
controlled vertical radiation 
rhombics, part 1: 

designing for 

For BIG performance - 
in a BIG backyard 

-- try rhombics 

Rhornbics aren't for everyone. Not many Amateurs 
have sufficient space on their small city or suburban 
lots to accommodate the generous dimensions of this 
useful, efficient antenna. Mine measures 277 feet on 
each leg, and requires an area that measures 525 by 
250 feet. Yet for those who have adequate land, rhom- 
bics can offer unusually high performance: the three 
wavelengths on my leg rhornbic, for example, puts an 
outstanding signal into Europe on 30 meters, and 
when the 18 and 24 MHz bands are open, this antenna 
is all set to go. 

In the mid-19301s, when the rhombic antenna was 
relatively new, ARRL experimenters1 found it to be 
useful for long-distance radio communications. 
League personnel strung hundreds of feet of wire, in 
an enormous diamond configuration, through the 
Connecticut woods with astonishing results: signals 
from as far away as Australia were clearly heard. 

As a young man, I duplicated the League's efforts 
behind my home in New Jersey. After climbing many 
trees, stringing springy lengths of No. 12 copperweld 
wire among and through their innumerable branches, 

high performance 

I succeeded in constructing a rhombic antenna termi- 
nated in a 100-watt carborundum resistor and fed with 
a 600-ohm open-wire line. It was not until retirement 
that I was able to build other rhombics; this article, 
a result of these later experiments, describes the de- 
sign of a rhombic that operates on the 160 through 
10 meter bands and offers controlled vertical radiation 
in the 40 through 10 meter bands. This feature allows 
mechanical tuning to the best operating configuration 
for any band. (Fixed rhombics are best for one fre- 
quency and perform well over a 2 to 1 frequency range 
only. 

Because this rhombic is terminated in its character- 
istic impedance, it is nonresonant; its input impedance 
is essentially flat over its entire operating range. In 
steady use since the 1983 Radiosport contest - when 

I I heard on 15 meters, such reports as "You're the 
only U.S. station coming through at this time," and ' "Your signal is overriding all other U.S. stations by 
10 to 15 dB" - it has performed admirably and ' presented no maintenance or durability problems. 

how does a rhombic work? 
To begin, let's consider the rhombic's horizontal 

radiation plane, realizing that a rhombic is simply four 
long-wire antennas arranged in the shape of a 
rhombus or "diamond." By terminating the rhombic 
in its characteristic impedance (with a noninductive 
resistance), a unidirectional lobing pattern is obtained 
in the direction of the terminated end; (see fig. 1). The 
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I of the minor axis, CD. Correct termination of the 
I antenna with approximately 800 ohms nonreactive re- 

fig. 1. Unidirectional lobing pattern of a rhombic antenna 
is generated by terminating it in its characteristic im- 
pedance through a dissipation line. Lobes 1.2.3. and 4 
combine their energy when 19, the tilt angle, is equal to 
90 degrees minus 4. 
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fig. 2. Free space gain of a rhombic antenna over a half- 
wave dipole for zero wave angle. 

tilt angle, 8, shown in the figure, must be adjusted to 
equal 90 degrees minus the angle +, between the main 
forward power lobe and the individual leg, which is 
determined by the antenna length. This ensures that 
maximum directivity is on a line bisecting the rhom- 
bic as indicated. 

To obtain the correct phasing of the lobes for maxi- 
mum radiation in the desired direction, the straight- 
line distance, AB, between the center of the legs, must 
be one-half wavelength less than the distance ACB. 
This follows from the fact that lobe 1 is 180 degrees 
out of phase with lobe 3. By making the distance be- 
tween these lobes one-half wavelength (180 degrees] 
less, lobe 1 will arrive at point B in the correct phase 
to add to the field of lobe 3, and thus increase the in- 
tensity of radiation in the desired direction. A similar 
action takes place between lobes 2 and 4 on the other 
side of the rhombic. All other lobes combine to 
produce a cancellation of radiated energy in the line 

. . 
sistance produces an almost infinite front-to-back 
ratio. 

The issue of rhornbic gain is a controversial one. 
Figure 2 shows gain curves from two sources: The 
ARRL Antenna Book,2 and Rhombic Antenna Design, 
by A. E.  H a r ~ e r . ~  Both curves are free-space direc- 
tivity gains of a nonresonant rhombic over that of a 
dipole and are for zero vertical angle of radiation. 
E.  Bruce, the major developer of the rhombic, shows 
some actual experimental -data in his August, 1931, 
article in the Proceedings of the Institute of Radio 
 engineer^.^ His data shows that in comparison with 
a halfwave vertical antenna, his three wavelengths on 
a leg rhombic had a gain of 21 dB 10 percent of the 
time, to 7 dB 100 percent of the time, and 16 dB 50 
percent of the time. Put another way, the rhombic was 
always 7 dB better than the halfwave vertical, and 10 
percent of the time it was 21 dB better. That 21 dB 
relates to a power ratio of about 130; that is, a 1 kW 
output transmitter would have an effective radiated 
power of 130 kW with respect to a dipole - but only 
10 percent of the time. 

In a detailed article in the January, 1935, Proceed- 
ings of the IRE,5 Bruce described experimental data 
showing that three and one-quarter wavelengths on 
a leg rhombic had 14 dB gain over a halfwave hori- 
zontal dipole at the same height. A Yagi producing 
14 dB gain would require 12 elements - a rather large 
antenna; of course it would be capable of rotation over 
360 degrees. 

design 
For optimum performance, a rhombic antenna 

should be designed for one frequency or a very small 
band of frequencies, the pattern for which is best 
suited to the propagation conditions of the radio cir- 
cuit. Usually about all that a designer attempts to com- 
pute about this system is the characteristics of the 
main lobe. The enormous labor of computation quickly 
discourages analysis of a rhombic's complete radia- 
tion characteristics. Charts have been provided to 
assist in suitable designs as shown in the ARRL 
Antenna Book, or Laport's Radio Antenna Engineer- 
ing, figure 3.81 .'j By careful design (and acceptance 
of less than optimum performance) a rhombic antenna 
may be made to operate over an almost 3 to 1 frequen- 
cy range. This means that a fixed rhombic could oper- 
ate from 3 to 9 MHz, or from 7 to 21 MHz, or over 
any similar frequency range. It will be shown later that 
a Controlled Vertical Radiation (CVR) rhombic can 
operate well from its lowest design frequency to as 
high as practical before beamwidth becomes too nar- 
row for normal use. 

To properly analyze a rhombic over a range of fre- 
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quencies and desired vertical angle of radiation, it is 
necessary to have a method for observing quickly the 
effects of varying any single parameter in relation to 
all the others. These parameters are the antenna height 
above ground, the length of the legs, and the included 
angle between the legs, called the tilt angle (see fig. 3). 

The length and tilt angle (fig. 3A) are actual dimen- 
sions of the antenna proper and affect the free-space 
pattern. The height of the antenna, however, affects 
the directional characteristics only through what is 
called "ground reflection." In fig. 38, part of the 
radiated power goes directly from the antenna at the 
vertical angle of radiation, delta. The rest of the 
radiated power is directed toward the ground at the 
same angle. If the ground is assumed a perfect reflec- 
tor, the wave that is directed toward the ground will 
be reflected, undiminished in strength in the same 
direction as the original directly radiated wave. If the 
ground reflected wave arrives at a distant point (your 
QTH, for example) in phase with the direct (sky) wave, 
it will reinforce the received signal (voltage). If, how- 
ever, it arrives exactly 180 degrees out of phase, it will 
completely cancel it. 

In the practical case, neither the maximum of 6 dB 
reinforcement nor the complete cancellation ever 
occurs, since the ground is never a perfect reflector. 
Also, the reflected wave rarely reaches the unreflected 
wave exactly in phase or exactly out of phase unless 
the antenna is being used at a frequency exactly that 
of the design frequency. The effects of the ground re- 
flection will be treated separately from those due to 
antenna length and tilt angle. 

A computer can be used to observe the effect of 
changing certain parameters. However, it is much 
easier to see such changes by means of a graphical 
method Donald Foster described in the October, 1937 
issue of the Proceedings o f  the IRE. "If the direction 
of zero and maxima of K2 (the radiation function) are 
plotted on a spherical blackboard with the rhombus 
at the center, they consist of a coaxial system of small 
circles, of alternating maxima and zero . . . around one 
arm of the antenna as an axis, and an identical system 
of circles around the other arm of the antenna. The 
angle between the axis of the circles is the angle 2A 
(see fig. 3A) of the rhombus. This pattern on the 
sphere is ideally suited to representation on the plane 
by means of the sterographic projection."' 

While his method probably sounds complicated, it 
actually summarizes a very simple and easily grasped 
idea of what happens as the parameters are changed. 
Antenna enthusiasts will recognize the "zero and 
maxima of K2" as the first null and main lobe of the 
antenna field intensity graph of "Angle with Respect 
to Wire Axis vs Length of Wire in Wavelength" shown 
in figure 15 in the second chapter of the ARRL 
Antenna Book. 
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fig. 3. Definition of rhombic antenna parameters. In (A) 
Length, L, and tilt angle, 0, are actual dimensions of the 
antenna and affect free-space pattern. In (BI, park of the 
radiated power goes directly from the antenna at angle A. 

Without going into the mathematics of their con- 
struction, the following discussion will help you to 
make your own stereographic representation. 

construction of stereographic overlays 
The free-space pattern charts are made by the use 

of fig. 4, which shows the angles of the maxima and 
nulls in long wires. This is the same as figure 15 of 
chapter 2 of the ARRL Antenna Book, but shows up 
to the 8th maxima and null instead of just the first. 

Step 1. Draw a 6-inch diameter circle and place 
perpendicular vertical and horizontal lines through its 
center; refer to fig. 5. 
Step 2. Lay out 0 to +90 degree tick marks around 
the periphery of the circle counterclockwise and clock- 
wise from the right horizontal line intersection of the 
circle. 

Step 3. From the -90 degree position on the 
perimeter of the circle, draw straight lines to 0, . . ., 80, 
90 degrees and label the points where they intersect 
the horizontal line as 0, 10, ..., 70, 80 degrees. For 
ease of viewing fig. 5, only the 20, 50, and 70 degree 
lines are shown. 

The labeled points represent the vertical angle of 
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1 Step 7. Place a mark on the circle perimeter at f 36 

LENGTH OF STRAIGHT WIRE (WAVELENGTHS) 

fig. 4. Angles of maxima and nulls in long wires 
carrying standing waves. 

fig. 5. Stereographic map of the radiation pattern for a 
two-wavelength straight wire in free space. 

radiation of the rhombic. It will be necessary for future 
work to have this as an overlay for a scale for deter- 
mining the vertical angle of fire of other rhombic 
designs. 
Step 4. Determine the number of wavelengths to be 
analyzed (2 wavelengths, for example). 
Step 5. Using fig. 4, draw a vertical line up from the 
2 wavelength point to the curve. Read off the indicated 
value. 
Step 6. Tabulate the angle of maxima and nulls from 
Step 5; maxima at 36 and 75 degrees, nulls at 60 and 
90 degrees. 

degrees. Draw a dotted circle through those two 
points and the 36 degree point on the horizontal line. 
The center of that radius must lie on the horizontal 
line extended to the right of the circle. That dotted 
line represents the first maximum of a radiating wire 
two wavelengths long. Repeat for _+ 75 degrees, which 
represents the second maximum. Repeat the same 
two angles from the left side of the chart, which repre- 
sent the reverse direction of fire. 
Step 8. Place marks at + 60 and 90 degrees and draw 
solid-line curves, which represent the first and second 
nulls respectively. Repeat for the reverse direction. 

You now have a one-leg pattern of a two- 
wavelength long rhombic. You will need two of them 
for analysis, as will be explained. 

A ground reflection overlay is also needed and is 
made as follows. 

Step 1. Draw a 6-inch diameter circle with a perpen- 
dicular horizontal and vertical line through its center; 
see fig. 6. 
Step 2. Determine the number of wavelengths above 
ground the antenna is to be placed (one wavelength, 
for example). 
Step 3. Using fig. 7,8 tabulate the null and maximum 
vertical angles of radiation for the chosen height. For 
one wavelength (360 degrees) we have 15 degrees, 
48 degrees maximum and a 30 degree null. 
Step 4. Place the scale for determining the vertical 
angle of fire of the rhombic under the 6-inch circle and 
place a mark on the horizontal line at the 15 degree, 
48 degree, and 30 degree vertical angle of fire points. 

Step 5. Draw dotted-line circles through the 15 and 
48 degree marks using the center of the 6-inch circle 
so as to produce concentric circles. Draw a solid-line 
circle through the 30-degree line in the same manner. 
The dotted circles represent the first and second 
maxima, and the solid line represents the first null. 

The three stereographic maps are all that are re- 
quired to design a two wavelength on a leg rhombic 
mounted one wavelength above the ground. All other 
maps are made the same way for different leg lengths 
and heights. 

During World War II Richard Bluhm, W2KXD, 
adapted Foster's graphical method to make it practi- 
cal for use by the average person. In an unpublished 
paperg written in 1944, he provided a means of rapidly 
designing horizontal rhombic antennas using Foster's 
stereographic overlays. Even though the data obtained 
by his method is not precise, results obtained during 
wartime erection of rhombics by the military bear out 
mathematical calculations with excellent accuracy. 

The design of my rhombic is based on W2KXD's 
method. In discussions with him, we both felt that his 
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stereographic charts (almost 50 in number) should be Number 1 dotted curve intersecting a Number 2 dotted 
available to Amateurs interested in designing and con- curve, points Y and Z on fig. 8, gives a lobe which 
structing rhombics." is 10.6 dB lower in level than a (1,l) intersection. A 

Figure 5 is the stereographic representation of the (2,2) intersection point A on fig. 8 is 21.1 dB lower 
free-space radiation function of one leg of a rhombic 
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antenna. The length of this leg is two wavelengths. 
Let's review it for emphasis. Looking from right to left 
on fig. 5, there is first a dotted line, then a solid line, 
then a dotted line and so forth. The dotted curves 
represent the maxima circles described by Foster. The 
solid curves represent the zero circles. A drawing iden- 
tical to fig. 5 is then superimposed on the drawing 
shown in fig. 5. Each represents the radiation func- 
tion of a two-wavelength leg of a rhombic antenna. 

Suppose it is desired to have a tilt angle of 70 de- 
grees. From fig. 3A we can calculate 2A = 40 
degrees. By rotating the superimposed drawings so 
that a 40 degree angle is realized between the axes 
of the two legs, we obtain the actual free-space 
radiation pattern of a rhombic antenna with two 
wavelength legs, and a tilt angle of 70 degrees; see 
fig. 8. 

By studying fig. 8, it can be seen that the first 
dotted lines of the two drawings intersect at point X; 
that is the main lobe. Next, consider the first dotted 
line of the lower leg and note that it intersects the 
second dotted line of the upper leg at point Y. The 
second dotted line of the lower leg intersects the first 
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fig. 6. Ground interference pattern; antenna height one 
wavelength. 
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dotted line of the upper leg at point Z. Other points 
of intersection are at points A, B, C, D, E, F, and G 
as shown in fig. 8. These intersection points of the 
dotted circles represent points of maximum radiation, 
or lobes, of the antenna. 

A line drawn from the center of the figure through 
point X is extended to the edge of the great circle. This 
line is now called "the axis of the antenna," and is 
the line in which the strongest lobe of the rhombic lies. 
The strongest, or main lobe of a rhombic will always 
fall exactly midway between the two legs of the anten- 
na if it is designed correctly. 

The next step is to number the dotted curves at the 
periphery of the circle for ease of handling. The 
dotted lines of the upper leg are numbered 1,2,3, and 
4, starting with the lower end of the first dotted line 
and going clockwise. The dotted lines of the lower leg 
are also numbered 1, 2, 3, and 4, but starting at 
the upper end of the first dotted line, and going 
counterclockwise. 

When a Number 1 curve intersects another Number 
1 curve, the resulting point is that of maximum radia- 
tion of the antenna. Other intersection points, called 
minor lobes, do not reach the level of the (1 ,I inter- 
section point. For instance, (refer to table I ) ,  a 
-= . 

"A complete set of approximately 50 8% by 11 inch overlays may be ob- 
tained from the author. These overlays are in photocopied form and will have 
to be made into transparencies for actual use. - Editor. 

2 0 0  4 0 0  6 0 0  8 0 0  1 0 0 0  I 2 0 0  

H E I G H T  l B O V E  GROUND l O E G R E E S l  

fig. 7. Vertical radiation angle vs. maximum and null 
angles for various antenna heights in electrical degrees. 



table 1. Decibel differences between main lobe and subsequent minor lobes on rhornbic antennas. 

rhombic radiation lobes 
1 2 3 4 5 6 7 8 9 10 11 

1 0  
2 10.6 21.1 
3 15.1 25.6 30.10 
4 18.0 28.6 33.10 36.0 
5 20.2 30.8 35.25 38.2 40.40 
6 21.9 32.5 37.00 40.0 42.10 43.9 
7 23.4 34.0 38.50 41.1 43.60 45.3 46.8 
8 24.6 35.2 39.70 42.6 44.80 46.6 48.0 49.3 
9 25.7 36.3 40.80 43.7 45.90 47.7 49.1 50.4 51.4 

10 26.7 37.3 41.75 44.7 46.90 48.6 50.1 51.3 52.4 53.40 
11 27.6 39.2 42.60 45.6 47.75 49.5 51.0 52.2 53.3 54.25 55.1 

power difference (dB) 

in level than the (1,l) intersection. The (4,4) intersec- 
tion, point G is 36 dB lower, and so forth. 

As the number of wavelengths on a leg increases, 
the number of dotted curves increases. For a compos- 
ite overlay of two ten-wavelength legs, there will be 
twenty dotted curves per leg. Table 1 gives levels only 
up to the eleventh curve since the minor lobes beyond 
this point are so weak in comparison to the main lobe 
as to be negligible. If at any time a solid curve inter- 
sects two dotted curves at or near their intersection, 
the lobe made by these curves intersecting will be 
cancelled or considerably reduced. That holds true in 
all cases. For instance, the (1,2) intersections, or the 
Y and Z points in fig. 8, are very close to the outside 
circle, which represents the horizon. Since these two 
lobes are depressed to just above the horizon, they 
may be considered as absorbed by surrounding hilts 
or buildings, so that they will be of little use. 

To find the vertical angle of fire of each of the lobes, 
fig. 9 is superimposed on the drawings. Figure 9 is 
the scale used for determining the vertical angle of fire 
for the various lobes of the rhombic antenna. When 
fig. 9 is placed coincident with fig. 8 (all figures are 
transparent), the main lobe, point X, will be at a 30 
degree vertical angle of fire. Points Y and Z have about 
5 degree vertical angle of fire, which is too low to be 
usable except at the higher frequencies. Point A has 
about a 73 degree angle, points B and C about 90 de- 
grees, and so forth. 

The great thing about this stereographic method of 
analysis is that angle 2A between the two legs can be 
easily changed. As the angle is made greater, the two 
legs move apart, the main intersection travels out 
toward the horizon, and the vertical angle of radiation 
becomes less. Angle 2A can be increased until the in- 
tersection of the number one dotted curve reaches the 
horizon with a vertical radiation angle of 0 degrees. 
Further separation between the two legs causes the 
main lobe to split into two lobes. Although not ob- 

fig. 8. Free space pattern, two-wavelength. Note: the 
horizontal and vertical lines are for reference to the 
antenna plane only and are not seen in the overlays. 

vious, the two split lobes are excessively sharp hori- 
zontally; yet despite this sharpness, the gain must 
necessarily be very low. Some of the minor lobes will 
have magnitudes as great or perhaps greater than the 
main lobe. The energy of the system is leaking out 
through other lobes in other directions rather than 
being concentrated in the main lobe. It might be diffi- 
cult to discover this situation by arithmetical computa- 
tions, but it is quicky observed by using stereographic 
charts. For a fixed rhombic beam, the upper frequency 
use is limited at the point at which the beam splits. 

ground reflection effects 
We must now consider the ground reflection or 
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ground interference effects on the free-space pattern 
of the two wavelength rhombic discussed above. To 
keep it simple, an antenna height of one-half wave- 
length will be used; it has only one reflection agent. 
Figure 10 shows the ground pattern, which is the 
dotted circle, for one-half wavelength high antenna 
superimposed on fig. 8. Dotted lines represent an in- 

fig. 9. Scale to determine vertical angles of fire on 
rhombic antennas. 

fig. 10. Superimposition of two-wavelength rhombic free- 
space pattern and one-half wavelength height ground 
interference pattern. 

phase reflection reaching the antenna, whereas solid 
lines represent cancellation. The one-half wavelength 
height has no out-of-phase reflection radiation. 

Note that the dotted circle intersects the free space 
antenna pattern exactly at point X, which is the main 
lobe point. (This happened only because the problem 
was done before writing this article, of course). That 
means the in-phase reflection has arrived to reinforce 
the main lobe. As noted previously, an additional 6-dB 
reinforcement of the main lobe has occurred. Points 
Y and Z of fig. 10 are quite distant from the dotted 
circle and therefore are not reinforced. That means the 
main lobe has now increased to 16.6 dB instead of only 
10.6 dB stronger than the next two strongest lobes 
(Y  and Z) merely by choosing the correct antenna 
height. 

Point A, the next strongest lobe, has not been rein- 
forced by ground reflection and consequently has also 
been reduced with reference to the main lobe. Points 
8 ,  C, E, F, and G are relatively close, however, to the 
reflection circle. While they will not be reinforced by 
6 dB, since they are not exactly on the reflection circle, 
they have been reinforced by perhaps 4 dB so they 
have only decreased by a matter of, say, 2 dB with 
respect to the main lobe. 

The wavelength height of the antenna may be raised 
by using higher towers for a given frequency or by in- 
creasing to a higher frequency with fixed antenna 
height. As the wavelength height of the antenna is 
raised, the number of reflection circles increases, and 
a number of solid lines representing ground interfer- 
ence appears on the stereographic overlays. For ex- 
ample, at a height of one wavelength, two reflection 
circles separated by an interference solid-line circle ap- 
pear. At two wavelengths, there are four reflecting 
dotted circles and three interference circles. Different 
ground interference pattern overlays are therefore 
required. 

design of 20-meter rhombic 
Now we have an idea of what the use of the overlays 

can do for us in designing rhombics. Let's apply that 
information to the design of a rhombic for use on the 
20-meter band. We want it to be four wavelengths on 
a leg and have it one wavelength high. The problem 
is to determine the best tilt angle for these conditions. 
Note that this is not the proper way to start a rhombic 
antenna design. The proper way is to first determine 
the radio circuit path desired, and therefore the desired 
vertical angle of radiation between the transmitting and 
receiving stations; review reference 8. Then design the 
rhombic to include that radiation angle. However, the 
stated problem will best review the use of the stereo- 
graphic overlays, permitting you to do what you really 
want to do. 

Superimpose two "leg pattern - four wavelengths" 
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and one "ground interference pattern - one wave- 
length." Rotate the two leg pattern overlays so that 
their (1 ,I curves intersect at the outermost dotted 
circle of the ground interference chart. Measuring the 
angle between the two legs, we find it to be 42-112 
degrees, which is the angle 2A of fig. 3A. The tilt 
angle, 8, will be calculated to be 68-314 degrees. If 
the scale for determining the vertical angle of fire, 
fig. 9, is placed on the other charts, it shows the verti- 
cal angle of radiation for our rhombic to be 14 degrees. 
Figure 11 shows the resulting composite of the 
overlays, first maxima only. 

All the essential design factors of the rhombic have 
been found. They are: leg length = four wavelengths; 
height = one wavelength, tilt angle = 68-314 
degrees, angle of fire = 14 degrees. The relative 
strength of the minor lobes and the front-to-back ratio 
can be found by referring to table 1. The front-to-back 
ratio in this case is about 51 dB. This is found by deter- 
mining the intersection of the last two dotted curves 
which lie on the line extending in back of the main 
lobe. These will always be the dotted curves nearest 
the left-hand edge of the solid circle of the leg pat- 
terns (not shown in fig. 11 ). In this case they are the 
Number 8 curves counting from right to left on the 
leg patterns. Referring to table 1, the lobes produced 
by the intersection of the Number 8 curves or (8,8) 
point is 49.3 dB weaker than the main or (1,l) lobe. 
The main lobe has a ground reinforcement of 6 dB. 
Because the ground reflection pattern does not pass 

fig. 11. Overlay of two two-wavelength leg patterns, a 
ground interference pattern one wavelength high, and 
scale for determining vertical angle of radiation. Inter- 
section with the first maximum ground interference line 
of first maximum (1.1) produces a 2A = 42-112 degree 
angle, and a vertical angle of radiation of 14 degrees. 

directly through the (8,81 lobe, but only near it, a 
ground reflection of about 4 dB will accrue. The dif- 
ference between these two reinforcements is thus 2 
dB, which further increases the front-to-back radio to 
51.3 dB. In round numbers, this is about 51 dB. The 
vertical angle of radiation of the (8,8) lobe is about 22 
degrees. 

Note that there is a (7,7) rear lobe falling exactly on 
the second ground reflection circle. However, the ver- 
tical angle of radiation is about 48 degrees, which will 
probably be lost into space at 14 MHz. 

determination of vertical 
and horizontal radiation patterns 

Figure 12 duplicates fig. 8, but with many lines 
eliminated to make the figure less "busy." Radial lines 
have been drawn from the center of the figure through 
each lobe point and extended a distance beyond the 
horizon circle. Starting at the axis of the antenna, the 
angle between the lobes is measured and recorded. 
These radial lines at the recorded angles are then 
reproduced on polar coordinate paper; see fig. 13. The 
radial lines at their correct angular displacement from 
the axis of the antenna are marked with their cor- 
responding dotted line intersections. That is, the axis 
of the antenna will be marked with (1,l) and (2,2) 
because the Number 1 dotted curves and the Number 
2 dotted curves have their intersections on that line. 
The other lines are similarly marked. 

Next the ground interference pattern for an anten- 
na height of one-half wavelength as shown in fig. 10 
is examined and the strength of all lobes as previous- 
ly discussed (table I), are tabulated. They are: 

(1,l) = 0 dB (3,3) = -30.1 dB 
(2,1)= -16.6dB (4,3) = -35.1dB 
(2,2) = -21.1 dB (4,4) = -38.0 dB 
(3,2) = -27.6 dB 

The scale on the polar coordinate paper is then laid 
out from 0 dB through 50 dB in 10-dB increments; see 
fig. 13, and the lobes are plotted with reference to 
these circles. 

This is only a relative pattern because it does not 
take into account the effect on the pattern of the dif- 
ferent vertical angles of fire. For instance, the (2,l) 
lobes are greatly attenuated because of their low angle 
of fire, resulting in absorption by surrounding hills or 
buildings if in the vicinity of the antenna. However, 
the pattern does show the relative strengths of the 
peaks of the lobes in the horizontal plane and should 
prove very useful. 

The determination of the strengths of the lobes at 
any point on, with the exception of the peak, is not 
readily determined through the use of the stereo- 
graphic projection. The horizontal angle covered by 
the major lobe may be roughly found by drawing a 
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circle with the center at the (1,1) intersection, (or at 
the center of the spherical triangle formed by the in- 
tersection of Number 1 curve and the ground inter- 
ference circle, depending on whether all three curves 
intersect in one point or not) and a radius equal to one- 
half the distance between the intersection (or spherical 
triangle) and the nearest solid null curve. Lines tangent 
to this small circle drawn from the center of the large 
circle will form an angle which is a rough estimate of 
the usable horizontal beam width. On fig. 8, the small 
shaded circle is the circle mentioned above. The beam- 
widths of the minor lobes are not readily obtainable, 
but this should not prove objectionable since the major 
lobe is the only one which is used in most of the cases. 

The vertical plane diagram is constructed in a similar 
manner as the horizontal pattern, except that fig. 9 
is used to determine the vertical angles. These are: 

fig. 12. Same as fig. 8, but with intersection points only 
shown with angular displacement of intersections from 
main lobe direction. 

(1 ,I = 29 degrees (3,3) = 75 degrees 
(2,l) = 7 degrees (4,3) = 27 degrees 
(2,2) = 75 degrees (4,4) = 30 degrees 
(3,2) = 35 degrees 

fig. 13. Horizontal plane pattern for two-wavelength 
rhombic antenna. 4 = 70; antenna height = one-half 

I wavelength. 
1 I 

This gives some interesting results. Above about 
7 MHz the (2,2) and (3,3) lobes may be considered use- 
less since they will penetrate the ionosphere at such 
high angles. As previously stated, the (2,1) lobes are 
radiated at such a low angle as to be useless on all 
but extremely local signals or at extremely high 
frequencies. 

Returning to the vertical plane pattern, radial lines 

are again laid out, only this time the vertical angles 
of fire are used in place of the horizontal radiation 
angles. All those lobes falling to the left of the center 
of the circle are plotted to the left and all those falling 
to the right are plotted to the right. Those falling to 
the left will be (3.31, (4,3), (3,2) and (4,4). Those 
falling to the right will be (1,1), (2,l) (3,2) and (2,2). 
Since the (3,2) lobes fall exactly on the center line of 
the circle, see fig. 8, (axis of the antenna being 
horizontal) one will be plotted to the left, and one to 
the right. This is not a strictly accurate geometrical 
layout of the pattern but will suffice since the deter- 
mination of the relative strengths of the lobes in the 
vertical plane is all that is desired. The levels deter- 
mined for the horizontal plane pattern may be used, 
without change, for the vertical plane pattern. The 
complete vertical plane pattern is shown in fig. 14. 

Through the use of different height curves, leg 
length curves, and tilt angles, unwanted lobes may be 
eliminated or effectively reduced and desired lobes 
may be reinforced. The use of leg lengths longer than 
eight or ten wavelengths is inadvisable because of the 
subsequent reduction in width and height of the 
radiated lobes. A reduction of this sort is conducive 
to fading and makes the aiming of the antenna ex- 
tremely critical. 

A compass rose may be superimposed on the draw- 
ing as an aid in determining the angle between the legs 
of the antenna and the angles between the main lobe 
and the minor lobes. The use of an angle between the 
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table 2. Beamwidth as a function of leg length. Beamwidth is the point where power is 3 dB down from the maximum 
power point. 

number DXCC countries within beamwidth 

leg beamwidth forward direction reverse direction 
wavelength (degrees) (from North Carolina) 

1 30 84 4 
2 25 77 4 
4 17 63 4 
6 10 43 4 
8 8 40 4 

10 6 35 3 

fig. 14. Vertical plane patternfortwo-wavelength rhombic 
antenna. + = 70; antenna height = one-half wavelength. 

legs, such that the two Number 1 curves do not inter- 
sect, should be avoided, because this will effectively 
eliminate the major lobes, which is the most effective 
source of power from the rhombic antenna. 

multiband operation 
One of the most useful features of a rhombic an- 

tenna, as previously mentioned, is its ability to operate 
efficiently over a wide frequency range. The two- 
wavelength rhombic illustrated in fig. 8 will be used 
as an example. Suppose it is desired to operate this 
antenna on 4 MHz. Its legs will then be two wave- 
lengths long and its height will be one-half wavelength. 
On 4 MHz, using the formulas of fig. 3, two 
wavelength legs will be 485 feet long, and the height 
of the antenna will be 123 feet. Now, if the operating 
frequency is made 8 MHz, the length of the legs will 
be four wavelengths long at this frequency, and the 
antenna height will be one wavelength. Suitable over- 
lays for the leg length and antenna height for this fre- 
quency are now set up, retaining the 70 degree tilt 
angle previously used. The major lobe will now be 
found to have an angle of fire equal to 15 degrees 

which is approximately the optimum angle of fire for 
8 MHz. The horizontal azimuthal angle covered by the 
major lobe has now been reduced to 17 degrees in- 
stead of the original 25 degrees. The antenna will work 
practically as well, therefore, on 8 MHz, as it does on 
4 MHz. The only change worth noting is the reduc- 
tion of the beamwidth, since the 15 degree angle of 
fire is about optimum for 8 MHz, as is the 30 degree 
angle for 4 MHz. 

Suppose the frequency were now increased to 12 
MHz. The legs will now be six wavelengths long and 
the height will be one and one-half wavelengths. The 
pattern is again set using the appropriate overlays. It 
will be noted that the two (1,l) curves, depressed to 
the horizon, form a spherical triangle with the first 
ground interference circle. While this materially 
reduces the strength of the major lobe, it is still usable. 
The angle of fire is taken from the center of 
the spherical triangle and is found to be about 7 
degrees. While this is rather low for 12 MHz, it will 
work fairly well in locations where the antenna is well 
out in the clear and away from any trees or buildings. 
This rhombic antenna, therefore, may be said to be 
extremely effective over a 2 to 1 frequency range 
(4 - 8 MHz) and fairly effective over a 3 to 1 frequency 
range (4 - 12 MHz). It would work over any 3 to 1 fre- 
quency range, 6 to 18 MHz, 8 to 24 MHz, or any similar 
range. Of course appropriate leg lengths and heights 
would have to be used for two wavelength legs and 
one-half wavelength for the lowest frequency. 

beamwidth 
The beamwidth of a rhornbic is generally a function 

of the leg length. Table 2 indicates beamwidth 
versus leg length. Beamwidth is defined as the angle 
where a 3 dB loss has occurred from the maximum 
power point. From Salisbury, North Carolina, with the 
rhombic pointed at approximately 47 degrees from 
north, which is the bearing for London, England, many 
countries can be worked as shown in table 2. 

By switching the feedpoint to the rhornbic including 
the terminating resistor, to the opposite end of the 
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fig. 15. A controlled vertical radiation ICVR) rhombic antenna showing extremes between lowest frequency use (solid lines) 
and highest frequency use (dotted lines.). 

rhombic, its direction of fire will be reversed 180 
degrees. Table 2 also shows the number of DXCC 
countries workable within the stated beamwidths in 
the reverse direction - not very many. It is, however, 
a "pipeline" through Mexico, Pitcairn Island, Clipper- 
ton, and MacQuarie. With a rhombic on Japan, South 
America should be blanketed in the reverse direction. 
Unless you are interested in a particular point-to-point 
radio path, rhombics longer than 10 wavelenths are 
too narrow for general use. 

controlled vertical 
radiation rhombic 

Now that you know how to design a rhombic anten- 
na, let's move on to a more specific aspect of design, 
the controlled vertical radiation (CVR) rhombic. Bruce 
and Beck, in the April, 1935 Proceedings of the l R f O  
described experiments made with a steerable rhombic 
during reception of transoceanic shortwave signals. 
The first and last I'd read about it in Amateur Radio 
was an article in April, 1937, issue of OST." In this 
account, W6AUX and W7CNX reported on their 
operation of a CVR rhombic in the 20-meter band. 
While not claiming anything new, I am expanding the 
CVR principle to provide a rhombic that can operate 
at a design efficiency anyplace in the Amateur bands 
with a limitation only on the minimum acceptable 
beamwidth. 

A CVR rhombic is simply a rhombic whose shape 
may be changed by physical means; see fig. 15. By 
having pulleys on the side towers and one end tower, 

NALFOF SIDE INTERIOR ANGLE (TILT ANGLE, DEGREES) 

fig. 16. Change of vertical angle of radiation with change 
of tilt angle for various operating frequencies. (By 
E. Bruce in 1935.) 

the tilt angle of the rhombic may be changed and set 
to any desired number of degrees. 

Let's see what Bruce and Beck say about that. They 
were studying rapid fading in radio circuits, and the 
possible cause being the interaction of different 
components of a radio signal having different trans- 
mission times. Their past observations had indicated 
that fading was affected by the directivity of the re- 
ceiving antenna. Tests in 1934 had shown that a 
greater degree of angular spread between multiple 
path waves exist in the incident vertical plane than in 

112 March 1985 



the horizontal plane. So they devised a rhombic of the 
type of fig. 15 and ran extensive tests. Their article 
concludes, "It is believed that the results, discussed 
in this paper, demonstrate that sharp angular dis- 
crimination is a basically sound method of combating 
selective fading." 

Of greater interest to Amateurs is not the minimizing 
of fading, but the fact Bruce's and Beck's tests 
showed that the vertical angle of radiation from a 
rhombic can be varied 12 to 14 degrees for a given 
frequency. While it's possible to do that with a Yagi 
antenna by raising and lowering its tower, how many 
hams would want to do that? The compromise - a 
good one - is to have a high Yagi for long-haul or 
band-opening contacts, and a low one for staying 
within the skip zone into Europe when the band is wide 
open. However, we're talking about a rhombic with 
superior gain over a Yagi when the rhombic is 
operating at its peak. 

Figure 16 is a copy of the BruceIBeck curve 
showing steerability, at several wavelengths, of the 
horizontal rhombic antenna used for fading reduction 
studies. We can call it the vertical radiation angle ver- 
sus the rhombic tilt angle. Think about setting your 
rhombic on 20 meters for a 7 degree vertical angle of 
radiation as sunrise approaches to get real long haul 
or early band openings, and then as the day continues, 
changing the radiation angle to 12 degrees or more 
to put a commanding signal into Europe when the 
band is fully opened. When motorized, it would be 
possible to tune the antenna for maximum received 
signal strength from the desired location. 

In the 1937 QSTarticle, using the same idea, Moore 
and Johnson concluded the following: 

1. That there is an opthum angle in the vertical plane 
for transmission as well as reception. 

2. That the optimum angle for transmission and recep- 
tion are close together although not necessarily 
coincident. 
3. That there is, under normal conditions, only a very 
limited region in the vertical plane in which useful 
radiation takes place, and that energy directed into any 
other region in the vertical plane is largely wasted. 
4. That the optimum angle of  transmission changes 
from time to time with changes o f  seasons and con- 
ditions, but that there is no material change within a 
short interval of time. 
5. That controlled directivity in the vertical plane is 
relatively more important than directivity in the 
horizontal plane. l 

Now that rotatable arrays are the accepted thing, 
the fifth claim is debatable. However, in the 1930's one 
would have assumed Bruce and Beck meant that the 
proper vertical angle of radiation to a given point is 

more important than the gain of the antenna; gain and 
directivity, at that time, seemed to have been synony- 
mous. A very high gain antenna whose vertical angle 
of radiation over-shot the desired reception point 
would be a poor performer in comparison to a dipole 
whose vertical angle of radiation was such as to give 
maximum reception at the receiving point. 

From earlier discussions, we have learned that the 
vertical angle of radiation does change as we vary the 
tilt angle of the rhombic. That change is very easy to 
see with the stereographic overlays. Unfortunately for 
the earlier investigators, Foster did not publish his 
works until October, 1937.7 

We must not be left with the impression that we 
are getting something for nothing when we change 
the vertical angle of radiation by tuning the tilt angle. 
If you recall the analysis section above, you will 
remember that the tilt angle during design is adjusted 
to fall on a dotted circle of the ground interference pat- 
tern to give a 6 dB boost from the ground reflected 
signal. By tuning the tilt angle during operating 
periods, that ground reinforcement deteriorates. How- 
ever, this is where point five of the Moore lJ~hnson~~ 
conclusions becomes important; controlled directivi- 
ty in the vertical plane is more important than gain in 
the horizontal plane. Since we can tune the tilt angle 
for maximum received signal, the law of reciprocity 
of transmittedlreceived signals says we are at the best 
operating conditions for the radio path in use. 

The most interesting thing about being able to 
change the configuration of the rhombic is the ability 
to tune the antenna to the operating Amateur band 
desired. It was earlier stated that a fixed rhombic can 
be made to work reasonably well over a range of fre- 
quencies of 3 to 1. As the frequency gets higher, the 
vertical angle of radiation gets lower until at some fre- 
quency the main lobe splits and the rhombic no longer 
has high operating performance. 

The CVR rhombic can be adjusted for peak per- 
formance at any Amateur band. For example, if for 
a given arrangement, the antenna frequency is in- 
creased to the lobe splitting point, it is necessary only 
to lengthen the overall configuration to raise the ver- 
tical angle of radiation and bring the split lobes 
together again at the higher frequencies. 

RF feed to a rhombic 
This discussion of feeding RF to the rhombic is 

based on the understanding that the antenna will be 
terminated in its characteristic impedance. By so ter- 
minating it, we can take advantage of the excellent 
front-to-back ratio that distinguishes this antenna from 
other types, as discussed earlier. The method of ter- 
mination will be discussed later. 

The antenna input impedance changes with fre- 
quency even when terminated. Various authorities 
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show that an impedance change occurs from as much 
as 850 ohms to 600 ohms over a frequency range of 
4 to 23 MHz. However, because of the relatively small 
percentage change, the worst SWR based on a center 
impedance of 750 ohms would be 1.25:l. So the prob- 
lem boils down to getting from the transmitter output 
of 50 ohms to the antenna's 750 ohms (see fig. 17). 

It can be seen that the main transmission feeder line 
is a 600 ohm, two-wire open line, with provisions to 
feed either end of the rhombic antenna. A switching 
arrangement at the center of the antenna permits ex- 
changing the RF feedline and dissipation line to allow 
remote switching of direction of fire while maintain- 
ing a high front-to-back ratio in the chosen direction. 

You can get to 600 ohms from 50 ohms immediate- 
ly by using a 12:l ratio balun. Barker and Williamson 
makes a 5 kW 12:l balun; you can also wind your own. 
Six hundred ohms for the main transmission line was 
advisable in my case because of the availability of a 
118 watt, 600-ohm type CX. The Globar Division of 
The Carborundum Company makes a non-inductive 
resistor that can be used in conjunction with the dis- 
sipation line as the termination resistance. 

Impedance changes from 750 ohms to 600 ohms are 
required to get to the 600-ohm line from the two ends 
of the rhombic. A transmission line whose character- 
istic impedance is gradually tapered from one value 
to another may be used as a coupling transformer pro- 
viding the change in impedance along the line is suf- 
ficiently gradual. 

When a tapered-line transformer with a minimum 
length is desired, the characteristic impedance must 
be tapered exponentially between the two limiting 
values. One can avoid complicated design computa- 
tions by using an exponentially tapered line section at 
least one-half wavelength long at the lowest frequen- 
cy to be transmitted and connecting it directly between 
the antenna and the transmission line. Such a line was 
used between the 750-ohm antenna input and the 
600-ohm main transmission line. Since I wanted to use 
the rhombic on 80 meters, a half-wave exponential line 
of 137 feet in length was constructed for each end of 
the rhombic. 

rhombic termination 
If you don't wish to reverse the direction of radia- 

tion of the rhombic, a non-inductive resistor may be 
installed directly at the far end of the rhombic. The 
power rating of the resistor should be at least one-third 
of the power going into the antenna; two-thirds of the 
input power is radiated before it reaches the far end. 
For example, if the power to the antenna is 500 watts, 
key down, the terminating resistor should be able to 
dissipate about 170 watts. 

An alternative is to use a balanced lossy line of high 
dissipation rating. I used a 600-ohm dissipation line 

S 0 0 ' 1 M 2 . 4  M I  6 0 0  OHM 
S T A I N L E S S  S T E E L  N0 .14  WIRE 
O l S S l  PAT ION L l N E  

- 6 0 0  OHM L l N E  
2 9 0 '  1 8 8 . 4 1  

12 : l  BALUN Q 
I k 5 0  OHM COAX 2 5 ' 1 7 . 6 M I  

TO 

O l S S l P A T l O N  LlNE 

TO 6 0 0  T O  S O 0  
OHM LINE OHM L INE  

fig. 17. (A) Matching to the rhombic and changing its 
firing direction is accomplished by using a 12:l balun, 
transmission line switch and dissipation line. ( B )  
Transmission line changeover requires an effective 4 PDT 
switch. 

(No. 14 Stainless Steel wire) 500 feet long. The 
600-ohm, 118-watt non-inductive resistor terminates 
the line. As seen in fig. 17, remote controlled switch- 
ing circuits permit swapping of the transmitting and 
dissipation line to permit reversing the direction of fire 
of the rhombic. 

motorized configuration changer 
Figure 15, previously referred to, is a very simplified 

picture of how to change the configuration of the 
rhornbic. However, because the motorizing of the con- 
figuration change by remote means was the most dif- 
ficult part of the project to develop successfully, some 
guidelines may be useful. 
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fig. 18. Counterbalencing system to reduce motor drive 1 load. 

The first attempt to motorize the configuration was 
done by a motor at the far end of the array with the 
weights on the side tower to maintain proper tension 
in the antenna as the configuration was changed. 
Don't do it that way! As the rhombic becomes "long- 
er," its legs approach a straight line. The force required 
to pull the rhombic becomes increasingly greater and 
a very large motor is required. A better way is to pull 
the legs in from the side as depicted in fig. 15. An 
analogy is the difficulty in tightening a violin string as 
opposed to the ease of plucking it from the middle. 

Two identical motors - of only modest power - 
are required. To further reduce the motor power re- 
quirements, a counter-balancing arrangement should 
be used; see fig. 18. Using such a system permits a 
lower motor output because it must only overcome 
the difference in antenna force versus the counter- 
weight force as the system moves off its equilibrium 
point, a point of zero motor output requirement. 

The drive motors have to be capable of reversing 
and require a gear reduction to not only increase out- 
put torque, but to give slow spindle speed; a spindle 
rotation speed of 20-30 RPM is good. A 230-volt re- 
versible motor with integral gearing to give 50 foot- 
pound torque at a speed of 75 RPM was originally 
tried. That proved inadequate even with the counter- 
balancing system..A further gear reduction of 4:1 using 
a chain drive proved acceptable. That was with a 65 

pound counter-balance weight, and a 200 pound far- 
end weight. A surplus synchro connected to the gear 
motor drive at the closest-to-the-house side-tower per- 
mits remote indication of the configuration at the oper- 
ating position during dark hours. It was necessary to 
use a gear step-down arrangement so that the syn- 
chro makes only one revolution of the entire configura- 
tion change. 
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controlled vertical radiation 
rhombics 

part 2: antenna erection and performance 

Four towers, careful siting 
and plenty of wire 

yield topnotch results 

Very few projects can be completed without 
compromise, and erecting a rhombic antenna is no 
exception. In this project, the compromise lay between 
tower height and low-frequency operation. An anten- 
na height of about 65 feet was the maximum desired; 
this meant that 7 MHz would be the lowest design fre- 
quency. The desire to have no more than eight wave- 
lengths on the 28-MHz band established the leg length. 
As pointed out in part 1 of this article, an eight- 
wavelength array produced an 8-degree beamwidth, 
and anything less was not desired. Thus two wave- 
lengths on 7 MHz equals 277 feet. The antenna per- 
forms well on the 7, 10, 14, 18, 21, 24, and 28 MHz 
bands and to a lesser extent on the 1.8- and 4-MHz 
bands. 

Based on the height and leg length, the tilt angle 
for the various bands was determined, with special 
emphasis on the lowest and highest bands - 7 and 
28 MHz, respectively. These bands would determine 
the greatest width between the side towers and the 
greatest length between the end towers. Figure 1 
shows the horizontal layout of the designed rhornbic, 
emphasizing the 7 and 28 MHz configurations. Note 
that a 2 A angle (see part 1, fig. 3) of 50 and 20 
degrees are required for the 7 and 28 MHz configura- 
tions, respectively. This requires the let-out of the 
rhombic from the side towers of about 72 feet to go 
from 7 to 28 MHz (see table 1). The resulting takeup 
at the end tower is about 45 feet. 

The determination of these parameters is a matter 
of trigonometry and is not detailed here. 

geographical bearing 
and antenna layout 

The determination of the location of the four towers 
is the crucial point of the design; once the towers are 
set in concrete, they can't be moved. Two points to 
consider in this regard are the desired bearing of the 
rhornbic from true north and the allowance for a gap 
between pulleys and down lead. The downlead sup- 
ports a counterweight, which must clear the tower as 
the counterweight is raised and lowered. An additional 
three feet between pulley and tower is advisable. 

Unlike a Yagi, whose beamwidth may be anywhere 
from 40 to 60 degrees, the eight-wavelength rhombic 
will have a beamwidth of only 8 degrees. Therefore, 
accuracy in determining both the true bearing to the 
desired reception area and the physical positioning of 
the four towers supporting this antenna is especially 
Important. Check all measurements and calculations ~. 
carefully. (See references 1 and 2 for how to deter- 

I 

mine bearings. 1 
To determine the bearing of my antenna, and to set 

the ground posts properly, I borrowed a transit and 
stood where the fixed-antenna tower was to be 
erected. I sighted Polaris - the North Star - while 

1 KA4ECM, my wife Millie, stood about 400 feet away, 
shining a flashlight toward me. I lowered the transit, 
to a point parallel to the ground still keeping it pointed 
squarely in the direction of Polaris, while KA4ECM 
walked slowly in an east-west direction. As soon as 
I spotted her light in the transit viewfinder, I signaled 
for her to stop. She then planted a ground post at that 
point. 

The following day we reset the transit to align on 
that ground post, and swung it 46.8 degrees from 
North, inserting a second post at the distant point. 
(Accuracy of + 1 degree is recommended.) 

By Henry G. Elwell, Jr., N4UH, Route 2, Box 
20G, Cleveland, North Carolina 27013 
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fig. 1. Horizontal layout of controlled vertical radiation rhombic at the lowest frequency (7 MHz) and the highest deslgn 
frequency I28 MHz bandl. 

R e v e ~ i n g  switch at center of rhombic field. 

We stretched a length of nylon string between the 
two posts, each representing an end tower, and then 
took accurate measurements (using a steel tape) to 
(a) the point representing the center line of the side 
towers, and (b) the point representing the end point 
of the 28-MHz rhombic, corrected for the increased 
distance needed for pulley-tower separation. (Plan on 
installing a pulley on the fixed end so that the whole 
array can be dropped to the ground when necessav. 

We then placed the transit on the nylon string at 
the point representing the side tower's centerline. 
Ninety-degree right and left bearings were made and 
posts temporarily set at distances of approximately 120 
feet. We strung nylon cord between these posts, took 
accurate measurements along the cord, and then 
drove stakes representing the two side towers into the 
ground. 

table 1. Correlation between amount of "let-out" and 
antenna height. 

side tower antenna height 
let-out, feet feet 

0 65.00 
10 61.75 
20 59.00 
30 57.00 
40 55.00 
50 53.75 % 

60 53.50 
70 52.25 

Even though Polaris is easy to spot with the naked 
eye, it may be difficult to locate with the transit or 
telescope. Because of its great distance from Earth, 
its light reaches the telescope in parallel rays, making 
magnification difficult. Taking your bearings on a clear, 
windless - and not too cold - night minimizes the 
discomfort of an already difficult task. 

The terrain over which my rhombic had to  be 
erected was generally level but fell off quite sharply 
to the east. Various tower heights were necessary to 
produce an antenna that would be parallel to sea level. 
Two were 70 feet; a side tower had to be 80 feet; and 
the far end tower was 100 feet. The necessary tower 
heights were determined from topographical maps. 

If the rhombic is to be erected on ground with a 
uniform slope extending for at least IOU0 yards in front 
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table 2. Control of the vertical angle of radiation is by paying out the side tower cables. 

let-out vertical angle of radiation - degrees 
distance angle 2A 7.2 10.1 14.2 21.3 28.6 

(feet) (degrees) MHz MHz MHz MHz MHz 

0 50.0 26 16.0 5 beam splits 
10 45.8 28 20.0 11 beam splits 
20 41 .6 30 22.5 16 beam splits 
30 37.6 31 24.0 18 6.0 beam splits 
40 33.4 32 26.0 21 10.0 7 
50 29.2 33 27.0 22 14.0 11 
60 25.0 34 27.5 23 16.0 13 
70 21 .O 35 28.0 24 17.5 15 

of the antenna, the practice is to make the front and 
rear poles approximately equal in height in order to 
bring the major axis of the antenna parallel to the 
average ground slope. 

The erection of towers has been well covered in the 
literature. Substantial towers, well guyed in three 
directions according to the manufacturer's specifica- 
tions, are necessary. One point to remember is that 
one guy set should be directly behind the vector force 
of the antenna at each tower. 

In private communications, Marshall Etter, W2ER. 
who was chief engineer at the old RCA overseas 
receiving station in Riverhead, Long Island, stated that 
tests showed it was not necessary to interrupt the guy 
wires with insulators for rhombic arrays. However, if 
the towers are also to be used for mounting Yagis, 
the use of guy insulators should be considered. 

As to choice of antenna wire, the military specifies 
high strength, 40 percent conductance, using three 
strands of No. 12 AWG copperweld wire, with a rated 
breaking point of 2433 pounds. Other wire, such as 
No. 6 AWG (0.162 inch), 40 percent conductance cop- 
perweld, may also be used. W2ER stated that seven- 
strand No. 16 AWG bronze wire was used in the RCA 
Rocky Point installations. He advises against the use 
of solid wire, which tends to vibrate in long spans. I 
used a special stranded steel core, wrapped with cop- 
per, used for aircraft trailing-wire antennas.' 

For maximum strength, treat the rhombic as four 
long-wire antennas. Terminate each leg at an insulator. 
At  the side tower, terminate both the left and right 
legs on the same insulator holes, connecting the two 
legs with a flexible jumper soldered to each leg for a 
good electrical circuit (see fig. 2). The flexible jumper 
provides slack when changing the tilt angle for dif- 
ferent bands or propagation conditions. 

The end tower antenna legs are terminated in in- 
sulators, and two insulators connected to a pear ring 

'Marshall Ener, WZER, has a limited supply of wire. insulators. and other 
rhombic antenna construction materials. Inquiries lenclose SASE1 should be 
addressed to W2ER at 16 Fairline Drive. East Ouogue. New York 11942. 

Side tower drive system. Motor drive is'at left: take-up spin- 
dle, center; synchro position transmitter. right. Note the chain 
drive from motor to spindle to provide increased torque. 

(see fig. 3). The pear ring provides a strong, easy way 
of connecting the three forces: two antenna legs, and 
the opposing force of the restraining cable. 

standing wave rafio 
Once the complete system was operational, SWR 

was measured. Figure 4 shows the average overall 
SWR from 160 meters through 10 meters. The in- 
crease in SWR in the 160-meter band may be expected 
because the exponential lines were designed for a 
minimum frequency of 3.5 MHz and the 4:l balun can- 
not be expected to operate properly over such a wide 
frequency range. Although the big rise in SWR in the 
21-MHz band is not understood, it is believed to be 
associated in some way with the balun. Operation in 
the 15-meter band is excellent, and with all open wire 
lines. losses due to a 3 : l  SWR are minimal. 
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F L E X l B L E  COPPER W I R E  
(LAMPCORD NO I2 OR NO I41  

.? E A C C  S I D E  

- S l D E  S T R A I N  

I N S U L l T O R  

fig. 2. Connection of antenna leg at side towers to obtain 
antenna strength and good electrical connection be- 
tween antenna legs. 

End tower; 220-pound weight is shown in &meter position. 

I have long believed in using tubes, which are very 
forgiving on SWR excursions, in the output amplifier 
stages. Use of solid-state outputs would require in- 
vestigation and correction for SWRs greater than 2:l 
or suffer the reduction in output levels which such 
transceivers automatically provide. 

report on results 
It will take many more months of operation and 

evaluation to explore fully all the capabilities of the 
CVR rhombic. After almost a year's operation during 
its development period, results can be reported in 
qualitative terms. Additional testing with data on the 
effects of changing the configuration for operation on 
a specific band as well as other details may be the sub- 
ject of another article. 

The rhombic has been used on all current Amateur 
bands from 160 through the 10-meter band. Foster 
graphs3 determined the expected results to be as 
shown in table 2. A report on its actual performance, 
band by band, follows. 

160 meters. The rhombic has a constant 3:l SWR 
over the entire band. Using an FT102, phone contacts 
were made from this QTH to the Virgin Islands, to 
Canada, and west to  Texas. Definite front-to-back 
response was noticed when reversing direction of fire. 
Comparisons were made against an &O-foot W2LL ver- 
tical with apparent advantages going to the vertical 
for longer distances, and to the rhombic for shorter 
distances. 

80 meters. The rhombic, 1 wavelength on a leg, has 
an SWR less than 2 5 1  over the entire band. It ex- 
hibits definite gain over a W2LL vertical (60-foot tower 
with TH7DX Tribander on top) for DX. Friends in the 
New York City area said the rhombic's signal was 
stronger than that of any other antenna I've ever used. 
One of the first contacts was with VKGHD, long path 
at 21572. There is about a 15-dB front-to-back dif- 
ference when reversing antenna fire direction. The 
beamwidth is noticeable, ZL4PO/C, within the beam- 
width, gave me a 58 when all other East Coast sta- 
tions were getting 56 to 57. However, Australian sta- 
tions, which are outside the beamwidth by 23 degrees, 
give me reports comparable to other East Coast 
stations. 

C A B L E  CLAMPS 

DOWN L E A 0  WRAPPED 
AND SOLDERED 

E N D  A N T E N N A  

S U P P O R T I f f i  CABLE 

S Y I I C I L E  121 qd L E N D  L N S U L A I O R  A N T E N N A  

DOWN L E A D  WRAPPED 
AN* S O L D E R E D  

fig. 3. Pear ring used for terminating antenna and sup- 
porting cables. 
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fig. 4. Graph illustrates smoothed SWR ratio versus 
frequency. 

on 20 meters provides very impressive signals. My first 
CQ on this band with the FT102 during band-opened 
conditions was a sufficient reward for all the effort put 
into siting and construction of the rhornbic. 

The comparison antenna on this band is a Hy-Gain 
TH7DX at 60 feet; this is a tribander beam on a 24-foot 
boom with two driven elements, a director, and a 
reflector. It is an excellent antenna that puts me among 
the top callers in most pileups. 

The results of comparisons with European stations 
show a 1-112 to 2 S-unit advantage of the rhombic 
over the TH7. Front-to-back ratio is about 25 dB. The 
narrow beamwidth of the rhombic is noticeable on this 
band; thus, signals into Australia are superior on the 
TH7, as expected, because Australia is off the 3-dB 
edge of the main lobe by almost 30 degrees. 

40 meters. The rhombic exhibits a sharp change in 16 meters. No operation has been accomplished on 
SWR over this band: 3:l  from 7.0 MHz, dropping to this band, although a quick SWR check indicated an 
1.5:l at 7.2 MHz and remaining there over the rest of SWR of 1.7:l. 
the band. These SWR changes are peculiar to my par- 
ticular setup. Being terminated, the SWR should be 
reasonably flat over the entire band. The rhombic is 
2 wavelengths on a leg on this band. Reversing the 
direction of fire results in a 30 dB change in signal 
strength. 

I've used the rhombic on this band mainly in con- 
tests, with phone results being the most informative. 
Because contest signal reports are meaningless, anten- 
na effectiveness has been judged by the fact that, ex- 
cept for a single exception, my station received the 
first reply when a European stood by for Stateside calls 
on a stated frequency. No other 40-meter antenna was 
available during this evaluation period to supply com- 
parative reports. However, the "feel" is that the rhom- 
b i ~ ,  in its favored directions, is equal to or better than 
3- or 4-element Yagis. 

30 meters. The rhombic, 3 wavelengths on a leg, 
has an SWR of approximately 1.5:l across the band, 
and a front-to-back ratio of about 30 dB. Its signal real- 
ly shines on this band because most of the antennas 
in competition with the rhombic are relatively simple. 
In the @-meter configuration (on the 30-meter band) 
the rhombic's vertical angle of radiation (VAR) is at 
its lowest angle - 16 degrees - so ground reinforce- 
ment on this band 130-meter) has not been of major 
significance. 

20 meters. The rhombic, 4 wavelengths on a leg, 
has an SWR practically flat over the entire band; that 
is, 1.2:l or less. Operation is with the side insulators 
30 feet from the side towers for open-band operation 
into Europe where its vertical angle of radiation is 
about 18 degrees. Experience has shown that for band 
opening, long-path operation, and band closing opera- 
tion, a 40-meter configuration with a VAR of 5 degrees 

15 meters. The rhombic is 6 wavelengths on a leg 
on this band and for some unknown reason, not in- 
vestigated, the antenna system has an SWR ranging 
from 3:1 to 2.2:l over the band. 

Preliminary controlled vertical radiation operation 
was accomplished over the entire configuration 
change of the rhombic, - that is, with side insulators 
at zero feet to 70 feet. Because it takes about 30 
seconds for a 10-foot increment change of the side 
insulators, I thought it best to take qualitative 
measurements on a broadcast station. Radio Berlin at 
21.6 MHz was used for the test. A 25-dB change in 
signal strength was noted between zero feet and 40-50 
feet, with a buildup of 5 dB from that point to 60 feet 
and 70 feet. Much more work has to be done in this 
area. 

12 meters. Again, no operation is permitted on this 
band, although a quick SWR check indicated a 1.2:l 
SWR ratio. 

10 meters. On this band the rhombic is 8 wave- 
lengths on a leg and its operation is truly awesome 
to someone like me, whose biggest 10-meter anten- 
na was a 5-element Yagi at 55 feet. I first operated 
on this band in February, 1983, with the rhombic in 
a 40-meter configuration. At that time I had not yet 
fully explored the beamwidth of the rhombic. But I 
foolishly asked Roger, N4ZC, with his large antenna 
farm to work VKs and ZLs with me to see how our 
signals compared. In both countries his 6-element Yagi 
at 90 feet was 2 S-units better than my rhombic. 

Since that time I've realized that even ZL is too far 
beyond the 8-degree beamwidth of the rhombic on 10 
meters, and the 40-meter configuration simply does 
not operate properly on 10 meters. 
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fig. A l .  An exponential transmission line is used t o  
transform impedances. 

Ten meters opened again in the Fall after I had gain- 
ed more experience with the rhombic and adjusted it 
to operate on this band. In the RSGB 10115 meter con- 
test in October, although not noted for my speedy 
contest operation, I worked 61 UK stations in 25 
minutes because of the strength of the signal I was 
putting into Europe; "First W heard this morning," and 
"Loudest signal on the band," were pleasant to hear. 

The general opinion appeared to be that the rhom- 
bic was 3-4 S-units stronger than the TH7. However, 
the narrow beamwidth is very noticeable on this band. 
With 45 ARRL countries within the beamwidth of the 
rhombic, the population density of Europe was being 
saturated, which was the original objective of the 
project. 
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appendix 

determination of an 
exponential line 

Exponential transmission lines are useful in transforming im- 
pedances. The values at any point along the line can be determined 
using graphical or mathematical approach.A'.A1 Since these 
references may not be available to everyone, a description of their 
method follows. 

graphical method 
This method uses a minimum transmission-line dimension of one- 

half wavelength drawn on semi-log paper. 

Mark the vertical scale with the desired impedance range. All cases 
will probably be from 100 to 1000 ohms. 

Mark the horizontal scale in wavelengths or electrical degrees. 

Mark a point at the 0 degree location with the desired input 
impedance. 

Mark a point corresponding to the desired output impedance and 
degrees point. The separation between these two points should 
be at least one-half wavelength (180 degrees). 

Draw a line between the two impedance points. 

The required characteristic impedance can now be read from the 
graph at all intermediate points along the line. 

Determine the necessary line configuration from each impedance 
point from the formula: 

a = P 1021276 2- wire line ( A l l  

a = 4.2 P IoZ/ l38  4- wire line, (A31 
cross-connected 

where a = distance between wires of transmission line, in inches 
P = radius of wire, in inches 
Z = desired line impedance 

Table A1 lists wire radius for various size wires. Table A2 shows 
impedance variation along an exponential transmission line as a func- 
tion of location and line spacing. 

Example: Design an exponential 2-wire line to go from 760 ohms 
to 600 ohms using No. 14 bare copper wire, 314 wavelength (270 
degrees). Figure A1 is first drawn and then a table set up to show 
distance from the 600-ohm point, the impedance representing that 
distance, and (from the above equations) the line spacing required; 
see table A2. For greater accuracy, use the second method. 

mathematical method 
The impedance, Z, at any point on an exponential transmission 

line can be mathematically described as: 

Z = 2, e2so (A41 

where Z, = the input or sending end impedance in ohms 
s = line length in wavelengths (1 wavelength = 360 

degrees) 
6 = is a transformation function 

The transformation function can be determined from the desired 
characteristics of the transmission line; i.e., input impedance, Z,, 
and desired output impedance, Z, at the end of the line of s wave- 
lengths. Its equation is: 

(I= 1 m Z -  
2s 2, (A51 

To solve, determine: 

input and output impedance; Z, and Z. 
line length; (minimum of 112-wavelength at lowest operating fre- 
quency); s. 

solve for 6. 
solve for Z for each selected value of s; let s be no greater than 
20 degrees; 10 degrees preferably. 

determine the necessary line configuration for each value of Z 
using line spacing formulas shown in graphical method. 

Example: Design an exponential 2-wire line to go from 600 ohms 
to 760 ohms using No. 14 bare copper wire, 314-wavelength long 
(270 degrees). ++ 
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w ~ t h  dual conversion downconverter 

FEATURES: 
Infrared remote control tuning 

-0 AFC, SAW filter 
RF or video output 
Stereo output 
Poiorator controls 
LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $400.00 
Completed downconverter add 100.00 

Completed receiver and downconverter 
150.00 

JAMES WALTER SATELLITE RECEIVER 
2697 N~cke l .  San Pablo, CA 94806 156 Tel 415-724-0587 

table Al .  Radius of  common wire gauges. 

wire size radius (inches) 
8 0.0642 

10 0.0509 
12 0.0406 
14 0.0320 
16 0.0254 
18 0.0200 

table A2. Impedance variations along an exponential 
transmission as a function of location and line spacing. 

distance from characteristic line 
600-ohm point impedance spacing 

(degrees) (ohms) (inches) 

0 600 4.78 
M 61 1 5.23 
40 620 5.64 
- - - 

250 750 16.69 
270 760 18.14 

table A3. Mathematical and graphical method results 
compared. 

distance from characteristic line 
BOO-ohm point impedance spacing 

(degrees) (ohms) inches 

0 600.0 4.78 
20 610.6 5.22 
40 621.4 5.71 
- - - 

250 747.2 16.31 
270 760.0 18.14 

- 
YOU WANT IT? 
DAN'S COT IT! 

Steps 1 and 2 have already been determined. It is then necessary 
to solve for 8, which will become a constant for this example; Z ,  
is also a constant. 

- 

VABBM r/' 

Then solve for Z at 10 or 20-degree intervals and tabulate. Twenty- 
degree intervals are shown in table A3. 

20 z = 6W eN*lao.0.1381 = 6 / 0 6  

KENWOOD 

Line spacing is then determined: 

ALL OF THESE GOODIES AND MANY MORE 
AT A SUPER SAVINGS! 

CALL TODAY 

1 (800) 241-2027 
BRITT'S 2-WAY RADIO 

Sales & Serv~ce 
2508 Atlanta Street 

SMYRNA, GA. 30080 
(404) 432-8006 f l  t s l  

o = 0.032 (106W/276) = 4.78 inches 

It will be seen that a slight discrepancy exists between the values 
of Z obtained from the graphical method and from the mathematical 
method because of difficulty in reading the curve. 

For a given spacing, a four-wire line will give a much lower im- 
pedance than a two-wire line, and a cross-connected four-wire line 
will give an even lower impedance (than the same dimensioned side- 
connected four-wire line). Also the larger the wire-diameter wire, 
the lower the impedance for a given line separation. These factors 
may be used to arrive at your design of an open wire exponential line. 
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