Basic NVIS Antennas with Reflectors: Dipoles, Loops, and Vs
L. B. Cebik, W4RNL

An interesting facet of basic NVIS antennas—the dipole, the 1-A loop, and the inverted-V—is
the suggestion that we can improve antenna gain by placing some form of wire structure below
it. The possibilities are numerous, but the most common suggestion is the addition of a single-
wire element. In fact, with proper consideration, the suggestion will work, but with limitations.
As well, there may be better, although more complex, solutions to obtain better zenith gain from
the basic NVIS antenna.

The structure that we place below the driven wire has acquired two names, one correct, the
other misplaced and misleading. The correct name for the element is a reflector. If the reflector
is a single-wire element optimized in size for best performance, then it is a parasitic reflector.
Still, the circumstances of its use will force us to modify the expectations that we have of such
elements when used with highly elevated beam antennas. If the structure below the driven
element consists of a screen or a series of wires parallel to the endwise orientation of the driven
element, then we have a planar reflector (sometimes called a sheet, curtain, or screen reflector).
We shall eventually examine both types of reflectors for NVIS applications.

The incorrect name for the element—usually applied to the single-wire reflector—is
“‘counterpoise.” Although widely bandied about, the term “counterpoise” actually applies only to
a certain form of monopole completion structure that substitutes for buried radials. Very slightly
elevated from the ground and not connected to ground by any direct means, the counterpoise
serves the monopole by capacitive coupling to the ground. Although quite effective for its
function, the counterpoise has disappeared from active use, seemingly freeing the terms for
other uses. Unfortunately, the terms has greatest use in lazy applications, where an
investigator or writer does not take the trouble to analyze the structure’s role in an application
and further does not go on to optimize its physical parameters relative to the application. This
situation too often applies to NVIS applications with careless element sizing and placement.
Perhaps it is time to drop both the term and the associated carelessness from not only NVIS
concerns, but from any antenna considerations whatsoever—except, of course, when working
with the original engineering designs for monopole-counterpoise antenna systems.

In these notes, we shall treat NVIS antenna reflectors, whether parasitic or planar, as parts
of an antenna system consisting of a driven element and the element or structure below it. For
parasitic reflectors, we shall size them for nearly optimal performance and carefully consider
their placement. We may measure placement in two ways: as their height above ground or as
their separation from the driven element. For both perspectives, we shall discover that the
height of the driver above ground plays a significant role in reflector placement. In addition, the
ground quality also dictates the placement of a carefully designed reflector element.

We shall also discover that dipoles and 1-A loops, despite the similarities of their optimal
heights over various ground qualities when used alone, do not respond identically to reflector
elements. Eventually, we shall look at the inverted-V to let it reveal further oddities. Although
planar reflectors improve gain most when placed close to their driven elements, practicalities
dictate that we place them on or very near to the ground. Nevertheless, they will prove their
merits, especially when we give proper attention to their size.

We have much to explore, even if the concept of a NVIS reflector seems simple. Let’s begin
with the dipole.



The NVIS Dipole and a Parasitic Reflector

At its optimal height, the common linear or level dipole provides quite good NVIS
performance with a range of about 5 to 7.4 dBi zenith gain, depending upon the operating
frequency and the quality of the soil beneath it. Under certain conditions, we can increase the
gain by adding a parasitic reflector somewhere between the dipole and the ground.
Unfortunately, we cannot specify a specific place for the reflector, since numerous variables
enter into the optimal placement. Fig. 1 provides indicators of the most relevant variables.
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Like almost all parasitic reflectors, the element length must exceed the length of the
resonant dipole. As well, the proper placement will vary with the dipole’s height above the
ground and with the quality of the ground. As shown in the sketch, we may specify the
placement by two measures: the height of the dipole above ground or the separation of the
dipole from the driver. Unfortunately for ease of analysis, both parameters tend to vary with the
height of the dipole itself and the quality of the ground beneath.

In these notes, we shall confine ourselves to 75-meter and 40-meter dipole arrays. Rarely
are 160-m dipoles high enough to sustain a reflector element. On 60 meters, one may
interpolate between the 75- and 40-meter data to arrive at a reliable value, since the gain curves
are not sharp enough to modify performance drastically with small variations.

Beginning with the 75-meter dipole, we shall again use AWG #14 copper wire for all
elements. The main unit of measure will be the wavelength, and the dipole will be 0.4803-A
long. The reflector element will be 0.5-A long. The reflector length theoretically will change as
we move the reflector around, but not enough to disturb the trends that we find with a constant
length. We shall catalog the results of modeling the dipole at three heights (to reduce the
number of continuously changing variables). Heights of 0.15-A, 0.175-A, and 0.2-A will surround
the optimum heights over all three of our standard ground types: very good, average, and very
poor.

Tabulated results (Table 1) will include, for each dipole, reflector heights from 0.005-A to
0.06-A in 0.005-A increments. In addition, we shall include two special heights: -0.001-A to cover
the potential for a buried reflector element and 0.001-A to cover the case of a reflector so low
that someone might trip over it. The table shows the height in feet for every increment of
reflector height. It also indicates in boldface the reflector height of maximum zenith gain and
shows on the right side the indicated separation from the dipole. For each height, the tables
show the zenith gain and the broadside beamwidth.



NS 3.9-MHz Dipale with a Single-Wire Reflectar Element
Dipole: 0.4506-wl AWG #14 Copper Wire

Dipale Height

Mo Reflector

-0.001 -0.25
.00 025
0.005 1.26
.01 252
0015 378
0.0z 5.04
0.025 5.30
.03 =T
0.035 3.83
.04 10.09
0.045 11.35
.05 1261
0.055 1387
0.05 1513
Max. Delta Gain
Dipole Height

Ref Ht wl | Ref Ht ft
Mo Reflector

-0.001 -0.25
0.001 0.25
0.005 1.26
0.0 2582
0.015 378
0.0z 5.04
0.025 G.30
.03 TaT
0.035 8.83
.04 10.09
0.045 11.35
.05 1261
0.055 13.87
0.05 1513
Max. Delta Gain
Dipole Height

Fef Ht wl | Ref Ht ft
Mo Reflector

-0.001 025
0.0 025
0.005 1.26
0.1 252
0.015 378
0.0z 5.04
0.025 6.30
0.03 757
0.035 8.83
0.04 10.09
0.045 11.35
0.05 1261
0.055 13.87
0.06 15.13

fax. Delta Gain

b

0.15

wyl

Wery Good Sail
Ref Ht wl | RefHtft | Gain dBi

BS BwW
737 103.2
7.40 103.2
746 103.2
7.43 103.2
7a7 103.4
7.59 103.5
/.58 103.8
7.65 104.2
7.51 104.6
747 105.0
742 105.4
7.37 105.3
7.3 106.4
7.2 106.4
7.19 107.2
0.2z
0175 | wl

Wery Good Soil

5ain dBi | BS BW
739 107.4
740 107.5
744 107.5
/.49 107.5
7.52 107.6
7.52 107.8
/.51 108.2
749 108.4
7.45 109.0
742 109.2
/.38 109.8
7.34 110.2
7.30 110.8
;.26 111.2
.21 111.6
Q.13
0.20 wl

Wery Good Soil

iain dBi | BS BWY
7.28 112.4
;.29 112.4
7.32 112.4
7.35 112.6
7.37 112.6
7.37 112.8
7.35 113.2
/.33 113.6
7.30 114.0
726 114.6
7.23 114.8
719 115.4
716 115.8
713 116.2
/.03 116.8
Q.09

Reflector: 0.5-wl AWG #14 Copper Wire
37.63 | feset
Awerage Soil YWery Poor Sail
Gain dBi | BS BW | Gain dBi | BS BW
6.23 105.4 4.79 117.8
6.33 1058.4 5.04 117.4
6.50 1058.2 5.39 116.8
6.67 108.4 5.60 116.4
6.78 1058.4 5.86 116.4
6.85 1058.6 5.93 116.4
6.90 1058.8 6.05 116.4
6.91 1092 6.11 116.6
6.92 109.2 6.15 116.6
6.90 109.8 6.17 116.8
6.G5 110.2 6.18 117.0
6.54 110.4 6.17 117.2
6.80 110.8 6.16 117.4
6.75 111.2 6.13 117.08
6.69 1116 £.09 118.0
.69 L 1.349
4413 | feet
Awerage Soil “Wery Poar Soil
Gain dBi | BS BW | Gain dBi | BS BW
.40 113.0 5.06 122.4
6.47 113.0 5.25 122.0
£.59 112.8 5.52 121.4
6.71 1128 575 121.0
6.60 112.8 5.90 1208
£.85 113.0 .00 1208 |
6.8 113.2 6.07 120.8
6.89 1136 6.12 1208
6.89 1138 £.15 121.0
5.8 114.2 6.13 121.0
6.86 114.4 6.19 121.2
6.G3 114.8 6.19 121.4
6.80 115.4 6.19 121.6
6.77 1156 6.13 121.8
6.73 116.2 617 122.0
.49 L 143
50.44 | feet
Awerage Soil Yery Poor Soil
Gain dBi | BS BW | Gain dBi | BS BWY
6.39 118.4 5.14 127 .4
6.45 118.2 5.29 127.0
6.53 118.1 5.51 126.4
6.62 118.1 5.69 126.0
6.69 118.1 5.82 1258
6.73 118.2 5.91 1267
6.75 1158.4 597 125.6
6.76 118.6 6.02 1256
6.75 119.0 6.05 126.7
6.74 1192 £.03 1268
B.73 119.5 £.039 125.9
6.71 119.8 6.10 126.0
£.68 1203 6.11 126.0
6.66 1206 6.11 126.2 |
6.63 121.0 6.10 126.4
.37 .95
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MYIS 75-M Dipole Gain at 0.120-WL
Feflector Height ws. Ground Guality
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MYIS 75-M Dipole Gain at 0.200-WL
Feflector Height ws. Ground Guality
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79-M Dipole Gain: Yery Good Ground
Dipole w5, Reflector Heights
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7o-M Dipole Gain: Average Ground
Dipole w5, Reflector Heights
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75-M Dipole Gain: Yery Poor Ground
Dipole w5, Reflector Heights
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As the pages following the table show (in Fig. 2 through Fig. 7) we may graphically examine
the data in two different ways. The easy way is to graph the gain curves for each dipole height
using separate lines for each quality of soil. The first three graphs follow this plan and resemble
the curves in the last set of notes for dipoles alone. They establish that the dipole-reflector over
very good soil has more gain at any height than equivalent systems over lesser soil types. The
three graphs vary by virtue of the dipole height since a dipole and a dipole-reflector array both
reach maximum gain at lower dipole heights with very good ground than over lesser ground
qualities. In contrast, the lines close up somewhat as we raise the dipole height, since the
version over very good ground has passed its optimal height, while the versions over average
and very poor soil reach their peak values at higher dipole altitudes.

Although the initial three graphs relate easily to past performance graphs, Fig. 5 through
Fig. 7 may prove more revealing. In this set, each graph uses a single soil quality, with
individual lines in each graph for the three selected dipole heights. With very good soil, the
0.15-A-dipole height is clearly most nearly optimal. Over average soil, the peak values for dipole
heights of 0.15-A and 0.175-A approach each other as most nearly optimal. Over very poor soil,
the values for the two lower heights are nearly the same, while the values for a dipole at 0.2-A
above ground have nearly caught up to the other lines. These graphs are more than merely
interesting; they indicate a fundamental property of all enhancements that we may bring to basic
NVIS antennas. The enhancement—in this case a parasitic reflecto—becomes more effective
in raising zenith gain as the soil decreases in quality. In Table 1, compare for each major
subdivision the delta values for the three soil types. The maximum improvement for an
optimized reflector over very good soil is only about 0.2 dB over very good soul. The overall
performance improvement is between 0.4 and 0.7 dB over average soil, but it grows to a full dB
or more over very poor soil.

Soil quality determines in part whether adding a parasitic reflector to a given dipole is worth
the effort involved for both installation and maintenance. It also tells us something very
significant about parasitic reflectors in NVIS service. The added element may supplement
ground reflection as the source of zenith gain, but it does not replace the ground. Note also that
even though we find the greatest gain improvement over very poor ground, the total space of
gain value ranges in each graph do not overlap those in another graph. Ground quality tends to
dominate zenith gain, even with a parasitic reflector added to the NVIS dipole.

The table shows the antenna gain of the dipole at each height over each ground quality with
no reflector. Compare the gain values to the next two entries, which show a slightly buried
reflector and one just above ground. In both cases, the gain improvement is minimal to
marginal, at best. The reflector does not significantly improve performance until it is well above
ground. For very good soil, the reflector height is between 0.01-A and 0.015-A, regardless of the
height of the dipole (within the surveyed range). Over average soil, the best reflector heights
have an equally narrow range, but a different one: 0.025-A to 0.03-A. Over very poor soil, where
the reflector has maximum effect in improving the dipole’s zenith gain, the ranges are split,
running in the region of 0.04-A for the lowest dipole up to about 0.055-A for the highest.

Over very good and average soil, the reflector height remains constant, but the separation
between the dipole and the reflector changes with a change in the dipole’s height. The
separation between the dipole and the reflector also changes for each dipole height over very
poor soil, but that change combines with a change in the best height above ground to produce a
more complex picture. In just the region of soil quality for which a parasitic reflector effects a
worthy improvement, uniformity disappears. In fact, over poorer soils, one cannot recommend
either a single height above ground or a single spacing between elements that will cover the



remaining variables, such as dipole height. As soils improve, we can recommend some
reasonably good reflector heights above ground, but not without also considering whether the
potential improvement justifies the installation and maintenance efforts.

Because the reflectors are parasitic, the overall array is a tuned system with operating
bandwidth limits. Like all parasitic systems, the SWR bandwidth (referred to the resonant
impedance) is narrower than the bandwidth of the dipole alone. Fig. 8 provides a sample
comparison of dipoles at a 0.175-A height, one with no reflector and the other with a reflector at
0.025-A above ground. The dipole covers the 3.8-4.0-MHz spread of 75 meters completely, but
the dipole-reflector array manages to cover only about % of the range.

IMF Fin. &
SR Relative to Resonant mpedance at 3.9 MHz
10 Ta-heter WWIS Dipale at 0.175-WWL
over Average Ground
3 Brown: Mo Reflector
=R Red: Reflector at 0.025-%WL above Ground

38 Freg MHz 4

One purpose in adding 40-meter arrays to this initial examination is to determine if the
trends that we saw on 75 meters are general or idiosyncratic to the lower of the two bands.
From our study of dipoles alone, we know to expect slightly lower gain values for each dipole
height when measured as a fraction of a wavelength and from each soil quality. Looking at 40-
meter dipole-reflector arrays can tell us if there are other variations in the trends that are
frequency sensitive.

Table 2 provides the data for 40-meter dipoles at the same three heights (measured in
wavelengths. Of course, the physical heights, as shown in the table, will be only about half the
75-meter values. Otherwise, the data takes the same steps as for the longer antenna. The
reflector height increments are 0.005-A between 0.005-A and 0.06-A, with the addition of —0.001-
A to simulate a buried reflector and 0.001-A to simulate one very close to ground level. The
table also includes reference data for independent dipoles so that we can see the level of
improvement created by the addition of a parasitic reflector.

The data for each entry includes the zenith gain and the broadside bandwidth. The
beamwidth data has an obvious story to tell, namely, that for practical operating purposes, the
beamwidth does not vary enough to be a concern over any soil quality with any dipole height.
However, for both 75 and 40 meters, the beamwidth information conveys some subtle pattern
changes. Over very good soil, the beamwidth continuously rises. Over average soil, the
general trend is a rise in beamwidth value as we raise the reflector height, but we find in some
cases an initial drop in value for the lowest reflector height. Over very poor soil, the beamwidth
decreases from the initial value until we approach or reach the reflector height for maximum
zenith gain, after which point, the value rises. We might also note that the rate of beamwidth
value change slows or stops just before we arrive at maximum zenith gain for each soil and
dipole height combination.



NYIS 7 .2-MHz Dipale with a Single-Wire Reflectar Element
Dipole: 0.4736-wl AWG #14 Copper Wire

Dipale Height

Ref Ht wl | RefHtft | Gain dBi

Mo Reflector

-0.001 -0.14
.00 .14
0.005 072
.01 1.43
0015 214
0.0z 2.86
0.025 3.a8
.03 4.30
0.035 5.0
.04 .73
0.045 G.44
.05 .16
0.055 7.a87
0.05 g.89
Max. Delta Gain
Dipole Height

Ref Ht wl | Ref Ht ft
Mo Reflector

-0.001 -0.14
0.001 .14
0.005 072
0.0 1.43
0.015 215
0.0z 2.86
0.025 3588
.03 430
0.035 5.01
.04 573
0.045 G.44
.05 7.6
0.055 .87
0.05 g.59
Max. Delta Gain
Dipole Height

Fef Ht wl | Ref Ht ft
Mo Reflector

-0.001 -0.14
0.0 0.14
0.005 072
0.1 1.43
0.015 215
0.0z 286
0.025 3.58
0.03 4.30
0.035 501
0.04 573
0.045 6.44
0.05 716
0.055 787
0.06 g.59

fax. Delta Gain

b

b

0.15 | wl

Wery Good Sail

BS Bw

/.08 104.6
7.13 104.65
7.22 104.5
7.32 104.6
7.39 104.8
7.43 104.8
7.44 105.2
7.43 105.5
741 105.8
/.35 10B.2
734 106.58
7.30 107.2
726 107.6
7.21 108.2
716 105.4
0. 36
0.18 | wl

Wery Good Soil

Gain dBi | BS BW
715 108.8
7.18 108.8
7.23 109.0
/.30 109.0
/.35 109.0
7.37 109.2
7.37 109.6
/.36 110.0
7.34 110.4
7.31 110.8
;.28 111.0
7.25 1116
7.22 112.0
/.19 112.4
715 113.0
o2z
0.20 | wl

Wery Good Soil

Gain dBi | BS BWW
/.08 114.2
/.08 114.2
712 114.2
77 114.2
7.21 114.2
7.22 114.4
7.22 114.6
7.20 115.0
/.18 115.4
716 1158
713 11B.2
7.10 1166
;.07 M7 .2
7.04 1176
7.01 118.0
016

Reflector: 0.5-wl AWG #14 Copper Wire
21.45 | fest
Awerage Soil YWery Poor Sail
Gain dBi | BS BW | Gain dBi | BS BW
5.79 110.4 4.33 118.0
5.94 110.2 4.71 1158.4
6.15 109.8 513 117.6
6.37 109.8 5.49 117.0
6.52 1100 571 116.8
B.62 1100 5.86 116.8
6.68 110.2 597 116.6
6.73 110.4 £.05 116.6
B.75 1106 6.11 116.6
6.76 110.8 6.15 116.8 |
6.75 111.2 6.13 116.5
6.73 111.6 6.19 117.0
6.71 111.8 6.19 1M17.2
6.60 1122 6.13 117.4
6.64 1126 617 1176
0.97 L 1.81
25.05 | feet
Awerage Soil “Wery Poar Soil
Gain dBi | BS BW | Gain dBi | BS BW
6.03 114.8 4.71 123.3
6.14 114.6 4.97 1226
6.28 114.4 5.30 121.8
6.45 114.2 5.59 121.4
6.56 114.4 5877 121.0
6.63 114.4 5.90 1208 |
6.68 114.6 599 1208 |
6.72 114.6 6.06 120.8
6.73 1150 £.12 1208
6.74 115.2 6.16 1208 |
6.73 1156 £.19 120.8
6.72 115.8 6.21 121.0
6.71 116.2 £.22 121.2
6.69 116.6 6.23 121.2
6.66 117.0 6.23 121.4
) L 1.452
28.63 | fest
Awerage Soil Yery Poor Soil
Gain dBi | BS BW | Gain dBi | BS BWY
6.08 1200 4.85 128.0
6.15 119.8 5.05 127 .4
6.26 1196 5.31 126.5
£.32 119.4 5.56 126.0
6.48 119.4 572 1257
6.53 119.4 5.83 12545
6.57 119.6 5.91 1264
6.60 1196 5.93 125.3
6.61 1200 6.03 125.2
6.62 1202 6.07 1262
6.61 1205 6.10 125.3
6.60 1208 6.13 1253
£.59 121.0 6.14 126 4
6.58 121.3 6.16 1254
6.56 1216 6.16 1256
.54 131
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A0-M Dipole Gain: very Good Ground
Dipole w5, Reflector Heights
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A0-M Dipole Gain: Average Ground
Dipole w5, Reflector Heights
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40-M Dipole Gain: Yery Poor Ground
Dipole w5, Reflector Heights
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The graphs in Fig. 9 through Fig. 11 catalog the tabular differences by separating soil types.
In each graph, we have individual lines for each dipole height. Hence, we can directly compare
these 40-meter graphs to those in Fig. 5 through Fig. 7 for 75 meters. In the main, we find the
same data trends at work for each soil type, but with variations. For example, over very poor
soil, the lines for each dipole height are closer together than in the corresponding 75-meter
graph. Nevertheless, the overall gain ranges for each chart show no overlap from one soil
quality to the next.

Like the 75-meter reflector heights that yield maximum zenith gain, the 40-meter reflector
heights over very good and average soil show only a small range, regardless of the dipole
height. However, on 40 meters, the ranges are slightly higher: 0.015-A to 0.02-A over very good
soil and 0.03-A to 0.035-A over average soil. Over very poor soil, the ranges are also higher on
40 meters than on 75 meters, reaching 0.06-A for dipole heights from 0.175-A to 0.2-A. In all
cases, we find a change in the spacing from the dipole to the reflector as we change the soil
quality.

One interesting, although perhaps small difference between the 75-meter and the 40-meter
systems is the net improvement created by adding a reflector to the dipole over all soil qualities.
The improvement is a bit better on 40 meters. This fact is consistent with the increased ground
losses that we find on 40 meters relative to 75 meters. As a result, the reflector helps a bit more
on the upper band. Whether the slightly higher improvement offered, for example, over average
soil warrants a reflector on the upper band is a user judgment.

The 40-meter dipole-reflector arrays are just as tuned a set of systems as they are on 75
meters. Therefore, we also find a narrower operating bandwidth (measured here in terms of
SWR relative to the resonant impedance of the individual antennas). Fig. 12 provides a



comparison of a solitary dipole and a dipole-reflector array. Both dipoles are at 0.175-A, while
the reflector is at 0.03-A above ground. By a simple adjustment of the element lengths, one can
better center the SWR curves within the band. However, for our purposes, the comparison of
the two curves is sufficient.

MF Fig. 12
SR Relative to Resonant mpedance at 7.2 MHz
10 Ta-heter WWIS Dipale at 0.175-WWL
over Average Ground
3 Brown: Mo Reflector
=R Red: Reflector at 0.025-%WL above Ground

7 Freg MHz 7.3

At this point, we can see the relatively close parallel behavior between the two dipole-
reflector arrays despite their frequency differences. In both cases, adding a reflector to a dipole
over very good soil makes little sense, while adding one over very poor soil may be justified if an
additional dB or more of zenith gain will enhance operations. Average soil on both bands
presents a case in the margins.

We have two directions in which we might now go. One involves the question of whether
there are any reflector systems that might bring about better results than a parasitic array,
considering both gain and operating bandwidth. A subsidiary question will focus on whether
such systems can materially improve antenna performance over very good and average soil as
well as over very poor soil.

The second direction involves our alternative level antenna, the 1-A loop. To what degree
loops follow or depart from the trends established by the dipole arrays is a significant inquiry,
since we found a close correlation between the heights of maximum zenith gain for both dipoles
and loops. Because any differences might impact the investigation of alternative reflector
systems, we likely should turn down the loop road first.

The 1-A Loop and a Parasitic Reflector

The 1-A loop inherently has more gain than a 2-A dipole. Its advantages for NVIS operation
lie both in the gain and the greater circularity of its upward radiation patterns. As we saw in the
study of the loop alone, the gain advantage of the loop tends to be about 0.6 dB (on average)
over the dipole. Adding a reflector to the NVIS loop is simply a matter of creating a second loop
below the first. Like the 2-element dipole parasitic array, the loop array requires a larger
reflector loop circumference relative to the driven loop circumference.

The loop presents essentially the same open question as the dipole. To what degree does
soil quality play a role in the final array zenith gain and in the placement and size of the reflector
loop? Fig. 13 outlines the loop situation. As with the dipole, we shall sort possible loop reflector
heights from the ground upward and add special notes the show the optimal separation of the
loop at its best height for each ground quality.



Fig. 13
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We may shorten the data gathering by omitting some of the improbable lower reflector
heights from the survey, although we shall retain an entry for 0.001-A above ground to reinforce
the relative futility of trying to improve NVIS performance with essentially a trip wire. As well, we
may reduce the number of graphs to one per band per ground quality to capture of trends in
performance. As with the dipoles, we shall track data with driven loop heights of 0.15-A, 0.175-
A, and 0.2-A to surround in finite steps the region of highest gain of the loop over all soil types.

Table 3 provides the data applicable to loops with reflectors for 75 meters, again using 3.9
MHz as the test frequency. Fig. 14 through Fig. 16 graph the performance over very good,
average, and very poor soil. Perhaps the most notable feature of adding parasitic reflectors to
NVIS loops is the fact that the optimal reflector heights employ only a very small range for all
ground qualities: from 0.02-A (for very good soil) up to 0.04-A (for very poor soil). Since the
reflector heights change very little with driven loop height, the separation values vary a lot.

To-M Loop Gain: very Good Ground
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MYz 3.9-MHz 1L Loop with a Single-Wire Loop Reflector Element Table 3
Driver: 1.0176-wl AWGS #14 Copper Wire Reflector. 1.0248-wl AWG #14 Copper Wire

Loop Height 015 | wl 3703 | feet
“ery Good Soil Average Sail “ery Poor Soil Refl. Sep.
Ref Ht wl  Ref Ht fi | Gain dBi | BS BV | Gain dBi | BS BYWY | Gain dBi | BS BW | wi
Mo Reflactor 782 89249 5.85 86.5 551 93.4
0.001 0.25 787 832 7.01 86.8 A.80 928

0.015 3.78 5.06 83.3 726 896.6 5.42 91.58
0.02 5.04 8.07 53.2 /.30 86.7 B.50 Me, 0130 Yry Gd

0.025 5.30 8.06 g93.4 7.33 896.6 B.55 M5 0125 Ave
0.03 757 8.03 g93.5 7.33 896.9 5.59 1.4 0120 Ave
0.035 8.83 /.99 g43.6 732 86.9 6.60 2140 015 Wy Pr
0.04 10.039 792 g93.8 728 871 5.55 91.4
0.045 11.35 7.84 g4.0 723 871 5.54 91.3
0.05 1261 774 g4.0 715 a87.2 b.49 1.2
0.055 13.687 7 B2 843 7.05 87.3 5.41 9.2
0.05 15.13 7.50 g4.4 5.93 876 B.32 91.1
Max. Delta Gain L 015 L 0. 45 L 1.08
Loop Height 0175 | wl 4413 | feet
“ery Good Soil Awerage Sail “ery Poor Soil Refl. Sep.
RefHtwl | RefHtft | GaindBi | BS BYW | GaindBi B BW | GaindBi  BS BW | wl
Mo Reflectar 795 861 702 90.3 578 97 5
0.001 0.25 /.98 896.4 713 90.3 5.05 97.0
0.015 3.78 8.04 86.5 /.33 502 B.53 957
0.02 5.04 8.05 896.5 737 902 B.60 955 0155 | Wry Gd
0.025 5.30 8.04 86.5 7.39 902 B.65 953, 0150 Ave
0.03 7487 8.01 g6.9 7.3% 50.4 B.70 9520 0145 Ave
0.035 8.83 796 g7 1 /.38 90.5 6.71 952 0,140 Wry Pr

0.04 10.04 /.80 87.3 /.35 s0.7 B.70 951
0.045 11.35 /.81 87 .6 ;.29 209 B.BY 951
0.05 12.61 770 g3.0 7.2 912 b.BZ 951
0.055 13.687 .87 80.4 712 91.4 .56 951
0.08 15.13 743 83.7 7.00 91.8 .48 952

hax. Delta Gain L 010 L 0.37 L 0.93
Loop Height 02wl 50.44 | feet
“ery Good Soil Auwerage Sail “ery Poor Soil Refl. Sep.
RefHtwl | RefHtft | Gain dBi | BS BYW | GaindBi BSBW | Gain dBi  BS BW | wi
Mo Reflectar /.86 a0.2 702 95.0 585 102.9
0.001 0.25 787 4906 710 951 B.11 1021
0.015 3.78 7.92 90.5 727 947 5.50 1006, 0185 Wry Gd
0.02 504 7.92 0.7 7.30 947 5.55 1001, 0180 Wry Gd
0.025 B.30 .91 4309 7.32 4.8 b.B3 9390 0175 Ave
0.03 757 /.88 911 7.32 949 B.B7 995 0170 Ave
0.035 8.83 7.83 91.3 7.30 951 6.68 9958 01B5 | Wry Pr
0.04 10.0% /.76 2,7 727 953 6.68 2995 060 Wry Pr
0.045 11.35 7 .B6 923 7.2 957 B.B5 9365

0.05 1261 7.54 428 713 55.0 .50 89.7
0.055 13.87 7.40 935 7.03 96.4 6.54 99.8
0.06 15.13 7.24 841 B.91 g7.0 B.47 100.0
Max. Delta Gain L 0.06 L 0.30 L .83
The gain benefits of a reflector follow the dipole pattern: over very good soil, added gain is
minimal. Even over average soil, the maximum gain addition is under a half dB. Over very poor
soil, the reflector may add up to 1 dB of gain, depending upon the driven loop height.
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Similarly to the dipole-reflector combination, the loop-reflector combination results in a
narrowing of the operating bandwidth compared to a loop without supplement. Fig. 17 overlays
SWR curves relative to the resonant impedance values for a loop by itself and for a loop with a
reflector when both driver loops are at 0.175-A above ground. The sample case uses a reflector
that is 0.03-A above ground, about optimal for the antenna height over average ground.

INF Fig. 17
SR Relative to Resonant Impedance at 3.9 MHz
10 Ta-hMeter WWVIS 1-WWL Loop at 0.173-WL
over Average Ground
3 Brown: Mo Reflector
=R Red: Reflector at 0.030-4WL above Ground

38 Freg MHz 4

On 40 meters, we find the same parallels with the dipole cases, as modified by the narrower
range of optimal reflector heights that we found with the 75-meter loops. Table 4 provides the
numerical information. Fig. 18 through Fig. 20 graph the gain data for each antenna height
over each of the soil qualities. The 40 meter gain values are universally slightly less than those
for 75-meters. As well, we find some differences in other details of array behavior.
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MYls 7 2-MHz 10 Loop with a Single-\Wire Loop Reflector Element
Driver: 1.0184-wl AWGS #14 Copper Wire
015wl

“ery Good Soil
RefHt wl | RefHt ft | Gain dBi

Loop Height

Mo Reflector
0.001
0.015

0.0z
0.025
0.03
0.035
0.04
0.045
0.05
0.055
0.05

0.14
215
2.86
3.58
4.30
5.01
573
b.44
/.16
7.a7
g.45

Max. Delta Gain

Loop Height

Fef Ht wl | Ref Ht fi

Mo Reflactor
0.001
0.0345

0.0z
0.025
0.03
0.035
.04
0.045
.05
0.055
0.0&

0.14
215
286
3.58
4.30
5M
573
.44
716
7.a7
g.59

hax. Delta Gain

Loop Height

Ref Ht wl | Ref Ht ft

Mo Reflactor
0.001
0.015

0.0z
0.025
0.03
0.035
0.04
0.045
0.05
0.055
0.05

0.14
215
2.86
3.58
4.30
5.01
573
5.44
7.6
/.87
5.59

bax. Delta Gain

Reflector. 1.0295-wl AWG #14 Copper Wire

B= BYW | Gain dBi

7 BB g93.7
775 g4.0
/.88 841
/.89 g4.2
7.90 g94.2
/.89 84.3
;.87 g4.3
7.83 g34.5
/.78 g34.5
772 g4.7
7 .B5 g34.7
787 g4.8
022
0175 | wl

“ery Good Soil

Gain dBi | BS BW
774 g7.0
/.78 g87.3
/.00 g7.4
7.89 g87.6
7.90 g87.6
/.09 877
787 g87.9
7.83 851
770 83.3
772 g958.5
764 8587
/.56 g§9.0
016

0.2 wl

“ery Good Soil

Gain dBi | BS BW
7 B7 91.3
7 .BY 2.7
777 ;M7
7.78 91.8
7.78 219
777 927
775 S
771 926
7 .B6 927
/.59 H341
741 935
741 94.0
099

h

21.48 | feet
Average Sail
BS BWW
b.48 87.b
5.65 87.8
7.00 87.5
/.06 874
710 87.4
7.13 87.4
7.13 a87.4
712 87.5
7.09 87.5
705 875
5.95 876
5.91 87.5
.65
2505 | feet
Awerage Sail
Gain dBi | BS BW
B.71 91.4
5.84 91.5
710 911
716 90.9
7.20 90.9
723 50.9
7.24 9.0
723 911
7.2 911
77 91.3
7.1 91.4
7.05 91.4
.53
28.63 | feet
Auwerage Sail
Gain dBi | BS BW
B.75 961
B.35 961
707 956
712 95.5
716 955
719 953
7.20 95.4
719 954
77 956
713 957
707 96.0
7.00 96.3
044

“ery Poor Soil

Gain dBi | BS BW
521 937
565 93.3
5.29 2.7
b.41 91.4
5.49 9.2
5.56 90.9 |
b.B0 S906 |
6.61 90.6
B.60 90.4
b.57 90.3
5.53 90.1
B.47 89.9
1.40

“ery Poor Soil

Gain dBi | BS BW
5.51 97.9
557 971
b.44 8953
B.55 945
5.64 945
B.71 8943
B.75 940
6.77 938
6.77 937
B.7B 93.5
B.73 93.5
b.BY 93.4
1.26

“ery Poor Soil

Gain dBi | BS BW
564 102.8
593 101.9
B.45 99.7
5.56 992
b.B4 939
B.71 93.5
B.75 932
6.78 978
6.78 978
B.77 977
B.75 975
B.71 97.4
191

Refl. Sep.

wl

0125
0.120
0.115
0.110

Refl. Sep.

]

0.150

0.140
0.135
0.130

Refl. Sep.

0.180
0.175

0.165
0.160
0.155

Table 4

Wy Gd
Awe
L
Wy Pr

Wy Gd

HAwe
Wy Pr
Yy Pr

Wy Gd
Wy Gd

A
Yy Pr
Wy Pr

If you compare Fig. 14 with Fig. 18, you can see that over very good soil, the gain level at
the two lower heights on 40 meters result in overlapping lines, rather than separate lines.
Similarly, over very poor soil, the 40-meter lines for the two higher levels overlap, whereas on
75 meters, they are separate. Compare Fig. 16 with Fig. 20.
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Nevertheless, the loop-reflector combinations for both bands are consistent with each other
and in the main are consistent with results for the dipole-reflector combinations. The
consistency extends to the reduction in operating bandwidth on 40 meters, as shown in the
SWR curves in Fig. 21. The addition of the reflector at an optimal height (0.035-A) for average
soil and a loop at 0.175-A results in a significant reduction in the bandwidth. With respect to
gain increase, on 40 meters, the use of a reflector is questionable over very good soil, marginal
over average soil, and possibly productive over very poor soil.

NF Fig. 21
SR Relative to Resonant Impedance at 7.2 MHz
10 40-heter KVIS 1YWL Loop at 0.178-WWL
over Average Ground
5 Browver: Mo Reflector
SR Red: Reflectar at 0.035-%WL above Ground

7 Freg MHz 7.3

As noted with respect to dipoles, the use of a parasitic reflector with a driven element
creates a tuned system, although not fully isolated from ground effects. Besides limiting the
operating bandwidth, the tuned system also tends to reduce the resonant impedance relative to
a loop without a reflector. However, the parasitic reflector element is not the only method of
improving NVIS performance.

Dipoles, Loops, and Planar Reflectors

An alternative method of provide improved reflection of energy upward relative to reflections
from the bare ground is the use of a planar reflector. In other applications, HF planar reflectors
go under a variety of names, including screens, curtain, and billboards. A planar reflector
operates according to principles largely derived from optics. In general, the reflections from an
essentially flat conductive surface depend upon the size of the planar reflector and its distance
from the driven element—in this case, either a dipole or a 1-A loop. Although it is possible to
elevate a planar reflector closer to the driven element to optimize performance, we cannot
simply reduce the height of the driven element toward a ground-level reflector. The far-field
gain is a function not only of the area covered by the reflector, but depends on the region
several wavelengths away from the reflector. As a result, we shall only be able to obtain
benefits that result from a practical ground-level reflector and an elevated driver.

As the best compromise among all possibilities, | have placed the driver at 0.175-A above all
ground qualities. Very good soil would prefer a slightly lower height, while very poor soil prefers
a slightly greater height. However, to achieve some consistency within the results of systematic
modeling, a common height is best.

The dimensions of an optimal planar reflector vary according to the method used to
construct it. In these notes, we shall consider two forms of planar reflectors, as illustrated by
Fig. 22. The simpler reflector consists of at least 9 wires (using the same diameter wire as the
driven element) spread to cover an area at least 0.4-0.5-A beyond each limit of the antenna.



The sample array, which yields the best performance at ground level, is 1.2-A in the direction of
the wires and 0.8-A broadside to the antenna. One might add additional wires within the field.

o Ht: 0,001 44

Fig. 22

Full Screen

Ht: 0.001 -1

HYIS Dipole and Planar Reflectars

As an alternative, one might cover the ground with conductive screening with holes smaller
than 0.05-A. In this case, a full screen that is 1.0-A by 1.0-A proved to be the most effective
version. The modeled screen has twice as many wires as shown in the sketch, although to add
them would have made it impossible to find the dipole above them.

Fig. 23
IMF
SR Relative to Resonant mpedance at 3.9 MHz

10 Ta-Meter Dipole at 0.1 7540
over Average Ground

Browen: Mo Reflector

Red. 9-Wire Screen
Elue: Full Screen

38 Freg MHz 4

SWWR Relative to Resonant Impedance at 7.2 MHz
10 40-Meter Dipole at 017540
over Average Ground

Broveyn: Mo Reflectar
Red: 9-4ire Screen
Blue: Full Screen

7 Freq MHz 7.3

One advantage of the planar reflector in either form is that it does not alter the impedance or
the operating bandwidth of the driven element above it. Fig. 23 provides the SWR curves for
both types of reflector overlaid on the SWR curve for the dipole alone for both 75 and 40
meters. With or without the planar reflector, the curves are essentially identical.



We obtain similar properties is we place either type of planar reflector at ground level
beneath a 1-A loop, as suggested by the sketches in Fig. 24. The same 9-wire and full screen
reflectors used with the dipole also serve the loop very well. Like the dipole, the loops are at
0.175-A above all ground types to ease the problem of performance comparison.

Fin. 24
9Mire Soreen Full Screen

0.8l HE: 0.001-

Ht: 0.001 AL

FYIS 1-Wavelength Loop and Planar Reflectors

Also like the dipole with a planar reflector, the loop-planar-reflector combination results in an
operating bandwidth essentially identical to the bandwidth of a loop alone. Fig. 25 provides
SWR curves for loop-reflector combinations for 75- and 40 meters, with the loop-along curve
superimposed. Separating the curves visually is virtually impossible.

Fig. 24

IMF
SR Relative to Resonant Impedance at 3.9 MHz

10 To-meter 1L Loop at 01750
over Average Ground

Browen: Mo Reflector
Red: 9-Wire Screen
Blue: Full Screen
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SR Relative to Resonant Impedance at 7.2 MHz
10 40-mMeter 1-WL Loop at 0.175-WL
over Average Ground

Broveen: Mo Reflector
Fed: 3-4Wire Screen
Blue: Full Screen

7 Freq MHz 7.3

Table 5 provides data on the planar reflectors for both dipoles (on the left) and loops (on the
right). However, it also includes data for isolated NVIS antennas and for antenna-reflector



combinations using the same set of limiting constraints. In all cases, the driven antenna is
0.175-A above ground. The table indicates the antenna dimensions and, where relevant, the
reflector dimensions. For dipoles, the element dimensions are linear lengths, while for loops,
they are circumference values. The arrays are sized for resonance over average ground, and
the changes of impedance for very good and very poor soil are indicators of stability. For
example, the arrays with parasitic reflectors show the least change with changes in soil quality,
which is consistent with one role of a parasitic reflector, namely, to control the driver feedpoint

impedance.

Summary Comparisons of Basic NS Antennas
75 Meters (3.9 MHz)
Dipaole: 0.4804-wl

Ground | Max Gain B BW EWEBW FeedR | Feed®
Wy Good 7.8 107.5 66.2 52.458 7.82
Awerage 6.40 113.0 66.4 B7.55 0.66
Wy Poor 5.06 1224 B7.2 71.66 955
Dipole + Reflector: 0.4754-wl + 0.5-wl & 0.25-wl
Wy Good 745 108.6 66.2 51.27 240
Awerage 6.55 1136 66.4 5279 0.21
Wy Poor B.11 120.8 BE.8 52.E2 225
Dipole +9-Wires: 0.4798-wl + 1. 2-wl BS x 0.5-wl BEW
Wy Good 7.55 10B.2 64.3 B2.15 5.55
Awerage 7.15 108.2 62.2 B6.46 0.24
Wy Poor B.74 111.0 BO.E 72.41 -4.91
Dipole + Screen: 04776 + 1.0-wl x 1.0-wl
Wy Good 779 104.3 65.58 59.78 -0.04
Awerage 774 103.0 65.0 53.08 -0.20
Wy Poor 7.8 98.8 B3.4 B5.51 0.42
40 Meters (7.2 MHz)
Dipale: 0.4300-wl
Ground | Max Gain BS BW | EWEBW FeedR |FeedX
Wy Good 7.14 108.8 BE.2 63.86 8.93
Average 6.03 114.8 66.0 B7.28 0.26
Wy Poor 471 123.3 66.5 59.99 221
Dipole + Reflectar; 0.4786-wl + 0.5-w! & 0.35-wl
Wy Good 7.31 110.8 BE.6 45.94 1.95
Average 6.74 115.2 BE.2 4662 0.26
Wy Poor 6.16 120.8 66.4 45.83 -1.38
Dipole +9-Wires: 0.4790-wl| + 1. 2-wl BS x 0.5-wl BEW
Wy Good 7.53 106.8 63.5 B2.62 5.84
Average 7.02 109.0 61.8 B6.66 0.19
Wy Poor 6.74 109.6 59.58 72.40 -4.47
Dipole + Screen: 04762 + 1.0-wl x 1.0-wl
Wy Good 778 104.6 B5.6 60.21 -0.03
Awerage 779 101.8 B4.4 53.31 038
Wy Poor 7.95 96.5 627 B5.34 0.34
Motes: All dipoles and 1-wl loops at 0.175-wl| above ground

Table 5
1%L Loop: 1.0248-w
Max Gain B BW  EWEW FeedR  FeedXx
7.95 86.1 69.8 120.00 15.05
7.02 90.3 70.2 128.20 -0.64
578 97 6 71.2 132.80 -23.87
Loop + Reflectar: 1.0176-wl + 1.0245-wl & 0.03-wl
8.01 g6.9 70.2 104.60 3.59
7.39 a0.4 70.8 108.10 -0.54
6.70 952 716 107.00 -0.39
Loop +9-Wires: 1.024-wl +1.2-wl BS x 0.8-wl EWY
8.16 85.3 67.2 119.60 11.52
7.79 g7.2 64.7 126.00 -0.38
7.40 89.1 626 135.60 -13.26
Loop + Screen: 1.0192-wl +1.0-wl x 1.0-wl
8.33 g4.5 B9.2 115.50 1.43
8.26 83.5 63.2 121.70 0.28
8.33 80.7 B5.9 126.60 0.60
1%L Loop: 1.0248-w
hax Gain B3 BW  EVWEW | Feed R Feed®
774 g87.0 £9.5 123.10 19.63
6.71 91.4 B9.6 127.350 0.54
5481 a97.9 70.6 128.50 -20.72
Loop + Reflectar: 1.0184-wl + 1.0295-wl & 0.035-wd
7.87 g87.9 706 102.30 3.19
7.24 1.0 70.8 104.60 0.36
6.75 84.0 71.4 101.80 -4.73
Loop +9-Wires: 1.0272-wl +1.2-wl BS x 0.5-wl BEWY
8.15 g95.6 66.2 120.40 12.23
769 g7 .4 B4.2 126.10 -0.47
741 8.2 61.7 135.350 -12.45
Loop + Screen: 1.0212-wl + 1.0-wl x 1.0-wl
8.33 g4.2 £9.0 116.80 1.81
8.32 82.4 67.4 12270 0.37
g.48 9.6 65.0 126.90 0.90

Dipole dimensians are linear lengths; loop dimensions are circumferences

Max. Gain = maximum zenith gain in dBi

Bs BWY, BEVY BV = broadside and endwise bearmwidths in degrees
Feed R; Feed X = feedpnint resistance and reactance in Ohms

Reading from left to right provides a guide to the gain advantage in all cases of the 1-A loop
over the dipole, whether alone or in the surveyed arrays. Reading within an array type
summarizes the gain change with soil quality. Reading from one group to the next provides a
guide to the increasing gain advantage offered by successively more effective arrays. The table
includes broadside and endwise beamwidth values to allow estimates of pattern circularity.



The entries for the full screen planar reflector may seem odd at first sight. For all preceding
arrays, we find that very good soil yields the highest zenith gain. However, with a full screen,
using either a dipole or a loop, the highest gain occurs over very poor soil. The difference is not
operationally significant within each full screen group, but the phenomenon is interesting. Only
the full screen provides sufficient coverage to isolate the antenna from the ground to the degree
that very poor soil approaches the quality of free space. Even the 9-wire screen has ground
losses between wires, losses that one can reduce by increasing the reflector wire diameter or by
increasing the number of wires—or both.

Measured against the performance benefits of a 1-A-by-1-A full ground screen must be the
site preparation difficulties, factors that lie beyond the scope of these notes. However, to focus
more clearly on the potential gain benefits, Table 6 provides a summary view. Even though the
exercise does not place single-element reflectors at their optimum heights for very good and
very poor soil, the maximum improvement in the gain values for those cases would be about
0.05 dB.

Gain Comparisons by Ground Guality and Supplements Table &
7o-M Yery Good Awerage Yery Poor

Dipoles | Zen Gain | Change | Zen Gain | Change | Zen Gain | Change
Op 738 5.40 - 506 -
Cp+Ref 748 0.10 5.83 0.43 B.11, 1.05
Dp+aw 758 0.20 715 0.75 B.74 1.68
Cp+Scr 779 ey e 1.34 /.88 282
Loops Zen Gain | Change | Zen Gain | Change | Zen Gain | Change
Loop 795 702 578 —
Lp+Ref g8.01 0.06 739, 0.37 B.70 0.92
Lp+n 816 0.21 779 0.77 740 1.62
Lp+Scr 8.33 .38 8.26 1.24 8.38 | 2 60
A40-M Yery Good Awerage Yery Poor

Dipoles | Zen Gain | Change | Zen Gain | Change | Zen Gain | Change
Op 715 5.03 - 471
Cp+Ref 731 0.16 B.74 0.71 B.1E | 1.45
Dp+aw 783 0.33 702, 0.99 B.74 2.03
Cp+Scr 778 .63 779 1.76 798 327
Loops Zen Gain | Change | Zen Gain | Change | Zen Gain | Change
Loop 774 .71 — 551 —
Lp+Ref 787 0.13 724 0.53 B 1.26
Lp+n 815, 0.41 769 0.93 741 1.90
Lp+Scr 8.33 (.59 8.32 1.69 8.48 | 297
Motes: =ee Table 5 for source of values. Dp = Dipole; Lp = 1-wl loop

+Ref = reflector element, +9%Y = Q-wire screen; +5cr = full screen
Zen Gain = zenith gain
Change = gain increase relative to dipole or loop

The gain-table is not only useful in estimating the benefits of supplementing a basic level
NVIS antennas in various ways, but it also sets in bold relief the overall range of gain values
that we may expect from these antennas as a group. That data is useful in comparing basic



antenna performance with the performance of more complex antenna types, such as variations
on the lazy-H. More relevant to our discussion of basic antennas is the one that is missing so
far: the inverted-V.

The Inverted-V with Parasitic and Planar Reflectors

| have set aside the inverted-V from the discussion because it represents a special case
when we consider adding a parasitic reflector to the antenna. Within the range of our survey,
which has a maximum (center) height of 0.255-A, an inverted-V obtains maximum gain over
almost any ground quality only near the maximum height. In NVIS operation, the effective or
virtual height of an inverted-V relative to its performance falls between half and 2/3 the physical
center height. For most amateur installations, 0.255-A is practical on 40 meters (about 35’), but
less so on 75 meters (about 64’). However, we need to consider such heights if we wish
relatively good performance from an inverted-V over the full range of soil qualities.

Inverted-V antennas with lower center heights will work, as shown in the preceding set of
notes, but they do not permit the addition of a parasitic reflector. The reflector element must
have at least some spacing from the driven element and still clear the ground at the reflector
wire ends. In fact, ground effects upon a reflector for an inverted-V impose interesting geometry
requirements that oppose our natural desire to flatten the slope angle of the element. Fig. 26
shows the general requirements for an effective inverted-V with a parasitic reflector.

Fig. 26 Height: 0 2451

30-Degree Slope
Inverted-'

Height: 015541

Reflector:
Zlope Greater
than 30 Degrees

Close to Ground

Ground
MWIS [mverted-Y with Reflector Element

For all soil qualities, the sketch shows the average optimal height for an inverted-V with a
30° slope (or a 120° included angle). The reflector, by virtue of its need for greater length than
the driven element requires a center height of about 0.155-A, but the slope angle is greater than
30°. The precise angle is a function of the wire-end heights, which tend to be between 0.01-A
and 0.015-A above ground. With respect to user safety, the reflector ends are too close to
ground, but we shall bypass this legitimate concern in order to evaluate antenna performance.

One facet of the inverted-V array’s performance that we may readily compare to the
performance of the level antennas is the operating bandwidth as measured by SWR curves
referenced to the antenna resonant impedance. Fig. 27 superimposes the curves for an
inverted-V alone at the optimum height with the curve for the same antenna supplemented by a
parasitic reflector. Both are over average ground, although the general shape of the curves
would apply equally to all soil types. The figure records separate sweeps for 75 meters and for
40 meters. In the case of level antennas (dipoles and loops) using parasitic reflectors, we found
moderate shrinkage of the 2:1 SWR bandwidth. See Fig. 8, Fig. 12, Fig. 17, and Fig. 21 for



samples. In contrast, the SWR bandwidth shrinkage for the inverted-V with a parasitic reflector
is more radical, reducing the 2:1 SWR region by more than half relative to the inverted-V alone.
One immediate consequence of this phenomenon for antenna builders is that field adjusting the
antenna to a desired frequency will be a somewhat finicky task.

Fig. 27
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There are means to obtain additional gain from the inverted-V while preserving the SWR
bandwidth available with the V alone. We may place a ground-level planar reflector below the V
using essentially the same techniques that we employed for the dipole and the loop antennas.
Indeed, as shown in Fig. 28, the 9-wire and full-screen reflectors may use the same dimensions
as used with the level antennas. The same application rules also apply. We may improve the
9-wire reflector performance by adding either thicker wires or more wires. The full screen may
use materials with opening no larger than 0.05-A, although common materials will normally have
much smaller openings relative to NVIS operating frequencies.

gire Soreen Full Screen Fig. 28
- /
HE: 0,007 =L HE: 0.009 L

YIS Inverted-Y and Flanar Reflectars



Table 7 summaries the performance values for all of the variations on supplementing an
inverted-V, beginning with the V alone to form a reference data set for the three ground types.
All driven inverted-V elements have a maximum center height of 0.245-A and a 30° slope.
Because the total element length varies from one design to the next, the end heights will vary
slightly but fall within the range of 0.123-A and 0.125-A. The reflector ends are about 0.01-A
above ground.

Comparisons of NVIS Inverted-Y Antennas Table ¥
75 Meters (3.9 MHz)
e 0. 4844w
Ground | Max Gain BS BYW  BEWBW Feed R | Feed X
Wy Good B.41 113.8 7.6 G465 B.99
Average 552 119.4 EER: G715 -0.47
Yy Foor 430 128.6 5.2 G732 -10.65
Y + Reflector; 0.4864-wl + 0.5714-wl & 0. 155w
Wy Good B.56 118.1 74.4 33.40 0.
Average 5.93 123.0 736 33.51 057
Yy Foor 519 1295 724 32.80 -2.59
Yo+ Bires: 0.4844-wl + 1. 2-wl BS % 0.8-wl EVY
Wy Good B.70 112.0 742 G4.24 B.41
Average B.42 114.8 B9 B5.32 0.75
Yy Foor B.14 1174 B5.3 G7.81 5.39
Yo+ Screen: 04822 + 1.0-wl % 1.0-wl
Wy Good B.84 1106 EER= G295 1.30
Average B.83 109.0 74.8 B5.49 0.20
Yy Foor 714 104.4 71.0 G7.55 -0.23
40 Meters (7.2 MHz)
e 0. 4844w
Ground | Max Gain BS BYW  BEWBW Feed R | Feed X
Wy Good B.19 115.4 7.4 B5.57 8.56
Average 522 1212 7B.5 G501 0.10
Yy Foor 4 05 1292 754 G4.95 -3.85
Y + Reflector; 0.4864-wl + 0.0062-wl & 0. 155w
Wy Good B.43 1206 /3.8 28.64 0.55
Average 587 124 .8 724 28.23 0.73
Yy Foor 528 1295 71.2 25.95 -2.03
Yo+ Bires: 0.4838-wl + 1.2-wl BS x 0.8-wl EVY
Wy Good B.5Y 112.8 728 G377 B.43
Average B3 115.4 B9 G4.69 0.85
Yy Foor B.16 116.2 B5.2 G707 -4 83
Yo+ Screen: 04810 + 1.0-wl x 1.0-wl
Wy Good B.86 110.4 6.3 G322 057
Average B.95 107 .6 /3.8 B5.48 -0.55
Yy Foor 724 103.0 0.3 G721 -0.85

Motes: All irverted-'s have a 0.245-wl center height and a
30 degree slope. Dimensions are total elernent lengths,
YWire-end heights vary with element lengths.

Max. Gain = maximum zenith gain in dBi

B= BYW, EVW BW = broadside, endwise beamwidths in degrees
Feed R; Feed X = feedpoint resistance and reactance in Ohms

The impedance columns for both 75 and 40 meters are instructive in accounting for the
relatively narrow SWR bandwidth of the inverted-V with a parasitic reflector. On both bands, the



average feedpoint impedance for the V is about 65 Q, a value preserved with either planar
reflector. However, with a parasitic reflector, the resistive component of the impedance drops to
about 30 Q. At this impedance, small changes in the reactive component of the impedance
have more notable effects upon the SWR.

For all of the entries, the inverted-V arrays have gain levels about a full dB below the levels
achieved by the level dipole, despite the V’s greater center height. (Loop arrays, of course,
provide an additional gain increment.) Over very good ground, the gain benefits of any of the
reflector systems are quite marginal, but over very poor soil, the gain increase can approach 3
dB. The gain of the full screen (using a model with twice the wire density shown in Fig. 28) over
very poor ground parallels the value increases that we observed with the level antennas. To
approach this level of performance with the 9-wire screen would require extensive revisions to
cover the ground more thoroughly with conductive wires.

Conclusion

The idea of adding a reflector element to a basic NVIS antenna to improve performance has
lived in sound bites and mythology since the initial uses of the propagation mode. Therefore |
decided to perform a more thorough modeling analysis of the idea to see what order of
improvement might be possible and the conditions under which we might optimize the
improvement. This compendium of data is the result. For all three types of basic antennas—
dipoles, 1-A loops, and inverted-Vs—the addition is questionable or marginal until we reach very
poor soil qualities. In addition, the use of a parasitic reflector (which is not under any
circumstances a counterpoise) requires attention to its height above ground and its separation
from the driven antenna, although the gain curves are broad enough to allow for variation from
the ideal. Over any soil, a single wire reflector close to the ground proves to be an unproductive
expenditure of materials and energy. Variations in reflector size will require element pruning to
reach a resonant impedance value. In all cases, the use of a parasitic reflector will lower the
feedpoint impedance relative to the impedance of the basic antenna alone. As well, the
reflector will narrow the operating bandwidth. Both consequences are more extreme for the
inverted-V than for the level antennas.

An alternative to the parasitic reflector is a planar reflector. In theory, we might elevate a
planar reflector to a position below the main antenna at which we may obtain very significant
gain improvements. The required size of a planar reflector militates against the elevated
version, so we confined our examination to near-ground versions. In general, a planar reflector
needs to have dimensions that exceed the driven antenna dimensions by about 0.4-A to 0.5-A
on all sides. The 9-wire and full-screen reflectors that we sampled showed that these guidelines
are not absolutes. In fact, smaller planar reflectors will work, but they will seriously reduce the
gain benefits. Both the parallel-wire and the full-screen reflectors significantly improved the gain
performance of the basic antennas, especially over lesser soil qualities. In addition, they
preserved the impedance level and the SWR bandwidth of each individual basic NVIS antenna

type.

The goal of these notes has been to provide as full and complete information as possible on
reflectors for basic NVIS antennas. The notes make no recommendations about the selection
of any reflector technique beyond the very general notes concerning the relative size of the gain
benefits over the range of soil types in the survey. Such comments merely state the obvious. If
blessed with very good soil, the antenna installation needs no supplementation, since reflectors
in general only improve gain to the level of the antenna alone over very good soil. However,
over lesser soils, including very poor soil, the use of a reflector can be beneficial, although one



must measure the potential level of gain improvement against a host of other factors. Among
these factors are the NVIS station mission, the difficulty of coverage, the available antenna site,
and the investment of resources required for the improvements that might come from a reflector.

In general, parasitic reflectors require no additional supports or ground preparation. The
investment comes in the field adjustments necessary to bring the antenna to best operation. In
contrast, one may add a planar reflector to an existing antenna that is near an optimum height
and incur very little need for subsequent adjustments. However, the work of installing either an
extensive parallel-wire or full-screen reflector is very significant and requires access to a
considerable area around the antenna. These factors are only some of the mechanical
considerations that go into the decision to add a reflector to a basic NVIS antenna.



