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INTRODUCTION

Radio waves are part of the electromag-
netic spectrum which extends from near direct
current through light. For convenience, vari-
ous ranges of frequencies with somewhat simi-
lar propagation characteristics are referred to
in terms of their place in the electromagnetic
spectrum.

Medium frequencies are those in the range
of 300 kHz through 3 MHz. Services that oper-
ate in this range include (among others) AM
radio broadcast stations, radio location beacons
(LORAN), some military communications, and
Amateur Radio. The high frequency range ex-
tends from 3 MHz through 30 MHz and in-
cludes many services such as ship-to-shore ra-
dio, international broadcast services, military
communications, commercial services, and
Amateur Radio.

Medium and high frequency radio has
been around for a long time. Marconi’s ex-
periments, which introduced the world to long
~range radio communication, were conducted
in the high frequency range. Radio Amateurs
regularly demonstrate the ability to work
~ hundreds of countries by using their frequen-
cies between 1.8 and 30 MHz. Ship radiotele-
phone service has provided many mariners
and their passengers with telephone service
across the oceans.

Above the high frequency range there
are very high frequency (VHF) which encom-
passes 30 to 300 MHz, ultra high frequency
(UHF) which includes 300 to about 3000
MHz, super high frequency (3 to 30 GHz),
extremely high frequency (30 GHz to 300
" GHz) and still higher ranges which range into
the terahertz region.

Most commercial and military interest is
in these higher frequencies. There are several
reasons for this but perhaps the most impor-
tant is bandwidth. The mathematician C.E.
Shannon established in 1948 that our ability
to move information over radio is related to the
bandwidth available. The entire medium and
high frequency range includes a bandwidth of
only 29.7 MHz. The VHF range alone has a
bandwidth of 270 MHz — greater by nearly ten
times. The UHF range has a bandwidth of about
2,700 MHz, over ninety times the bandwidth
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available at medium and high frequency. Do
you see a trend emerging here? Rapid trans-
mission of large volumes of data requires band-
width which is increasingly available with in-
creasing frequency.

Many modern applications of communi-
cation technology require huge amounts of
bandwidth, For example the entire high fre-
quency band would support only four television
channels! Similar loading is created by high
speed data networks. Clearly, high speed and
high volume favors use of higher frequencies.

Obviously, medium and high frequency
radio encompass only a tiny portion of the ra-
dio spectrum. Yet, as long as the limitations are
kept in mind, it can do amazing things which
can not be duplicated at any other frequencies.
One of those, Near Vertical Incidence Skywave
(NVIS) communication, is of significant impor-
tance in emergency and tactical military com-
munications. This mode has traditionally been
misunderstood and poorly appreciated. Hope-
fully the next hundred or so pages will help
that situation.

~ NVIS propagation occurs readily at the
high end of the medium frequency range and
in the lower half of the high frequency range.
RadioAmateurs find their 160-meter band (1.8
to 2 MHz), 80-meter band (3.5 to 4 MHz) and
40-meter band (7.0 to 7.3 MHz) to be useful.
Military applications typically range from 2
MHz to about 12 MHz.

At frequencies between 1.8 and 30 MHz
there are three propagation modes: line-of-
sight, ground wave, and sky wave.

Line of sight propagation occurs between
stations that have visibility with each other.
While high frequency radio waves refract some-
what as they pass through the atmosphere
paths of this type are essentially limited to sta-
tions that have visibility with each other. This
is the most common propagation mode at VHF,
UHYF, and above.

Ground wave propagation results from
radio waves following the surface of the earth.
In this mode, they are guided waves and, de-
pending on the earth under them, can travel
dozens of miles to reach their receiver. This is
the usual mode by which we hear AM broad-



Bandwidth in Various Frequency Ranges
Band Frequency Range Bandwidth (MHz)
medium frequency (MF) 0.3 to 3 MHz 2.7
high frequency (HF) 3 to 30 MHz 27
very high frequency (VHF) 30 to 300 MHz 270
ultra high frequency (UHF) 300 to 3000 MHz 2,700
super high frequency (SHF) 3 to 30 GHz 27,000
extremely high frequency (EHF) 30 to 300 GHz 270,000

cast stations. While this mode exists at VHF
and above it is most common at medium fre-
quencies (300 kHz to 3 MHz) and high frequen-
cies (3 MHz to 30 MHz).

Skywave propagation involves reflecting
signals off the ionosphere. It is in this mode
that medium and high frequency radio exhib-
its its unique and special qualities. This reflec-
tion technique allows us to leap tall mountains
with a single bound. It enables us to talk with
stations on the other side of the earth. And, if
used correctly, enables us to provide continu-
ous and dependable coverage of areas of opera-
tion that span several hundred miles. It is this
capability, and the need for it in tactical opera-
tions of regional agencies as well as military
corps and smaller units, that makes it impor-
tant to understand NVIS communications tech-
niques.

Most of the good NVIS literature is unclas-
sified and in the public domain but it is not easy
to access. Probably 90 percent of it has been
published in Army Communicator magazine, an

official publication of the U.S.Army Signal Corps.
The editors felt the public would benefit by ac-
cess to the better of these publications and set
out to develop this book. Hopefully, this will place
the best information about NVIS within reach
of the commercial, civilian, and Amateur Radio
communities.

Readers are also advised to explore the
works of Dr. Alan Christinsin. His two-volume
set, Tuctical HF Radio Command and Control
—an Anthology, is excellent. It is available from
the author at ASC & Associates, Ltd., 1201
Dawn Dr., Belleville, IL 62220.

In Part I, the basis for NVIS communica-
tion is explained. Part II covers how to do it,
and Part III presents confirmation that it
works. There is some unavoidable overlap
among these sections but hopefully it isn’t un-
duly distracting. Together, these three sections
build a compelling case for the use of high fre-
quency radio for certain missions.

The editors sincerely hope you will find
this book useful.

NVIS Communication 7
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PART ONE

HOW AND WHY NVIS WORKS

Near Vertical Incidence Skywave commu-
nication occurs when signals of appropriate fre-
quency are properly directed toward, and re-
flected from, the ionosphere. The requirements
for success include proper frequency selection

and suitable antenna design. This collection of
papers provides the needed technical back-
ground and some practical information regard-
ing how to deal with both issues.

1. Beyond Line-of-Sight Propagation and Anten-
nas by LTC David M. Fiedler, Army Communicator

magazine, Fall 1983.

2. Skip the Skip Zone by LTC David M. Fiedler,
Army Communicator magazine, Spring 1986.

3. NVIS Propagation at Low Solar Flux Indices by
Maj Edward J. Farmer, Army Communicator maga-

zine, Spring 1994.

4. NVIS Antenna Fundamentals by MAJ Edward
J. Farmer, Army Communicatormagazine, Fall 1994.
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Beyond line-of-sight propagation
modes and antennas
by David M. Fiedler and George H. Hagn

The US Army has utilized high fre-
quency (HF) radio (2-30 MHz) for both
strategic and tactical communications
burposes for approximately the last 60
yearsin order to achieve ranges beyond
ine-of-sight (BLOS). In particular, HF
was used in WWII, the Korean War,
and the war in Southeast Asia to pro-
vide tactical communications over
BLOSranges in difficult terrains (moun-
-ains and jungles, for example). Initial-
y, the mid-1970s Integrated Tactical
Communications Systems (INTACS)
study showed existing tactical HF links
deing replaced by satellite links. A
nore recent recognition of the cost,
vulnerabilities, and availability of satel-
ites, and HF technology advances
1ave led to arenewed recognition of the
nilitary utility of modern HF systems
‘or satisfying these requirements. Addi-
.onally, in today’s tactical units, HF
-adio is a major means of communica-
;ion which must be used in any “come-
as-you-are war.”’ Therefore, it is timely
.0 reconsider the propagation modes
and antennas recommended for tacti-
~al use. Over the years, the theory of
HF communications and its military
applications have been described in
various US Army technical and field
manuals which today have culminated
n publications such as FM 24-18 (Field
Radio Techniques), FM 11-65 (High
I'requency Radio Communications)
and TM 11-666 (Antennas and Radio
Propagation). All of these publications
blace primary emphasis on whatin the
vast have been the most useful modes
of HF radio propagation for military
ourposes. These modes are useful for
short range (0-50 miles) tactical commun-
.cation (see figure 1) and for long range
rommunication (see figure 2) and in-
~lude modes such as:

Direct Wave Mode: Defined as the
~omponent of a wave front that travels
directly via line-of-sight (LOS) from the
;ransmitting antenna to the receiving
antenna (see figure 1). This mode is
very useful for air-to-ground communica-
;ions since terrain features which ab-
sorb RF energy normally are not in the
rropagation path. Over the ground,
nowever, the range for this mode is
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limited by terrain absorption and by
path blockage caused by terrain
features.

Ground-Reflected Wave Mode: De-
fined as the component of the radiated
wave that reaches the receiver after
being reflected from the ground (see
figure 1). Since the ground-reflected
wave travels a longer distance, it ar-
rives at the receive antenna later than
the direct wave, and it can cancel or
enhance the direct-energy waves of de-
pending upon the geometry, frequency,
and the reflection coefficient of the
ground. The ground-reflected wave can
be used for communications under
some circumstances if the reflected
wave is somehow less attenuated than
the direct wave at the receiver — al-
though most of the time, it is undesir-
able since it tends to weaken the direct
wave for most tactical geometries at
HF.

Space Wave Mode: Defined as the
combination (the vector sum) of the
direct and ground-reflected waves. Mili-
tarily, the phenomena associated with
the space wave led to much maneuver-
ing on the battlefield to assure that the
communications equipment was sited
on the highest ground in order toreduce
the effect of terrain on range and effec-
tiveness. The space wave provides the
best propagation mode for short-range
LOS tactical HF communications once
the location problems are overcome.

Surface Wave Mode: Defined as
that component of the groundwave (see

e below) that travels along the earth’s
surface (see figure 1) and is primarily
affected by the conductivity and/or
dielectric constant of the earth. When
the transmitting and receiving anten-
nas are located close to the earth (as
they are in most tactical communica-
tions applications), the direct and
ground-reflected waves tend to cancel
each other. In this case, the resulting
composite signal is principally that of
the surface wave. The surface wave
diminishes in strength with height
above the ground, and usually it is not
very useful above about one wave-
length over the ground. The energy of
the surface wave is absorbed by the
earth at twice the rate of the direct
wave mode (in dB) asit travels over the
ground. A distance is reached where it
can no longer be used for communica-
tion. This usable distance over the
earth’s surface can be increased by
polarizing the wavein a vertical orienta-
tion since the earth produces much less
of an attenuation effect on vertical
than on horizontal polarization for an-
tennas located near the earth.
Groundwave Mode: Defined asthe
vector sum of the space wave and the
surface wave. This formulation of the
theory of groundwave propagation by

A. Sommerfeld in the early 1900s was
made practical for engineering use by
K. A.Nortonin thelate 1930s and early
1940s. As stated in FM 24-18, under
ideal conditions, useful groundwave en-
ergy can extend to ranges up to 50

Surface
Wave

Figure 1. Possible routes for ground waves.

Direct Wave

Ground
Reflected
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miles. This is well BLOS; however,
there are much more common condi-
tions which limit useful groundwave
propagation to as few as 2 miles, for
example, manpack radio operations in
a wet, heavy jungle. This wide varia-
tion in range is due to the varying
condition of the earth (ground conductiv-
ity, vegetation, terrain irregularity,
and so on), the atmosphere, and radio-
noise; and thus it cannot be controlled
by the communicator. This can be a
disaster when trying to establish effec-
tive communications for command and
control (C3) in units deployed over a
wide area when the communications
planner does not properly consider the
impact of these effects on the perfor-
mance of his communications systems.
Classical Skywave Mode: Sky-
wave is defined as those types of radio
transmission that make use of iono-
spheric reflection. Skywave modes can
provide communication over longer dis-
tances than can be achieved via ground-
wave. The reflection of HF energy from
the ionosphere back to earth is depen-
dent upon such things as the number of
free electrons per unit volume in the
ionosphere, the height of the ionized
layer, operating frequency, incidence
angle, etc. These variables, however,
are not the main subject of this article.
A good detailed description of this
mode is given in TM 11-666 and in
reference six at the end of this essay.
Figure 2 (see alsoreferences 1-3 at the
end of this paper) depicts the skip-zone
problem that faces tactical communica-
tors. Underideal conditions, the ground-
wave becomes unusable at about 50
miles. Under actual field conditions,
this range can be much less, again
sometimes as few as 2 miles. Successful
skywave communication for any
length of path and system depends
upon the selection of a frequency which
is low enough to be reflected by the
ionosphere. The selection of the proper
antennas is also important. Whips are
commonly used, and they have low
gain for skywaves on such short paths.
Therefore, frequency selection and/or
antenna choice can leave a skip zone of
atleast 50 (and more probably 70) miles
where HF communication will not func-
tion. Translating this into terms of
military deployments, this means that
units such as long-range patrols, ar-
mored cavalry deployed as advanced or
covering forces, air-defense early-
warning teams, and many division-
CORPS, division-BDE, division-
DISCOM, division-DIVARTY stations
using whips are in the skip zone. Thus

Skywave Not
Effective

Figure 2. Skip Zones.

Skip Distance

they are unreachable by HF radio un-
der skip zone conditions even though
HF is a primary means of communica-
tion planned for use by these units.

A closer examination of figure 2
shows a wave striking the ionosphere
at a high angle and being reflected into
an area covered by a strong ground-
wavesignal. This waveislabeled “sky-
wave not effective” in all references
because the groundwave signal
strength is much stronger than the
skywavesignal. Unfortunately, the fig-
ureis misleadingin several ways. Ener-
gy radiated in a near-vertical-incidence
direction is not reflected down to a

pinpoint on the earth’s surface. If it is
radiated on too high a frequency, the
energy penetrates the ionosphere and
continues on out into space. Energy
radiated on a low enough frequency is
reflected back to earth at all angles
(including the zenith) resulting in the
energy striking the earth in an omnidi-
rectional pattern without dead spots
(without a skip zone) if an efficient
short-path antenna such as a doubletis
used. Such a mode is called a near-
vertical-incidence skywave (NVIS)
mode. This mode is shown in figure 2,
butthe conceptisillustrated in figure 3.
This effect is similar to taking a hose

- Figure 3. NVIS Propagation Concept.

F, Layer
F, Layer
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with a fog nozzle and pointing it
straight up. The water falling back to
sarth covers a circular pattern contin-
nously out to a given distance. A typical
N'VIS received-signal pattern is shown
n figure 4, and the path is shown in
figure 5. The main difference between
:his short-range NVIS mode and the
standard long-range skywave HF mode
is the lower frequency required to avoid
penetrating the ionosphere at the near-
vertical angle of incidence of the signal
upon the ionosphere. In order to attain
an NVIS effect, the energy must be
radiated strongly enough at angles
greater than about 75 or 80 degrees
from the horizontal on a frequency that
the ionosphere will reflect at that loca-
tion and time. The ionospheric layers
will reflect this energy in an umbrella-
type pattern with no skip zone. Any
groundwave present with the NVIS
skywave signal will result in undesira-
ble wave interference effects (fading) if
the amplitudes are comparable. How-
gver, proper antenna selection will re-
duce groundwave radiated energy to a
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minimum, and this will reduce the fad-
ing problems. Ranges for the NVIS
mode are shown in figure 5 for a typical
ionosphere height (300 km) and takeoff
angles. Since NVIS paths are purely
skywave, the path losses are nearly
constant at about 110dB +10dB. This is
significant for the tactical communica-
tor since all the energy arriving at his
receive antenna is coming from above
at about the same strength over all of
the communications ranges of interest.
This means the effects of terrain and
vegetation (when operating from de-
filaded positions such as valleys) are
greatly reduced, and the receive signal
strength will not vary greatly with
relatively small changes in location.
This is especially important for heli-
copters flying nap-of-the-earth beyond
VHF radio range.

The need for short-range HF commun-
ications without skip zones is obvious.
Therefore, our next problem is how to
generate the required radiation charac-
teristics. Fortunately, this is not diffi-
cult since 1/2-wave dipole antennas

NVIS Communication

located from 1/4 to 1/10 wavelength
above the ground will cause the radi-
ated energy to be directed vertically.
Table 1 shows the relative gain toward
the zenith of the most common types of
HF field-expedient antennas. This ta-
ble shows that the 1/2-wave Shirley
Folded Dipole (see figure 6) has the
most gain toward the zenith (with the
other dipoles being almost as good).
The Shirley dipole is a good NVIS base
station antenna, but it is limited to a
band of frequencies within about 10
percent of the design frequency. The
fan dipole (see figure 6 and table 1)
performs almost as well, and it provides
more frequency flexibility (day, night
and transition period frequencies). For
tactical communications, these dipoles
can be easily deployed in a field-
expedient manner because they can be
located close to the ground. For mobile
(or shoot and scoot) operations, vehicle-
mounted antennas are required. The
answer to this problem is the standard
16 1/2-foot whip bent down into a hori-
zontal position. In this configuration,



the whip is essentially an asymmetri-
_IT— \ I\ A cal dipole (with the vehicle body form-
I

/ ing one side) located close to the earth,
\ with a significant amount of energy
\ / \ . / being directed upward to be reflected
£ g l £ Y \ back by the ionosphere in an umbrella
g - \ x / \ Ky pattern. For use while operating on the
s I S = \ move, of course, the whip antenna must
& s \ / be tied across or parallel to the vehicle
/ / \ or shelter. This configuration is more
K » \ o like an asymmetrical open-wire trans-
S | /\:\\"' o \ mission line, and it also will direct
el S P e -2 —_—————— 2 some energy upward — although with
|._.| 1 i
25Km % m 'I = 100 Km ' i less efficiency. There are still no skip
zones with proper frequency selection,
- ) but received signal levels are weaker
RGrom;g Eadlghf’;th Rangg lV arlable v fpss than with the whip tied back. Special
ange km ength km og NVIS antennas designed primarily for
25 600.5 55.567 0
50 602.08 55.59 .02
100 608.28 55.68 0.11 3008 - Twin Lead
Night or Day absorption, turn-around. normal atmospherics. /{
Average Path Loss (3 to 5 MHz) + 110dB + 10 dB.

Figure 5. Path Length and Incident Angle (NVIS Mode.

(A) Shirley Dipole Array

\ sup Highest

Rope Wire )
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Wire Length (Each Halﬂ
Top Dipole = 0.96 —+

Center Dipole + 4
Bottom Dipole = 1.01 iﬂ-

Wire Spacing:
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(W = Wavelength)

=
:
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Buried Cable to Transmitter / (b) Three-frequency Fan Dipole

Figure 6. Shirley and Fan Dipole NVIS Base Station Antennas.

NVIS Communication 1 3



Clearing 75-ft Forest Clearing 50-ft Forest Clearing

Antennas
h/2 Unbalanced single-wire dipole =1.0
h/2 Balanced single-wire dipole =0.5
h/2 folded Dipole (300:50 U balum) =0.2
h/4 Short (loaded to h/2) dipole -3.0
h/2 Sleeve dipole (on ground) -32.1
3-Freq. fan dipole @ 15 ft -0.4
3-Freq. fan dipole @ 12 -2.4
3-Freq. fan dipole @ 9 -4.0
Shirley folded dipole =3.0
3h/4 Inverted L (I:h = 2:1) -0.0
3 h/4 Inverted L (I1:h = 3:1) -0.8
3 h/4 Inverted L (1:h = 4:1) -1.0
3 h/4 Inverted L (1:h = 5:1) -2.0
30° Slant wire (h/r elevated) -10.1
60° Slant wire (h/r elevated) -11.8
10-ft Square (vertical plane)

loop @ 6 ft -24.1
16.5-ft Whip -41.5

-2.8 0.0 -1.2,-1.70.0
-3.7 No data Nodata Nodata
-1.0 Nodata No data No data
-5.2 No data No data No data
-28.3 No data Nodata No data
-5.1 No data Nodata No data
-5.6 Nodata No data No data
-8.1 Nodata No data No data
-0.3 No data Nodata No data
-2.8 Nodata Nodata Nodata
-3.3 Nodata Nodata No data
-5.8 No data Nodata No data
-6.3 -10.2 -10.7,-12.5 -9.0
-14.8 -11.8 -13.5,-14.2 -14.0
-14.8 Nodata No data No data
-25.3 Nodata No data No data
-44.0 -31.7 -25.0,-25.2 No data

Summary of relative gain toward the Zenith for Field-expedient HF Antennas
(indB)

Table 1.

P

relicopters are also useful for this appli-
:ation, and they can be modified for
thelter and ground vehicular
yperation. ,

Traditionally, wire dipole antennas
nave always been sited so that the
proadside of the antenna was pointed
oward the receive station. This is the
sorrect approach for long-haul paths.
When using the NVIS mode, this anten-
na orientation is unnecessary. For
N'VIS operation, the antenna orienta-
ion does not matter since all the energy
8 directed upward and returns to earth
n what is essentially an omnidirec-
ional pattern. In operational terms
:;his means that the dipole should be
2rected at any orientation that is con-
venient at the particular radio site with-
put regard to the bearing of other sta-
:ions. This holds true except when
yperating in the region of the “mag-
netic dip equator.” When operating with-
n 500 km of the dip equator, the dipole
antennas should be oriented in a mag-
netically north-south direction for
zreater received signal levels for all
NVIS path bearings. US Army Special
Forces made use of this dipole north-
south orientation in their HF single
sideband (SSB) netin the Mekong delta
during the Vietnam War with excellent -
-esults. Traditional antenna orienta-
:ion (broadside to the path direction)
nust be retained when operating on
onger skywave paths near the dip
squator and elsewhere.

While use of the NVIS technique does
srovide BLOS “skip-zone-free” commun-
.cation, there are some drawbacks toits
ase that must be understood in order to
minimize them. These include:

14
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Interference between ground-
wave and skywave: Both an NVIS
and groundwave signal are present the
groundwave can cause destructiveinter-
ference. Proper antenna selection will
suppress groundwaveradiation and min-
imize this effect while maximizing the
amount of energy going into the NVIS
mode.

High-takeoff angles: In order to
produce radiation which is nearly verti-

cal (i.e., NVIS), antennas must be se-
lected and located carefully in order to
minimize the groundwave radiation
and maximize the energy radiated
towards the zenith. This can be accom-
plished by using specially designed
antennas or by locating standard di-
pole (doublet) antennas 1/4 to 1/10
wavelength from the ground in order to
direct the energy toward the zenith.

Frequency selection: In skywave
propagation, there is a critical fre-
quency (fy) above which radiated
energy generally will not be reflected
by theionosphere but will pass through
it. This frequency is related approxi-
mately (by a constant k slightly greater
than unity which depends primarily on
path length) to the angle of incidence
(o) and the classical maximum usable
frequency (MUF) by the equation: MUF

.=k f, sec (0).

This means that the useful frequency
range varies in accordance with the
path length: the shorter the path the
lower the MUF and smaller the fre-
quency range. The lowest useful fre-
quency (LUF) is determined primarily
by the effective radiated power and the
noise and interference at the receiver.
Practically speaking, this limits the

NVIS mode of operation to the 2-4 MHz
range at night and between 4-8 MHz
during the day. These nominal limits
will vary with the 11-year sunspot cycle
and they will be smaller during sunspot
minimums (1985-86 for example). Fig-
ure 7 is an example of the percent of
time an operating frequency would
have exceeded the maximum usable
frequency (MUF) during a solar mini-
mum. This restricting of the frequency
range is due to the physics of the situa-
tion, and it cannot be overcome by
engineering. Therefore, problems can
be expected when using on the NVIS
modein thelow end of the HF spectrum.

These problems include:
The range of frequencies between
the MUF and the LUF is limited,
and frequency assignment may
be a problem — especially during
the minimum part of the 11-year
solar cycle when many users are
crammed into the smaller avail-
able HF spectrum.

- The lower portion of the band
which supports NVIS is some-
what congested with aviation,
marine, broadcast, and amateur
users which limits frequencies
available — even during the solar
maximum.

Atmospheric noise is higher in
this portion of the HF spectrum in
the afternoon and at night.
Man-made noise tends to be high-
er in this portion of the HF
spectrum.

All of these drawbacks of NVIS trans-
mission, except the limited frequency
range, can be overcome with relative
ease. Oncethisis done,themany advan-
tages to the tactical communicator are
clear. They include:

Skip-zone-free omnidirectional
communications.
Terrain-independent path loss re-
sulting in a more constant re-
ceived signal level over the entire
tactical operational range instead
of widely varying path loss with
distance, and the corresponding
uncertainty in operational range.
Capability of operating from de-
filaded positions eliminating the
restriction on the tactical com-
mander to control the high
ground for HF communications
purposes.

Non-critical antenna orientation
ofdoublets and other linear anten-
nas such as inverted L’s.

Several electronic warfare ad-
vantages. First, lower probability
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of geolocation: NVIS is received
from above at very steep angles.
This makes direction finding (DF)
from nearby (but beyond groundwave
range) locations more difficult.
Next, harder to jam with ground-
wave jammers (the most common
tactical HF jamming mode) are
subject to path loss. Since all
NVIS radiated energy arrives
from above (skywave), terrain fea-
tures can be used to attenuate a
groundwave jammer without de-
grading the desired communica-
tion path. When operating
against a station using NVIS pro-
pagation, the jamming signal will
be attenuated by terrain while the
skywave NVIS path loss will be
constaat. This forces the ground-
wave jammer to move very close
to the target or put out more
power, and either tactic makes
jamming more difficult. Finally,
it requires only low-power opera-
tion: the NVIS mode can be used
successfully (due to the constant
path loss of tolerable size) with
very low-power sets provided that
proper frequency and antenna se-
lections are made. This will result
in much lower probabilities of

intercept and detection. Figure 8
shows results obtained in
Thailand jungles and mountains
with the 15-W AN/PRC-74 operat-

. ing with selected antennas on one
SSB voice frequency (3.6 MHz)
over a 24-hour period during the
1963 sunspot minimum. Clearly
the 1/2 wave dipole provided the
best results, and it was operating
NVIS for ranges beyond about 5
miles. The whip was operating
groundwave out to about 20 miles
and NVIS beyond, and the slant
wire was intermediate between
the dipole and whip. The per-
formance with the dipole would
have been even better if a fre-
quency change (QSY) had been
permitted near dawn (see figures
8 and 9), but QSY was not per-
mitted in the test.

With this date in mind, tactical com-
municators should add another dimen-
sion to their thinking and planning.
NVIS techniques must be considered
under the following conditions:

When the area of operationsis not
conduciveto groundwave HF com-
munications (e.g., mountains).

When tactical deployments that
place stations in anticipated skip

zones when using traditional an-

tennas (whips), frequency selec-

tion methods and operating

procedures.

When operating in heavy, wet

jungles (or other areas of high

signal attenuation).

When prominent terrain features

are not under friendly control.

When operating from defiladed

positions.

When operating against enemy

groundwave jammers and direc-

tion finders.

When flying close to the ground

in helicopters or in light aircraft.

Along with the addition of the NVIS

technique to our tactical HF communica-
tion thinking, it is also necessary to
amend our training and doctrine to
reflect more completely all HF modes
available to the communicator. The Air
Force has incorporated some of this
information into their literature, but we
have been unable to find any Army
TM, FM, or POI which properly de-
scribes the advantage of the short-path
skywave techniques discussed in this
paper. In all cases, these techniques are
either ignored or down played. In the
past, this situation was unfortunate,
but it was tolerable since the ground-
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ground, excellent results can be ob-
tained on both air-to-ground and ground-
to-ground paths. During these tests,
NVIS radio was used to replace HF
groundwave nets and VHF nets that
required several ground and airborne
retransmission stations to communi-
cate to stations previously unreachable
(without relays) due to skip zones and
unsuitable terrain.

We urge that those whose problems
we have described try NVIS and ob-
serve the positive results. We also urge
the Army to incorporate NVIS into
communication training and amend
the reference TMs and FMs to include
the use of the NVIS technique.

LOCAL TIME - hours

Figure 8. Communication success
with AN/PRC -74 as a function of
time of day and antenna type over 12-
mi path in low mountains, spring and

summer 1963.

1.0
vave HF techniques being used sup-
ported, for the most part, tactical opera-
ions. At present, and more importantly o8

after implementation of Division 86-
style operation, HF radio and the NVIS
mode take on new importance. HF
adio and the NVIS mode take on new
mportance. HF radiois quickly deploy-
able, securable, and capable of data
ransmission. Therefore, it will be the
irst (and frequently the only) means of
~ommunicating with fast-moving or far-
lung units. Also, it may provide the
‘irst long-range system to recover from
3 nuclear attack. The planned Objec-
:ive HF Radio (OHFR) will meet these
requirements.

With this new reliance on HF radio,
the communications planners and opera-
tors must be familiar with NVIS tech-
niques and their applications and short-
romings in order to provide more reli-
able and responsive communications
for the field commanders. In order to do
this, NVIS must be learned, it must be
taught and it must be used. Field tests
with both the New Hampshire and
New Jersey Army National Guard
(50th Armored Division) have shown
that even using obsolete radio equip-
ment (for example, the AN/GRC-26D)
and standard wire dipoles (AN/GRA-
50) cut to the right frequency and lo-
cated 1/4 to 1/10 wavelength from the
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Skip the “skip zone”.

we created it and we can eliminate it
by Lt. Col. David M. Fiedler

“urrent doctrine is
vrong. There can be
 skip zone if the
~ommunicator selects
an antenna with too
'ow a radiation
angle, but there is no
skip zone unless you,
the communicator,
reate it! . . . We must
hanish forever the
term “‘skip zone’’ and
the thinking that
created it.

%, near-vertical

Wincidence sky wave

l“l“‘l AR EE N ground wave

\/ slip distance \/

— .
Sklp 2 oﬂe

Flgure 1. This illustration from FM 24-18 and other publications shows the
incorrect concept of a skip zone. If such a skip zone exists when not desired, the
communicator has improperly selected the antenna or antenna height.

For many years, Army publications
lealing with high frequency (HF)
adio communications (i.e. FM 24-18,
M 24-1, FM 11-65, TM 11-666, and
ithers) have used the diagram shown
n Figure 1. These publications
xplain how HF radio signals (2-30
MHz) are propagated either as
rroundwaves or skywaves. They
orrectly define a groundwave as
nergy radiating along the surface of
he earth until it reaches a point (10 to
’0 miles distant) where the energy
evel becomes too low to be of use for
:ommunications. And they define a
;kywave as energy radiated at an
ipward angle from the antenna and
reflected back to the earth’s surface
yy the ionosphere, adding, however,
hat this reflection should be expected
it a point no less than 100 miles from
he antenna. Thus, they claim there is
a gap, or “skip zone,” of 30 to 90 miles
beginning where the groundwave
vecomes too weak for communication
and ending where the skywave
-eturns to earth) in which HF radio
‘ommunications are ineffective. To
quote FM 24-18: “There is an area
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called the skip zone in which no
useable signal can be received from a
given transmitter operating at a given
frequency. This area is bounded by
the outer edge of useable groundwave
propagation and the point nearest the
antenna at which the skywave
returns to earth.” This doctrine is
wrong. There can be a skip zone if the
communicator selects an antenna
with too low a radiation angle, but
there is no skip zone unless you, the
communicator, create it!

After many years of urging by
myself and others, the December 1984
issue of FM 24-18 finally included an
appendix (Appendix N) on near
vertical incidence skywave (NVIS)
HF propagation. This appendix
clearly shows how, by adjusting
antenna heights and transmitter
frequencies, an operator can obtain
high angle radiation and eliminate
skip zones. Apparently, however, the
subject area experts of the Signal
School did not grasp the significance
of Appendix N, since they allowed
Figure 1 (which is a reproduction of
Figure 2-15 in the manual), an

illustration of a “skip zone,” to
remain in the same manual
untouched. Because the ranges
covered by the so-called skip zone are
of particular significance to the Army
for many tactical reasons, it is
important to understand what
Appendix N is saying. Using a
slightly different approach than that
used in Appendix N, I will try to
demonstrate again how the “skip
zone” can be avoided.

First, however, we need to take a
quick look at the accompanying
illustrations. Figure 2 shows the
relationship between the angle of
radiation and the distance covered,
assuming an average height of the
ionosphere. It shows, for example,
that if a station wishes to
continuously cover a distance up to
200 miles (approximately the depth
and width of an Army corps), it needs
to radiate its signal at all angles
between 52 and 87 degrees toward the
zenith (i.e. in a vertical direction).
Figure 3 shows that a horizontal
dipole antenna .25 wavelengths above
ground will direct most of its energy



between these angles. Figure 4 shows
that a vertical antenna .5
wavelengths above ground will do
likewise with almost equal efficiency.
Thus, provided that the operating
frequency does not exceed the
maximum useable frequency (MUF),
either of these simple, commonly
available configurations will do the
job of directing energy nearly
vertically so that it will be scattered
and reflected downward by the
ionosphere.

MUFs can easily be determined
using ionospheric sounding or
propagation prediction tables. If these
are not available, use the common
rule of thumb (2-4 MHz nighttime, 4-8
MHz daytime). The best operating
frequency is usually about 20-25
percent below the MUF. Figure 5is a
compiliation of all angles of radiation
vs. antenna height in wavelengths for
horizontal (black curves) or vertical
(white curves) antennas. Using this.
figure, we see the same results as
aeg‘ngé%?gs lgggiaelgdrg)l?rlﬁ’.:a.g?aﬁng Figure 2. Radiation angle vs. range (from The Rules of the Antenna Game).
energy at all angles between 51 and
87 degrees, falls directly within the
first black curve. Similarly, a vertical
antenna, .5 wavelengths above the
ground, radiating energy at all angles
between 50 and 90 degrees, falls
directly within the first white curve.

Wavelength (A) can be calcuated
using the equation:

wavelength(A) = 300
in meters frequency (in MHz)

For example, if our operating
frequency were 5 MHz, the
wavelength would be 300/5=60
meters. For a horizontal dipole
antenna to radiate energy at the
necessary angles, it would have to be
6 (.1A) to 15 (.25A) meters above the
ground. Similarly, a vertical dipole
would have to be 30 meters (.5A) above
the ground for the same result at this
operating frequency.

Knowing the above information,
operators can use the following steps
in order to provide continuous, skip
zone free HF radio communications
for military operations.

1. From the operations order or
other directive, determine the ranges
to all stations in the net. Stations
within 500 miles (well within
a division or corps area) can be easily
reached using simple dipole
antennas—provided a propagating
frequency is available.

Figure 3. Horizontal dipole radiation patterns at various heights (in
wavelengths) above the ground (from Air Force Comm. Pam. 100-16).
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2. From Figure 2, determine the
range of angles required to transmit
energy over the distance required.

3. From ionospheric sounders,
propagation tables, or other
predictions, determine the range of
frequencies required to support
propagation throughout the day. (The
frequency will change depending on
the time of day, thus requiring
frequency shifts and retuning of
radios and antennas for 24-hour
.operation. Typical changes are shown
in Figure 6.)

above the ground (from Air Force Comm. P

£
am. 100-16

4. From the authorized frequency
list provided to your unit, select
operating frequencies which fall

within the range determined in Step 3.

(If no authorized frequencies fall
within this range, you will not
communicate past groundwave
range.)

5. After selecting the operating
frequency, select the antenna type
desired (vertical dipole, horizontal
dipole, etc.).

6. Calculate the required antenna
height in wavelengths

Figure 5. Radiation angle vs. antenna height above ground. Select the antenna
height for range of radiation angles desired (from The Rules of the Antenna
Game).
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wavelength = 300
in meters frequency in MHz

7. Mount the antenna at or near this
height. (Physical height is not too
critical. Height plus or minus .1
wavelengths will function well.)

8. Tune the equipment to the
operating frequency and operate.

9. Change frequencies as required
by propagation. (Since any antenna
height between .1 and .25
wavelengths will direct the energy in
a verticle direction, raising and
lowering the antenna will almost
never be necessary once it is
positioned.)

This information in conjunction
with Appendix N of FM 24-18 will
allow the tactical communicator to
engineer HF systems which will
permit 24-hour-a-day operation at
ranges up to 500 miles without skip
zones. There are two critical elements
of this approach which operators
must understand. First, propagating
frequency bands vary throughout the
day depending on the time (sun
position). In order to remain in
communication, operators must
adjust the frequencies, typically at
sunup and sundown; however, some
propagating frequency will always
exist. Second, operators must properly
match the antenna impedance to the
transmitter in order to efficiently
radiate energy. Once this is
accomplished, they must select the
proper antenna heights in order to
direct the radiated energy at the
desired angle. Due to the symmetry of
high angle radiation, antenna
orientation is not a factor and field
strength patterns are totally
omnidirectional.

The operational experience of the
state area command of the New
Jersey Army National Guard net
shows that 31 stations operating at
ranges varying from 5 to 125 miles
can provide reliable communications
under all conditions if the procedures
outlined above are followed and the

critical elements of antenna and
frequency usage are properly
considered.

In light of the above information,
let me again urge the Army Signal
Center and School to incorporate this
information along with the
information in FM 24-18, Appendix N
into the Signal School’s program of
instruction and to change all Army
literature to reflect this information.
As we move into the late 1980s and



1990s, it is becoming more and more

obvious that HF radio will be the best, :

if not the only, means of radio

communications when beyond line of

sight (BLOS) ranges are required,
when satellite communications have
been destroyed or disrupted, and in
situations such as quick recovery
after a nuclear exchange, high

intensity short duration operations, or |

anti-terrorist operations.

Both the Air Force and the Navy
have recognized these facts and
consequently devote many hours of
instruction to antennas, radio

propagation, frequency selection, and ;

the characteristics of skywave paths
in their programs of instruction and
manuals. Of particular note is Air

Force Communications Pamphlet 100- |

16, which has an excellent chapter on
short skywave paths. Unfortunately,
in my recent conversation with
graduates of the HF Radio Operators
Course (31C) and the
Communications Electronics Officer
Course (25A) (admittedly a small
sample, but I think representative), I
detected a decided lack of knowledge
in this area. Such a lack of knowledge
cannot be tolerated if we are to utilize
our enormous investment in HF
communications equipment
effectively and efficiently. The
technology exists today. It is up to the
Signal Corps (particularly the Signal
Center and School) to get this
information into the program of
instruction and out to the troops
where it will do the most good. Above
all, we must banish forever the term
“skip zone” and the thinking that
created it.
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Problems and solutions

NVIS propagation at
low solar flux indices

by Ed Farmer

NVIS coverage has
been described as
similar to squirt-
ing a hose with a
spray nozzle
straight up thus
producing an
“umbrella” of rain
for a substantial
radius around the
hose.
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Near-Vertical Incidence Sky-
wave (NVIS) propagation is a high
frequency (HF) radio technique
that can provide reliable, skipzone
free omnidirectional, even cover-
age that would be impossible
either with VHF (or above) or
with HF ground wave propaga-
tion. [1,2,3,4,5]. These attributes
have encouraged its use in emer-
gency beyond line-of-sight commu-
nication systems. [6]

NVIS successes have been
substantial [3,4,5] but as sunspot
activity continues its current
cyclic decline we must resist
attaching magical properties to it.
It is important not to lose sight of
how NVIS propagation works and
how it is effected by solar activity.

NVIS propagation

The U.S. Army Signal Corps
and LTC David Fiedler of the New
Jersey National Guard describe
NVIS propagation as resulting
from high angle radiation reflect-
ing from the ionosphere [1,2,3,5].
The literature is somewhat vague
concerning an exact definition,
but U.S. Army FM 24-18 [1]
states, “In order to attain a NVIS
effect, the energy must be radiated
strong enough at angles greater
than about 75 or 80 degrees from
the horizontal on a frequency that

the ionosphere will reflect at that
location and time.”

A more liberal definition
would be, “Skip-zone free, omnidi-
rectional, high frequency, iono-
spheric propagation.” Achieving
it is facilitated by antennas that
direct most of their radiation at
high take-off angles, typically
more that 45 degrees (See Figure
1, taken from U.S. Army FM 24.
18). It also requires operation
below the “critical frequency” so
that radiated energy is reflected
back to earth, even when directed
straight up--operation above
critical frequency will always
produce a “skip zone,” but more
on critical frequency later. To-
gether, these conditions produce
the gap-free coverage for which
the NVIS technique is attractive.

Frequency selection is impor-
tant in NVIS work. FM 24-18
suggests, “...the useful frequency
range varies in accordance with
the path length. The shorter the
path or higher the angle, the lower
the MUF {maximum useable
frequency} and the smaller the
frequency range. In practice, this
limits the MVIS mode of operation
to the 2-to-4 MHz range at night
and to the 4-to-8 MHz range
during the day... These nominal
limits will vary with the 11-year
sunspot cycle and they will be
smaller during sunspot mini-
mums.”
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Figure 1 — The vertical radiation pattern of a NVIS antenna. Most radiation is directed upward. In this
example (from Reference [1]) the 3 db points occur at about 45 degrees.

Practical frequency selection
is driven by factors other than
where one would prefer to oper-
ate. Amateur radio operators
have two frequency bands that
meet NVIS frequency criteria—
the 40 meter (7.0 to 7.3 MHz) and
80 meter (3.5 to 4.0 MHz) bands.
The conventional wisdom has
been to use 80 meters at night and
40 meters during the day. Mili-
tary communicators are also faced
with frequency selection limita-
tions. Most frequencies between 2
and 4 MHz are allocated to other
services.

Frequency selection has not
been a problem during the higher
phases of the sunspot cycle. In
fact, most of the recent testing [4]
has occurred during a period of
high sunspot activity. Frequency
selection and the availability of
frequencies close to 2 MHz will be
more critical over the next few
years as the sunspot cycle goes
through its minimum phase.

It will become increasingly
important to understand how
NVIS propagation works and to
assess the factors that effect it in
terms of prevailing conditions and
mission requirements.

An NVIS path

A NVIS path results from high
angle radiation reflecting from a
layer (usually the F-layer) of the
ionosphere. The radius of cover-
age will vary from 200 km to as
much as 1000 km. Coverage

within the active radius will be
quite even.

The active area depends on
the transmitting and receiving
antennas, the operating fre-
quency, and the condition of the
ionosphere. The condition of the

e

Figure 2 — NVIS propagation. Energy is radiated at high angle. Some

Penetration

is absorbed by low layers of the ionosphere. Reflection occurs, typically,
in the F-layers. Some energy penetrates the F-layers and is lost.
(Illustration by SSG(P) Dennis Garman)
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ionosphere depends on the time of
day, the time of year, the solar
activity (sunspot) cycle, and
various transient conditions.
Figure 1 shows the vertical
radiation pattern typical of a
NVIS antenna. Figure 2 illus-
trates NVIS propagation.

NVIS coverage has been
described as similar to squirting a
hose with a spray nozzle straight
up thus producing an “umbrella”
of rain for a substantial radius
around the hose. [1]

Selecting frequencies and
evaluating communication capa-
bilities for NVIS communication
requires a rudimentary under-
standing of ionospheric propaga-
tion.

Ionospheric propagation

Radio waves may travel
between a transmitter and a
receiver directly, by following the
ground (the “ground wave”), or by
reflecting from the ionosphere
(the “sky wave”). NVIS propaga-
tion is sky-wave propagation. On
some paths, particularly
unobstructed short ones, ground
wave propagation may also be
possible. These two modes can
interact which is usually bad.
Good NVIS antennas are typically
poor ground wave radiators (and
vice versa) so problems are usually
easily avoided.

Sky wave propagation results
from radio waves reflecting from
the ionosphere. Understanding
the characteristics of sky wave
propagation requires an under-
standing of the ionosphere.

The ionosphere is a region of
charged particles in the upper
atmosphere. It results from
photoionization by high energy
(short wavelength) radiation from
the sun. [7] The highest region
receives (and absorbs) the most
solar energy and therefore be-
comes more ionized than lower
regions.

The more ionized the region,
the better it reflects radio waves.
Less ionized (lower) regions
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Figure 3 — Solar Activity Cycle (from Reference [4]). Solar activity
varies on an 11 year cycle. Sunspot data is available for hundreds of
years. As this is being written we are in the waning years of Cycle 22,
Note that 10.7 cm Solar Flux correlates well with Sunspot Number.

Lt. Col. Fiedler published his landmark paper, “Optimizing Low Power
High Frequency Radio F:. formance for Tactical Operations” in ARMY
COMMUNICATOR in ‘he spring of 1989. The Marine Corps
experiments that validated Fiedler’s work occurred in the spring and
summer of 1988, and were reported in the fall 1989 edition of ARMY
COMMUNICATOR. During 1988, the Solar Flux Index was increasing
rapidly and was between 100 and 200.

absorb radio waves. Lower
frequency radio waves are more
susceptible to absorption than
higher frequencies.

It is productive to think of the
ionosphere in terms of “layers.”
The lowest layer, the D-layer,
exists only during daylight hours
at heights of about 50 to 90 km. It
will not reflect medium or high

frequency waves—it weakens
them by absorption. D-layer
absorption is always a factor in
medium and high frequency
daylight propagation. [8]

The E-layer exists at a height
of about 90 to 130 km. It’s height
varies between daylight and dark.
It is a factor in medium and high
frequency propagation because it




can reflect radio waves of suffi-
ciently low frequency. It also
attenuatee signals that pass
through it to the F-layers. [8]

Occasionally, regions of the E-
layer will contain cloud-like areas
of high ionization. These regions
will reflect signals that would
normally pass through. Since this
effect does not occur with predict-
able regularity or locality, it is
called “Sporadic E.” [8]

The F-layer is actually two
layers during the day and one
layer at night. The F1-layer
exists only during daylight at a
height of about 175 to 250 km. [8]

The F2-layer is located at a
height of about 250 to 400 km.
During the dayj, it is a distinct
layer. At night the F1 and F2
layers merge into a single F-layer
at a height of about 300 km. [8]

The F2-layer is the principal
reflecting region for high fre-
quency communication.

Solar activity and ionospheric
propagation

Ionospheric (sky-wave)
propagation is the result of radio
signals reflecting from the iono-
sphere. Reflection depends on the
operating frequency, the angle at
which the radiation encounters

the ionosphere, and the degree of
ionization.

The degree of ionization
depends on excitation from the
sun. Obviously there is a signifi-
cant difference between day and
night. There is also a difference
that results from solar activity.

There are several measures of
solar activity, including the Sun
Spot Number, the 10.7 cm (2800
MHz) Solar Flux Index, and the
1.8 Angstrom Background X-ray
Flux. These methods can all be
related mathematically. For
tactical propagation prediction
work, the most useful index is the
10.7 cm. Solar Flux Index (SFI),
largely because timely values are
easy to obtain. [7,9]

Sun spots have been observed
for hundreds of years and in 1859
it was determined that they vary
on an 11 year cycle. The cycle is
assumed to begin at a minimum of
solar activity. As this is being
written (January of 1994), we are
in the 9th year of cycle 22. See
Figure 3. [9]

At the peak of the solar cycle
there is a very high flux and the
ionosphere receives a great deal of
excitation. This contributes to its
ability to efficiently reflect radio
signals. The frequency required to

Table 1: Data for Cities Used in Path Studies
Latitude Longitude Distance Take-off
deg min deg min km Angle, deg
Origin: Sacramento 38 307 121 295
Fig.6 Destination
a. Stockton 37 536 121 14.2 72 82
b. San Francisco 37 37.1 122 224 126 77
¢. Reno, NV 39 298 119 46.0 185 71
d. Fresno 36 466 119 43.0 248 65
e. SanLuis Obispo 35 142 120 384 372 55
f. Bakersfield 35 197 118 598 418 51
g. Lancaster 34 444 118 13.0 511 45
h. Long Beach 33 490 118 9.0 602 40
i. San Diego 32 440 117 1.2 751 34
Table 1

penetrate the ionosphere in-
creases. Absorption in the lower
layers also increases but, on
balance, higher solar flux is
beneficial.

Solar Flux data are readily
available which facilitates high
and medium frequency propaga-
tion prediction. The Solar Flux
Index is updated every three hours
(beginning at 0000 UTC). It may
be obtained by monitoring WWV
or WWVH at 18 minutes past each
hour. [7]

The Solar Flux Index ranges
from a theoretical minimum value
of about 65 to more than 250. The
higher the number the more
active (and the more reflective)
will be the ionosphere.

The highest frequency that,
when radiated directly upward,
will reflect from the ionosphere is
called the “critical frequency.”
Signals above that frequency pass
through the ionosphere and out
into space. Critical frequency
depends only on the condition of
the ionosphere—not on any
particular communication objec-
tive, power level, antenna, or
equipment.

Figure 4 (from Reference 10)
shows how the configuration of
the ionosphere and how the
critical frequency are effected by
time of day, by time of year, and
by solar activity. These figures
are typical of four situations.
Actual values, of course, depend
on the prevailing physical condi-
tions. Figures 4(a) and 4(b) show
typical data during a maximum in
the solar activity cycle in summer
and in winter, respectively. Note
that the critical frequency for F-
layer propagation is generally
above 4 MHz. Figures 4(c) and
4(d) show the same data for the
minimum of the solar activity
cycle. Note that the F-layer
critical frequency is well below 4
MHz at night and only rarely
above 6 MHz during daylight. {10]

Frequencies higher than the
critical frequency can be useful
providing radiation is directed at
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the ionosphere at more grazing
angles. Hence, frequencies above
the critical frequency can be used
for “skip” propagation in which
two stations several thousand km
apart may be in good communica-
tion even though neither station
can be heard at most points in
between. The signal is said to
“skip over” the intermediate
listeners. [10, 12]

For any path, however, there
is a frequency that will be suffi-
ciently high to penetrate the
ionosphere. The highest fre-
quency at which this does not
occur more than 50 percent of the
time is called the Maximum
Useable Frequency, or MUF, for
that particular path.

The MUF can be related to the
critical frequency (fo) by consider-
ing the “takeoff angle.” Takeoff
angle is the angle between the
radiation “ray” of interest and the
horizon. The relationship is: MUF
= fo / Sin(takeoff angle). [10]

There is a high degree of
variability in the ionosphere
consequently it is not possible to

know the MUF with precision.
Generally, the MUF is assumed to
be the highest frequency at which
the path can be made 50 percent
of the time. Consequently,
operation near the MUF will not
provide a reliable path. As fre-
quency decreases below the MUF
a path will exist a higher percent-
age of the time. The frequency at
which the path exists 90 percent of
the time is called the “Frequency
of Optimum Traffic” or FOT. It
will frequently be about 50 to 85
percent of the MUF. [11]

It is also possible to define the
lowest frequency at which commu-
nication over a given path at a
specified power level can take
place. In this case, making the
path depends on the ability of the
communication system to over-
come ionospheric absorption and
ambient noise. The lowest fre-
quency at which a path can be
made is called the Lowest Useable
Frequency or LUF. [8, 11]

It is useful to review the
various frequencies used to
characterize ionospheric propaga-
tion.

Maximum Useable Frequency at Various Distances
at Winter Solstice with the SFI = 65.9
9.0
8.0
i e
N 6.0 e
3 X L
40l — = = Local midnight
540 —= ==— L ocal noon
= 30 —— ===
20
1.0
0.0
0.0 2000 4000 6000 800.0
Path length, km.

Figure § — Maximum useable frequency increases as path length
increases. This graph was prepared for the paths in Table 1 from the

propagation data shown in Figure 6.

FO critical frequency: The
highest frequency that will not
penetrate the ionosphere more
than 50 percent of the time when
radiation is directed at a takeoff
angle of 90 degrees.  Critical
frequency does not assume any
specific communication objective.

Highest probable fre-
quency (HPF): The highest
frequency at which ionospheric
propagation between specific
locations will be available 10
percent of the time.

Maximum useable fre-
quency (MUF): The highest
frequency at which ionospheric
propagation between specific
locations will be available 50
percent of the time.

Frequency of optimum
traffic (FOT): The highest
frequency at which ionospheric
propagation between specific
locations will be available 90
percent of the time.

Lowest useable frequency
(LUF): The lowest frequency at
which ionospheric propagation
between specific locations and
using specific power levels, receiv-
ing equipment, and antennas will
be available 50 percent of the
time. The LUF can be improved
(lowered) by increasing power,
using higher gain antennas, or
substituting higher performance
receiving equipment.

An analytical look at some
NVIS paths

Let’s look at several NVIS
paths originating in Sacramento,
California (See Table 1). These
paths were selected because they
could be significant during certain
anticipated natural disasters but
also serve to illustrate how NVIS
paths of different lengths are
effected by SFI.

Propagation data are always
specific to the time of year, time of
day, and solar activity. In order to
illustrate a more-or-less worst
case condition, the time of year
was selected as the winter solstice
(the shortest day of the year),
December 21, 1993. The Solar
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Figure 6 (a-i) — Maximum Useable Frequency (MUF) for various paths. Note that the shorter paths have
significantly lower MUFs than the longer ones. Terminal and path length data are shown in Table1.
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Maximum Useable Frequency
Sacramento-Reno at Winter Solstice
at Solar Flux Index Indicated
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Figure 7 — Maximum Useable Frequency for a Sacramento - Reno, Nevada path at the winter solstice

at the Solar Flux Indices shown.

Flux Index was selected as the
minimum value the propagation
program that was used
(MINTPROP [11]) would accept
which turned out to be 65.9. Data
‘were obtained for every half hour.

Figure 5 illustrates the effect
of takeoff angle on maximum
useable frequency. As the path
becomes shorter, the MUF be-
comes lower. This is because the
takeoff angle for shorter paths
approaches the vertical, hence the
MUF approaches the critical
frequency.

Figure 6 illustrates the MUF
for the 9 paths shown in Table 1.

Clearly, the greatest challenge
for NVIS propagation during low
SF1 is the shorter paths. On paths
under 500 km the predicted MUF
is always above 2 MHz but is
frequently not above 3 MHz.
Significantly, the MUF does not -
rise above 7 MHz for these paths.
In fact, it rises above 7 MHz only
on the longer paths and then only

for a brief period during the
middle of the day.

In terms of amateur radio
bands, 40 meters (7.0 to 7.3 MHz)
will not be useful for NVIS cover-
age. Although a path will prob-
ably exist to the more distant
locations during a short part of the
day, the closer locations will be in
the “skip zone.” The skywave will
skip over them rendering commu-
nication unlikely.

The 80 meter band (3.5 to 4.0
MHz) will be useful for all loca-
tions during daylight hours but
will not be reliable at night.

NVIS doctrine [1} would
suggest we select a lower fre-
quency for night operations.
There are, however, no suitable
frequencies available to amateur
radio operators. This requires
consideration of the medium
frequency 160 meter band (1.8 to
2.0 MHz). Millitary systems with
more flexibility in frequency
assignments are, of course, less
affective.

Medium frequency utilization
The 160 meter band will be
useful for all paths at night. This,
however, is not as good as it
sounds. The LUF for a given
communication system and
objective can be quite high.
Ionospheric absorption is a larger
factor at medium frequencies
(MF) than at high frequency. It is
also harder to radiate a strong
signal on this band than it is on
those of shorter wavelength. [12]
It is, however, the only way to
make NVIS propagation useable.
It is important that tactical
and emergency communicators
develop strategies for implement-
ing medium frequency (160 meter)
NVIS paths. There are several
challenges. The most important
ones are equipment and antennas.
Most military HF equipment
will not operate below 2 or 3 MHz.
While operation at 2 MHz satisfies
the physics of the problem, the
limited frequency allocations gets
in the way. Most modern amateur
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radio equipment will operate in
the 160 meter band.

Full-size resonant antennas
for 160 meters are physically
large. A half-wave dipole cut for
1.9 MHz would be about 246 feet
long. To meet the usual NVIS
height objective of 0.1 to 0.25
wavelengths [1,2,3,5] it would
have to mounted 49 to 123 feet
above the ground. Antennas of
this size and mounted at these
heights are uncommon, are
difficult to erect, and are suscep-
tible to damage during emergency
conditions.

Many reduced size antennas
exhibit lower radiation resistance.
Consequently, resistive losses
(e.g., wire and connection resis-
tance) must be minimized or
efficiency will suffer.

Even when a good MF
skywave is radiated, ionospheric
absorption is a significant prob-
lem. The sky wave for the AM
broadcast band (0.53 to 1.6 MHz)
is usually completely absorbed.

During daylight the 160 meter
skywave is almost completely
absorbed in the D-layer. [12]

Noise is more of a problem at
medium frequency. Atmospheric
noise is of higher intensity than at
HF and man-made noise is more
common. These combine to raise
the noise floor. [13, 14]

Noise is a complex subject and
not conducive to treatment by
simple assumptions. To provide
some assessment of the approxi-
mate magnitude of the effect:

One should expect a 5 to 8 db
increase in noise level when
frequency is changed from the 40
meter amateur band (7.0 to 7.3
MHz) to the 80 meter band (3.5 to
4.0 MHz). [14]

One should expect an 8 to 9 db
increase in noise level when the
frequency is changed from the 80
meter band to the 160 meter band
(1.8 to 2.0 MHz). [14]

Because of these problems;
low antenna gain, low antenna
efficiency, higher path losses, and

a higher noise floor; MF paths will
require significantly more power
than one used to HF operation
might estimate.

MUF at higher solar flux index
As the solar flux index
increases, the MUF at any time of
day also increases. Figure 7 shows
the MUF for five values of the
solar flux index greater than the
minimal value used in preparation
of Figure 6. The assumed path
was Sacramento - Reno, Nevada.
It was selected because it is a
medium length path for which
ground wave propagation is out of
the question. Shorter paths (e.g.,
Sacramento - Stockton) would
have lower MUFs and longer
paths (e.g., Sacramento - San
Diego) would have higher MUF's,

MUF affected by time of year
Figure 8, prepared using the
same solar flux values as Figure 7,
illustrates the effect of time of
year. On the longest day of the

Maximum Useable Frequency
Sacramento-Reno at Summer Solstice
at Solar Flux Index Indicated
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Figure 8 — Maximum Useable Frequency for a Sacramento - Reno, Nevada path at the summer solstice at the

Solar Flux Indices shown.
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year, the MUF curves show
smaller day-to-night variations
and the maximum value of the
MUF is lower. Most importantly,
the minimum value of the MUF is
higher. For NVIS communication,
winter conditions are clearly more
critical than summer.

For the more modern military
and commercial systems used in
emergency management, the
problems of constantly changing
path conditions, particularly
during low solar activity, have
been significantly reduced by the
use of automatic link establish-
ment (ALE). HF-ALE systems can
deal with HF propagation vari-
ables in real time and find the best
operating frequency for the
conditions.

ALE scans and tests autho-
rized frequencies for a particular
path or net until it finds a fre-
quency that will support commu-
nications over the path. Each
radio in an ALE net constantly
broadcasts a sounding signal and
“listens” for other sounding
signals generated by other net
members.

An analysis of these signals by
an on-board processor determines
the best frequency for communica-
tions, and this frequency is then
selected automatically for opera-
tions.

In summary

There are special challenges
for NVIS communication systems
during periods of low solar activ-
ity. Propagation parameters (e.g.,
solar flux index) must be carefully
considered. The use of propaga-
tion prediction tools becomes
more important. Frequency
selection becomes more critical,
especially for nighttime opera-
tions.

The use of medium frequen-
cies (e.g., the 1.8 to 2.0 MHz
amateur radio band) is a critical
element in communications
planning. Effort should be de-
voted to developing easy to deploy

antennas and matching systems
for this band.

NVIS propagation works, even
during periods of low solar activ-
ity, but careful consideration of
propagation becomes more impor-
tant as sunspot numbers go
through the low portions of their

11-year cycle.
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Understanding antenna performance

NVIS antenna fundamentals

by Edward J. Farmer, P.E.

This is the second
of three articles
on NVIS communi-
cation. The first,
"NVIS Propaga-
tion at Low Solar
Flux Indices" ap-
peared in the
Spring 1994 issue
of Army Communi-
cator. The third
article will be on
field antenna
experiments. This
article deals with
design, operation,
and understand-
ing of NVIS anten-
nas.

Near vertical incidence sky
wave (NVIS) communication
involves paths in which radio
energy directed upward at high
angles is reflected from the iono-
sphere. Properly done, it pro-
vides uniform, dependable com-
munication over corps size (and
larger) areas. This is often tak-
en to mean areas with a radius
of 250 km or so. [1]

NVIS communication systems
require that two issues be prop-
erly addressed. First, it is es-
sential that the frequency of
operation be selected with full
consideration of the prevailing
propagation conditions. This is
addressed in Reference [2].

Second, it is essential to use
an antenna that has a substan-
tial radiation field in the vertical
direction. In tactical NVIS ap-
plications, selecting an antenna

is driven by the specific mission
requirements, the field condi-
tions encountered, the transmit-
ter power available, the quality
of the base stations with which
communication must be main-
tained, the time and resources
available for erection, the pros-
pect of the enemy seeing the
antenna or intercepting the
signals, the required range of
operating frequencies, and the
available antenna system compo-
nents.

The antenna system begins at
the radio and involves the an-
tenna tuning unit (ATU), the
feed line (transmission line)
between the ATU and the anten-
na, and the antenna itself (see
Figure 1). Each element is im-
portant in achieving proper
operation. They will be dis-
cussed in that order.

TRANSMISSION LINE

~

ATU
(bullt in)

" TRADIO

N\

ANTENNA

34

Figure 1. Components of a transmission system including the radio
with the ATU, transmission line, and antenna.
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ANTENNA TUNING UNIT

The output circuit of modern
(e.g., solid state) radios is a
moderate impedance—usually 50
ohms. Coupling these radios to
any practical transmission line
(and hence, antenna) requires
matching the impedance pre-
sented at the radio’s end of the
transmission line. This device is
an ATU, antenna coupler, anten-
na matching unit, or trans-
match.

This device provides the reac-
tance necessary to compensate
for the impedance that appears
on the radio end of the transmis-
sion line. This impedance de-
pends on the operating frequen-
cy, the design of the antenna, its
mounting position, the type of
transmission line, and its length.
This impedance can vary from
moderate values of pure resis-
tance (e.g., 72 ohms for a half-
wave resonant dipole mounted a
half wavelength above ground)
to thousands of ohms of reac-
tance coupled with very low (or
very high) values of resistance.

Most military radios have an
ATU built in so a resonant an-
tenna is not required. For radi-
os such as the AN/PRC-132 that
do not have an ATU, a resonant
antenna is essential.

The process of "matching”
amounts to creating a one-way
RF "mirror." [4] RF energy from
the transmitter passes through
the ATU (in the "transparent”
direction of the one-way mirror)
into the feed line. It travels
down the feed line to the anten-
na. If the characteristic imped-
ance of the transmission line
does not match the feed point
impedance of the antenna, some
of the energy is reflected back
up the transmission line toward
the transmitter. The interaction
of the incident and reflected
energy forms a "standing wave"
which is a measurement called

the standing wave ratio (SWR).
If the feed line is perfectly
matched to the antenna (e.g., an
antenna with a 72 ohm imped-
ance is fed by a 72 ohm coaxial
cable), the SWR is 1:1 or simply
"1." If there is an impedance
mismatch, the SWR is greater
than one perhaps by many
times.

Energy traveling back up the
transmission line runs into the
ATU. When properly adjusted,
the ATU re-reflects the energy
back down the line toward the
antenna. This is the mirror side
of the one-way mirror. No sig-
nal passes back through the
ATU to the transmitter itself.

All the energy supplied from
the transmitter through the
ATU into the feed line will even-
tually either be radiated or ab-
sorbed in antenna and.feed line
losses. Some, hopefully most,
will be absorbed in the radiation
resistance of the antenna and
thus will radiate useful signals.
Some will be absorbed in the
loss resistance of the antenna.
Some, often quite a bit, will be
absorbed in the transmission
line. As long as the ATU is
correctly adjusted none will be
dissipated in the transmitter
itself.

The ATU may be manual or
automatic. There are many
ways to arrange its reactances
[3] however, no matter how
implemented, its purpose re-
mains the same.

TRANSMISSION LINES

A feed line or transmission
line connects the radio to the
antenna’s feed point. It may be
coaxial cable, parallel wire line
("ladder line" or "twin lead"), or
a single wire that may be part of
the antenna itself.

A single wire feeder is typi-
cally part of a single wire

(marconi-type) antenna. For
example, it is the vertical wire
in an Inverted L (a very useful
NVIS antenna). Since this feed-
wire is part of the antenna, it
radiates. Since it is vertical, it
radiates mostly in the horizontal
direction. This can be useful in
situations where ground wave
communication is beneficial but
it contributes little to the NVIS
effect. The amount of radiation
from this vertical wire depends
on the electrical length of the
entire antenna and is greatest
when the total length is an odd
number of quarter-wavelengths.
It can represent a "loss" even
though it is, in fact, radiating.

Coaxial cable is the most
common transmission line in
military systems. It also has the
highest loss of the available
transmission lines.

Even when both the antenna
and the transmitter are perfectly
matched to the cable, some of
the signal passing through it is
absorbed. This loss depends on

-the design of the cable, its

length, and the frequency of
operation. At frequencies below
8 MHz this loss is not substan-
tial. For a 100-foot foam dielec-
tric RG-8 coaxial cable, the loss
is less than 0.5 dB at 8 MHz and
a bit more than 0.2 dB at 2
MHz. To put this in perspective,
if 100 watts at 2 MHz entered
this cable, about 95.5 watts
would enter the antenna.

While it is usually possible to
match the ATU to the coaxial
cable it is generally not possible
to match the antenna, at least
not over a wide range of fre-
quencies. Consequently, the
mismatch at the antenna causes
reflections which create standing
waves. As the SWR increases so
does loss in the coaxial cable. At
8 MHz, an SWR of 17 (which is
not uncommon in broadband
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applications) will cause half of
the transmitter's power to be
lost in this coaxial cable.

Parallel wire line causes sig-
nificantly less loss. The
"matched"” loss at 2 MHz is only
0.01 dB, rising to 0.05 dB at 8
MHz. This is a factor of ten less
than that for coaxial cable.
Further, the loss does not in-
crease as rapidly with increasing
SWR (see Figure 2). A 100-foot
length of parallel wire line will
not produce 3 dB of loss at 2
MHz until the SWR rises well
above 500. At 8 MHz 3 dB is
reached at an SWR of about 175.

Parallel wire line is commonly
available with impedances rang-
ing from 75 to 600 ohms. The
most common impedances, ap-
proximately in order of popu-
larity, are 450, 300, 600, and 75
ohms. Interestingly, if a 72 chm
antenna were fed with 100 feet
of 72 ohm coaxial cable, the
transmission line loss would be
about 0.5 dB at 8 MHz. If this
same antenna were fed with 450
ohm parallel wire line, the SWR
would be about 6:1 but the line
loss would be only 0.2 dB.

BALUNS

The term "balun" stands for
"BALanced to UNbalanced"
converter. They can be impor-
tant in optimizing the radiation
pattern and radiation efficiency
of balanced (Hertz-type) anten-
nas (e.g., dipoles) when they are
fed from radios with unbalanced
output circuits or over unbal-
anced transmission lines such as
coaxial cable. Military doctrine
does not make much use of
baluns. In fact, their use is not
important when each side of a
balanced antenna is installed in
a similar manner (e.g., at the
same height above ground and
near similar objects) and when
the length of a coaxial feed line
is not close to a half wavelength
(or multiple thereof) of the oper-
ating frequency. When either of
these conditions are not met a
balun should be used. [7, 8]

ANTENNAS

An antenna in any radio sys-
tem provides the link between
the radio equipment and the
space through which signals are
sent.

There are many antenna de-
signs. Many are useful only in
specific situations. Some provide
equally good (or sometimes,
"equally bad") performance over
a wide range of applications. In
all instances, they are the por-
tals between us and those with
which we wish to communicate.
They must be selected with
specific objectives in mind.

In evaluating an antenna
design for a specific purpose,
NVIS communication or any
other, there are two primary
concerns:

* How much of the transmit-
ter’s power actually makes it
into the radiated signal?

* Does the radiated energy go
where needed?

In simple language, we are
concerned with the antenna’s
radiation pattern (and thus its
coverage) and with how much
signal is radiated (its efficiency)
over the range of frequencies
required by the mission.

There are some practical con-
cerns as well. In tactical situa-
tions, it is important to be able
to erect the antenna quickly and
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Figure 2. Transmission line loss.
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easily. It must survive the
weather and environment it
encounters. There may be con-
cern about its visibility to the
enemy and the enemy’s ability to
intercept our signals.

Erecting an antenna quickly
and easily is usually at odds
with achieving optimal mount-
ing height yet most antenna

0

length above ground. As the
height of an antenna, as mea-
sured in wavelengths, decreases
its effective length becomes
slightly longer and its feed point
impedance becomes lower.
Antenna radiation pattern
shape does not change much as
an antenna is lowered below 0.1
wavelength although vertical

gain decreases markedly.

Fiedler [5] has provided an ex-
cellent description of the effect of
antenna height on power gain
(see Figure 3). Pattern shape
does change significantly as an
antenna rises above 0.25 wave-
lengths (see Figure 4 (all anten-
na patterns presented were
prepared using [6])). A horizon-
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Figure 3. Antenna gain versus mounting height.

performance factors are strongly
effected by it. Especially at the
lower NVIS frequencies, it is
difficult to attain mounting
heights that optimize the NVIS
effect (e.g., 0.1 to 0.25 wave-
lengths or 47 to 117 feet at 2
MHz).

All antenna dimensions are
significant in terms of wave-
lengths. This is especially im-
portant when an antenna is to
be operated over a range of fre-
quencies. An antenna that is
"low" at 2 MHz may be a long
way in the air at 8 MHz. The
antenna’s impedance, gain, and
pattern all depend on the
mounting height in wave-
lengths.

The feed point impedance and
antenna element lengths calcu-
lated with simple formulas are
accurate only for antennas
mounted at least a half wave-

) .

"’(a) h = 1.0 wavelength

0 dB

kc) h =050 wavelength
0 ch"

2 L0 deg

2 0 deg

"l h = 025 wavelength

Figure 4. Vertical radiation patterns for a half-wave horizontal
dipole at the mounting heights indicated. Note that NVIS effect
is pronounced at h = 0.25 wavelength and remains so as mounting

height is decreased.
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tal dipole with excellent omni-
directional NVIS characteristics
when mounted at 0.25 wave-
lengths becomes directional and
has no NVIS capability when
mounted at a half wavelength.

These practical concerns are
important because most perfor-
mance objectives are optimized
at the expense of physical size,
complexity, and installation
difficulty. Optimization exacts a
particularly heavy penalty as
frequency is lowered. Design
innovation for operation at medi-
um frequency largely amounts to
finding ways to get performance
without physical size and
weight.

Let’s look at the three central
concepts in NVIS antenna de-
sign: efficiency, operation over
the range of frequencies required
by the mission (bandwidth), and
radiation pattern (coverage).

Efficiency

The "efficiency" of an antenna
describes how good it is at con-
verting radio transmitter power
into electromagnetic radiation.
It does not address whether the
radiation produced is useful for
a specific (e.g., NVIS) purpose.

Each radio transmitter has
some amount of power available
at the antenna connector. Com-
munication depends on how
much of that power makes it
into the antenna’s radiation
field. Numerically, efficiency is
that which is useful divided by
the total amount available, ex-
pressed as a percentage. For
example, if it was determined
that 95 watts from a 100 watt
radio was being radiated, the
efficiency would be 95/100 or 95
percent.

With most antennas, especial-
ly when operated over a broad
range of frequencies, transmis-
sion line losses are larger than
those in the antenna itself.
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Antenna losses— When an
antenna (such as a half-wave
dipole) is described as having a
feed point impedance of 72
ohms, what does that mean? If
the antenna is resonant, it
means that it exhibits a load at
the feed point of 72 resistive
ohms. There are two compo-
nents of this resistance: radia-
tion resistance and loss resis-
tance. )

+ Radiation resistance.
Some of the power sent into the
antenna is radiated—it becomes
the signal. Radiation resistance
is a way of describing the anten-
na’s success in converting the
transmitter’s output into radiat-
ed energy.

* Loss resistance. In the
previous example, only 95 watts
of the original 100 made it into
space. Where did the other 5
watts go? One source of loss is
the actual resistance of the an-
tenna components (e.g., the wire
and connections). We know that
all wire has resistance and that
resistance causes losses for radio
frequency antenna currents.
Some of the energy from the
transmitter is wasted because
the flow of the radio frequency
current through wire and con-
nection resistance produces heat
instead of useful electromagnetic
signal.

For a full-size half-wave dipole
the loss resistance is a small
number, perhaps less than an
ohm, while the radiation resis-
tance is quite large—72 ohms or
so. The antenna'’s efficiency can
be found by dividing the radia-
tion resistance by the sum of the
radiation resistance and the loss
resistance. If the loss resistance
is 1 ohm and the radiation resis-
tance is 72 ohms, then the effi-
ciency would be 72/73 = 0.99 or
99 percent.

Factors that effect efficiency
include—

* Introducing one or more
loading resistors. These increase
the loss resistance.

» Improving the performance
of a "short" antenna by adding
loading coils. These coils make
the antenna electrically longer
than its physical length. This
improves the radio frequency
current distribution and thus
increases the radiation resis-
tance, but the substantial
amount of wire in the loading
coils also introduces additional
loss resistance.

 Decreasing the distance
between an antenna and the
ground, decreases radiation
resistance.

Antenna bandwidth

In practical implementations,
it is important that the antenna
operate over an adequate range
of frequencies, either without
operator intervention, or with
only simple modifications. This
is particularly important in
systems that rely on Automatic
Link Establishment (ALE) which
"sound" many radio frequencies
to automatically select the best
one for a particular communica-
tions objective.

The range of frequencies over
which an antenna is useful de-
fines its "bandwidth." What is
meant by "useful" depends on
the available equipment and the
specific communication objec-
tives.

Standing wave ratio (SWR)
bandwidth is a measure of the
range of frequencies over which
an antenna is "matched"” to its
source of supply (e.g., its trans-
mission line). It is defined as
the range of frequencies over
which the SWR is within some
range.



At resonance, the feed point
impedance of an antenna is
resistive. If the operating fre-
quency is raised above the reso-
nant frequency, the feed point
impedance gains a capacitive
component—the antenna pres-
ents an impedance to the trans-
mission line that electrically
"looks like" a resistor and a
capacitor in series. On the other
hand, if the operating frequency
is below resonance the feed point
impedance becomes inductive.
The frequency, in either direc-
tion, at which the reactance is
equal to the resistance is called
the "3-dB point." It is also the
point at which the SWR at the
feed point will be 2 to 1, conse-
quently, it is also called the "2:1
SWR point." The difference
between the frequencies associ-
ated with the 2:1 SWR points
(above and below the resonant
frequency) is called the 2:1 SWR
bandwidth. Bandwidth can be
defined in terms of any SWR—
there is no magic about 2:1.

Bandwidth is conveniently
expressed as a percentage of the
resonant frequency. For a typi-
cal high frequency wire antenna,
it is about 5 percent of the fre-
quency at which the antenna is
resonant. At a resonant fre-
quency of 2 MHz this provides a
bandwidth of about 100 kHz. At
8 MHz an equivalent antenna
would have a bandwidth of
about 400 kHz. This means that
the antenna does not have to be
adjusted to maintain the SWR at
less than 2:1 when the frequency
is changed within these ranges.

Factors that effect bandwidth
include—

» The larger the diameter of
the wire the wider the band-
width. An antenna made from
#20 AWG will have less band-
width than one made from #10
AWG.

* The shorter the physical
length of the antenna the lower
the radiation resistance and
hence the lower the bandwidth.

* The lower the antenna is
mounted the lower the radiation
resistance, hence the lower the
bandwidth.

As operation diverges from
resonant frequency, the SWR on
the transmission line increases.
The ATU is designed to take
care of this—it adjusts the an-
tenna and its feed line to reso-
nance. This permits operation
over a broad frequency range.
The feed line SWR is mainly of
concern because of the resulting
feed line losses. This is particu-
larly true when coaxial cables
are used.

Radiation pattern band-
width has to do with the range
of frequencies over which the
antenna’s radiation pattern is
suitable for specific communica-
tion objectives. An antenna with
excellent NVIS effect at 2 MHz
may have no NVIS effect at 8
MHz. This leads us to the sub-
ject of "coverage.”

Coverage

The usual NVIS propagation
objective is to enable all stations
within an area with a radius of
250 km or so to communicate
with each other. This is fairly
easy to do when an antenna can
be tailored for each operating
frequency. When a single anten-
na is to be stretched over what
can be two-octaves (2 to 8 MHz)
it becomes important to consider
the frequency dependent aspects
of radiation patterns in some
detail.

Tactical considerations favor
the simplicity of erecting a sin-
gle antenna that can be used at
all required frequencies yet any
single antenna has dramatically

different radiation characteris-
tics over such a two octave
range. As frequency is increased
the length and the mounting
height both become a larger
number of wavelengths. A di-
pole with excellent NVIS charac-
teristics at 2 MHz may turn into
a low radiation angle directional
end-fire array with no NVIS
capability at 8 MHz. There may
be a frequency above which
there is insufficient NVIS effect.

What constitutes an "ade-
quate" range of frequencies de-
pends on solar activity, the time
of the year, and the mission [2].
At any position in the eleven
year solar activity cycle, and in
any season of the year it is usu-
ally essential that operating
frequency be changed between
night and day. This necessity is
particularly acute during the
shorter days of winter. In such
circumstances, night operation
will usually involve frequencies
below 4 MHz while daytime
operation involves frequencies
above. [1, 2]

During the low portions of the
solar activity cycle, night opera-
tion will frequently be in the
vicinity of 2 MHz. Day oper-
ation will generally be below 8
MHz (in fact, will usually be
below 6 MHz). An antenna that
is a half wave at 2 MHz is 2
wavelengths long at 8 MHz. An
antenna mounted between 0.1
and 0.25 wavelengths above
ground (as suggested by [1]) at 4
MHz would be 0.05 to 0.125
wavelengths above ground at 2
MHz and 0.2 to 0.5 wavelengths
above ground at 8 MHz. The
radiation characteristics of a
specific antenna installation will
change substantially over such a
range of frequencies.

Figure 4 shows the vertical
radiation patterns for a resonant
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dipole antenna at various
mounting heights. Figures 5
and 6 show the azimuth radia-
tion pattern and the vertical
patterns in two directions for a
simple "Inverted L" antenna
designed for 4 MHz. In Figure
5, the antenna is operated at 2
MHz while in Figure 6 it is
operated at 8 MHz. Note that
what was a good NVIS antenna
at 2 and 4 MHz becomes hope- a large frequency range. An
less for NVIS purposes at 8 antenna that provides a near
MHz. circular radius of coverage at a

Antenna Radiation
Patterns and Beamwidth—
Evaluation of antennas for NVIS
applications over a range of
frequencies requires consider-
ation of both the azimuth and
elevation patterns.

The direction (azimuth) at
which an antenna radiates is
particularly important when a
specific antenna is operated over

=———0 deg
Elevation Plot
Azimuth Angle = 90.0 deg

,.--0-dB.
cy = 2 MHz." -

RO Azimuth Plot
Elevation Angle = 45.0 deg

«— Fleld strength
pattern

~~

Antenna
Transmitter

Current “—

distribution

élevﬁiion Plot
Azimuth Angle = 0.0 deg

low frequency (such as 2 MHz)
might become directional with
little or no NVIS effect at 8
MHz. See Figures 5 and 6.

The takeoff angle required to
span a specific distance depends
on the height of the ionosphere
which, in turn, depends on the
time of day, the time of year,
and the position in the sun spot
cycle. Reference [2] discusses
this in detail. ‘

An antenna’s coverage de-
pends on when and how it is

Figure 5. 4 MHz, half-wave Inverted L mounted 25 feet (0.1 wavelength at 4 MHz)
above medium conductivity ground, operated at 2 MHz.
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used. While an antenna’s radia-
tion pattern can be evaluated
what it means relative to a spe-
cific communication objective
requires a broader understand-
ing of NVIS propagation. [2]

~ Pattern plots are a useful tool
in assessing coverage but it is
convenient to have a "shorthand"
way of describing these patterns.
This can be accomplished by
identifying three parameters.

First, there is the line (the

axis of directivity) that shows

s Y

where the largest portion of the
radiation field is going. For
NVIS work the preferred direc-
tion is straight up.

Second, on either side of this
axis there is less radiation inten-
sity. The points at which the
radiation is half that along the
axis (the point at which intensi-
ty is down by 3 dB) define the
beamwidth. The beamwidth
provides an indication of the
area over which the antenna can
provide "even coverage.”

" Elevation Plot |

Azimuth Angle = 90.0 deg

.. 0.dB.

£ Yo

Third, it is useful to have
some indication of the limit of
coverage. While there are many
criteria that could be used it is
convenient to define the limit of
coverage as the angles at which
the antenna’s pattern drops
below one tenth that along its
axis. This occurs at the -10 dB
points on any pattern plot. This
parameter, sometimes referred
to as the beam limit, provides
some measure of how easy our
signals might be to intercept.
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Figure 6. 4 MHz, half-wave Inverted L mounted 25 feet (0.1 wavelength at 4 MHz)

above medium ground, operated at 8 MHz.
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Figdre 7. Pattern description parameters for a typical NVIS antenna.
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Figure 8. Vertical pattern of a three-element array based on the Shirley
Dipole. Note the beamwidth and beam extent are much narrower than
those for the single element half-wave dipole of Figure 7.
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There is also a performance
advantage in having restricted
beamwidth. Noise arriving at
the antenna due to interfering

signals and atmospheric effects
is attenuated in the same man-
ner as is the transmitted signal.
A good NVIS antenna inherently
attenuates noise arriving at low
angles.

For tactical NVIS work we
would like to have a 3 dB beam-
width that is adequate to cover
the area of interest and we
would like the pattern to fall off
very quickly (to -10 dB or better)
as the angle increases beyond
the 3 dB beamwidth.

Figure 7 shows the vertical
radiation pattern of a half-wave
dipole mounted about 0.1 to 0.25
wavelength above the earth.
The 3 dB and 1€ dB points are
marked. Note there is very
significant radiation well below
45 degrees. While this may be
suitable for many applications
there are those in which it is
attractive to have much tighter
patterns.

Figure 8 shows the vertical
radiation pattern in a plane
perpendicular to the array’s axis
for a three-element array based
on the Shirley Dipole Array.
Note the much sharper beam-
width.

An Interesting Example—
Consider a real mission of the
California State Guard and the
California Governor’s Office of
Emergency Services. Some of
the sites that could be involved
in emergency communications
include the Capitol of California
in Sacramento; Stockton; Reno,
Nevada; Fresno; and Long
Beach. See Figure 9. These
paths are described in Table 1.



Table 1. Path geometry relative to Sacramento.

Distance, Azimuth, Takeoff,

Location km Degrees Degrees
Stockton, California 72 162.0 82
Reno, Nevada 185 53.2 71
Fresno, California 248 140.4 65
Long Beach, California 602 149.1 40

The takeoff angles shown are for "worst case” winter conditions (2],

Suppose the 4 MHz Inverted L antenna of Figure 5 is erected so its "Y-axis* is aligned
with a straight line between Sacramento and Long Beach. At 4 MHz, this antenna provides
mission-compatible coverage.

Now, suppose conditions require operation at 8 MHz. This same antenna becomes
directional (see Figure 6) and an operator in Sacramento would find communication with
Stockton and Reno impossible, Long Beach difficult, but Fresno quite good.

If the same antenna (still operating at 8 MHz) were rotated 90 degrees, it would be
found that it was still impossible to communicate with Stockton, difficult with Fresno, but
easy with Reno and very easy with Long Beach.

Remember, these results were achieved with what was designed as a good NVIS
antenna with a near-circular coverage area at 4 MHz. Clearly, when operation over a range
of frequencies is required, changes in antenna radiation pattern must be considered.

Figure 9. Locations involved in the California example (see Table 1
and text).
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PART TWO

HOWTO DO IT
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5: THE HF NVIS RADIO PATH

An Engineering and Operational Challenge

by Dr. Alan S. Christinsin

Since World War II, military communica-
tors using high frequency (HF) radio over short
skywave path lengths, also known as near ver-
tical incidence skywave (NVIS), have had en-
gineering problems. Congestion of the HF por-
tion of the radio spectrum, combined with the
broader bandwidths of today’s independent
sideband multichannel operations, make a
sometimes difficult situation even worse. The
purpose of this paper is to acquaint communi-
cators with the problems associated with the
HF NVIS path. A short HF skywave path is
defined by most as being a distance from 0 to
about 300 miles (500 km) in length.

There are several major problems associ-
ated with short-haul HF systems. Generally
speaking, the shorter the path, the lower the
frequencies used. The lower the frequencies
employed, the greater the interference poten-
tial due to spectrum congestion, the increased
degradation due to atmospheric noise (i.e., the
worse the signal-to-noise ratio - SNR), and the
lower the antenna gain and directivity. High
noise, in itself, can prevent successful commu-
nication, especially at certain times of the year
at specific locations in the world. This is par-
ticularly true in the late afternoon and evening.
This is when atmospheric noise increases due
to propagation of the static from thunderstorms
located in southern latitudes. Increase of noise
is caused by the absence or diminishing effects
of the changing “D’ layer (the dominant iono-
spheric absorption layer). Summer evenings are
particularly noisy from about 1600-2200 local
time due to the higher probability of local thun-
derstorms as well as the addition of propagated
atmospheric noise from the equatorial areas.
Refer to Figure 1.

Most HF equipment used on NVIS paths
is fairly low power (usually less than a
kW...often only 20 Watts). This isnt much power
when competing with high noise and interfer-
ence levels present on short radio paths. How-
ever, most HF operation at these short paths is
by tactical users using vehicular or manpack
HF radios. While it is always advantageous to
have high power, in a tactical situation, trans-
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mitter power is usually limited by mobility con-
straints, fuel availability, and other consider-
ations.As a result, few tactical HF systems use
high power HF transmitters. The most success-
ful communications over the HF short haul are
usually obtained by employing communications

Figure 1. Atmospheric Noise Map-of-the-
world (Summer in Northern Hemisphere)

modes requiring the lowest signal-to-noise ra-
tios. If military units were regularly using In-
ternational Morse Code (IMC— also known as
CTI) on a regular basis, it would be very suc-
cessful from an SNR standpoint because of its
narrow (100 Hz) bandwidth and inherent ex-
cellent signal-to-noise ratio — albeit low com-
munications throughput. For many years, the
most common HF emission has been a single
sideband voice (3 kHz) signal with suppressed
carrier. This was primarily because voice op-
eration has been very popular for military use
for many years. The SSB receiver passband is
about 3 kHz, therefore, only 3 kHz of noise is
present. Since the power of a single voice chan-
nel is concentrated within 3 kHz, it competes
for the dominance of the passband (i.e., the
SNR) and, if reasonable signal levels are re-
ceived, good SNRs are usually achieved. In re-
cent years, however, new data transmission
capabilities have been developed that operate
at signal-to-noise levels as low or lower than
the SNR for IMC with throughput up to 2400
baud at times. The greater the noise, the greater
signal power density in the receiver’s passband



is needed to overcome the noise and produce a
usable output. The new “smart” data modems
can improve data operation dramatically. On
the other hand, voice requirements are still
difficult to satisfy at this point in time, but tech-
nology is improving in this area. The relatively
high signal-to-noise ratio requirements of voice
operation are difficult to achieve on short
skywave paths. However, with the advent of
more effective RF speech processors and digi-
tal signal processing devices to reduce the ef-
fects of noise and interference there have been
significant improvements in voice operation in
the last few years. While one cannot achieve
SNRs for voice as low as with data, there will
always be a requirement for both voice and
data. There is more use of data now than here-
tofore because of its improved reliability and
ease of encryption.

Since tactical transmitters usually employ
fairly low power (usually 20 to 400 Watts), the
best opportunity for improving the signal be-
tween two stations operating over a NVIS path
is through the selection and use of properly
engineered antennas at each station. Most com-
municators think of the Rhombic, Vee, Sloping
Vee, Log Periodic, Yagi or Sterba curtain an-
tenna when considering use of aneffective, high
gain, HF antenna. The aforementioned anten-
nas are excellent, but although they have high
gain, unfortunately, most are not designed for
use over the NVIS path. At these short paths,
lower frequencies and higher takeoff angles are
required. Also, high gain antennas are very
large and are not easily transported. The main
problem is, however, that most of the aforemen-

tioned antennas produce low radiation angles
(below 20 degrees) at higher HF frequencies.
Although desirable for the long haul, they are
very ineffective when used on a short path. The
following chart (Figure 2) shows distances ver-
sus optimum antenna takeoff angles that
should be considered when selecting an effec-
tive antenna for various path lengths.

Based on the foregoing chart, one can see
that for short distances, takeoff angles are quite
high...usually from 45 to 90 degrees above the
horizon.

The shorter the HF skywave path, for all
practical purposes, the lower the frequency of
operation at a given time of day. To carry that
one step further — the shorter the path, the
lower the frequency and usually the longer and/
or larger the antenna needed. The tactical com-
municator must reason a step beyond that. The
longer the antenna for the short path, usually

~ the higher above ground it should be installed

for optimized performance.

For all practical purposes, there are no
tactical “high gain” antennas for the short
skywave path. A horizontal dipole a quarter
wave above ground is going to produce about
as much gain at 90 degrees above the horizon
as is going to be obtained for tactical NVIS use.
(The doublet antenna near a quarter-wave
above ground produces a gain of about 5.6 dBi.)
There are a very few large high angle tactical
antennas with fair gain available commercially,
but most have gain about only slightly greater
than the doublet; however, unlike the doublet,
they are broadband structures. Some of these
antennas look like a regular log periodic struc-

907 80° e WAVE ANGLE (DEGREES)
b 80° GREAT CIRCLE DISTANCE (M1) 1HOPE 1HOPF 2 HOP F

! 8 250. . ...... A 25
4 $00. . . ......... 13

30 780. . . . ... 7 24 -

1000 . ... ... ... " 17 -

2 1500 . ... ... .. 9 25

10° 2000, . .......... 4 17

> 2500. . .......... 12

VERTICAL RADIATION ANGLES

Figure 2. Typical Required Vertical Radiation (Takeoff) Angles for Various Distances in the

Northern Temperate Zone
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ture only aiming straight up or siting on its
short end aimed straight at the ground. They
focus their radiation at the ground and reflect
back toward the sky. An excellent log periodic
antenna of this design is made by Antenna
Products Corporation. It is a vertically aligned
horizontal log periodic which is about 70 feet
tall and about 120 feet long, called the LPH-
15. This antenna covers the band 4-30 MHz
with 5 dBi gain or more at all frequencies over
the band. Although called a tactical antenna, it
is large and almost impractical for tactical use.
In fact, it is more properly considered move-
able and takes about a day, maybe two, to in-
stall. However, it is an excellent NVIS antenna.
Refer to Figure 3.

re———— 143’ >

Figure 3. The LPH-15 Tactical Vertically
Aligned Horizontal Log Periodic High Angle
Antenna for Short to Medium Distances

The Doublet (resonant dipole) antenna is
simple, easy to erect, and provides a fair amount
of gain at the desired radiation angles. This is
about 5 dB over an isotropic antenna (dBi) at
heights under a quarter-wave above ground.
Unfortunately, the doublet is a single frequency
antenna (plus or minus 1 or 2% bandwidth of
its design frequency), and it must be recon-
structed/modified for each frequency change
beyond one or two percent. The length of a dou-
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blet is another problem. A doublet for 2 MHz
would be about 234 feet long. This is a large
antenna for tactical applications. In today’s
world, it is rare that single frequency anten-
nas (like doublets) are employed. For one thing,
withALE, frequency hopping (and easily tuned
radios) are impractical to use with single fre-
quency antennas — or downright impossible.
Also, the reader is reminded that the classic
figure eight (bi-directional) azimuth pattern of
a dipole applies only applies in free space and,
to some degree, at height multiples of a half-
wave above earth. At doublet heights close to
earth (a quarter-wave or less), a near-omnidi-
rectional pattern is formed (especially at the
higher radiation angles). The greatest problem
of the classic resonant doublet (half-wave hori-
zontal dipole) is, of course, its narrow bandwidth
as mentioned previously. Refer to Figure 4.

If only day, night and transition frequen-

_ cies are used (three frequencies), the “Spider

Web” (multiple doublet) antenna is a reason-
ably good compromise antenna for the short
skywave path. However, it is limited to just the
three specific frequencies. Its gain, patterns,
and general performance are close to that of
three classic doublets. It is fed with a single
coaxial feed line. The “Spider Web” normally
employs only one set of masts (a set normally
consists of three masts — or poles). Because
the height of all three frequencies is fixed, at the
one height there is some pattern compromise.
Refer to Figure 5.

Another tactical antenna, the “Inverted L,”
has good gain at high angles (only slightly less
than a dipole) and is frequency agile. This an-
tenna, unlike the resonant dipole (doublet) is
fed through an antenna coupler into a single
wire feed line, making the antenna very fre-
quency flexible. The antenna coupler is a com-
ponent part of the radio package in most in-
stances. The azimuth pattern and takeoff
angles are somewhat similar to a doublet. Be-
yond about four times the lowest design fre-
quency, however, the gain falls off sharply since
the antenna starts to function like a long wire
at one wavelength or more (i.e., maximum en-
ergy starts to radiate from near the ends rather
than broadside to the horizontal wire). At the
higher frequencies, the vertical takeoff angles be-
come lower because the antenna's height remains
constant in feet, but changes in wavelength.



Dipole (Doublet)
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Comparison of horizontal patterns of a doublet and
inverted vee at approximately a quarter wave above

above ground

Figure 4A (left) and 4B (right). The Azimuthal Radiation Pattern of a Doublet antenna a

quarter-wavelength or less above ground.2

See Figure 6.

A variation of the doublet is the “Inverted
Vee” antenna. The “Inverted Vee” is essentially
a dipole supported by a single mast or pole and
its legs ‘drooped” towards ground. I¢ is a single
frequency resonant dipole, but, like the doublet,
can be broken into segments with jumpers and
insulators so that up to three specific frequen-
cies can be used if the jumpers are changed for
each of the three frequencies. This is a useful
capability, but, again, the number of frequen-
cies available is very limited and use of jump-
ers requires lowering the antenna in order to
change them for each “QSY” (frequency
change). Refer to Figure 7.

insulator

T 50-ohm coax
Formulas: eI\
High dipole L = 468 x 1.05 holes—7 @ ? | Hole for
( HZ) fwo‘:.res Qi r ’ ! Halyard
1 ,-, |
Mid dipole L = MHz) / A
-468 x .95 Hardwood
Low dipole L = F(_MHz) zf:xl:ps paddle

Figure 5a. Fort Monmuth design “Spider
Web” antenna

Another NVIS antenna is the Rockwell-
Collins orthogonal antenna often referred to as
the “NVIS Antenna” — the 637K (the Collins
model number). This antenna is now widely
known by its AN nomenclatures, the AS-2259
or 2268. Actually, this antenna comes in a couple
versions, hence, the different numbers. Both
the AS-2259 and 2268 consist of two crossed
sloping dipoles connected to each other at the
feed point, each dipole is cut to a different fre-
quency, and the antenna structure is tuned at
the base of the mast. The mast is made of rigid
coax and is tuned using an antenna coupler. (A
component of the radio set.) It uses the same
antenna base and the same antenna coupler
as a whip. The AS-2259 and 2268 were specifi-
cally designed to operate over NVIS paths, but
using hardware peculiar to a whip antenna. The
antenna has reasonable cost, produces less gain
than a resonant dipole, and is another pack to
carry. However, it is a good NVIS antenna, it
does function well, and has been used for many
years. It consumes a fair amount of space—in
a specific geometrical configuration. This an-
tenna radiates its maximum vertical lobe di-
rectly above from about 90 degrees down to
about 50 degrees — perfect for NVIS opera-
tion. It is designed to operate from 2 to 12 MHz.
While it can be tuned to higher frequencies,
the pattern becomes unpredictable (“flaky”) and
should not normally be used at these higher
frequencies. Your attention is directed to Fig-

49

NVIS Communication



'V\/\ |l|
RADIO
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Figure 5c¢. Stanford Research Institute (SRI)
design “Spider Web”

ure 8.

For semi-fixed or transportable use, the
T2FD antenna (a broadband dipole) has seen
considerable use in the last 8 years — espe-
cially in the Gulf War. The Barker and
Williamson (B&W) broadband dipole, which is
actually a compromise version of the classic
“Terminated 2-Wire Folded Dipole (T2FD),” has
performance almost as good as the classic
T2FD. The T2FD was designed by the Naval
Research Laboratory (NRL) back in about 1949
and has been used by the Army, Navy and Air
Force as well as the National Security Agency
(NSA). It is now made commercially by B&W
in a modified configuration for a cost of around
$200.00. It basically functions and has patterns
like a resonant dipole (doublet), but it has very
wide bandwidth. However, after about 4 or 5
times its lowest (design) frequency, the vertical
pattern tends to lay down somewhat and the
azimuthal pattern’s maximum radiation moves
from broadside to the plane of the wire to off
the ends of the wire. The antenna is not espe-
cially efficient (40% or less compared to the ef-
ficiency of a resonant dipole which has over 70%
efficiency at the height of about 25 feet above
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ground). However, the T2FD has the advan-
tage of being a high angle broadband antenna
with the capacity of supporting automatic link
establishment (ALE) and frequency hopping
anti-jam (AJ) operations. The classic T2FD, and
the B&W as well, are a bit bulky to deploy be-
cause of the separated wires and spacers mak-
ing these antennas difficult to roll up and trans-
port. For NVIS use, install the antenna less
than a quarter-wave above ground (at its low-
est design frequency). Refer to Figure 9.

What is the message after all that discus-
sion? First, there is no perfect antenna for HF
NVIS operation. Secondly, compromise is the
name of the game. Third, what’s good for one
short haul situation, is not always good for an-
other. The best advise is to size up your situa-
tion and determine the type antenna that will

INVERTED L

3 MHz

80" 4 MH.

as* 6 MH:
8 MHz

GROUND CONDUCTIVITY: .010
DIELECTRIC CONSTANT: 4.0

Le

10

do the best job for your requirement — con-
sidering all the specific constraints. In this mod-
ern age, the trend is away from resonant di-
poles (doublets) and more to frequency agile
antennas such as the Inverted L (tuned an-
tenna) and broadband antennas such as the
T2FD and others because of their usefulness
for automatic link establishment (ALE) and
frequency hopping.

Over the short haul, from a propagation
standpoint, not many frequencies are required
— usually three (six for a short distance du-
plex system). This usually consists of a “day”
frequency, a “night” frequency, and a “transi-
tion frequency for a total of three for a simplex
system. Six are required for duplex operation.
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Figure 7. The Jumpered Multi-frequency
Doublet

The usage of these frequencies on an hour-to-
hour basis in a multipoint simplex net is deter-
mined by the net control station (NCS) if a
manual system (multipoint net). In the low end
of the solar cycle, short path frequencies are
generally confined to the 2- to 8 MHz band be-
cause of the low solar activity while during SSN
maximum it might be 2-12 MHz. A typical (sim-
plex) frequency complement for a 100 mile path
at SSN minimum, winter might be 7 MHz (day),
4 MHz (transition) and 2 MHz (night). There
are several problems associated with propaga-
tion and frequency usage at SSN minimum.
One is that during SSN minimum, the lower
portion of the HF spectrum becomes very con-
gested — with all users of the spectrum mov-
ing lower and lower in the HF spectrum as the
solar activity decreases. The result is that us-
ers increasingly operate on lower frequencies.
This increases occupancy in the lower portion
of the HF bands, causing increased interfer-
ence, especially at night.

Those users who have lower HF frequen-
cies already assigned will start using them
regularly — even when not actually needed, as

Figure 8. The AS-2259/2268 (also known as
the Collins 637K)

soon as they realize that SSN minimum is
drawing near. The reason is often to discour-
age other stations from encroachment. Because
of heavy spectrum occupancy, it is difficult to
obtain additional low HF frequency assign-
ments when requested, and if they are actu-
ally assigned, usually they are authorized on a
non-interference basis (NIB) and “clobbered”
with interference (probably along with those
frequencies the station already has assigned).
NVIS frequency support has historically been
a problem, especially during SSN minimum
where interference is a major consideration.
Refer to Figure 10.

Interference has been discussed through-
out this paper, so there isn’t much more that
can be added. The real variable in HF commu-
nications, over which we have little or no con-
trol, is interference from an outside source
(other stations using the same or adjacent fre-
quencies). Additionally, on-site interference

TERMINATOR

1

}

Figure 9. The T2FD (Terminated 2-Wire
Folded Dipole) Antenna Configured as an
Inclined Version.

problems can be created due to poor siting
mostly with respect to other closely collocated
electromagnetic radiating and receiving equip-
ment. There is usually no difficulty convincing
tactical communicators to separate their “Slop-
ing Vee” or other long haul antennas by 500,
1,000 feet, or more. However, much more seri-
ous coupling is possible between two doublets
using lower HF frequencies (or worse yet, two
whips operating over short-haul ground-wave
paths). Yet, often such antennas are located
almost next to each other. Antenna selection
and placement exert a considerable influence
upon use of assigned frequencies. Often the in-
terference produced by collocated antennas
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Figure 10. Congestion of the HF segment of
the radio spectrum.

prevents the use of some assigned frequencies
at certain times and this can degrade system
reliability greatly. Refer to Figure 11.

Location of receive equipment near high
tension power lines can cause pick up of con-
siderable man-made noise from that source.
The cumulative results of man-made and at-
mospheric noise compound the ambient noise
problem, at times, making effective communi-
cations shaky at best. Sometimes reliable com-
munications cannot be achieved for many pos-
sible reasons.

Often, no matter what is done, it may be
impossible to make the short skywave/NVIS
operation work reliably during some periods of
time...especially on some nights. In some cases,
one might elect not to employ NVIS operation
because of the severe levels of noise and inter-
ference and instead operate over a long path to
a more distant station and have the traffic re-
layed back to your station on the longer sys-
tem. For example, instead of working from one
part of Florida to another 100 miles away, it
may make more sense to operate from Florida
to New York State (a longer path) and then re-
lay back to Florida. This would reduce atmo-
spheric noise considerably, possibly reduce in-
terference from spectrum congestion on the
lower frequencies, reduce the size of antennas
used, and probably improve overall system re-
liability. Because voice is usually impractical
to relay reliably, only data systems would be
candidate for relay. Refer to Figure 12.
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Figure 11. Electromagnetic co-site problems
caused by Antenna Proximity

Usually the operational situation prevents
this approach and one may be committed to
operation over a short skywave path even with
all its problems. If so, one should ascertain how
best the system can be engineered to squeeze
as much reliability out of the system as pos-
sible. That is, select the best available hard-
ware, pre-site the facilities (especially the an-
tennas), configure the end stations properly,
employ trained and knowledgeable operators,
and, if possible, obtain frequency redundancy
(more than a bare essential quantity of frequen-
cies in the required bands) in order to “dodge”
interference. Although this is easy to say, it is
not always easy to do. The operator should do
the very best he/she can to minimize system
losses, and received interference and noise.

A path reliability study should be per-
formed in advance of the deployment, or at
least as soon as possible. This will provide a
feel for the anticipated path reliability and
will point out the times of the RADAY when
communication might be difficult or impos-
sible. While such a study does not provide
absolute solutions, it does provide a good
starting point by focusing attention on po-
tential problems. With it, the knowledgeable
HF engineer can come up with a reasonable
assessment of the probable reliability over
the path and optimize, or at least enhance,
the chances of success through knowledge-
able adjustments to equipment complements,
frequency assignments, antennas, etc.



As a result of the predicted path reliabil-
ity (PPR) study, at least the period(s) that your
system may “go out” can be predicted. Opera-
tors should be briefed about the situation and
should be provided methodology on how to
“squeeze” as much “up-time” out of the system
as possible (i.e., tips on QSYing). Determine if
a lower grade of service can be used by the sub-
scriber, i.e., can the subscriber stand a noisier
voice or degraded data with a higher BER than
specified for the channel. If so, the system reli-
ability estimate can be improved. If not, then
there may be problems. Brief the system users
that if this is the case, then it is highly prob-
able that the station may have a traffic back-
log between certain hours. This could allow in-
ternal personnel adjustments to be anticipated
in advance because, when the system finally
comes back in, things get hectic both in the com-
munications center and for the administrative
processing distribution people as well. At the
same time, initiate action to upgrade the sys-
tem to make it perform at a higher degree of
reliability.

Even though studies might indicate that
one may be reasonably certain that the HF
NVIS radio system of interest could “drop out”
at a certain time, there is no reason to give up.
There are many operating techniques that can
be employed to prolong the usefulness of HF
radio communications...one being: going to a
mode of operation requiring a lower SNR such
as CW (S/N density ratio of about 34 versus 48

for order wire quality voice. Also, messages can
be sent twice and other techniques could be
used. Operators should be trained in these tech-
niques.

The pre-deployment PPR (predicted path
reliability) analysis will give the engineer a feel
for the expected performance of the short haul
HF system. Take all necessary steps to opti-
mize the terminal engineering during the sit-
ing phase. Install equipment and antennas
properly. Be certain everything is functioning
correctly. Also, develop and post a propagation
chart/QSY” (frequency change) guide for the
operator on duty to use (if manual operations
are employed). For ALE controlled operations,
arealistic frequency complement should be pro-
grammed into the ALE controller. Supervisory
personnel might consider dropping by the sta-
tion for a visit during the expected bad periods
and offer encouragement to the operators and
see the results first hand. Be certain that in a
multipoint net that the NCS operator(s) on shift
during times of projected low reliability be the
most qualified and best trained.

Provided operators keep the necessary
records for operations, post action analysis can
be accomplished to identify problems of the fore-
going nature. Post action analysis of the HF
system is particularly important if similar op-
erations are expected to improve in the future.
A proper analysis can verify the validity of the
pre-deployment path engineering predictions
and assist in problem solving.
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Figure 12. A means of improving path reliability by employing a long path relay as an
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Figure 13. Analysis Worksheet for a RADAY, showing outage and
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Refer to Figure 13.

The short HF
skywave path/near
vertical incidence
(NVIS) path (same
thing — different
names) is one of the
more difficult tacti-
cal HF operations of
all. Tactical HF ra-
dio operation is usu-
ally low powered,
antennas are usu-
ally in efficient,
noise levels are high,
interference can be
brutal, and assign-
ment of an adequate
frequency family is
often a problem.
There are tech-
niques to help maxi-
mize the perfor-
mance of the short
haul HF skywave
system, primarily by
using the best avail-
able antennas, en-
suring that opera-
tors are trained, us-
ing propagation pre-
dictions, employing
proper equipment,
and obtaining and ef-
fectively employing
an effective radio fre-
quency family. While
it is sometimes im-
possible to provide
effective communica-
tions over an HF
NVIS path for each
entire RADAY, it is
possible to minimize
outage and prepare
users for the poten-
tial outage periods.
The proper engineer-
ing and effective op-
eration of the radio
system are keys to
success.



Russians on the move

Near-vertical-incidence skywave (NVIS)
propagation:the Soviet approach

The poor
performance of our
HF-RATT and HF-
SSB voice equipment
in supporting fast
moving, widely
dispersed operations
is not only the result
of inadequate
training and doctrine
but of inadequate
equipment.

by Lt. Col. David M. Fiedler

In two previous articles in ARMY
COMMUNICATOR, I have advocated
the use of the near-vertical-incidence
skywave (NVIS) for communicating
beyond groundwave range—up to a
distance of 400 km. With the NVIS
technique, energy is radiated at a low
enough frequency so that it is
reflected back to earth at all angles by
the ionosphere. This results in the
energy striking the earth in an
omnidirectional pattern without dead
spots (without a skip zone) if an
efficient short-path antenna such as a
doublet is used. I had hoped that the
Signal Corps would use this technique
to solve some serious operational
problems. I am still hoping. As a
further argument, I would like to
point out in this article that the Soviet
Union has already seen fit to
incorporate NVIS technology into
their communications doctrine. Can
we afford not to?

Historical background

Due to the huge size of the USSR
and the problems they encountered in
establishing land line systems over
vast distances with sparse population,
long range radio circuits early-on
became an attractive alternative to
the Soviet military. This, coupled with
the military situation during and
after the Russian Revolution in which
large land areas were constantly
being contested, gave Soviet
communicators a great impetus into
HF radio systems just at the time
when early HF technology was
providing equipment and techniques
that would do the job. Soviet reliance
on HF systems has continued to this
day, and their capabilities include
very good mobile tactical
communications and over the horizon
HF RADAR applications.

On the other hand, with the advent
of satellite communications in the
1950s and 1960s, we in the west
believed that HF radio systems had
lost their military potential. Studies

were conducted that concluded that
satellite systems with their high
reliability, huge bandwidths, and
tremendous channel capacity would
eventually replace all HF systems,
even at the lowest tactical levels. This
led to a virtual halt in HF equipment
development in the 1960s and 1970s
and is the reason why our forces still
use equipment such as the AN/GRC-
46, AN/GRC-26D, AN/GRC-122/142,
and AN/GRC-106. It is also the
reason why until recently most of our
technical and doctrinal literature bore
dates from the early 50s, and why the
training of operators deteriorated to a
very marginal level. The Soviets, who
had our resources in neither space nor
electronics at this time, and who did
not share our belief in the
invulnerability of satellites (with good
reason since they were developing a
satellite destroying weapons system),
continued to develop HF radio
technology.

The Soviets and NVIS
today

Soviet Lt. Col. V. Natetov, writing
in the military journal, Tekhnika I
Vooruzheniye (Techno logy and
Armament) No. 11 - 1985, outlined the
Soviet view of NVIS training,
operation, and doctrine. He also
discussed a mobile NVIS capability
not presently available to U.S. forces.
According to Natetov, “Radio network
operations are usually set up for
communication over short distances
(up to 300 km). Non-directional
antennas or those with poor
directivity and Zenith Radiation
[the Soviet name for NVIS] should be
used in this case. The most widely
used antennas for this kind of
communications are the horizontal or
slanted symmetrical dipoles. For
symmetrical dipoles there are also
frequency limitations of use
depending on operating conditions.
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Therefore, this shortwave radio
antenna set usually includes no fewer
than two dipoles to establish
communications in the different
sectors of the set’s band of
frequencies. Generally speaking, in
communicating at ranges up to 300
km, horizontal dipoles can be oriented
arbitrarily in the area; however, it is
best to set up the dipole perpendicular
to the direction of the most remote
correspondent.”

What he says up to here tracks item
for item with the data presented in my
previous articles on HF
communications. The more
significant and disturbing part of
Natetov’s paper came later when he
went on to say, “Ionospheric
communication in motion and during
brief stops at distances up to 200-300
km is conducted using Zenith
radiating and receiving antennas
arranged on top of the operating
vehicle.” Though this mobile NVIS
antenna is a capability unheard of in
the U.S. Army,* it is not surprising
that the Soviets, who are the masters
of mobile/mechanized war and HF
radio communication, would combine
the two if possible.

Natetov’s article raises serious
questions about the ability of the U.S.
Army to provide its mobile forces with
communications support comparable
to that of the Soviet Army.
(Interestingly, on page 24 of the Fall
1983 issue of AC, in an article by Maj.
Charles H. Hill III, there is a photo of
a Soviet BTR-60 displaying a unique
“railing-like antenna array.” I believe
that this array is in fact an NVIS
mobile antenna, exactly like the one
Natetov describes, further evidence
that the Soviets do indeed have the

*No unit that I know of except the New
Jersey Army National Guard even
attempts to use a crude form of mobile
NVIS. The NJARNG tries to use whip
antennas bent at a 45 degree angle in
order to get some useable vertical skywave
radiation and is presently experimenting
with another NVIS mobile antenna.
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hardware necessary to communicate
with NVIS while on the move.)

This glimpse of the Soviet view of
NVIS has led me to conclude the
following:

® We are on the right track when
advocating the use of NVIS using
dipoles located close (.1-.25
wavelengths) to the earth for
communication beyond groundwave
range. Our communications doctrine
and training must incorporate NVIS,
and the reluctance of certain portions
of the U.S. Signal community to
change their thinking must be
overcome.

® We have fallen short in supporting
the combat/mechanized mobile force.
The poor performance of our HF-
RATT and HF-SSB voice equipment
in supporting fast moving, widely
dispersed operations is not only the
result of inadequate training and

doctrine but of inadequate equipment.
We need, and we must develop with
all deliberate speed, a mobile NVIS
capability along with the training
and doctrine to support it. If we don’t,
tactical commanders will be tied to
line-of-sight communications (HF and
VHF) and area systems, which will
not respond adequately to high-
mobility battle situations.

Since the technology is known, a
mobile NVIS capability can be
developed and deployed quickly. I call
upon the Signal Corps to recognize
the military potential of mobile NVIS
techniques—as the Soviets have—and
make the effort to develop the
necessary equipment and training to
use it.

A summary of Col. Fiedler’s background
appears on p. 20.




On the move

Mobile NVIS: the New Jersey Army
National Guard approach

Because of the size,
shape, and vertical
direction of
radiation,
communications
equipment can be
hidden in depressions
and under cover, thus
making it harder to
find ... Mobile NVIS
will make possible
the selection of much
more survivable sites
than those used
today.

by Lt. Col. David M. Fiedler

In previous articles in the ARMY
COMMUNICATOR on the subject of
short path (0-400km), high frequency
(HF), skip zone free, radio
communications, I challenged Army
training and doctrine while
attempting to inform tactical
communicators of a more efficient
way to use their HF radio equipment.

In the Winter/Spring 1987 issue, |
argued that the Soviet Union has a
mobile near-vertical-incidence
skywave (NVIS) capability that we
lack, but one which we need if we are
to support fast moving, deep
penetration operations over wide

areas.

&
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Figure 1. This NVIS antenna pattern is omni-directional, which means that the
energy radiated from the antenna is of equal strength in all directions from the
antenna. Such a pattern is achieved by radiating the signal in a near vertical
direction at a frequency low enough for it to be reflected by the ionosphere. The
effect is similar to that achieved by directing a water hose straight up at a flat
surface: the water, hitting the surface above, rains down in a circular pattern
without dry spots, covering the area below. All radio stations within the
pattern will receive the same signal at approximately the same strength

without gaps in coverage or “sRip zones.”

NVIS Communication
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Since then, fixed operations using
wire dipoles have been incorporated
into FM 24-18, Appendix N, though
the reader should still be careful when
using this FM, since some incorrect
data about short path propagation
and “skip zones” still remain in other
sections of the manual. Appendix N is
the correct picture for short skywave
paths.

In the area of mobile operations, the
situation becomes more complicated.
While it was easy to adopt standard
issue wire dipoles (like the AN/GRA-
50) for fixed-station NVIS operation,
the Signal Corps’ lack of interest in
short skywave path communications
produced no comparable mobile
zenith radiating antenna or even the

58

NVIS Communication

requirement for one. This being the
case, my search for a starting point to
match the Soviet capability had to
begin outside the Signal community.
Fortunately, the U.S. Army
Avionics Research and Development
Activity (AVRADA) was faced with a
similar wide-area continuous-coverage
communications problem when
attempting to communicate with
aircraft engaged in “nap of the earth”
(NOE) flight. After consulting with
Mr. John Brune and Mr. Frank
Cansellor of AVRADA, I obtained
Tech Report ECOM 4366 (Reference
1), which showed excellent omni-
directional antenna patterns with
aircraft-mounted transline antennas.

I felt that similar results could be
obtained when the antenna was
mounted atop tracked or wheeled
vehicles as the Soviets were doing.

There is currently no TRADOC
(Signal Corps) generated requirement
for this capability. However, the New
Jersey State Area Command
(NJSTARC) does have a requirement
for continuous communication over
an operational area very similar to
that occupied by a typical U.S. corps.
With the STARC mission in mind, [
was able to convince the commander
and staff of the New Jersey National
Guard (NJNG) of the value of this
capability and receive their support.
Unfortunately, the adjutant general
of New Jersey has no funds or




communiceations facility

manpower for R&D projects, so the
work had to be accomplished by
NJNG personnel on their own time
and without funds.

This being the situation, I contacted
Mr. Seymour Greenspan, former chief
of the Airborne Systems Technical
Area of AVRADA, who was working
with the company suppling AVRADA
with their aircraft antennas. Mr.
Greenspan, Mr. Florenio Regala, and
Mr. Frank Hoar of TRIVEC-AVANT
then arranged for the NJNG to get a
series AV-600 shorted loop NVIS
antenna in exchange for a copy of
any operational test results obtained.

The antenna was mounted on the
NJSTARC mobile communications
facility shown in Figure 3. It was
fastened to the cargo rails on the van
roof for support and grounded on one
end to the searchlight mount as
shown in Figure 4. The antenna was
fed from the other end by a Kenwood
Model 4305 transceiver modified for
military operations and matched by a
Kenwood Model AT-230 antenna
matcher using a single-wire feed line
as illustrated in Figures 5 and 6.

Matching the antenna was the most
difficult technical problem, since this
type of arrangement causes the
antenna impedance characteristics to
be highly inductive. In order to make
the antenna match and thus radiate
the maximum amount of signal
toward the zenith in a vertical pattern
similar to Figure 7, the matching unit

Figure 3. Mbile NVIS anienna installed on NJNG

had to be sufficiently capacative to
cancel this inductance. In the
beginning of the effort, we thought
that the AT-230 matching unit did not
have sufficient capacitance and that
more would have to be added either at
the feed end or the ground end of the
antenna. Fortunately, we found that
when tuning the AT-230 with the
band switch in the 10MHz band, the
unit had sufficient capacity to match
the antenna at the operational
frequencies of NVIS (2-8 MHz). This
method is probably not as efficient as
using a matcher designed specifically
for the TRIVEC antenna, but it was
simple and sufficient to do the job
with the equipment on hand.

Figure 4. End grounde

searchlight mount

After completing the installation as
shown, we conducted operational
tests. Since we lacked the equipment
necessary to measure either the actual
antenna pattern or the amount of
gain toward the zenith, much of our
testing had to be of a less scientific,
but more practical nature.

First, we established contact with
fixed stations from the mobile facility
at various ranges and azimuths. Each
fixed station was equipped with the
radio equipment described above, as
well as with a horizontal dipole
antenna .1-.25 wavelengths high,
using an operating frequency of 4520
kHz. The locations of the stations and
their range from the mobile

DIPOLE .15
ABOVE GROUND

DIPOLE .25)
ABOVE GROUND

Figure 7. In order to achieve the omni-directional antenna pattern shown in
Figure 1, the transmitter must radiate in a vertical direction as shown. This is
achieved by locating a horizontal antenna .1-.25 wavelength above the ground
so energy will be reflected at a high angle. This energy is in turn reflected by
the ionosphere toward the earth, creating the circular area of coverage shown

in Figure 1.
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Figure 5. HF ti'anﬁceiver and dntenna. mate Figure 6. Antenna single wire feed point

facility are shown below and in
Figure 8 (net station map). The
performance was compared to a
standard vertical whip antenna used FT DRUM
on the same mobile facility, whose
groundwave range, when
communicating to the same fixed
stations, never exceeded 25-30 miles.
Results are shown below.

Station Range Conditions

Cape May NJ 79mi beyond groundwave range (flat)
Dover NJ 48mi beyond groundwave in (mountains)
East Orange NJ 47mi beyond groundwave (urban rolling)
Jersey City NJ 51mi beyond groundwave (urban rolling)
Lawrenceville NJ .2mi groundwave (flat)

Long Branch NJ 41mi beyond groundwave (flat)
Morristown NJ 43mi beyond groundwave (hills)

Newark NJ 47mi beyond groundwave (hills)
Phillipsburg NJ 40mi beyond groundwave (hills) FORT DIX
Plainfield NJ 32mi beyond groundwave (hills)

Red Bank NJ 36mi beyond groundwave (flat)
Riverdale NJ 58mi beyond groundwave (hills)

Sea Girt NJ 38mi beyond groundwave (flat)
Somerset NJ 34mi beyond groundwave (rolling)
Teaneck NJ 60mi beyond groundwave (hills)
Vineland NJ 53mi beyond groundwave (flat)
Westfield N.J 33mi beyond groundwave (hills)

West Orange NJ 49mi beyond groundwave (hills)
Woodbridge NJ 36mi beyond groundwave (rolling)
Woodbury NJ -34mi beyond groundwave (flat)
Bordentown NJ 10mi groundwave (flat)

Fort Dix NJ 15mi groundwave (flat)

Fort Drum NY 270mi beyond groundwave

West Orange NJ 44mi beyond groundwave (hills)

Communications were established
with all of the above stations on 4520
kHz during the days of the tests. All

CAPE MAY COURT HOUSE
Figure 8. Map of NJNG exercise
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stations could communicate with the
mobile facility, and the mobile facility
could communicate with all stations.

Second, we drove the mobile facility
and communicated with fixed stations
(in this case NJSTARC at Trenton
and the NJNG base at Bordentown).
We did this in the hill-covered areas of
Mercer County, N.J., at ranges
between 0 and 20 miles, purposely
picking locations that were hidden
behind terrain features so that
groundwave communications were
not possible. These tests were
conducted both standing and on the
move. Military considerations, such
as cover and concealment, were also
considered when picking locations.
Good command post, but normally
poor communications locations (when
using current non-NVIS techniques)
were purposely selected. Periodically
during the tests, communications
checks were also conducted with Fort
Drum, N.Y., (range 260 mi) and West
Orange (range 42 mi). At no time was
the mobile facility, whether fixed or
on the move, unable to contact either
~ Fort Drum or West Orange.

Our third test was conducted to
determine if, in fact, the antenna was
directing the bulk of its radiated
power in a vertical direction as shown
in Figure 7. This was done to confirm
that the mobile facility and its
excellent communications results
were indeed a product of NVIS design.
We used an ME-31 field strength
meter to detect the radiated field
strength of the TRIVEC antenna
from the ground level to a height of 30
feet above and next to the van. The
meter showed no deflection at ground
level but deflected steadily upward as
it was elevated to approximately 2/3
scale at 30 feet elevation. While this is
not an instrumented antenna range
type of test, it does confirm that NVIS
as a ground mobile concept is valid.

When constructing this system, we
observed all the rules of frequency
selection for NVIS systems explained
in my previous papers and confirmed
by the Soviet journals. Daytime
operational frequency was below 8
MHz, and antenna height was as
close to .1 wavelength as the height of
the van would permit. In addition,
antenna feed lines were kept as short
as possible, and particular care was
taken when grounding the end of the
antenna to the van to assure a good
ground connection.

The results of this work are very
clear. We can, if we use NVIS
techniques, communicate with all
units in an area larger than that
typically occupied by a U.S. corps. We
can do this for both voice and data
modes of communications, without
gaps in coverage and while engaged
in high mobility, Deep Battle/Deep
Attack operations. In addition to
improving communications, using
mobile NVIS also results in the
following significant military
advantages:

¢ Electronic warfare: Since all
radiated energy returns to earth from
above at approximately the same
signal strength, direction finding on
the signal becomes very difficult, and
the probability of intercept and
detection is greatly reduced.

¢ OPSEC: Because of the size,
shape, and vertical direction of
radiation, communications equipment
can be hidden in depressions and
under cover, thus making it harder to
find. In fact, the criteria for selection
of HF radio communications sites will
have to be revised, because mobile
NVIS will make possible the selection
of much more survivable sites than
those used today.

® Physical detection: Studies by the
Armor Center have shown that often
the first item detected on a vehicle
with the engine off is the vertical
radio antenna. An NVIS antenna is
flat and much harder to detect.

o Safety: Horizontal mobile
antennas do not have a spear-like
construction, which in the past has
caused injury and even death to U.S.
troops.

If there is any doubt in anyone’s
mind that mobile NVIS works, let me
take this opportunity to invite them to
New Jersey to see for themselves. Let
me also take this opportunity to again
urge the Signal Corps not only to
teach this technique properly as part
of a carefully designed program of
instruction, but also to create the
necessary requirements so that we
can build on this preliminary work in
the area of mobile operations and
eventually catch up to the Soviet
mobile capability. We know it works;
we can see it in operation. Why should
the NJNG and the Soviet Army be the
only ones who can make it pay off in
combat?

NVIS Communication
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support of this effort; Brig.Gen. William
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Fusion Program, who provided
encouragement when no one else wanted
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Florenio Regala and Mr. Frank Hoar of
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8: OPTIMIZING LOW POWER HIGH
FREQUENCY RADIO PERFORMANCE
FOR TACTICAL OPERATIONS

These digital
techniques combined
with the antenna
techniques are the
optimum limits of our
present knowledge.
On the battlefield
they will provide the
critical difference IF
WE IMPLEMENT
THEM.
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by Lt. Col. David M. Fiedler

Ever since the Fall of 1983 when
ARMY COMMUNICATOR (AC)
published its first article on the
subject of Near Vertical Incidence
Skywave (NVIS) antennas and
propagation (written by George Hagn
and myself), I have received dozens of
positive phone calls from Regular
Army, Army National Guard, and
Marine Corps communicators on the
subject of how successful vertical HF
radiation is for tactical
communication over multi-Corps size
areas at ranges of from 0 to 600 miles.

In each and every case, when the
antennas and frequencies were
properly selected in accordance with
the techniques described in my basic
(Fall 1983) and subsequent papers, the
results were exactly as shown in the
papers. The rate of reported success.
using properly matched (or cut),
correctly erected antennas and
standard 400 watt radios such as the
AN/GRC-106 or the AN/GRC-193 has
been virtually 100%. Use of lower
power radios in the 75-150 watt range
has also shown similar results.
Unfortunately, users of very low
power (20 watt) radios such as the
AN/PRC-104 (manpack) or the
AN/GRC-213 have not achieved this
high a level of success, even when
using good antenna and frequency
selection techniques and assuring the
maximum radiated power that the
radio is capable of is being radiated.
NVIS Communications under average
conditions using this equipment can
be achieved reliably; however,
performance under degraded
conditions is definitely below that of
the higher power radios even when all
components have been properly
selected and installed.

The explanation for this is not
difficult and is best shown by
example: When using a modern radio
receiver, we can expect to receive and
process signals entering the radio at a
level of approximately -110 decibels

(db) provided the level of the signal is
at least 10 db above the ambient noise
level (Noise level at the receiver is the
sum of all noise: noise received with
the signal, noise receiver generated
noise, and so on). Therefore, if the
noise level is -120 db and a radio
signal is received at a level of -110 db,
we can receive this signal (at the
lowest receiver sensitivity level of -110
db) and communicate. The signal
level at the receiver is calculated by
adding the transmitter power, the
antenna gain (or loss) at both the
transmitter and receiver and the path
(propagation) loss. If we have an ideal
situation using a 20 watt radio (36 db)
and an antenna with no loss (i.e., cut
wire dipole) and a path loss of -110 db
(typical of losses in free space), the
received signal will be at -74 db which
is 36 db above the minimum required
signal level, and we can communicate
very nicely assuming the average
noise level stays at -120 db, or less.

Unfortunately, it is not unusual for
noise levels to jump to -90 db or more
due to atmospherics, locations with
high levels of man-made noise such as
urban areas. Under these conditions,
the received signal level now required
to communicate becomes -80 db (10 db
above noise level), and what was a 36
db signal margin now becomes only a
6 db margin. At the same time, path
losses can vary up to 10 db depending
on path length and atmospherics.
Additionally, most antennas used for
tactical communications are not
perfect and have some (if small) loss
of gain associated with them (see
Table 1). Under these conditions,
probability of communications with a
20 watt radio becomes less due to the
lower power level. The 6 db reserve
margin may get used up resulting in
loss of communications. The most
obvious solution to this problem is, of
course, to radiate more transmitter
power—go for example from 20 watts
(36 db) to 400 watts (47 db) and gain
11 db which will put us back into a



good position for communication.
Unfortunately, since we are concerned
in this case with radios that have a
fixed (and low) output power level,
this is not an option.

Since the path losses and
atmospherics are not under our
control, the only area we can turn to
in order to squeeze out every last db of
gain and thus increase our probability
of communication is the antenna. At
this point, it is important to remember
two things: first, every 3 db of gain
obtained by improving the antenna is
equivalent to doubling the transmitter
power, and, second, we are assuming
a correct frequency selection in the
range of frequencies that will be
reflected from the ionosphere (as
described in the original paper) is
selected. This frequency is usually in
the 2-4 MHz range at night and the 4-
8 MHz range during the day.

Table 1 shows the typical gain
towards the Zenith for various
common antennas. As you can see,
depending on the antenna selected,
gain can vary from 3 db (same effect
as doubling the transmitter power) for
the Shirley folded dipole (see Figure 1)
to -41.5 db for a whip antenna with
very little power radiated vertically.

The Shirley dipole (Figure 1), while
it does have the most gain at the
correct angles for NVIS
communication, is more than a bit
cumbersome to erect and is not easily
transported. The next best antenna
shown is the simple half wave
unbalanced single wire dipole. This
antenna is cheap (approximately 31
dollars and up) and only requires the
erection of two masts whose optimum
height is 1/4 wavelength above
ground at the operating frequency. It
gives acceptable performance at
heights as low as 15 feet. Figure 2 is a
plot of vertical power gain vs
frequency for dipoles at various
heights above the ground. If one
follows the NVIS frequency selection
rule of thumb shown in the 1983 paper
(2-4 MHz daytime, 4-8 MHz
nighttime), this figure shows that an
antenna height of 30 feet (over good
ground) is optimal for coverage of the
NVIS band of frequencies, without
having to adjust antenna heights.

In addition to height above the
ground, the physical shape of the
dipole also has an effect on vertical
gain. Any wire dipole fed from the
center and not supported will sag in
the center due to the weight of the

Antennas Clearing 75-ft forest clearing 50-ft forest clearing_
h/2 unbalanced single-wire dipole +1.0 -2.8 0.0 -1.2,-1.70.0
h/2 balanced single-wire dipole +0.5 3.7 no data no data no data
h/2 folded dipole (30-0:5-0 U balum) +0.2 -1.0 no data no data no data
h/4 short (loaded to h/2) dipole -3.0 5.2 no data no data no data
h/2 sleeve dipole (on ground) 321 283 no data no data no data
3-freq. fan dipole @ 15 ft -0.4 -5.1 no data no data no data
3-freq. fan dipole @ 12 -2.4 -5.6 no data no data no data
J-freq. fan dipole @ 9 -4.0 8.1 no data no data no data
shirley folded dipole +3.0 -0/3 no data no data no data
3h/4 inverted L (1:h = 2:1) -0.0 -2.8 no data no data no data
3h/4 inverted L (1:h = 3:1) -0.8 -3.3 no data no data no data
3h/4 inverted L (1:h = 4:1) -1.0 -5.8 no data no data no data
3 h/4 inverted L (1:h = 5:1) -2.0 -6.3 -10.2 -10.7,-12.5 9.0
30° slant wire (h/r elevated) -10.1  -14.8 -11.8 -13.5,-14.2 -14.0
60 ° slant wire (h/r elevated) -11.8  -14.8 no data no data no data
10-ft square (vertical plane)

loop @ 6 ft 241 -25.3 no data no data no data
16.5-ft whip -41.5  -44.0 -31.7 -25.0,-25.2 no data
Summeary of relative gain toward the Zenith for Field-expedient HF antennas
Table 1.
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Figure 1. The Shirley Dipole

transmission line and feed connector.
Figure 3 shows the antenna pattern
plot of a dipole that sags 5 feet is
horizontal and is supported 5 feet
above the horizontal. It shows that
the sagging dipole has up to 3/4 db
more of vertical gain over a supported
dipole (center 5 feet above ends) and

NVIS Communication

even more over a horizontal dipole.
The extra power toward the Zenith
was not created by any magic. The
total amount of transmitter power is
constant. What the change in dipole
geometry has done is shift power from
low angle radiation (not useful for
short paths) to the higher angles
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useful for the NVIS mode of
transmission. By allowing a sag in
the dipole of 5-10 feet we can gain up
to 1.6 db over a horizontal antenna.
This isn’t all that much, but it’s free,
and in marginal, low power situations
when every db counts, it’s certainly
better than nothing. In terms of cost
effectiveness, letting the dipole sag
can increase effective radiated power
by 50% without having to buy a power
amplifier, and that’s not bad.

Additional gain can be obtained by
use of the antenna shown in Figure 4.
This dipole adds an extra wire that
acts as a reflector approximately .15
wave lengths below and 5% longer
than the active (radiating) dipole. In
theory, this arrangement can add 5-6
db of vertical gain to a dipole
effectively providing 4 times the
effective radiated power without
having to buy anything more than a
few dollars worth of wire and
insulation. The height above ground
of the reflector (lower) wire is not
critical;, however, separation of the
two antenna wires should be as close
to .15 wave length as possible. For
example, if the antenna is 30 feet high
as selected from Figure 2, the reflector
should be 16-18 feet below it for best
results.

If we raise the center of a dipole
while keeping the ends at constant
height, we form an inverted V. This
antenna also radiates well in the
vertical direction (see Figure 5) and
has the advantage that only one mast
needs to be erected. The critical thing
about this antenna is that as the
center is raised to form the inverted V,
the apex angle decreases. If the
antenna is analyzed and the currents
are broken into vertical and
horizontal components, it can be seen
that the current in one leg is in the
opposite direction from the current in
the other leg. With this geometry, the
radiation associated with these
currents tends to cancel. An inverted
V often has an apex angle of 90
degrees which does not give as good a
vertical gain as V’s with apex angles
of 120 degrees or more. As can be seen
in Figure 5, to get the most vertical
gain from an inverted V antenna
apex angles of 120 to 140 degrees
must be maintained. This is done by
raising the ends of the antenna while
keeping the center constant. When
using the inverted V, the reflector
techniques shown in Figure 4 for the
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dipole is also valid. The combination
of proper apex angle (120-140 degrees)
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and wire reflector .15 wave length
below the active radiator will give
good vertical gain characteristics and
the convenience of having to erect
only 1 mast as shown in Figure 6.
Another good vertical radiating
antenna is shown in Figure 7. This
antenna is called a full wave loop
since each side is 1/4 wave length and
it is constructed parallel to the earth.
At the design frequency, the radiation
is straight up and reliable
communication at ranges out to 600
miles is possible. The antenna is also
very broad band and requires very
little matching. The optimum height
for this antenna is the same as a
dipole (.25 wave length), but there are
two significant problems that must be
dealt with: in order to properly match
this antenna and feed it from a
standard military radio using a co-
axial transmission line, a 4:1 balun
transformer is required to provide
impedance matching and to isolate
the antenna from the transmission
line and prevent pattern distortion
due to interaction between antenna
and transmission line, and the
antenna itself requires a full wave
length of wire. At the lower
frequencies this can amount to
several hundred feet of wire.

In summary, there are several very
good and very cheap ground mounted
antennas and installation techniques
that when used in conjunction with
low power radio sets will provide
better performance under poor
conditions over the 0-600 mile range.
By simply letting an antenna sag or
by adding an additional wire, we can
effectively increase radiated power by
a significant amount. In some cases,
the amount is equivalent to gains
produced by increasing transmitter
power 2 to 4 times. Under marginal
condition, where path losses,
jamming, natural or man-made noise,
weak transmitter batteries, and so on
are effecting communications and
every db of gain counts, these
methods can make the difference
between accomplishing our mission or
not. From a cost effective point of
view, these methods will reduce the
need for power amplifiers while
giving equal performance at almost
no additional cost. From the tactical
point of view, by proper selection of
antennas and frequencies forces using
HF radios, we can carry smaller
radios that require less support items
(power supplies, batteries, etc.) and
still get the job done.

NVIS Communication 6 5
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transformer is required.

This discussion so far has primarily
addressed techniques to improve
communication using ground
mounted low powered HF manpack
radios such as the AN/PRC-104. Let
us now turn to the vehicle mounted
situation and the same type low
power radio, i.e., the AN/GRC-213.

In the Fall of 1987, AC published a
paper of mine on mobile NVIS
antenna. In that paper, I showed the
results of a test using a fore-aft
mounted vehicle loop antenna
constructed by the New Jersey
National Guard and built from an
antenna currently being used on
Army helicopters. This test proved
that omni-directional skip zone free
coverage out to several hundred miles
could be easily and effectively
achieved by this type loop antenna—
in this case the vehicle itself formed
part of the loop—if the loop could be
resonated (matched). Further research
has shown that if the antenna (loop)
circumference length is between 1/8
and 1/3 wave length at the operating
frequency, radiation efficiencies
approaching that of a dipole can be
achieved. The Soviets have fielded
several of these type antennas which
are detailed in AC Winter/Spring
1987 issue, page 16. If this type
antenna is adopted—and right now
indications are that the Army is NOT
moving in that direction (even though
we should)—the loop will provide the
best all around antenna for low power
radios in tactical mobile applications.
Elevation plane patterns for the fore-
aft loop are shown in Figure 8. Note
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the excellent gain towards the Zenith
between 50 and 90 degrees.

Since loops for the time being seem
to be out of the question for the US
Army due to the lack of interest at
both the Signal Center and CECOM,
the next best approach is the bent
whip antenna. This method simply

takes the standard 15 or 32 foot whip
(made longer by adding extra whip
sections if possible) antenna and
bends it in the horizontal direction as
flat as possible either away from or
over the vehicle as shown in Figures 9
and 10. Bending the whip over the
vehicle forms the equivalent of an
asymmetrical open-wire line which
does have radiation in the vertical
direction but sighificantly less than
the same whip bent back as flat as it
can be bent, or a fore-aft loop. Whip
antennas bent backward (away from
the vehicle) as flat as possible form
the equivalent of an asymmetrical
dipole. This configuration approaches
the efficiency of a loop with a
significant amount of gain in the 60-
90 degree elevation range.

There are problems with both bent
whips and loops on vehicles that must
be addressed in order to get every db
of NVIS gain possible for mobile
operation. They are:

o In order to get the maximum
radiated power, the loop (or any
antenna) must have the impedance of
the antenna matched to the
transmission line and the transmitter.
Since the Army was ignorant to the
advantages of NVIS propagation for
many years, some standard antenna

matchers cannot match a loop
antenna below about 4 MHz since
they do not have sufficient capacitive
reactance. In those sets of equipment
that have this problem, additional
capacitance must be added in order to
properly match the antenna. This is
not a big problem and can be easily
accomplished at the lowest (operator)
level by a small applique box once the
proper values of the capacitive
component are determined for the
equipment in use. Fortunately, the
CU-2064 antenna coupler used in the
AN/GRC-193 (IHFR) will match both
loop and whip antennas without
modification.

o In order to get vertical radiation
from the whip antenna, it must be
pulled flat either forward or
backward. This operation causes two
problems: First, the antenna mounts
are made to keep whip antennas
vertical and bend only when the
antenna hits an obstruction. Pulling
them down 90 degrees is an attitude
they were not intended for. This tends
to break antenna mounts, quickly at
their bases. Second, whip antennas
have the most current density at the
feed point (base). This is the part of
the whip that produces the most
radiated signal and is also the part of
the whip that is the least horizontal
(see Figures 9 and 10) when the whip
is bent. This attitude produces a
pattern that is off center and reduces
gain at the desired angles. This
problem also has a solution. A whip
tilt adaptor (see Figure 11) developed
by Allan Christinsin of the Air Force
solves the problem by allowing the
entire whip including the base to lay
flat. This gives maximum gain
towards the Zenith and the best whip
operation.

In summary, vehicular, low power
NVIS antennas give varying amounts
of gain in the following order (best to
worst) providing proper antenna
matching is done:

e Fore-aft loop.

e Horizontal whip using whip tilt
adaptor so whip base is flat (directed
either fore or aft).

e Whip bent back as flat as possible
without breaking but at least 45
degrees (asymmetrical dipole).

e Whip bent forward as flat as
possible without breaking (open wire
line).

In addition to these techniques, a
whip can be made into a loop for
better performance if it is long enough
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Figure 8. Elevation plane pattern for the fore-aft mounted loop

to be grounded to the front of the
vehicle. This technique has been tried
by US forces in Korea by attaching a
side mount battery connector to the
whip tip and screwing the terminal
lug into the vehicle front bumper to
ground the whip and make a loop
using the vehicle as part of the
antenna as shown in the New Jersey
National Guard paper. It should also
be noted that in most cases for
grounded whip antennas, longer is
better, with the total circumference of

the loop (including the vehicle) being
between 1/8 and 1/3 wavelengths for
best performance.

My purpose in writing this paper is
twofold. The first being to impart to
my fellow tactical communicators
some more and improved techniques
that can be used to attain better gap
free NVIS HF communications over
multi-Corps areas with equipment
now in the field. My second is to
present yet another plea to both the
Signal Center and CECOM to provide

the user with all the equipment and
information needed to do the HF
communication job right. The
updating of FM 24-18 with the
information in my first paper
certainly helped improve the HF
communication picture in the field
(judging from my many phone calls).
What is needed now is some specific
simple to produce hardware and
supporting information in order to get
more performance out of our
equipment, such as:

e Additional wire and insulator in
the standard AN/GRA-50 antenna kit
in order to make a higher vertical
gain antenna as shown in Figure 4.

® Loop antennas (fore and aft) for
wheeled and tracked vehicles to
match the capability already on Army
Aircraft, and deployed by Soviet
forces.

e Whip tilt adaptors so that the
bent whip technique can be used
effectively, where loops are not
provided, or cannot be matched.

These techniques have all been
proven by actual operations by the
New Jersey National Guard, US
Forces Korea, and several Marine
Corps units. The costs to implement
them through the force are minimal
(in some cases the cost of 30 yards of
wire). Not to make these
improvements when we can is
certainly a disservice to our troops
and the commanders we support. The
time to act has long since passed, so
we must act NOW to correct our
deficiencies before combat operations
show us the error of our ways.

The antenna techniques described
above are the best possible
combination of technical and tactical
factors available to squeeze all the

gain possible out of HF radios and
antennas. They will all work well
(and exactly the same way) with
either low power or high power
applied, but for low power
applications the extra gain margins
attained can prove to be the critical
difference between communicating
and not.

Once these techniques are applied,
we will have optimized the voice
(analog) radio portion of a tactical HF
system. There is, however, one more
source of gain available. This is the so
called “processing gain” achieved by
going from voice communications to
digital data communications.

When using data terminal devices
such as the standard AN/PSC-2
Digital Communication Terminal (see
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AC Winter/Spring 1987), packets of
digital information are transmitted,
received, checked, error corrected and
displayed in a very small fraction of
the time required to send a voice
message over the same media (in this
case low power HF radio).

When data is sent from the terminal
via a self contained
Modulator/Demodulator MODEM),
the MODEM output level can be
adjusted to assure the proper degree of
modulation, and the maximum
radiated signal is present at all times.

6 8 NVIS Communication

In addition, the rate of the data
transmitted can be adjusted to
compensate for the effects of such
common HF radio problems as high
noise levels, bursts of noise, selective
fading, multi-path, etc. At all speeds
of transmission, the data is separated
into packets and coded for error

detection and correction. Data bits are

then spread in time for immunity to
net noise. In addition to this, data
packets received with errors that
cannot be corrected by the coding are
automatically repeated at the request

of the receiving terminal several
times. Correct messages can be
created from several incorrect
transmissions by automatically
merging the good data packets from
several incorrect transmissions to
form a good message. Due to the short
transmission time required to the
ability to merge data packets, and to
powerful error detection and
correction coding technique data,
signals that are very close to the noise
level and near the limits of receiver
sensitivity level can be recovered. In
radio terms, where analog voice
signals need to be typically 10 db
above the noise level for
communications to occur on HF radio,
data signals can be much lower
(sometimes as much as 6 db lower)
and data communication will still
work. This difference called
“processing gain” is the equivalent of
transmitting at a higher power level.
These digital techniques combined
with the antenna techniques are the
optimum limits of our present
knowledge. On the battlefield they
will provide the critical difference IF
WE IMPLEMENT THEM.

Twould like to thank Maj. Gen. Francis
R. Gerard, the Adjutant General of New
Jersey and Brig. Gen. Kenneth Reith, the
Deputy Adjutant General along with Brig.
Gen.(P) William E. Harmon, Program
Manager of the Joint Tactical Fusion
Program for their encouragement to
continue my efforts in improving tactical
HF communication for the total force.
Hopefully, these gentlemen will be paid off
in the form of better tactical
communications for both the NJNG and
the JTFP. I would also like to thank Allan
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Christinsin for the details of his whip tilt
adaptor. I hope it soon becomes standard
equipment for all services. I would also like
to thank Bob Jacobson, Jerry Neal, and
Gabe Luhowy who provided invaluable
technical information. Most importantly, I
would like to thank the many Army and
Marine Corps field users who have called
me to report their successes with NVIS
techniques during actual operations, their
encouragement kept me going and their
desire to accomplish their missions has
motivated me greatly.
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Command and control:

HF radio communications and

high angle antenna techniques
by LTC David M. Fiedler (NJARNG)

Over the past several years, I have
tried my best to impress upon AC
readers the military utility of tactical
HF radio operating over extended
ranges using high angle skywave
propagation techniques (Near
Vertical Incidence Skywave—NVIS).

Based upon the most recent
information coming from SWA on the
subject, it has been proven again in
actual combat operations over corps
and division size areas that the
horizontal antennas and frequency
selection techniques I recommended
in my previous AC papers work well
when using medium power radios
(100-400 watts) and fixed station or
vehicular antennas.

Also highly successful, if somewhat
less effective, tactical HF radio com-
munications over these areas was
achieved when the radio equipment
used consisted of a medium powered
base station and a small low powered
(20-50W) out station, such as the
AN/PRC-104 or AN/GRC-213. These
configurations are commonly found in
SOF, LRSU, and calvary scout
applications. The reduction in

Techniques outlined
here will help greatly
in overcoming the
adverse effects of
terrain, weather and
enemy jamming.

effectiveness was, of course, due to
several factors such as:

e Low power radio sets transmit less
powerful signals making them harder
to receive than higher power stations.

® Manpack sets use battery power
sources which produce weaker signals
as the battery is used up.

¢ Low power manpack and
vehicular radio sets are equipped
mainly with 10-15 foot vertical whip
antennas, which are inefficient
energy radiators due to their
electrically short length. Whips also
produce energy at low radiation
angles unsuitable for the ranges
desired (see previous AC papers). The
vertical whip, though it is issued with
all tactical HF radio sets, is in fact the
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, VERTICAL POWER GAIN (dB)

poorest antenna for short range
beyond-line-of-sight (BLOS) HF com-
munications (30-400) miles.

Knowing these factors, we can
easily improve system performance
using low power manpack sets. Some
techniques are:

® Operators must be trained to make
sure a fully charged battery is used
whenever possible in order to ensure
full performance from the radio,
particularly the transmitter.

® Whip antennas supplied with all
HF radio sets must be replaced in
BLOS applications by horizontal wire
antennas, such as simple long wires,
dipoles, inverted “Vs,” and so on.

These antennas all produce the
high angle radiation needed to
communicate over longer distances.
Due to their physical length, these
antennas are also more efficient
radiators of electrical energy.

As shown in Figure 1, when a wire
antenna, such as a dipole of proper
length, is elevated, gain at high
angles increases. One should
remember that every 3db of antenna
gain improvement is equivalent to
doubling the transmitters power.
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Even a simple 30-50 foot length of
wire placed horizontally (see figure 2)
along or on the ground will produce a
high angle pattern with much
improved gain (when compared to the
whip) at the near vertical angles
required to cover corps and division
size areas. Care must be taken to
assure that the length of the wire is
within the range of the radios
antenna coupler so that the maximum
amount of radio energy possible is
transferred to the antenna for
transmission. The radio TMs should
be consulted to determine the
optimum wire length for a particular
radio and frequency.

In the event that this information is
not available, a field strength meter
(ME-61) or a VSWR meter (AN/URM-
182) can be used to determine the best
match of radio to antenna length.

In any event, as long as the wire
does not get higher than .25
wavelength or longer than .5
wavelength, the basic high take off
angle omnidirectional pattern shown
in figure 3 will be created. Gain will
vary with antenna geometry;
however, this pattern will allow good
communications out to 400 miles
using a wide range of wire lengths
and heights provided that an operat-
ing frequency that does not exceed the
maximum useable frequency (MUF)
for the situation is selected.

Wire antennas can be erected part
vertical and part horizontal or in a
sloping configuration. Almost any
wire support will work. Even
installations where the antenna wire
is draped over vegetation or hung out
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Figure 2. Simple wire antenna for
low power radio. (Height can be
from a few inches to 30 feet. Do not
let wire contact ground. Use more
pegs to keep wire off ground if
needed.)

of building windows will work and
will always out perform whip
antennas. The wire antenna does not
need to be in a straight line; the most
important factor is to try to keep the
radiating wire as high and as clear as
possible.

® Use a counterpoise. A
counterpoise is a grouping of radial
wires located on the ground under the
radio and its antenna. The
counterpoise is connected to the radio
ground terminal or to chasis ground
from a central point in the
counterpoise. The counterpoise forms
a high capacity path to ground from
the antenna. This reduces the
negative influence of the earth on
antenna efficiency by reducing
ground currents and making
available more energy in the antenna
for signal radiation.

The reduction in ground currents
lowers system losses and increases
effective radiated power so signal
strength improves.

Practical counterpoises for
manpack applications can consist of
an “X” made of two eight-foot lengths
of stranded wire (test lead wire works
well) joined at the center with solder
or a hose clamp, or an electrician’s
“bug nut” or “U” bolt and a small
wire running from the center to the
radio ground terminal. The radio just
sits atop the center point of the “X”
(see figure 2B).

This simple modification has been
shown in some cases to improve sig-
nal power by 3-5db for a radio sitting
on the ground. A ground stake should
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also be inserted if possible, but this is
not a must. More and longer wire
radials will also yield improvement,
but the effect is smaller each time a
radial is added. The counterpoise
technique can also be used while
manpacking by taking about four feet
of computer ribbon cable and shorting
both ends. One end is then connected
to the radio ground terminal, and the
free end is allowed to trail down along
the chasis. This ribbon trail will
reduce ground currents and produce
more effective radiated power in the
same way as a full counterpoise. The
manpack configuration is the worst
possible configuration for good
communications.

If the radio is allowed to remain on
the operator’s body, the ground is
capacitively coupled through the
body. In this situation, almost all of
the radio’s output power is absorbed
by the high loss ground system. This
is the major reason for the poor per-
formance of manpack radios. Simply
placing the radio directly on the
ground will give a measureable
improvement in efficiency and
effective radiated power.

It has to be recognized that cover
and concealment considerations may
not allow a small unit such as LRSU
or SOF detachment to erect a very
high or very long wire antenna or
counterpoise; however, as figure 1
shows, a difference of just a few feet
in elevation can make a good deal of
difference in effective radiated power.

The best compromise between
OPSEC and communciations at the
small detachment (manpack) end of a

Figure 3. Typical vertical ra-
diation pattern for horizontal
antenna. Note: Energy at the
high angles (35-90 degrees)
suitable for communications
over 0-400 mile paths.

CONNECTTO -~ ~ S
RADIO -~ 7PN S~
GROUND 7 A
TERMINAL , JOIN WIRES
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Figure 2A. Manpack radio with counter-
Ppoise to increase effective radiated power.
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adio circuit is usually a simple 30-40
eet of straight wire antenna placed 1-
» feet above ground using tent pegs,
wood poles or the like, and a
sounterpoise under the radio. This
ombination gives the high take off
angle needed with a reasonable
amount of energy being radiated from
-he low power radio set.

In recent years, several antenna
manufacturers have attempted to sell
the Army “throw on the ground”
multi-wire antenna configurations
that claim to solve both the OPSEC
problem and improve
communications. Despite these
exaggerated claims, none of these
complicated “spider webs” that take
up areas of up to 20 x 150 feet have
produced significantly better perfor-
mance than a simple straight wire
tent-peg high or so off the ground.
These type antennas and their claims
should be discarded since they are
tactically not very practical.

Once we have taken these measures
‘to make the manpack station the best
that we can make it under the opera-
tional situation, we must then turn to
the base station end of the circuit in
order to significantly improve the
overall system’s performance.

To begin with, the base station will
usually have a higher power
transmitter (100-400 watts) which will
help improve the system in itself
because higher power transmitted
signals will be easier to detect at the
out station receiver.

Additionally, because it is a base
station, there is usually more leeway
with antenna size and less movement
involved. This will allow us to
construct the most efficient antenna
possible at the base station and,
therefore, improve the overall system

MAX

reliability—while at the same time
achieving a reasonable trade-off with
tactical considerations at the out
station.

Of course, if the situation permits
and if both ends of the system can
have similar high efficiency
antennas, we will be at the optimum
level for communications. This holds
true even if both ends of the system
are using low power radios because of
a significant amount of system
improvement is due to the use of the
more efficient antenna, not a more
powerful transmitter.

As can be seen from figure 1, the
half wave horizontal dipole gives the
best gain at the right takeoff angles
(35-90 degrees) for NVIS communica-
tion when kept at about a constant 30
feet off the ground. Height
adjustments are really not required
over the 2-10 MHz frequency band
that will produce NVIS modes of
propagation desired for 0-400 mile
circuits.

There are, however, several antenna

‘configurations that if installed

properly can give better performance
at the needed takeoff angles. Again,
bear in mind that each 3db of
antenna gain is equivalent to
doubling the radiated transmitted
power, and under poor propagation
conditions or when jamming is
present, this can often make the
difference between success and
failure. The best choices for the base
station antenna follow.

e Horizontal dipole with reflector .1
to .25 wavelength below the radiating
element (see figure 4). This antenna
has a theoretical gain of 5.4db (the
actual gain is probably somewhat
less) above a horizontal dipole
without reflector, and if configured as

shown, it provides both the gain and
takeoff angles necessary for good
communications.

This antenna can be constructed
with one standard AN/GRA-50
antenna kit plus two extra insulators
and an additional length of heavy
wire to form the reflector. The
antenna can also be configured as an
inverted “vee,” using one mast in
order to save installation time;
however, gain may be reduced
slightly.

When using the “V”’ antenna
configuration, remember to keep the
apex angle between 120-140 degrees.
Reflector wires are very useful when
operating over poor ground since they
greatly lower system losses; however,
the distance between the radiating
wire and the reflector does become the
effective height of the antenna, so be
careful with the wire spacing. This
technique over good ground may not
yield a dramatic gain at all since good
ground has low system loss to begin
with, but in areas like the Middle East
or the NtC, the effect is worth the
effort.

e The Shirley folded dipole. This
antenna consists of two halfwave
folded dipoles .5 to .65 wavelengths
apart and 1/10th to 1/4 wavelength
off the ground (see figure 5). This
antenna is actually an array of 3
horizontal half wave dipoles whose
energy is phased together (added) to
form a more efficient high radiation
angle antenna.

The Shirley does not pick up noise
and interference from low angle
sources, which helps system
performance.

The antenna can be constructed out
of TV twin lead but needs four masts
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Figure 4. Half wavelength dipole with reflector
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and more space than the single wire
dipole with reflector. It has a gain of
approximately 3db over a single wire
dipole since the electric fields from all
three dipoles combine (add) to result
in more gain at the high angles
needed for NVIS type
communications.

e A third very good base station
type antenna very popular with the
British Commonwealth Forces is the
Jamaica antenna shown in figure 6.
This antenna is a high efficiency,
specialized antenna for high angle
skywave (NVIS) use. Two full wave
single wire dipoles parallel and 1/2
wavelength apart are needed. The
distance between full wave dipoles is
critical so that the signals in both
dipoles will be properly phased
together to form a composite (higher
gain) signal.

The dipoles should be fed with two-
inch open wire line (ladder line)
connected to the radio with 75 ohm
coax cable. Impedence matching is
provided by the radio set antenna
coupler.

The antenna is very efficient with
gain towards the zenith of almost
twice that of the Shirley antenna and
four times that of the single wire
dipole (without reflector). Because it is
so directional toward the high angles,
it does not pick up noise or
interference from low angle sources
including ground wave jammers.

The Jamaica can be constructed
from two AN/GRA-50 kits, but it does
need six masts and takes a while to
construct. When trying to work with
low power manpack stations, the
combination of gain and low angle
noise reduction at the base station
provided by this type antenna will
often make the difference between
communications and no communica-
tions to the out stations.

The Jamaica is probably the most
complicated tactical wire antenna
that most organizations should try to
construct out of common materials
due to its large size and complexity.

It is important to remember that
while these antennas can be used to
replace expensive power amplifiers or
give any station (including low power
manpacks) more effective radiated
power, they are all essentially single
frequency resonant antennas—that is,
they should all be constructed to the
proper length for the operating
frequency plus or minus a few percent
in order to operate at peak efficiency.

Antenna couplers will help broaden
the operating frequency range of the
antenna, but separate day (high oper-
ating frequency) and a night (low op-
erating frequency) antennas may be
required depending upon the
situation, frequency assignments, and
the equipment used.

These type of higher gain antennas
have proved themselves in the past
for use in special operations and low
intensity conflicts (LIC) when
friendly forces were able to operate
from secure base camp locations.

In the jungles and mountains of
Malaya and Vietnam, base camp
communications to widely separated
and constantly moving patrols
equipped with low power radio sets
and horizontal antennas was
maintained successfully by using this
type antenna equipment at base
locations and proper frequency
selection techniques. In more modern
applications, they can certainly be
used in Central and South America
for counter narcotic teams and in
AirLand Operations applications for
communicating from the support
areas to MI, Scout, LRSU and SOF
units deployed in the battle zone
and/or the detection zone.

B=1/2 A
D=1/2
H=1/8TO 1/4 x

Figure 6. Jamaica antenna (Can be built from standard antenna
kits AN/GRA-50; has four times the gain of the dipole antenna.)

I urge commanders of these type
units and all HF radio users in gen-
eral to construct these type antennas
and experiment with them. They will
find that they will be able to
communicate with high grades of
service over wide areas and at ranges
currently not thought possible by
some units.

They will also (in some cases)
eliminate the need for high powered
radio sets and power amplifiers, thus
saving equipment for other uses and
cutting procurement costs.

These techniques will help greatly
to overcome the adverse effect of
terrain, weather and enemy jamming
and should be incorporated into unit
SOPs in order to assure the best
possible HF radio circuits for
command and control of our forces.

As we have seen in Southwest Asia,
the fast moving pace of modern
armored warfare will cause us to
outrun all other means of terra based
communications except properly
engineered HF radio.

Similarly, in slow moving, low
intensity conflicts (ILIC) in mountain
and jungle terrain, vegetation and
weather will also render line-of-sight
tactical radio systems including
Mobile Subscriber Radio Terminals
(MSRT) and SINCGARS ineffective
except for relatively short range
circuits.

This means that we must stress
more than ever before, the proper use
of HF radio and high angle antenna
techniques on the battlefields of the
future.

LTC Fiedler is a graduate of SOBC,
SOAC, the Radio and Microwave Systems
Engineering Course, and the Command
and General Staff College. He has served
in Regular Army and National Guard
Signal, Infantry, and Armor units in both
CONUS and Vietnam. He holds degrees in
both physics and engineering, and an
advanced degree in industrial
management.
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Sub-surface secrets

How to survive long range
and special operations

by LTC David M. Fiedler, NJARNG

In order to under-
stand how a buried
dipole works, we
must first review
what happens
when radio fre-
quency energy
traveling in free
space enters an-
other medium--in
this case, the
earth.
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One of the most dramatic
lessons learned from the recent
Gulf War was the great value of
properly used Long Range Surveil-
lance Units (LRSU) and Special
Operation Forces (SOF).

In order to be effective, of
course, these units must have good
radio communications between
the forward units and their
operating bases. This is normally
accomplished by means of
manpack (low power) High
Frequency (HF) radio or single
channel satellite (SATCOM) radio.
Unfortunately, other lessons
learned in the Gulf were:

* There are usually not
enough satellite channels and
equipment available at the right
time and place to provide
SATCOM service to all the units
we would like to employ, so HF
radio must be used extensively.

* It is very difficult to conceal
both HF and SATCOM antennas
(both types are discovered with
equal frequency).

* If good communications are
not achieved, it is not worth
sending a unit into danger.

* Poor antenna concealment
leads to unit discovery and elimi-
nation.

At present, viable methods of
concealing highly directional and
sensitive SATCOM antennas are
still being developed; there are,
however, some existing proven
and simple methods already
available for concealing HF radio
antennas and making them work.
Of these, the construction of a
subsurface (buried) antenna is the
simplest and most effective.

Many types of subsurface
antennas have been tried by US
Forces in the past, but, as it turns
out, a simple half-wave horizontal
dipole or dipole array buried just
deep enough for concealment is
the best for LRSU/SOF hidden
applications. There are no stan-
dard subsurface antennas in the
Army inventory, so using units
must construct them locally in the
field, using available materials
and standard components.

In order to understand how a
buried dipole works, we must first
review what happens when radio
frequency energy traveling in free
space enters another medium--in
this case, the earth.

While subsurface dipoles
produce some groundwave energy,
high angle Nearly Vertical Inci-
dent Skywave (NVIS) is the



dominant mode of HF radio
communications for this applica-
tion. For more detailed informa-
tion on NVIS theory and tech-
niques, see AC, Fall 1983 or
Spring 1986 and FM 24-18.

If we look at Figure 1 which is a
classic diagram found in many
antenna text books, we can see
that skywave energy arriving at
an above ground antenna X from a
distant transmitter is the sum of
the skywave energy from the
direct wave A and the reflected
wave b. The energy from the
reflected wave (b) arriving at
antenna X is the energy of wave B
reduced by some amount (N)
because some of the energy is not
reflected, but continues to travel
on a bent path (C) into the earth.

The energy arriving at subsur-
face antenna S is what's left after
wave B gives up reflected energy
(B-N) and also loses energy to
ground absorption (g), which is
proportional to the depth that S is
in the ground (d).

Received energy at the subsur-
face antenna S is, therefore, the
skywave energy from B less the
energy reflected b and the ground
absorption loss g.

Remember, also, that the
skywave energy has already been
reduced at the point where it
enters the ground by the path
losses in free space and the reflec-
tion loss from the ionosphere
(approximately 110db) total.

The bottom line is that for
reception, the energy received at a
subsurface dipole is considerably
reduced by ground and free space
path losses. Therefore, transmit-
ter power should be as high as
possible at the sending station in
order to communicate reliably.

Also, receivers need to be as
sensitive as possible, and correct
selection of antenna(s) frequency
is critical. The depth of the buried
antenna should be as shallow as

the tactical situation will allow for

concealment of the antennas to
reduce ground losses and emplace-
ment time. This is particularly

important when the ground is wet
or snow covered.

To transmit from a buried
antenna, start at S, the energy
becomes skywave and travels
along B so there is no reflection
loss (b), but there is ground
absorption--which again can be
reduced by keeping the antenna as
near to the surface as possible.

Another problem when trans-
mitting from a subsurface hori-
zontal dipole is the problem of
efficiency versus height above
ground. As the energy field of
antenna comes in contact with the
earth, power is dissipated that
would normally end up as radia-
tion energy if the antenna was
above the ground (see Fig 2).
Even though the classical vertical
pattern of the dipoles located close
to the earth remains the same,
when the antenna is subsurface
(see Fig 3), the efficiency (radiated
energy) is much less compared to
an elevated antenna. Therefore,
at least a two dipole array should
be used to increase radiated
power. Practically, this means
that the station using the subsur-
face antenna needs the highest
power transmitter and the best

antenna array and frequency
selection possible to be successful.

Here is where equipment
selection--AN/PRC-104 (20 watts)
vs AN/PRC-132 (50 watts), an-
tenna, and frequency may be
critical.

In order to best communicate
using a buried antenna, many
studies (see references) have
shown, that a half-wave center fed
dipole (doublet) (see Fig 4), well -
insulated and surrounded with a
good dielectric (such as air or
teflon) and free at the ends, is the
best.

The dipole is usually config-
ured as a two antenna array for
better performance. It is also
known that the standard rule of
thumb for calculating wavelength
= 300/ (frequency in MHz) is no
longer true since the effect of the
ground is to increase the electrical
“length” (decrease physical
length) of the antenna because the
velocity of propagation is slowed
due to the effects of the earth.

Since both the earth’s charac-
teristics and the depth of the
antenna will vary, it is very hard
to calculate the proper length of a
resonant antenna. In some cases,
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Figure 1 - Reception below ground via skywave
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Figure 2 - Efficiency of a half-wave dipole over poor quality soil

the subsurface antenna will need
to be only 50% of the length it
would be in free space. While the
antenna matching units that come
with most standard radios will
couple to an antenna that is
electrically too long, efficiency and
the critical effective radiated
power will suffer if the antenna is
too far from resonance.

In order to cut a dipole to the
correct length, the buried antenna
should be measured with a Return
Loss Bridge, such as Antenna
System Test Set TS-4351/PRC
(NSN 6625-01-324-9273), and
trimmed to a resonant length.
Power Meter TS-4350/PRC (NSN
6625-01-323-6267) can also be
used for this purpose. Both are
components of Antenna Group
OE-452/PRC (NSN 5985-01-279-
7942) which is also known as the
Special Operations Radio Antenna
Kit (SORAK).

The actual procedure should
be to construct an antenna and
bury it in soil similar to that in the
area of actual operations. Then
test the antenna with these test
sets and trim to the proper length
for soil conditions and depth. This
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should done in a sanctuary area
prior to deployment. It does take
some time, but it’s worth it.

Dipole construction: Due to
their contact with the ground, the
subsurface antenna must be well
insulated. While antennas made
of wire and inserted into a plastic
pipe or hose using air as a dielec-
tric have been shown to work,

construction takes considerable
time, and the required materials
add to the already heavy load of
the deploying unit.

The best practical approach
for radiating antenna wire has
turned out to be standard coax
cable (RG-8 or larger) with the
outer cover and shield stripped off.
This leaves the inner (center
conductor) wire surrounded by a
very good plastic dielectric for use
as the radiating antenna elements.

Any standard dipole feed
device such as the IL-4/GRA-4
NSN 5970-00-405-8223 will do to
terminate the radiating elements.
Connection to the feed point
should be by a short coaxial cable
kept at right angles to the radiator
to avoid field distortion. The feed
point and the ends of the radiating
elements must be sealed to elimi-
nate any path to ground for the
antenna energy, due to water
penetration. Similarly, the
dielectric must be inspected to
assure that there are no splits or
cracks in it. Be very careful not to
cut the dielectric when stripping
the cover and shield off the coax
cable to make the antenna ele-
ments.
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Figure 3 - Comparison of two element dipole arrays at different
depths (1 and 3 feet) with standard single element dipole and whip.
Note typical NVIS pattern but greatly reduced gain.



RG-8 with shield removed

/ s //////

RG 8 with shield removed

//////09“%?/// %

Figure 4 - Buried, insulated horizontal dipole center fed with ends and feed point sealed.

Dipole performance: The
relative gain of a subsurface dipole
two element array was measured
by comparing field strength with a
reference halfwave dipole one
quarter wavelength off the ground
(see fig 6).

In order to improve subsur-
face dipole performance, two
parallel dipoles approximately 14
feet apart can be constructed and
fed from a common feed point; this
will increase the antenna gain
(field strength) by 3db, which is
equivalent to doubling the trans-
mitter power (see fig 5).

Figure 6 is a plot of field
strength for subsurface and

Units of US Air Force, the New
Jersey Army National Guard and
other organizations have em-
ployed subsurface antennas of the
types described here for practical
missions with great success. The
points to remember when using
these techniques are:

* The simplest antenna to use is
a center fed half-wave dipole
(doublet) or dipole array (to
produce more gain) made from
standard components.

¢ Since there is less antenna
gain due to subsurface installa-
tion, it is important to pick the
frequency carefully.

* It is important to use a well
sealed wire surrounded by a good
dielectric (center portion of a coax
line, for example) to keep antenna
current from running off into the
ground.

¢ A dipole in the ground reso-
nates at a much shorter physical
length than one in air for the same
frequency. Correct length should
be measured with VSWR meter or
Return Loss Bridge for maximum
efficiency.

¢ Radiation pattern for subsur-
face dipoles is the same as a dipole
a quarter-wave above ground, but
radiated energy is greatly reduced.
This pattern is ideal for NVIS

RG-8 w/o Shield
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Shielded RG-8
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Figure 5 - 2 element buried antenna array. This configuration improves radiated

reference dipoles. Burying the
antenna results in loss of about
24db over an elevated antenna;
however, sufficient signal still
remains for communications (see
side bar).

signal by 3db.

¢ The antenna should be buried

only as deep as required for
mission concealment ( usually less
than 6 inches) to minimize ground
losses.

(0-400 mile) communication. For
longer ranges, the dipole can be
buried on a hill side sloping the
path direction to a lower angle to
get more gain in a desired direc-
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COMPARISON OF REFERENCE AND SUB
THEORETICAL "E" & "F" LAYER PRO

FACE DIPOLES WITH
AGATION
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Figure 6 - Comparison of buried dipole array with reference dipole. Concealment under
ground reduces signal strength by about 24 db.

® The buried dipole radiates
some vertically-polarized
groundwave energy off the ends.
On short paths, this energy can be
received by radio direction finders
using whip antennas. Since this
could be an enemy intercept
station, it is desirable to orient the
dipole ends away from possible

intercept locations. Skywave
communications are not affected
by dipole orientations.

* Seal everything and install
the antenna(s) in the driest spot
available; water is the biggest
problem with subsurface anten-

Reasonable levels of reliable HF
radio communications have been
demonstrated with concealed
dipoles of this type and standard
manpack radios.

Use of these techniques will
lower the probability of team

nas. Be particularly careful to seal 3eotection and help assure that

feed points and dipole ends.
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Figure 7 - System improvements resulting from use of AN/PSC-2 digital communications
terminal. With 3db SNR, message was received every time. Requires a 10db SNR.
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when we deploy a LRSU/SOF
team, their HF communications
will work and won’t compromise
unit security.

In view of the information
presented here, it is clear that the
Signal School and CECOM need to
develop and analyze subsurface
antenna requirements and com-
munication techniques in order to
provide the best combination of
communications reliability and
unit security possible for those
engaged in a very dangerous
mission.
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11: ANTENNA PERFORMANCE FOR NEAR
VERTICAL INCIDENCE SKYWAVE
COMMUNICATIONS

The special requirements for antennas for
NVIS systems have been described in the pre-
vious articles in this series [1,2] and in the work
of other authors [4,5,6]. Now, let’s take a de-
tailed look at the theoretical and practical as-
pects of various antenna designs in NVIS ser-
vice. This look relies on computer analysis us-
ing the NEC-2 antenna modeling methodology
as well as practical experience. NEC-2 provides
analytical data that is very difficult to gener-
ate any other way. Practical experience helps
address the non-theoretical aspects of erecting
and using antennas in the field.

Antenna Performance Estimators

Antenna performance is measured by gain
in a particular direction. Gain is expressed in
decibels (dB) relative to some standard. The
most common standard is the isotropic radia-
tor in free space. Isotropic means that it radi-
ates equally in all directions (sort of like a bare
light bulb) so its pattern plot from any direc-
tion appears to be a circle. Free space means
just that — space in which nothing interacts
with the antenna. Gain relative to an isotropic
radiator is denoted as dBi.

When an antenna has gain with respect
to an isotropic radiator it means that it concen-
trates its radiation in some particular direc-
tion (at the expense of other directions). The
antenna does not make power, it merely con-
centrates (focuses) the power delivered to it by
the transmitter through the feedline. For NVIS
purposes, the antennas pattern should concen-
trate most of the radiation field vertically, at
angles above 45 degrees, and should be round
(omnidirectional) in azimuth. How well it con-
centrates its pattern is measured by beam
width and beam extent [2].

While antennas don’t “make” power they
certainly can lose some of that provided to them.
They do this by dissipating it in their internal
resistance and by interactions with nearby ob-
jects, such as the earth. Sometimes these in-
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teractions are beneficial — for example in many
cases reflections from earth improve radiation
in certain directions. They can also be harmful
— for example, RF currents can be dissipated in
the earth’s resistance. Most NVIS antennas have
a radiation resistance much larger than their
loss resistance [2] so efficiency is not much of a
problem. Since NVIS antennas are generally
mounted low to the ground, detrimental ground
interactions can be a problem.

Practical considerations

Tactical communications usually involve
base stations, field stations, and mobiles. Base
stations are those at which there are the time
and resources to erect optimal antennas. Field
stations are those in which field expedient (but
highly effective) antennas can be erected in a
half hour or so. Mobiles, of course, are vehicles
that must maintain the ability to be in motion,
or to quickly initiate movement.

Base stations are the great opportunity
in NVIS communication. LTC Fiedler has noted
[4] the importance of exploiting opportunities
for optimizing base station performance as a
way of augmenting the more limited capabili-
ties of field and mobile stations. This means
operating at higher power and erecting more
complex antenna arrays. It can also mean ex-
ploiting opportunities to reduce ambient RF
noise reaching the base station’s receiver. This
is a big subject and will not be covered here.

Mobile stations are limited in antenna
type to those which can be carried on the ve-
hicle while it is in motion, or can be quickly
deployed while it briefly pauses. LTC Fiedler
has presented considerable research and prac-
tical information on this [4,7,8]. While this is
an interesting subject it will not be directly cov-
ered here.

Field stations provide an opportunity to
explore the factors that effect NVIS antenna
performance in any situation while simulta-
neously exploring some of the performance vs.



convenience trade-offs involved. There is an
incentive to use antennas that can be deployed
quickly, can be depended upon to perform prop-
erly, can operate (or be adjusted to operate) over
an adequate range of frequencies, and are suf-
ficiently rugged to withstand prevailing condi-
tions.

Most high frequency military field anten-
nas will be built using some number of GRA-4
mast kits with GRA-50 antenna kits (or simi-
lar equipment). This allows a maximum height
of about forty feet and includes sufficient wire
to build an antenna resonant below 1.6 MHz.
This equipment is adequate to construct a wide
variety of antennas and consequently it will
enable a unit to meet all NVIS mission require-
ments.

Rapid deployment

Deploying a wire antenna requires erect-
ing the required number of masts, measur-
ing and assembling the antenna, connecting
the feedline, raising the antenna, and tun-
ing the radio to the antenna. Some antennas
also require that a grounding system (e.g., a
counterpoise or radial system) be deployed.
Most of the time and effort involves erecting
the masts, particularly when guying is nec-
essary. Consequently, when time is a factor
there is an incentive to use as few masts as
possible.

The California State Military Reserve
considers a field team to consist of four per-
sons. Such a team is expected to get a station
on the air within thirty minutes of arrival on
site. Most of that time is spent deploying an
antenna. (Initially, the radio is powered by
battery. Another half hour is often required
to get a generator properly grounded, inter-
connected, and on-line.) We expect that un-
der normal conditions three soldiers can erect
a guyed GRA-4 mast in about ten minutes. A
well-trained and motivated team can erect
three masts, rig an antenna, and put a radio
on the air within the allotted thirty minutes.
Obviously, the deadline is a lot easier to meet
when only one mast is involved. Antennas
that require more masts need to do something
worth the trouble. On the other hand, an
antenna that is quick to deploy but does not
perform well isn’t of any value.

Antenna performance benchmarks

and compromises

What works best? It is hard to improve on
the performance of a resonant half-wave dipole
mounted about 0.2 wavelengths above ground.
No antenna performs significantly better. Its
only liability is that it requires at least two
masts, and for frequencies below 4 MHz Army
doctrine requires three. If height is to be kept
in the optimal 0.1 to 0.3 wavelength range the
following table provides a guideline on how long
the masts should be:

Table 1: Optimal Antenna Height

Mast Frequency (MHz) should be
Height, ft. Above and Below
20 ft. 4.7 14.0
30 ft. 3.1 9.4
40 ft. 2.3 7.0

Is there a way to get most of the dipole’s
performance without erecting two (or three)
masts? An obvious compromise is a similar
antenna that can be erected with a single mast:
the Inverted V. As will be seen, its performance
at the same mounting height is similar to the
dipole and can be made nearly equal by increas-
ing mast height while keeping the antenna as
flat as possible. Installation convenience is
gained by giving up a small amount of perfor-
mance.

There are plenty of other alternatives and
some of the better ones (see Figures 1a-1j) will
be considered using the dipole as a benchmark.

Frequency agility

Practical around the clock NVIS opera-
tions require that we operate on more than one
frequency. There is a substantial difference
between day and night propagation so as a
minimum two frequencies are essential. If au-
tomatic link establishment (ALE) is used to
optimize propagation, a suite of several frequen-
cies may be required.

The resonant dipole is a narrow-band de-
vice. Feedline losses, particularly when coaxial
cable is used, can approach 3 dB as the fre-
quency changes more than 15 percent. Yet the
difference between day and night frequencies
can be over 200 percent! At least two frequency
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changes are required during a 24-hour period.
With wire antennas frequency changes are ac-
complished by lengthening or shortening the
antenna wires. As long as the masts are set to
accommodate the longest required antenna this
is simply done. One shortcut is to string ele-
ments of two different lengths from the same
feed point — one set forming a resonant dipole
at the lower frequency with the other resonant
at the higher. As long as frequency selection
works as planned this simple technique pro-
vides near optimized operation on two frequen-
cies without changing anything.

Antennas can be made broadband by load-
ing which means adding a resistor somewhere
in the design. Two examples are considered
below — the T2FD (Figure 1f) and the End-
Fed Terminated Wire (EFTW) (Figure 1j). Note
that the inconvenience of physically modifying
the antenna to change frequency is eliminated
at the expense of a significant amount of gain
(Figure 6).

Each antenna must be matched to the
radio (by means of an internal or external an-
tenna tuner). Losses in the feedline and match-
ing system are not considered here. This is a
significant simplification but it allows us to fo-
cus on the comparative performance of a large
number of antenna designs.

Frequency agility can be addressed with
designs in which careful selection of the anten-
nas dimensions, type of feedline, and the means
of matching it to the radio serve compromises
that preserve both performance and conve-
nience. This is a very interesting area but it is
not the present subject.

Ruggedness

There are many tricks that can help get a
station on the air quickly. For example, setup
of an Inverted V using the GRA-4 with its tri-
pod adapter can be managed by one soldier in
a few minutes. This works well until the wind
comes up.Another trick, which is regularly used
when time is tight, is to use three guys per mast
instead of four. Once again, this works well as
long as the guys are well-positioned and in good
soil. When the wind comes up on a dark and
stormy night in which the ground has been soft-
ened by rain, the antenna can come down. This
is embarrassing and inconvenient. It is usually
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easier to explain an extra few minutes spent
getting on the air than it is to explain an ex-
tended forced outage at a critical moment. Al-
ways take every opportunity to enhance an-
tenna ruggedness — even after a station is on
the air.

Balanced and unbalanced antennas
Antennas can be broadly classified as elec-
trically “balanced” and “unbalanced.” All anten-
nas have two sides — the current that promotes
radiation must flow from somewhere to some-
where. Quarter-wave verticals, for example,
find their second half in the earth. Inverted Vs
find their second half in a counterpoise wire or
in the earth. Antennas such as dipoles and
Zepps have two obvious sides but not all an-
tennas with two visible sides are balanced.

Consider a half -wave dipole. If one side is
in the clear and the other is in trees, each side
will interact differently with its environment.

An inclined dipole [11] has two obvious
sides but one of them is much farther above
ground than the other.

A sloper[12] uses the mast for one side and
an inclined wire for the other. The feed point is
at the top of the mast, hence there is a marked
difference in geometry between the two sides.

Each of these situations results in differ-
ent currents in each side and consequently
unbalanced currents on the feedline. This situ-
ation promotes feedline radiation, and hence,
pattern distortion. Pattern distortion in this
case means that some radiation we need for
NVIS effect is going in some less useful direc-
tion, e.g., horizontally.

For present purposes, the following an-
tennas will be considered balanced: Resonant
half-wave dipole,AS-2259 Inverted V, T2FDV,
and Zepp.

The following antennas have two obvious
sides but lack symmetry. They don’t require a
counterpoise or ground radial system but may
suffer pattern distortion from feedline radia-
tion: Inclined dipole; Sloper.

The following antennas are inherently
unbalanced and require some form of counter-
poise or ground radial system if pattern distor-
tion is to be minimized and efficiency main-
tained: Inverted L, Sloping wire, End-Fed Ter-
minated Wire.



Figure 1. Diagrams of some NVIS antennas
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Starting with the half-wave dipole...

There is widespread agreement that a
half-wave dipole (Figure 1a) mounted 0.1 t0 0.3
wavelengths above ground is excellent for NVIS
communication. Consequently, that antenna
provides an excellent reference against which
others can be compared. The key performance
parameters are vertical gain, beam width, and
beam extent. The key installation-related pa-
rameters are ground conductivity and mount-

ing height.

A full-fledged dipole is fairly time consum-
ing to erect. It requires at least two masts and
below 4 MHz, possibly a third in the middle.
While it seems as though the middle mast could
be eliminated the long antennas frequently re-
quired for nighttime NVIS work suffer this
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