Class™. It was his im-
proved design developed in the late 1950%= and
published in 1960 which resulted in his name being
attached to the now eadillac of the rhomhic an-
tenna family, the “"Laport Rhombic”. This 27 dB
gain (plus) version will be studied carefully here.

Laport in 1952 wrote .. most engineering
methods provide information on the main lobe ot
one frequency. . but omitis) consideration of
other lobes that can be, and often are, very large
and which greatly compromise (rhombic) antenna
performance. .

Laport in 1960 wrote “Sidelobe reduction is a
matter of finding conductor configurations and
current distributions that provide an erceptional
degree of destructive mierference in all directions
except that desived for the main beam. .. "

Rhombie design data is filled with phrases which
are not readily recognized for their true meaning.
Destructive interference to Laport, was a design
handle that allowed the rhombic antenna designer
to purposefully create antenna currents in each of
the four legs of the rhombic antenma so that
natural radiation from any single leg could be “cor
rected” when it headed off in some direction other
than the single-desired “main beam” design diree-
tion. To understand what Laport was saying, it is
necessary to go back to just a little hit of basic
long-wire antenna design theory.

A Hank Of Wire

the 5's, there were a number of articles 1
by such as Radio-Elsctronics, Radio-
TV News (and later Electronics World) which pro-
vided some very basie rhombic design data. Unfor-
tunately, much of that data was either incomplete
or inaccurate and while such publications had uni-
versal eirculation in those days (and were con-
sidered Lhe only reference works of that era), the

Virtually any conductive-wire can be made to
radiate a signal, if there is a way to couple trans-
mitter energy into the antenna-wire-load. This is
essentially @8 match-problem, aend it reciprocates
for recefve-only antennas. That is, virtually any
conduetive-wire can be made to receive a signal, if
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there is & way to match the impedance of the
anlenna-wire 1o the inpul impedance of the re-
ceiver,

A simple dipole antenna {diagram 1) is an exam-
ple of a resonant length of wire (although at VHF a
dipole is usually constructed for mechanical con-

nience out of alumi tubing). B the
dipole is 2 precise length that corresponds to the
eleetrical hall- ] hat the designed (and de-
sired) operating irequency, there are eertain
known current-flow-characteristies  associated
with such an antenna. Matehing such & resonant
antenna Lo a transmitier or reeeiver operating at
the same frequency as the antenna is a fairly sim-

spandicular (or at right angles)
p plleTnate segment Lo cancel its

{on.
W eturen

waLTATE

MARWONIE-RELATED DIFILE
BEUR 12 mAVES PER BDE

, DIAGRAM 3

BRIV RACOATION
i

ple task and the energy from one t fers to the
other with little difficulty.
; 1. e I
[T ITTTH gl R
L4 F T E—
[ ¥ ]

BASIE S0 WAVELERG A IRAE
DIAGRAM 1
In such an antenna, the current distribution

along the full half-wavelength form is well known
[dingram 2. Now as the physical and electrical
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The more half wave segments to the antenna
(wire], the more lobes there are created. And that
means & greater number of splits of the original
half length antenna pattern. The lobes are

length of the fr t) dipole ant is in-
ereased, while the operating frequency of the
equipment connected to the “length-extended-
dipole-antenna” remains the same as the purely
resonant condition, the antenna assumes a new
radiation pattern, the “new” pattern being created
by the multiplicity of harmoni patterns
created by the "series connected” half wave length
segments. See diagram 3.
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What happens (in diagram 3} is this. Each half-
wive segment of the “wire” antenna has current
{i.e, signal} flowing in it. In adjacent half-wave
segments of wire, the current flows in opposite
clions and this [aet causes the antenna lobes to
be split up from the basic half-wave dipole “donut™
pattern (diagram 3A) into a number of lobes. If
there are an even number of halfl wave segments,
then there is always a null in the antenna pattern
[i.e, lohe[s] ] at right angles to the antenna wire
axis. On Lhe other hand if there is an odd number
of half wave segments in the wire, alternate see-
tions cancel one another in the perpendicular (ie.
right anglel direetion, bul the “odd”™ or “end” seg-

not strictly the funetion of individual half-wave
segments, rather they are the composite result of
the tofal number of half wave segments in the
wire, with some segments adding in phase and
some segments canceling out of phase the half
wave segment individual patferns. This becomes a
very complex antenna in a big hurry, when you
study it from the radiation pattern aspect.

Finally, the strongest or most potent lobe in a
multiple-half- wavelength antenna is always the
one which forms the smallest angle with the axis of
the wire {diagram 4), and this “main lobe” gets
eloser and closer to the axis of the antenna wire as
the number of hall wavelengths increase {ie. as
the zntenna gets longer and longer),
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So suppose, without regard to impedance
matching for now, you took a long (more than ane
halfwavelength) dipele-type antenna and rather
than stringing the wire out in a straight line {i.c.
singular axis). you bent it into a *V", as shown in
diagram 5. Then what?

I the two sides of the “harmonic-dipole™ are

formed into a V" so that the apex angle of the "V"




is at least twice the angle crealed between the
major lobes (i.e. those closest to the axis) and the
axis-wire orientation of the “harmonit-dipole”, the
radiation patterns combine so that the pattern
portion biseeting the “V” tends to add together
from the two separate half-lengths (not wave-
lengths), and the pattern or lobes in the opposite
directions tend to cancel (out of phase).
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All of this can be worked out on paper for
various lengths and various "apex angles”, and in
the case of two “V" antennas back to back li.e. a
rhombic), with the aid of stereographic charts
originally designed for this exercise by Edmund
Laport. But at some point the designer has to get
out of the design room and build the antenna, and
that is where the real fun begins!

Ground Reflections

As many and as varied as the lobe structure
may be for four separate, but combined lengths of
wire (i.e. in a rhombie] in real life the problem is
“times 2", This is because when a length of wire
tor four eokerent lengths of wire as in a rhombic)
is placed above a ground reflection surface, there
is created by the presence of the ground an almost
"mirror image” lobe pattern that approaches the
antenna from the underside. In a word, there is no
such thing in real life as the “iree space” antenna
patterns ﬁzboriously worked out on paper by the
rhombic antenna designer. The performance of the
rhombie, particularly with respect to its directive
properties, is often considerably modified by the
presence of the earth beneath it.

Ineveryday CATV language, “as high as practi.
cal" is not the total answer. There are good and
bad keights for @ thombic abeve ground. For prae-
tical CATV installations, you cannot go high
enough to fefally escape the effects of ground re-
flections (or ground leading as it is sometimes
called}, and this is probably the key area where
many CATV rhombies constructed to date fall
down. And this problem is ecomplicated by the
fact that the height above ground we are con-
cerned with is height above electrical ground or
“reflection ground”, which almest never corre-
sponds to the real physical ground. In the case of
dry earth, the electrical or reflection ground may
he up to several wavelengths below the physical
ground surface, Only when the installation is over

AHOMEICS — WOT HIGH ENOUGH?

Many systams cesmiss the rhomdic concept on ne thecry (hat be-
cause of the suppon poles required, 2 *'rhombic cannot be placed
high engugh abave ground 10 gef the gain nesded or beyond harlzen
paths’"

There are, of course, bwd warys 1o gat gain. One is 1o aise the
height of the anlanna array. Ancther Is bo make Ihe aray larger, al
ihe ““same™ height. Lel's assume we hane 8 (lage) dour bay log
aray wih 17 4B of gain at 500 feat above grourd. How wodd such
2 AMENNE AftEy COMPAre wilh a2y & Lapen chombic o B0 lest above

7

[1) Lel w2 agsume (he paih lenglh is 100 miles, give or taoe 20
mies ether way.

12) I we bower the four Bay Eay bo 350 fzel, we will have 05! 7 08
of our heighl gain [£.e. the cifference in recefved lavel for 3 100 mile
path is 2 dB for haling the height of the four sy rvay).

{3} 1F we dower the dour bay array from 250 feat lo 125 lest, wa will
losz another 2 dB rom our 500 faol haigh level.

{41 1 we Sewer the feor Bay artyy from 125 feet b 62,5 faet, we wit
Inse yet 3 dB mora: or 2 1013l of 7 dB of ~haight-gain-kas " by drep-
ping from 500 feel 1o 625 feer,

How if we install a 27 dB gan B0 feat Zoove ground. this anlenna
has 10 dB sere gain than (1 Jour bay g Seven ol this fen dB has
been lost when the four bay array dropped Iram 500 feet 1z 62.5 feel
Bt we are still 3 dB ahese ol whese we were, with B sombic al 53
lest, Piys, the downding koss frem he rhombic's B0 fom reight has
9ot 10 be less than the dowsire loss fom the four Bay og array's
meighl of 00 eel, 52 we probably pick up 2 addiliona’ 2-3 dB ¢* real
signal voltage [i.e. level) here. Semalimes antenna gain is a goed
trade far height!

a very- {i.e. constantly) moist ground is the elee-
trical or reflection ground near the physical ground
surface. A swamp, or along or over a {constant
level) water surface such as a lake would be an ex-
ample of a dependable and coincidental real ground
and electrical ground. But there are ways to handle
this, as we shall see.

Ground reflections, then, modify the pure lobe
structure of the “paper rhombic”. They create side
lobes where no side lobes previously existed, and
this means a loss of control over co-channel (or
adjacent channel) sources, We'll re-visit this later,

The Rhombic Design

The basic rhombie design is not unlike an aperi-
odic configuration, The key word here is the pers-
odic portion of aperiodic. This means that when
the antenna is terminated in its characteristic im-
pedance at the forward {i.e. towards transmitter)
end, the antenna is useful over a wide band of
frequencies. In other words, the antenna, when
properly terminated, if it presents a match of say
20 SE at channel 2 will present pretty much the
same match at channel § and probably only a tad
worse at channels 7 or 13,

That says the rhombic is a broadband antenna,
If you dig back into past antenna articles in CATY,
one of the things we learned is that the usefulness
of an antennz was always pretty much determined
by the portion of the bandwidth covered where the

antenna match Is aeceptable to the receiving
equipment downline. This is not the limiting factor
for a rhombic,

Unfnrtunatelb'. there iana ref.ciciansk!'p between

the s input imp ristics an
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the radintion characteristics (ie. pattern or lobe
structure), It is the latter which determines the
range of frequencies over which the rhombic an-
Lenna may be utilized.

The rhombusibic) has two controlling para-
meters, the length of the individual (four) legis)

..diagram 6. . .and the acute {or apex) angle "A"
{also diagram 6}.
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The total lobe pattern of the antenna is a com-
posite of the patterns of the four individual legs
and the geometry of the rhombus. The radiation
pattern of each leg {which becomes 1/4th of the
contribution to the total pattern) is a function of
the length of the leg (remember diagram 3).

Laport in 1952 said “The composite free-space
pattern for o {traveling wave) rhombus is the re-
sult of interference between the patterns for the
individual legs as @ result of their spacial seporg-
tions, and their mutual erientations. The multipl-
city of lobes in the individual leg patterns causes o
lerge number of lobes in the composite pattern,
and interference effects in space give each lobe a
different orientation in azimuth (i.e. left and right
of axis) end efevation {i.e. from the horizon which
is always zero degrees to dead overhead which is
90 degreesh, When the rhombus is placed aboue
a reflecting surface, such as the earth, interfer
ence with the image pattern further complicates
and modifies the basic pattern. If arrays of
horizontel rhombics are used, still higher orders of
complication are introduced by edditional interfer-
ence effects.”

Laport also noted “The complete solution of
such patterns for practical antenna designs by cura
vendional mct.korf (i.e, without a P

communication cirevits rely on wavefronte arriv.
ing at the receiving antenna at angles above the
horizon, tyﬁieally in the 8-13 degree region with
respect to the horizontal plane of the antenna_ It is
worth noting that a_horizontally polarized rhom-
bic, with all of its elements parallel to the earth
{i.e. pointing at the horizon at zero degrees eleva-
tion) ean be “electrically steered” by the designer
sothat while the physical antenna points at zero
degrees elevation the main antenna lobe is point-
ing upwards at say 12.5 degrees elevation.
Beeause CATV systems want the fowest possi-
ble angle of radiation (i.e. all of our important
signals in areas where rhombies would be utilized
arrive parallel to our horizon or in the 0 to 0.5
degree cleuation region), we obviously don't wish
to “steer” our elevation upward. Yet most of the
rhombic design data assumes that is precisely
what you wish to do, and there are therefore some
design medifications to be taken into consideration
when you structure a VHF-UHF system.
Because of ground reflections, and the effects of
the acute angle (diagram 6) and leg length as a
function of freq v, there is an i design
frequency for any rhombic, and then as the use-
frequency deviates lower than and higher than the
design frequency, two things happen to the rad.ua-
tion istics of the ant
that the |mEedance stays quite constant, even as
frequency cause of the ‘traveling-wa
ar aperiodie [hke in log-periodic) design of the
antenna.
Number one — The carefully controlled minor
{or side, rear) lobes, reduced to practical mini-
mums on the design frequency, begin to pop-up
at un-expected places (ie. in directions not
totally predictable...as the operating fre-
quency changes away from the design fre-
quency.)
Number twe — the apex angle (see diagram 6
again) becomes very critical when the rhombic
designer Is attempting to achieve very low
angles of radiation. It is the careful balrace of
the electrical leg length versus the apex angle
(both as a function of operating frequency)
which determines the colncidence af major lobes
of radiation, in phase, combining to form the
TN

- “

L = 1

=~ £ wanizon
i

" —————

gram) énwvolved an enormous amoun! of slcu!U'uI
compulation, end i seldom attempted.”

As noted initially, most if not all of the skillful
work on rhombic design has been done for an-
tennas designed to operate in th
where ionospheric reflections (i
normal communication mode. And as noted, such
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singular main lobe at the front of the antenna.

As Laport notes “. . . this implied that there is

almost no tolerance in the direction of higher

Srequencies (a5 the frequency increases and the

leg length is physieally constant, each leg be-

comes the equivalent length of more electrical
wave-lengths). _ .and the main forward beam

tends to spiit...". See diagram 7.

Therefore, because of the balancing act which
must be done between electrical leg length and the
apex angle, what is the proper design approach
when the rhombic is to be utilized over a fairly
wide exeursion of frequencies (such as channels 2,
6, and 8)? If the lobe structure ereates multiple
non-desired side lobes when yeu go away from the
design frequency optimum (whether you go higher
in frequency or lower in frequency with the opera-
tion}, and if the main forward lobe tends to try Lo
split inlo two lobes only when you go higher in
operating frequency than the design freguency,
the logic would seem to be that your optimization
of the antenna showld be at the highest frequency
to be utilized. In this way you maintain a singular
front lobe (Le. non-split) throughout the antenna’s
userange, with maximum gain {i.e. smallest num-
ber and lowest level side lobes) at that frequency,
but accepting lower gain (and larger, more numer-
ous side lohes) for lower frequencies. There may
be another option or two, as we shall see.

How Long / How Much Gain?

If the apex or acute angle is optimized for the
chosen frequency (frequency here means televi-
sion channel, at VHF or UHF, the § MHz wide
television channel is insufficient change in fre-
quency to create any Jobe variations or frontal lobe
split over a single channel bandwidth, even at
channel 2, when the antenna is optimized for the
video carrier frequency) and the electrical leg
length is similarly optimized for that apex or acute
angle, there are known gain maximums to be
achieved with a "simple” four-wire rhombie.

The amount of forward gain depends on the
number of electrical wavelengths of the leg {and
array), with numbers like this to be expected (a
rarge of numbers is shown, to reflect variations in
design parameters):

Wavelengths Per Leg Gain Range
2 10-12dB
4 12-14dB
] 13-15dB
b3 14-16 dB
12 15-17 dB

Additional gain can be achieved by stacking the
rhombic array. either vertically (ie. one stack
above the other),. horizontally (side by side
arrays), or by one of several techniques unigue to
the rhombic design (ie. the Laport Rhombie,
ete.l. There is also additional gain to be had by
utilizing multiple wires per side, in conical format.
Let's begin by looking at the basie Rhombie for
VHF-UHF.

Basic Construction Technigues

For all of the rhombic-variations to follow, there
will be eertain parameters which will apply to
each. We will run through them at this point so
you will understand how they apply to any rhom-
bic design:

{A) Directional Heading — The front pattern
beamwidth, at the 3 dB points, will be a function of
leg length and the comﬁam‘on apex angle. In any
case, regardless of the rhombic format chosen, it is
exceedingly important that the rhombic’s axis lies
directly towards the transmitter source. In the
worst case (L.e, sharpest front pattern rhombic) to
be deseribed here, we will be dealing with a 3 dB
front beamwidth of 11 degrees. This is roughly 4
times as “sharp” as a ten element yagi antenna,
and 2 times as sharp as two ten element yagi
antennas stacked side-by-side in a horizontal
array.

However, unlike the yagi which can be mapually
re-directed to the maximum signal level heading
with only minor effort, there is no easy way to pick
up the four support {utility} poles and re-plant
them to correct for initial errors in heading. It is
very important that when the initial array is
planned that the front and rear support poles (f1
and 4 in diagram 8] be precisely on-a-line that
starts at the back pole location and runs directly
towards the transmitter location. This usually in-
volves obtaining & set of USGS (United States
Geodetie Survey) maps for the region, and laying
out a straight edge line from your precise receiv-
ing site to the actue! fransmitter location. Note
that many transmitter sites are from several to 40
miles outside of the town of license, and often off
to the side in such a direction that if you chose the
license town for a bearing, you might end up being
tens of degrees off of the proper heading. With a
narrow beam rhombie, that eould cost you 3-10 dB
of realized signal gain.

NOTE: In the process of estabiishing your own
front and back pole locations (diagram 8, poles 1
and 4) you will undoubtedly utilize a compass to
locate magnetic north and either a surveyor's
transit and/or an engineering protractor to estab-
lish the true headings, Any USGS map contains a
correction factor for the difference across the map
between magnetic north and true north. Mote that
on USGS maps true north is indicated, but your
compass will be plotting mogretic north, The
USGS maps indicate the compensation required to
correct for the difference between true north and
magnetic north, and this correction must be in-
cluded in your caleulations or the antenna will end
up off-heading. Corrections of 8-10 degrees are
comman for the mid-western portion of the U.S.A.,
for example.

(B} Support Poles — Some method of supporting
the rhombic wire legs ahove ground, and a proper
distanee apart, is required. In the CATV business,
where access to various grades and sizes of utility
type wooden poles is commenplace, these would
seem to be the best solution to the support prob-
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TABLE ONE — MIKIMUM HEIGHTS

To escape devasting greand-rellections, the rhambic must be in-
stalled al leas) high encugh so tha: ground redlsctions do not distort
the amenna’s patien. The stual eight should always be as high as
peasible, te creale Ihe hghes! average 55l level. For rhomiics B
wavalengtns per kg length and smaller, the minimum height is 3
winelenging, For rambics cver & wavelingths in length |oer legh,
1% TP FECOTIMENCas heihl 15 6 wavelengihe 2o6ve ground, 4
3 wavslength kigh thombic will hiae s masimum raditon g
cerered approximately 5 deqrees above he forizon. AN antenng with
awerlica patier of 10 degrees wauld thersfore have 21 lobes plus o
minus § degrees 3 dB gown from [he maximum looe. In tis example
stuEtion, 1% A-nangon sespense wau be 3 dB lowar than the an-
tenna respanse 5 degress abave the horzon.

Channel/Frequency

1060

515"
e

10 [153.25 MHz)
11 [199.25 MHz)
12 20525 MHz)
1 {21125 MHZ)
14 {471.25 MHz)
30 (56725 MHz)
50 (657.25 Mbz|
TO [BOF.25 MEz|

Mate: Minimum haights are for physical distancs Betwess ehcirca
groung refiection turlice and lowest bay of rhombic (l.e. aofom bay
il two or more stacks high). Electrical ground = either al physcil
ground {im very moist soil or over waler), or somp cistance beiow
eartteground surlace. To be safe, meazura frem saeth-graund sur-
face.

lem. Actual height above ground is a function of
electrical wavelengths at the operating frequency,
with table I here listing the minimum heights tol-
erable for various channels. Metal poles or tower
sections are satisfactory if there’s some method of
ensuring that the down-guys for the tower/poles
do not create interference (through resenances)
with the antenna proper. Mast thombic workers
zgree that the two side supports (82 and #3 in
diagram &) can be metal(lic), provided they are at
least 6 feet removed from the nearest rhombic leg
wire conductor, It is also generally agreed that the
front and rear supports {poles 1 and #4 in dia-
gram 8) are best if wooden or some other non-
conductive material.

If metal towers or metal poles that require guy-
ing are utilized, the down guys should be broken
up with insulators so that there are no 1/4, 1/2 0r 1
wavelength {or multiples thereof) resonant
lengths in the down guys at any of the desired
receiving channel frequencies,

(C) Erection Procedures — Typiczlly, 2 rhombic
is laid out on the ground and all soldered,
wrapped, ete. connections made at that point.




Then utilizing ropes or other non-metallic materi-
als, each of the four support points is lifted or
raised to the design height using halyard line/
pulley arrangements (see diagram 9). This affords
more than an easy ground-up system for erection,
it also provides a way to fine-adjust the antenna
for maximum received signal level (Le. gain), by
playing one halyard against the others.

(=] / FULLEY Iﬂ{ ==
"»&"\f': et e L0
e HALYARD

HALYARD — 3=

FTHOMAL STIFF
< BTG o
“TENSIEN LOAE"
11 SERIES WITH HALYAND

O v boen. Tt aoee -]

roLEs2a

DIAGRAM 3

It may be, because of a design error, construe-
tion error, or path abnermality, that the rhombic
exhibits maximum gain when the front is (for ex-
ampie] lower than the rear (and side support
points). This can be determined through maneu-
vering the four sets of halyards/pulleys and simul-
taneously observing a signal level meter on the
most critical channel received. If the two side
poles (#2, #3 diagram 8) are set far enough back,
the apex angle can be adjusted for optimum signal
level performanee and optimum minor-lobe strue-
ture (as deduced by monitoring a receiver for
minimum cochannel levels) by gently releasing
the halyards on supports #1 and #4 (rear and front)
while simultaneously pulling up on the halyards on
supports #2 and #3 (both sides). This "pruning” of
the apex is not a normal field-adjustment proce-
dure, but it is an option you have, especially if the
side supports are far enough back to allow you
room to “play”.

(D) Termination Procedure — The basic rhom-
bic is a bi-direetional antenna, that is, it has equal
signal gain in two directions, even though the
transmission or downline is d to a single
end. To create a front-to-back ratio {typically in
the high 20's to low 30's in real life), the fromt of
the antenna (where the sides join in the apex
formed at pole #4 in diagram 8) is term:: 1 with

POLES 1.4

% S 370 %' LIGHTNING RDD
-—
T°1LDOPE 141 AT 10 INTERVALS
BASALIN LF COPFEN WELD
LIGHTNING GAQURD AL
D "I WOKS OUT FRCM
A — ,,L POLE-T-CTATOCTR
& —
J 4G PAOTECTION Ok
A — FOUR SUPPORT POLES
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| s ————&Ta oot amivin Ran
i

DIAGRAM 10
spiral inside of the resistor core. I there is, the
resistor should not be utilized for this purpose.

A simple single-wire—ger-]eg rhombic has a

h teristic feed imp of approximately
800 ohms. This is the value of the termination
resistor, and two 390 ohm earbon 2 watt resistors
in series will create the termination needed. It is
recommended that after the terminating resis-
tor(s) has been soldered in place that a piece of
heat-shrink tubing or plastic hose be placed over
the termination to keep moisture and corrosion
out of the connection. A liberal coating with a
commeon CATV line insulating compound [Dow,
ete.) will also be useful.

The ional — to be di: i ire-
per-leg rhombie design utilizes two or three wires
in a fq;m arrangement. This does several good
things for the rhombic design, incluing lowering
the feed impedance of the overall antenna to
approximately 600 ochms, We'll have more to say
about multiple wire sides shortly, but keep in mind
that if you choose to go this way, the terminating
resistor(s) must still be carbon {i.e. low in indue-
tive and capacitive gualities), but now will be ap-
proximating the 800 ohm feed impedance of the
antenna, not the simpler design 800 ohm feed im-
pedance, .

(E) Line Matching Procedure — The rhombic
antenna is & balanced antenna (as in a 300 ohm
dipele antenna), and our own low-loss downlines
are typically 75 ohms, unbalanced. It is therefore

11 )

carbon resistors. It is exceedingly important that
the resistor{s) chosen for this termination be car-
bon resistors, not wire-wound, A large percentage
of the 2 watt resistors commonly available in this
ohmage range are wire wound, and you are ad-
vised to take one apart before making up your own
termination to determine whether there is a wire

v to make an imped. transformation
from either the 800 chms or 600 ohms {or imped-
ance presented by a stacked array) down to 75
ohms, and to also transform our balanced feed an-
tenna to the unbalaneed input of either the down-
line coaxial cable or the input to our typically 75
ohm unbalanced signal preamplifier.

There are numerous techniques for accomplish-
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RHOMEIC COXSTAUCTION MATERIALS

Aside fram {he polg suppar Syitsm and the mechanics o rise a5
tnwar the rhombic {a fope and pully systemi., the only compoaent
aats lor 2 Mypecal mombic are the insulalors and the wire. This 24-
ST yau Gan lacHe 1ermination msistars and materials 1o construct
yeu leed-impadance-matching Syslam In your own system shop.

Sloel wire is & "'N0-n0’ unaess il s copper coated. Copperseid
wre, #10 b0 14 i adeguate far &y but the 12 wavelenglh per 1&g low
bant anilennag. Siraded wee is o be avided becsuse of the lang
Iefm mechanical problems (primarily wire-stratch) which it harbars.
Wnpre lenglns mast be Csphoeg T use a good over-wrap fechnigos
and zoider Ihe solicer seclions lopather. ARer soidering, coal (he
sokdered segrent wilh a good meisiure protfing compound such as
ane of the many Dow hubrcants.

The insulalors present toe ooty real “problem”. Dor concern is
wilh propes mswiating properiies and breaking sirength. Undll De-
cember ol 1974, the £.5, Johnson Company (Wasera, Minmesala)
manulaciured 2 complete ling of siram-nsulalors, insulators which
Jasl about every rombic construction aicle puakshed since 1840
relarenzes In fo wsuleor ype sources, This fing was sold in lale
1974 10 Ire H_H. Smih Compary in New York City {212-272-2400)
anc as Ihe babie here snows, H.H. Smith has a complete Bne of these
wsdalers repoctedry avatable [Seugh ther distribators or “direct”’.
An allernale seurce, uniesied by CATJ, & the Rirn Bazh Company.
aso in Sew York Cily |212-255-6500); with a8 compelitive e of
sirain insulalers,

E.F. Jannson advises mest ol [k distrioulors reluned (B in-
sipc skrain insulalers 1o Johnson in 1574, when Johnson announced
Ihey were snultiwg cown hal preeuct ling. Thus the chances are nol
pood thal you will fird sty sirair insulstors al former E.F, Johason
digiributors. Some *wholesile heuses'” hal handie amalewr radio
pquipment’’ may stll have these insuliers in stock, however, in as
much as hams stil buid their awn aiennas and they prebabiy repre-
sent the largest wsars of sirain insulaors in elecironics today in the
United States and Canada,

H.H. Smith insulanors now avalable are as Toliows:

Antenna Srain Insulators —

H.H. Smilk #3504 JE.F. Johnzon 136-0104-001). . 578" square
dry process, glazed percelain; 400 s, brezkeg strengih, 4
imches long oerall. . 50,43 each

H.H. Smih #5507 (EF. Jehrzon 136-0107-001). . 17" clameler
{round], wet process glazed porcetain, BOD Ibs. breaking
strargih, 7 inches long averall .. $2.20 each

H.H. Smith #9612 (E.F. Johnson 135-0112-007).. .17 diameter
[rourd). wel process glazed porcelain: BO0 108, breaking
sarenglh, 12 inches long overal 52,50 each.

Feedling |nsulaters

H.H. Smith ¥9662 |E.F. Jehnsen 1360022001, . 378" % 12
cress fechion, siicone impregrirled porclain. for 27 feeder
spacing. 5048 eazh.

H.H, Smith #9624 (E F_Johnsan 135-0124-001) . /8" = 1727

cross seclion, silicose maregnzted porcelan, lor 47 feader

spacing .. S0.48 pach.

.M, Smith ¥OEE (E_F. Johnson 135-0126-001) . 3487 = 127

eross seclion, silicaoe mpregnated porelam, for 67 feeder

spacing &0 6D each. "

The H.H. Smdh Company hore olfice is localed a1 812 Snediker

sverue, Sracehm, Wew York 11207

ing this transformation, and the technigue you
¢hoose will be largely dictated by the actual an-
tenna desigh you choose. Suifice to say that unless
some form of transformation is employed, very
large signal losses are going to occur at the en-
trance Lo the downline/pre-amplifier if any 75 ohm
device is tied directly to the mueh higher (bal-
anced) feed impedance of the rhombic array.
(F) Ligktning Protection — A large rhombic ar-
ray [s a sitting duck for lighting strikes. Now if the

array is installed in and around and under a typiecal
CATV tower, the risk for additional lightning
strikes (to the rhombie itself) are minimal as long
a5 the rhombie is “shadowed” by the presence of
the larger metal tower (with antennas). The gen-
erally accepted "cone of protection” for such an
installation is roughly 3-4 times the height of the
prominent metal tower, starting at the base of the
tower and working outwards (see CATV for Feb-
ruary 1975; page 14). In other words, if you have a
200 foot tower installed, and all of the rhombic will
be within 3 x 200 feet or 600 feet of the hase of the
existing metal tower, your rhombic should be
shielded from direct strikes by the existing (200
foot) tower.

1f this is not the case, and the rhombic with its
rather large metallic surface {made up of the four
rhombie legs) is going to be all alone, some pre-
cautions are advised. See diagram 10 here.’

This is the simplest form of rhombie of all. There
are four single wire sides, all equal in length, ar-
ranged so that the axis of the array is pointed
directly at the desired station, Opposite angles
within the rhombic are equal (see diagram 11).

Using table II here choose the gain you re-
quire at the highest channel the rhombic is to he
utilized for. Lower channels, on the same axis
heading, will have corresponding lower of
gain. The maximum frequency spread recom-
mended is on the order of 1.5 of an octave (i.e.
50-90 MHz, 174-313 MHz and so on), to aveid front-
Jobe “beam splitting” on the kigh frequency end of
the range and to avoid excessive unpredictable
lobes on the low frequency end. This ds not to say
that a 6 wavelength per leg high band antenna will
prove useless on low band (it turns out that 6
wavelengths on high band is roughly 3 wave-
lengths on channels 5 and 6); but it is to say that
superior performance would be achieved with a
designed-for-low band array.

Keep in mind that a set of four support poles
selected for a particular axis heading {such as the
transmitter tower cluster in Philadelphia, or the
Sears Tower in Chicago, ete) ean support
multiple-loyers of rhombics, such as ore sef for
channels 2 and 5 (in the case of Chicago) and
another set for channels 7, 9 and 11 (alse in the
case of Chicago). The high band rhomhie could be
hung above, below or even inside-of the low band
array; although hanging it inside of the low band
array might be the least advisable technique for
both mechanical and electrical reasons. Once the
support poles are in place, the additional expense
of specialized wire arrays for the various channel

binations sought is minimal, as Jong as the
axis-heading path from your rhombie receiving
sile to the distanl transmitters is the same or
within a degree or two of being the same.

Another suitable technique, if you have stations
in different directions, is to utilize at least the base
pole (i.e. the pole located at the feedline poinl) a
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DIAGRAM 11

number of time; as an “anchor” for rhombie arrays
heading off in several different directions. It is also
possible if you are clever with your planning to use
one of the two side-mount poles a second time as
well, thereby cutting down on the total number of
poles required for a multiple-heading installation.

The UHF versions are very small. So small in
fact, that back in the 50's a firm in Central Califor-
nia factured an alumil tubing (side leg)
version which many people had mounted on ro-
tators, If you have a marginal UHF channel in
your area, a UHF version might well be the place
to start experimentation, If you have a UHF path
with ghesting on it, one of the rhombic variations
{such as the Laport Rhombie to be deseribed) with
its extremely narrow 3 dB beamwidth {11 degrees)
might be the answer to ridding yourself of ghosts.

Stacking The Basic Rhombic

A rhombic, as almost any other antenna, can be
stacked for additional gain, There are a couple of
specialized rhombie designs, such as the Laport
design, which will be covered separately here. For
now, let's look at two (and four) stacking the basie
rhombic.

There are some arguments about how far apart
you should stack a two-bay array. Most decisions
seem to have been based upon the desire to capi-
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DIAGRAM 12

transformer), twe multiple-wire rhombicz con-
nected in parallel the appropriate stacking dis-
tance apart creates the easy-to-use 300 ohm
hal | dition we would like to see.

talize on parallel antenna img which
creates a better (ie. easier) impedance matching
network to 300 or 75 ohm feed impedances.

If a single bay rhombie has a feed impedance of
800 ohms, then two 800 ohm rhombics connected in
parallel have a feed impedance of 400 ohms (dia-
gram 12). If a single bay of 2 multi-wire rhombic
has a feed impedance of 600 chms, two such an-
tennas connected up in parallel have a feed im-
pedance of 300 ohms.

Thus for convenience of ereating a 300 ohm
balanced feed (which can be transformed to 75
ohms unbalanced by using a 300 to 75 chm CATV

Let's deal with the B00 ohm impedance basie
rhombic first. One approach is to take a length of
300 ohm twinlead (non-shielded variety} and con-
nect one side to each of the two rhombie feed
points. Then take a sharp knife and split the twin-
lead so that at the rhombie feedpoint you have the
two halves of the twinlead spread apart 125
inches, and then allow it to fan baek to the normal
(non-split) 300 ohm width at a distance of 1/2
wavelength back down the line. This impedance
matching section (g tapered fne) will transition
the 800 ohm antenna impedance to the 300 ohm

ALEL 1DD
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balanced line impedance. This technique has a
bunch of problems (including the fact that it i
frequency sensitive), but it could be used for a
temporary system to check the performance of the
antenna during initial testing.

Any line matching technique employed should
be as broadbonded as possible, unless you are
really only after a single television channel. There
are undoubtedly some 800 chm balanced to 300
ghm balanced [or 75 ohm unbalanced) core trans-
formers which cowld be wound, but few builders
have access to the proper cores in the field. There
is an sutotransformer approach (see diagram 14)
which is svitable for VHF use or UHF use as
described here. The autotransformer sees 800
chms at the coil end, and the 300 ohm balanced
feed is taken off a couple of turns in from the ends
{as noted). At this point a standard 300 ohm
halanced to 75 chms unbalanced transformer can
he attached.

3N VHEL 1 TLRAS ~ 54 TIRNED NIRE CCoREN QR 1 EOAM

EVEALY SPACED 1 1/8” LORGL TAFPED T TURNS
PICM EACH EKD FOR 3905 RALAKCED]

—
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ENCLOLRE

PR L 10 TURKE, ¢ 14 TWNFD COPPER DN T FORN BvEmLY

T eecenin i LDRGs TARIED 2 TURRE INFROM
Each Eall FGA 500 IRALANCED!

DIAGRAM 14

NOTE: If your antenna is to be used for UHF,
any 300 ohm balanced to 75 ohm unbalanced trans-
formation must be made with a transformer
Jmoum to be good for the UHF range. Normal
hack-of-set matching translormers are not good at
UHF, and have excessive losses. Check your
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DIAGRAM 15

supplier for a 300 to 75 ohm balanced to un-
halanced transformer that is manufacturer-rated
for UHF seruvice.

Now if you stack a two-stack array {of the BOD
ohm variety rhombic), you can reasonably expect
to pick wp additional gain, The “book” says to
expect 2.5 to 3.0 dB additional gain over the single
bay. However, because of the excessive capture
area of the rhombic, there will be témes when the
extra gain netted by the second bay will be much
greater than the 2.5/3 dB expected (i.e. during
heavy fading conditions). The long term average,
on the other hand, should be in the 2.5 to 3dB
region.

By stacking the antenpas a half-wavelength
apart, or multiples thereof (i.e, 1 wavelength, 1.5
wavelengths and so on), and interconnecting the
feed points of the two (or more} stacks as shown in
diagram 15, we can use some system-constructed
800 ohm line (or 600 ohm line for multi-wire rhom-
bies) for stacking purposes. The principal is that at
1/2 wavelength intervals, the feed impedance of
the antenna repeats itself. Therefore, if you stack
two bays of 800 chm impedance rhombic 1/2 wave-
length in space apart, and tie the top bay to the
bottom bay with a length of 800 ohm line, the
impedance at the bottom bay is the combination of
two 800 ohm impedances in parallel; or 400 ohms.
Conversely, if you stack three identical rhomhics
2t 1/2 wavelength {or multiples thereof} spacing,
you have three 800 chm impedances in parallel,
which would result in a feed impedance of 267
ohms (close enough to 300 ohms). A four stack
array results in a [eed impedanee of approximately
200 ohms (balanced).

In diagram 15 here we have a two-stack array
tied together al 1/2 wavelength spacing by a
homebrew section of 800 ohm line. Note that i the
middle of the stacking line there is a transposition
bloek allernating the balanced antenna feeds to
maintain phase parity,
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Unfortunately, again, this i a frequency sensi-
tive errangement, because of the hall wavelength
functions which must be tied to some particular
desired freg | 1. An alt approach

is found in diagram 16 where we use the autotrans-
former to get to 300 ohms balanced at each an-

tenna as quickly as possible. Then by using exactly
equal lengths of 75 ohm cable and 300 to 75 chm
transformers, we can stack the antennas some
physical distanee apart {such as one wavelength
for the design channel) and not worry so much
about losing signal voltage in the matching process
on non-optimized channels. In effect, this hecomes
a broadband type of matching system where the
limitation to the ant system's effect]
returns to the limitation of the rhombic leg lengths
and the apex angle (as previously discussedh; and
not the artificial limits imposed by a frequency-
selective/sensitive matehing system.

Onee again, your cheice will depend upon your
antenna system requirements, and you are ad-
vised to select the approath that produces the best
results for your requirements. If. single channel
design is your eriteria, by all means stick to a
single channel matching approach.

The Multiple Wire Rhombic

For a rhombic of given leg lengths and a given
apex angle, il the builder jcivl'wcses to follow the
multiple-wire format for his legs, he can expect
approzimately I dB of additional signal gain. This
may or may not be adequate reason to invest in
several more hundred feet of wire initially.
Most thombic designers recommend that multi-
ple wire rhombics be three wire (per side or leg)
devices. Increasing the number of wires per leg
from 1 to 2 is an advantage, but experience has

designs,
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shown that 3 wires is optimum for most designs.

In addition to the skight extra gain, here is what
a three-wire-leg does for you:

1) The feed impedance of the rhombie gocs down
h‘:)m the 800 ohm region to approximately 600
ohms;

2) The broadband nature of the antenna gets
even better (i.e. it covers an increased frequency
range).

However, the increase in frequency range is
without regard to what happens with split-main-
lobes or an increase in some (usually unprediet-
able] sidelobes, so that factor may not prove to be
a “net” improvement at all,

Focus then on the 1 dB additional gain, and, the
lowered feed impedance. If the (now) 600 ohm
rhombic is terminated with some close value of
non-induetive {Le. earbon) resistors, we have an
antenna which if double stacked ends up with a
paralleled} feed impedance of 300 ohms; which is

conveniently re—Lransiurmed Lo 75 ohms Lhrnugh Y

300 ohm b d to 75 ohm
unhalanced transformers. This (following Lhe di-
rections in d:agram 15) is still a frequency-

network (b 1/2 wave-
length or multiples thereof determine that point),
but for single channel use, it has a nice (simple)
ring Lo it.

When you go to three wire-per-leg design, it is
important to follow a couple of design eriteria:

1) All leg wires are exactly the same length,
including the two that are respectively above and
below the middle wire.

2) The wires fan-out as they head towards the
middle poles (42 and #3) so that at the middle poles
they are -4 feet above and belot the normal (mid-
dle} wire.

3} The extra wires-per-leg (i.e. above and below
the respective normalized single wire) must con-
nect at the feeder-end to the normal single wire at

TABLE TWO-A MORE BASIC DIMENSIONS

Dimensions given here are (with ane exception) Trequency sendi-
Aive. From Table Twa, talect the leg-lengih desirad. Fram this table.
selezs the dront 1o back distance [F/B in diagra= 11) and the side 1o
sice distance (S5 in disgram 11). Mote F/8 and 5/5 are rhembic
#0ge 10 rmombic edpe (1.8 wire permeter b wite peimeler] and are
nof pole 10 pole spacings {i.e. 110 84 for F/B and #2 1o &3 lor 5/5)
ng regarding back-sefling poies proper distance
Beking” 7
% Angle' (angle A" diagram 11} and the Side Angia™*

CATS

|angle **B"" in diagram 11) are leg-lenglh sansaive tad nol frecuency
sensitive.

Channe! Three Waies Six Warves Tweive Waves Eightean Wis

Per Leg Fer Leg Per Leg Per Leg

£3° 44" 280 e

e 125 1520 166

FiB 8/8 5i5 FiB /5 F/a 8/5

e

301 50 4
4 45117
5 o
B I
100 MHz 010
k() LA 5 PR S
] 71 104 9 3
] 1% 5" 3 187" 4 2’
1 1541 i 1810 22 4
n 15 6 176" 5 21" 8"
1z 151" 2 7 171 8 L
13 " o 166'11 20 6
u & e EEU A o
a0y 5 5 T B1° 9 { g
50 4 6" [ 51 7 [
T e 5E" 43 5 54

= — Compromiss lrequency ler respactively LS, HB or UHF
design:

Mgt that as the leg lngih icrezeas, the agax angle decreases
&nd Ihe side angle increases, This fesulls in & longer, skinnier 2n-
lenna a5 1he indnicusl leg anlenna koss come cleser and cioser 1
e tangent powi of the inciridual teg wires. The tront {azimah) lose
ol the rhembie S0 cecrezzes [n wioth) resuling in mere precise
lorware pattern direclivity 25 The &nlenna gize increases. Qifseting
Ihis desanle fezure is a tendency fer mingr [non-desined) ictes to
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the steain-insulator, and, at the termination leg at
the strain insulator. Because, all wires must be the
same length, it follows that the wires above and
below the normal single wire will, at the side sup-
port poles, be eloser to the center of the rhombus
than the single wire. See diagram 17.

Infinite Front To Back Rotio

The individual antenna construction layouts and
their associated tables list various leg lengths and
apex angles for various amounts of gain. As
touched upon briefly earlier, in practice front-to-
hack ratios of the high 20°s to the low 30's (in dB)
are veatizeable in normal installations.

I theory, it is possible to have an @fiite front-
to-baek ratio with a terminated rhombic. This is
possible anly at the design frequency, however,
because the wbility to achieve an “infinite front to
back ratio” depends upon the leg lengths being an
odd multiple of a guarter wavelength in overall
length. For example, 1,/2 wave and full wave multi-
ples of the wavelength are considered even multi-
ples of the quarter wavelength, while 174, 344,
1-1/4 and so on are considered odd multiples,

Therefore, for eny of the dimensions given,
there is & notation of the length of the leg for the
table-given-data, and then 2 second column indi-
cating the | gth for the same general-size
anlenna for ite fromt-to-back™ ratio. In this
column, we have provided the leg length as a fune
tion of the length at the ncarest (larger} odd-
multiple of a guarter wavelength. We have not
corrected the other dimensions given for this con-
dition; the apex angle(s) remains as given for each
adjacent size (ie. normalized) antenna; but the
pole 41 1o pole #4 and pole #2 Lo pole #3 spacings

would move out slightly for the additional leg
length added for infinite {in theory) front-to-back
rejection.

The actual amount of rejection, front to back,
which might be expected in a situation such as this
is in the mid 40's to low 50°s (in dB) the exact
number will depend upon your construction tech-
nigues and the surroundings.

There is one other technique worth commenting
on, particularly because it may have real practical
applications for CATV use, If you should happer.,
o purpose, Lo decrease the front-of-rhombic ter-
mination impedance, below the proper value, you
will in turn ereate an on-purpose mis-match for
signals entering the antenna from the rear and
flowing (as a current] towards the termination.
This mis-mafch creates a reflection. which cancels
out at the input end the residual response, There
is of course a balance point between lowering the
front termination impedance (with its attendant
effects on the downline match and power trans-
fer], and the purposeful mis-match created th cre-
ate reflections for rear of antenna signal paths. If
vou have & 6 wavelength or larger rhombic array,
vou can often experimentally change out the ter-
minating impedance {checking both higher and
lower termination values in say 25-30 ohm steps)
while simultaneously obseriing (1) the desired sig-
nal level on a field strength meter, and, (2) the
co-charinel piek-up from the rear of antenna source
on a TV receiver. Purposeful mis-matches of o
hundred ohms or more af the termination end will
cause the minor thombic lobe to the rear fo spiit,
and then “steer” first one direction and then
another. By this technique, you may be able to
“steer” the rear lobe into a null in the dicection of
the rear-of-antenna co-channel source, ereating in
excass of 50 dB of direction-sensitive pick-up at-
tenuation relerence the front lobe pattern. This
technigue can usually be made to apply Ithrough
ter fon value experi ion) to signals that
are =+/— 20,23 degrees off of the directly-to-the-
rear heading (i.e. 155 degrees through 205 degrees
with 0 degrees being the antenna's axis heading).

The Loport Rhombic

The ultimate in the rhombic art is & highly de-
veloped rhombic design created by Edmund A.
Laport of RCA in the late 1950's. There is no
special black magic in the design. Rather, Laport.
has laboriously worked out the many hundreds of
computations associated with raw rhombic design
to effectuate a final design that does more for the
control of wn-wanted sidelobes than any other
rhombic iznd wire) antenna design ever offered.

Recall from basic antenna theory that the only
way one oblains superior [lorward gain is hy (1)
reducing unwanted radiation in non-desired direc:
tions, and, {2) by narrowing the {ront horizontal
beamwidlh of the antenna so that all of the gain is
“packed” into as narrow a beamwidth as poszible.
The same general thesis dictates antenna design
for all microwave frequencies, and iof there W a
compuritive antenna to the Laport Rhombie, it
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would have to be the prime focus feed parabolic
utilized ifor example) in the TVRO service at 4
GHz

Laport Rhombics have been utilized with con-
siderable success by any number of services, al-
though they have not previously had wide expo-
sure to an industry group such as CATV. Amateur
radio operators have utilized the Laport Rhombic
todirect 144 MHz signals to the moon, utilizing the
moon 25 a passive reflector for communication
with other amateurs here on earth. Very long haul
B and data 99.9% “reliable” tropospherie
seatter cireuits in the VHF range utilize the Laport
Rhombie for paths as long as 500 miles at 200 MHz
in various parts of the world. And at shortwave
frequencies, where they were first employed by
RCA G ications, Laport Rhombics standin
side by side stacked multi-wire-per-leg OpLimizeg
rhombies on the same trans-atlantic cirewit at the
came time have proven to be 42-43% more effec-
tive than the best non-Laport Rhombic installa-
tions,

The Laport Rhombic construction is not compli-
cuted, but to achieve the type of sidelobe control
jand therefore the gain theoretically possible) will
require moere than the usual amount of “slap it
together” skill often practiced around CATV an-
tenna installation sites. Remember the Lapor
Rhombic desigris a ref tofall past. Rhombi
experience and while it appears to the eye to have
a substantial design variation from a more normal-
ized rhombic configuration, the secret of its per-
fortnance is nol so much in the uniqueness of “a"
design as it is the care and pains the duplicator
goes Lo insure that his Laport Rhombic is 25 close
as humanly possible to the design parameters set
forth here,

The gain possible is 27 to 27.5 dB, reference a
dipole al the same height. Again, that is the equiv-
alent of an array of 64 12.0 dB gain yagis (or logs).

The other general parameters al the design fres
guency are as follows:

Vertical beamwidth (ie. elevation beamwidth
either side of the axis line, which should be on the
horizon). . 6.0 degrees; horizontal beamwidth
(azimuth width at @ dB points).. .11 degrees. Be-
cause the Laport Rhombic is usable over a [fairly
wide [requency range, (Laport Rhombics in use at
RCA with a center design frequency of 8.5 MHz
cover the vseful range of 5 to 12 MHz, or from Fo
of .50 to an Fo of 1.41) it is interesting to note what
happens at Fo (Le. operating frequencies) as low
as .38(%) of the operating frequency and as high
as 1.41 {141%) of the operating frequency.

If we assume a design frequency of channel 2
{wisual), or 55.25 MHz, channel 6 aural represents
an Fo of 1.58 [or 1538%). The Laport Rhombic may
be useful that far above the Fo, but there is no
readily available data to eonfirm nor deny this,
However, if we change the design frequency to
62.25 MHz (channel 3 visual is 61.25 MHz),» we
have a 1.41 {141%]) Fo of 87.77 MHz, or past the
channel 6 aural carrier frequency. AL the same
time, our .58(%) Fo becomes 36.1 MHz, obviously
adequate to cover channel 2 visual at 55.25 MHz.

For high band. i we assume an Fo of 175.25
MHz, we find that our 1.41 (141%) Fo is 247 MHz:
well beyond the 215,75 MHz requirements of chan-
nel 13 aural.

Finally, for UHF if we assume an Fo of 471.25
MHz {channel 14 visual carrier), our 1.41 (141%)
Fo becomes 664 MHz, or channel 43. However, if
we seleet an Fo of 630 MHz, our 1.41 Fo becomes
888 MHz (channel 83 visual is 885.25 MHz). And,
with a 630 MHz Fo, our .58 Fo becomes 365 MHz,
well below channel 14's visual earrier frequency of
471.25 MHz.
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TRELE THREE — LAPORT DIMENSIONS

The Lapon thembic ts svown in disgrams 18 through 18-B. Nete
thet each mdidual romoic has four Sdes, and (he dour sides are
made up of 1we 215 of equal legs. Ovesall, shere are fowr equal-iengih
1895 in e two-Stack rharmc, bul anly to Isgs per steck are the
w3 length. Tres resulls in the frond o nose being ofiset 23 shown in
iagram 15 and 15-B. Leq ‘engtns (L1 ang L2} are shown hene, along
wilh 1hg IFlo-back (F/3) anc si ide s
sios. Bacause the momaic raguires s suppcrt poles (o seven if
w0 ara wied al the fronl terminglian poinll. we hive side 1o sde
gmensicn. Bk/Se (ke dimansian balwesn poles #2 and £3 in diagram
168} anc side 1o side dimensian FI/Ss |the Gmension belween poles
&2-4 el 3-Ain dizgram 18- We alsa hava the dimansion betwesn
the twa incividual reses of [he 1w slacks (gimension F/Na in die-
geam 18-8).

L1, L2 and angle dimensicns given here s sacl. Dimensions
F4B. Bkrs, Fi/Ss and Frin are approsimat o serve as guides saly
in getermining your ground space requirements. The Lapon rhombic
should be laxf out inilially on 1510t inch square Graph paper, e
scale, for your own ke, Construction should begin by laying cut the
anlanna bearing tra rom oole 1 Shrough 4 10 tae transmilter site,
Then us  surseyars Sransil (o stake poles K2, 2-6, 3 ang 3-4 follow-
Ing the ¥ and ¥ angles gven,

Angle X = 52.7 degress

Angle ¥ = 37.7 depress

Aoproximale Approx. Appeox. Approw.
F/a Bk/Ss FI/Ss Fr/Nn

2 62" 5" 57

3 56 D QY St
4 51747 1Y 48T
8 g tg A0
] 41 5" CET 3T
00 MKz 34 ‘6 36
T 19 6" "3 70
] 190" g
] 15 B
10 175" Fg 183
n 173" 3 15 e
12 18 T
12 167 07 B S T
1 ) 9 g
an &z tgr 8
50 50 " gt 45"
] 45 tE 0

Leg length L1 is 3,5 wavelengihs, lag leagih L2 ks 6.0 wave-
lengihs.

Thus for our purposes here, we can design three
separate Laport Rhombics, one to cover low band,
one to cover high band, and one to cover UHF. See
table III here.

The Laport Rhombic design is shown in diagram
1B, It requires some explanation, since in schem-
atic form it may appear to be a double stack array
with an offset front end. That is not the case.

At the rear of the antenna, there are four legs
coverging, two on each side. Overall, there are
eight actual legs, but four of them are one length
(3.5 wavelength long at Fo) and the remaining four
are another leagth (6.0 wavelength at Fo). Note
that in bath cases the total leg lengths are multi-
ples of 1/2 wavelengths, so the in-phase symmetry
is maintained.

With two 3.5 wavelength legs and two 6.0 wave-
lengLh legs Lied together at the rear feedpoint (Le.
one each 3.5 and 6.0 wavelength leg to each of the
ceramic insulators), we in effect iave placed in
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DIAGRAM 188

parallel the two separate but equal rhombies at
the feedpoint,

The Laport Rhombie is an “equivalent” twe wire

er leg design, meaning the actual impedance is

wer than the single wire per leg 800 ohm variety,
but not as low as the afore mentioned three wire
per leg variety. It turns out that the feed im-
pedance of each four-leg-rhombic, because of the
influence of the companion four-leg rhombie, is
around 660 ohms. The front of each individual
rhombie is terminated, then, with an equivalént
resistance {series a pair of 330 okm 5% carbon two
watt resistors). However, at the rear where two
descrete four-leg-segments are joined for balanced
feeding, we have two 660 chm impedance antennas
in parallel, which not suprisingly creates a bal-
anced feed at the antenna of 330 ohms. This is
sufficiently elose to 300 ohms {10%) to allow us to
hang a 300 ohm to 75 chm balaneed to unbalanced
transformer across the feed points and come out of
the Laport Rhombic with our desired 75 ohm un-
balanced line. Alternately, we conld feed the an-
tenna with a long length of 300 ohm open wire line
if we had a fair distance to go before getting to
pre-amplification and a eoaxial network.

B both four-leg are in the same
plane, there are going to be three points where the
same-plane wires will want to rub against one
another. At these points you install a durable all-
weather insulating sleeve over both of the wires,
tieing them down so that the wind and weather
don't move them about and leave the respective
leg wires shorting together at that point.

Again the caution of Laport. "All dimensions,
and angles must be as precise as possible to main-
tain sidelobe control™. You will note that we are
dealing with fractional angles (accurate in Laport's
instructions to .2 of a degree). This may be difficult
to duplicate precisely in the field using less-than.
R CA construction techniques, It should go without
saying, however, that very precise planning go
into such an array ¢f you expect to obtain the 27 dB
forward gain numbers experienced by Laport and
others, and that more thin casual planning go into
the method by which the suspended legs will be
held in position under varying winds and ice load-
ing.

Four Is Betler

Laport suggests the theoretical improvement of
a four-wire-per-leg quadruple-rhomboid system
[see dizgram 19). The antenna would (in theory)
have in excess of &0 dF gein and a front Jobe
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pattern with 3 dB peints wnder 6 degrees wide.

Apparently, although his March 1960 RCA Re-
view paper deseribed this “Quad-Rhombic"such an
antenna had not been constructed and subsequent
interest in rhombics for its principal users (short-
wave communieation paths) has waned since that
date because of the introduction of satellites for
trans-oceanic communication paths.

In theory, such an array would have 2 paralleled
feed impedance of around 140 ohms (balanced) at
the rear feed point.

Relay Rhombic

Finally, there was a flurry of interest in a
“passive-booster” system published in the April
1953 Radio Electronics magazine. As shown in dia-
gram 20 here, two rhombic antennas {each was
originally indicated to be commen garden variety
rhombics, 4.5 wavelengths per leg on the design
channel) are connected “back-to-back” with a
length of 600 ohm open wire line. The prineipal
was that the substantial signal veltages developed
across the receiving rhombic were transferred
iless line loss and match Joss) to the feed terminals
on a second rhombic, which re-radiated the signals
“on channel” to yet a third antenna several miles
away.

As installed at a location 55 miles from Denver,
the signal voltage built up on the receiving an-
tenna {*A" in diagram 20) was. sufficient to allow
reception up to a couple of miles further on by yet
a third rhombic.

Assuming the presence of +10 dBmV at the
receive terminals of antenna “A", less 3 dB of
transmission line and match loss in getting the
signal to antenna "B, a 4.5 wavelength per leg

rhombic as a transmitting antenna (“E”) could be
expected to produce a re-radiated signal “power”
of +19 dBmV (roughly 1/100th of a volt). Allowing
for spread losses, it is conceivable that with an
identical rhombic at the antenna “C” {i.e. valley-
floor) receivinf location, there might be as much
as —10 dBmV level possible at a distance of a mile,
decreasing to a level of —20 dBmV at a distance of
approximately two miles. In such a situation an-
tenna “B” should be directed doun into the desired
valley receiving location and antenna “C" should
be directed back “up” at the antenna “B" location.

If the theory behind all of this escapes you, try
this on for size. The first rhombic (receive rhombie
"A") has gain, and because of the gain, it builds up
some known level of signal voltage across the feed
point, This signal voltage is transported to “trans-
mit” rhombie "B” through a piece of impedance-
matched-to-antennas low loss open wire line.' The
second rhombie also has gain, and thus the signal
“yoltage” delivered is “amplified” by that gain,
and radiated in the forward direction. Jt i not
exactly getting something for nothing, buf it iz
close.

There is no requirement that both antennas he
identical, although no preamplifiers, converters,
etc. may be introduced into the system unless you
are willing to go through the hassle of licensing the
“systemn” as an “on-channel-booster”. As long as
the “system” remains totally passive, no FCC
license is reguired.
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The October CAT treatment
of Rhombies was ... well, tradi-
Lional, Inthe CA T tradition, we
tried Lo boil down mounds of data
into concise CATV-oriented data
50 the user could apply the ma-
terial prescoted in jts printed
form.

Apparently we struck a re-
sponsive cord with the Rhombie
material; one of the first opera-
Lors to see the issue {while the
ink was sLill wet he dropped in
for & visit) spent an hour in a cor-
ner pouring over the material,
and finally got up and headed for
a door, "What was it you wanfed
fo talk albowt " we asked, “Some
other time .. I'm heading boclk
tomy syslem Lo bald twa rhom-
Bics.”

The Laport design is leading in
the arly “returns”, that 27 dB of
gain just naturally sets people Lo
alnkin‘q about 140 mile distant
signals they have written off in
the past because they could not
alford microwave hops! The
available Laport data aside from
the October referenced RCA Re-
view for March 1960, is slim at
best. One reader called to nole
"Om poge 240 of the ARRL An-
temna  Hondbook, they give
abioict 50 werds on the Laport
ond 0 st of dimensions for 144
Mz Dut they have 4,52 wave.
length lomg L1 sides and 7.42
wivelength long LE sides, Yet
your published design (s for 3.5
and 6.0 waves  respectively.
What gives?”

The original Laport material
described an antenna that was
aptimized with 3.5 and 6 wave-
length legs, respectively, T
antenna wus “modeled” in the
600 MHz region, and Lhen con
structed in Lhe 8.5 MHz region,
For the particular real-world use
RCA intended in 1959, the La-
port design was utilized on a
trans-Atlantic path where the
incoming wave front was around
.75 degrees above the horizon.
Laport reported in 1960 that as
the operating frequency of the
&0 MHz Rhombic inerecsed and
the leg lenglhs stayed constant
al 3.5 waves and 6.0 waves af &5
MHz, the verlival angle of radia-
tion dropped, so that at 12 MHz

RHOMBICS POST SCRIPT

Fine Tuning The October
CATJ Report On Rhombic
Antenna Design

« for 141% of the design frequen-

cy) the maximized radiation that
had been measured at 7.75 de-
grees at &5 MHz was now
lowered to 6.5 degrees above the
horizon.

Butall of this was based upon a
fixed, pre-determined height
above ground. For a height of
1.53 wavelengths at the design
frequency of 8.5 MIz, Lthe anten-
na with leg lengths of 3.5 and 6.0
wavelengths respeclively pro
duced a maximum radiated sig-
nal 7.75 degrees shove the hori-
zon. As the leg lengths inerease
with operating [requency, and
the effective height above
ground increases with operating
Irequency, the vertical angle of
radiation comes down,

You ean achieve the same
effect by simply raising the La-

ort design above ground and
eaving the operating frequency
constant, The ARRL Antenna
Handbook design, which is as
noted 4.32 and 7.42 wavelengths
respectively for L1 and L2, is for
an on-purpose maximum radia-
tion at an angle 7.5 degrees
above Lthe horizon at a height of
1.8 wavelengths, Qur sverthe
horizon signals, however, are
either right af the visual hovizen

REAR FEEDEND) POLE
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ar up to 0.6 degrees above it via
the tropospheric scattering
mode. So for our purposes, we
want the radiation angle (ie.
maximum lobe) right at or on the
horizon, This is achieved hy sim-
ply raising the antenna high
enough above ground that
ground reflections are inconse-
quential. For the Laport design,
this would be na less than three
full waves above ground and pre-
ferably six waves above ground
[see table 1, page 16, Oetober
CATT. .

Now it may well be possible
that for your own installation,
hecause of restrictions in obtain-
ing adequate-height support
poles and g0 on, that you cannet
get that kigh above ground. The
answer to this problem is simple
enough, i1t the whole plane of
the antenna down so that the
nose portion (Le. terminated
end) is below a straight line
drawn from the rear of the an-
tenna (feed line end) Lo the actual
wvisual horizon. There is some
euidance in the Laport design
data for this approach, Ii o 3.5
wavelength L1 and 6.0 wave
length L2 Laport Rhombic has
its maximum radiation 7.75 de-
grees  above the horizen at a
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heighl above ground of 1.53
wavelengths, you can “steer” the
muximum radiation angle back
down to the hoerizon by bwering
the front (termination) end by
T.75 degrees relative to the rear,
This suggests that when you de-
sign your own Laporl suspension
syslem that you include an ae-
curate way of determining when
vour nose is 1,23 ete, degrees
(up tosay 10 degrees) lower than
Lhe rear. Keep in mind you must
lower more than just the front
halyard lines, If the front lines
are slacked off so the front sup-
port insulators end up 7.756 de-
i (for example) helow the
ght line from the rear of the
antenna Lo the horizon, then the
side-pole supports, located ap-
procemotely half way between
frantand rear, will have to be de
signed to slack off 7.75 degrees
divided hy 2, or 3.5875 degrees,
Thiz will keep the “eant” of the
anlenna conslant, from rear to
front, soit forms a "level plane™

Youmay find, as many have in
the past, vour own '‘best per-
formance” (which will depend

upen the height of the actual
ground helow your antenna
plane, the terrain around you
and Lhe angle of your arriving
signal) will come only after some
experimentation. It would be
best to select a “eant” or “slant”
angle and set the array al that
angle and then measure for at
least an hour or more the rela-
tive signal level at that selected
measurement angle vwraus a
known test antenna {such
yagil al Lthe same site, Then re-
cant or re-slant the plane of the
antenna up or down, and com-
pare it for another hour against
Lhe reference antenna. After
three or four such test-hours,
you should fi
our o
best, and that may well end up
being when the Laport rhombic
does not eant or slant at all!
If this leaves you cold, you pro
bably would be better off not
playing with the Laport design.
Remember, the performance
difference between Lhis 27.5 dB
maximum gain antenna and a
“store bought yagi” is largely

based upon the skill with which
you design, erect and “tune” the
Lapaort.

Finally, keep in mind that with
the 3.5 and 6.0 wavelength per
leg Laporl design deseribed in
the October CATY, the vertical
beamwidth is only § degrees
That means that 3 degrees abouve
the plane of the antenna and 3
degrees below the plane of the
antenna the maximum gain rea-
lizeable is not 27.5dB but 21
(Le.3dB po 1. Boif your radia-
tion angle is 7.75 degrees ahove
thehorizon, you are down in sig-
nal response around 8—8 dR at
the horizon itself, This is o need-
less waste of 5—8 dE of antenna
gain; especially after you he
gone to all of the trouble of i
stalling the Laport to begin with,
So hefore you get all done, if you
have any reason to suspeet per-
formance is weof in the 27 dB gain
region, re-adjust the antenna
plane and make some reference
readings as outlined here. You
may have another 6—8 dB of real
gain just waiting for you to drop
the nose a fow dug—rwe

" Ar 5T signal tran
"5[0 110 MAz,

qua part of the
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gnized aven inaf
depends on the q
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¢ louder the s
several vehicles for leakage patrofling at a relatively low cost. T1
ve. The bes! parl is thal ha 57-1 cesls only 5296.00, and delivery

smittzr bolis into your headend, and produces an easily idantifiabla signal at any freguean
either FM modulated at 1 KHz or FM warbled, like a cuckoo
environment. A standard FM radio is lhen used &s a raceiver.

lity of Ihe radio you purchase.

L0 AVE.

3 FM receivers have been used effactivaly
trouble locating tha axact break or leak because (he FM receivar want into limiting. The ST-1 automatica
spot, you hear only the higher levels, The closer yau gat, the
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