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INTRODUCTION
The LW8AM and LW8KM are manpackable half wave dipole antennas, constructed using lightweight strong materials, for field use.

The antennas are marked with frequency markings along the element to enable easy setting of desired operational frequency.

PARTS IDENTIFICATION

QTY
QTY

PART NO
LW8KM
LW8AM
DESCRIPTION

CC-104016-1

2
Antenna elements, PVC covered copper braid, terylene core, 23.17m long, calibrated in 0.5MHz intervals 3-10MHz and 1MHz intervals between 10 and 30MHz.  Marked CC-104016-1.

CC-104016-8
2

As CC-104016-1 but constructed in Kevlar cored, PVC covered copper braid.  Marked CC-104016-8.

CC-104016-2
2
2
Throwing rope, 1.5mm polyester flexible plaited rope, 21.34m long, fitted with a 2oz lead weight.

CC-104016-3
2
2
Black polypropelene storage board, with strain/fixing slots.

CC-104016-4

1
Centre junction unit, black polypropelene, BNC female socket.

CC-104016-12
1

Centre junction unit, epoxy resin moulding, fitted type 'N' 50 ohm socket.

CC-104016-5

1
Coaxial cable assembly, fitted strain-relief, 2 x BNC male connectors.

CC-104016-9
1

Coaxial cable assembly, fitted strain relief, 2 x 'N' type 50 ohm male connectors.

CC-104016-6
1
1
Nylon/PVC belt mounted kit bag.

CC-104016-10
1
1
User manual.

NOTE:  Where practical all parts are marked with the identifying part number.
FAMILIARISATION
Care should be taken to familiarise yourself with each component, so that identification, assembly and use become automatic.

ASSEMBLY AND USE
1.
Remove all components from the kit bag and check for damage/wear, ensure all components are present.

2.
Choose a spot on the ground near to a tree or elevated anchor point to represent the centre of the dipole and fit cable assembly to the centre junction, unwind the cable and lay the assembly on the ground.

3.
Take the two elements, with storage boards and throwing line and begin to unwind the frequency marked element, after fixing the terminal and strain relief to the centre junction lugs.

When desired frequency marker is reached, slip off the element into the slots provided on the storage board.  The straining line/weight should then be unwound and laid out, being careful to avoid tangles.  (Two people are preferable for this operation, but not completely necessary).

4.
Repeat 3 for the second element.

5.
The dipole is now ready to be elevated into a working position, either on a tree or some elevated natural object.  If you have a mast available, the antenna may be slung from this.

Possible configuration for the LW8AM/LW8KM dipole antennas.
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What is the best configuration?

Considering that the ideal components for the best possible antenna location is unlikely to occur during field use, the above four methods should resolve most situations.

The centre fed dipole works best when its longitudinal axis is straight and when it is parallel to the ground, at a particular height (refer to Elevation Patterns).  This gives good skywave performance, with some ground wave and an almost omni-directional field of radiation, so the centre fed horizontal configuration is best for medium range communications, with some short range ground waves.

The sloping wire end fed should be set up using half of the dipole, connected to the antenna tuning unit of your transmitter.  Performance will vary with frequency and location.

The inverted Vee configuration will give some directivity to the signal when the ends of the dipole elements are drawn together to a minimum angle of 50 degrees, however, keeping the elements in line will give an essentially omni-directional signal, but due to the ground being at a varying height to the antenna, take off angle will not comply with those published here.

The centre fed sloping wire method is a variation of the inverted Vee and will give good omni-directional signals.

NOTE:  Ground stakes are not provided in the antenna kits and natural objects such as rocks or tree branches should be used.
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WAVE LENGTH CHART
This chart can be used to determine height above ground in wave lengths, interpolations between these given figures is difficult, since the relationship is non-linear, however, one wavelength can be calculated thus.

One wavelength in meters = 285.30

                                     Frequency in MHz

Frequency
Total wavelength (m)

3 MHz
95.10 m

6 MHz
47.56 m

10 MHz
28.54 m

15 MHz
19.02 m

20 MHz
14.26 m

25 MHz
11.42 m

30 MHz
9.52 m

DE-COMMISSIONING STOWING
Each time the antenna is de-rigged and stored, care should be taken to ensure that all knots and twists are removed as far as possible, to avoid damage, all connectors are clean and free of grit/mud etc, and as far as possible moisture free.

The elements and throwing braid should be as clean as possible and re-stowed on the storage board in the appropriate segments.

The coaxial cable can be wound up on the forearm and all components should be replaced in the kit bag, where they should remain until required again.

HINTS ON USE
Below is a chart giving the incidence of frequency markers, from the centre of the dipole, out to the ends.  The markers are raised on the element material and can be counted out should the unit be used in poor light, or if the printed markings become erased for any reason.

Counting from the inner end of each element.

NUMBER
FREQUENCY
NUMBER
FREQUENCY


1
30 MHz
19
12 MHz


2
29 MHz
20
11 MHz


3
28 MHz
21
10 MHz


4
27 MHz
22
9.5 MHz


5
26 MHz
23
9.0 MHz


6
25 MHz
24
8.5 MHz


7
24 MHz
25
8.0 MHz


8
23 MHz
26
7.5 MHz


9
22 MHz
27
7.0 MHz


10
21 MHz
28
6.5 MHz


11
20 MHz
29
6.0 MHz


12
19 MHz
30
5.5 MHz


13
18 MHz
31
5.0 MHz


14
17 MHz
32
4.5 MHz


15
16 MHz
33
4.0 MHz


16
15 MHz
34
3.5 MHz


17
14 MHz
35
3.0 MHz


18
13 MHz

REPAIRING DAMAGE IN THE FIELD
Emergency field repair may be carried out on the antenna, but these should, in most cases, be restricted to repairing elements, throwing strings, etc.  Coaxial cables and coaxial connectors should be replaced when damaged.

ELEMENT BREAKAGES
Should the elements (CC-104016-8) or (CC-104016-1) be broken, they can be temporarily repaired as follows:

1.
Strip back PVC covering, exposing wire braid on both ends.
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2.
Tie the stripped part of the element in a reef knot to ensure maximum conductivity and if available, cover in self-amalgamating tape (denso tape) or PVC insulating tape.

THROWING CORD BREAKAGE
These can be field repaired using a reef knot, obviously no stripping back is required.

LOSS OF LEAD WEIGHT
This can be replaced temporarily by a stone or large metal nut.

LOSS OF CONNECTING TERMINAL
The antenna can still be used by stripping back the element at the point where the terminal was and clamping the exposed braid under the equipment connecting terminal.

NOTE:  All broken or damaged assemblies should be replaced with the correct spares as soon as possible.
COAXIAL CABLE AND CONNECTOR DAMAGE
Replace with new assembly.

CENTRE JUNCTION DAMAGE
Replace with new assembly.

TROUBLE SHOOTING
These area a few situations which may occur during use.

SYMPTOMS
POSSIBLE CAUSE/ACTION

High VSWR
-
Incorrectly set elements on frequency markers.  Check and re-set.

· Close proximity of tree, or similar large object.  Move to another location.

No transmission
-
Connections loose.  Check and tighten.

· Coaxial cable not connected correctly.  Check and correct.

· Coaxial cable open or short circuit.

· Check continuity with DVM or similar.  If damaged replace.

· Lost continuity in centre junction.  Check continuity, if damaged, replace.

Remember
-
Transmitter damage can result if antennas are not set and functioning correctly.

WHAT IS THE BEST FREQUENCY?
Selecting the best HF frequency for communicating with another station is often a difficult task for radio operators, because of the ever-changing factors that determine the paths of radio waves.  However, with some practice and some familiarity with these factors, proficient radio operators can select an operating frequency that will provide the best chance for communications at a given time.

Although there are too many variables to allow completely accurate forecasting of optimum frequencies over any distance at any time, the following descriptions are intended to provide enough information to give the radio operator a feeling for the factors that must be considered when selecting a frequency for communications over a known distance.  This information assumes that the transceiver, antenna and counterpoise or ground are properly set up and connected, and that the antenna is located in the clear; as far as possible from surrounding buildings, trees and other obstacles.

Short Range:  1 to 30 km

HF radio wave propagation over short range depends primarily upon the direct, line-of-sight path between the antennas of the communicating station.  Obstacles such as buildings and trees will weaken signals on the direct path, and hills or mountains may block the signals entirely.  Therefore it is important to set up the antennas within, or as near as possible to, the line-of-sight path between them.  For best coverage in all directions, this calls for the highest practical location, but for optimum signal in one direction only when a hill or mountain is available, the antenna is better set up slightly below the peak on the favouring side, as shown in Figure 1.  Generally, any frequency propagates well over line-of-sight, but often the best frequency is one on which noise and interference from undesired signals are minimal, usually between 20 and 30 MHz.  Antennas at both stations should be vertical.

FIGURE 1.  Optimum Antenna Location

Fortunately, there is another propagation factor that often allows
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communication even when the direct path is obstructed:  this is reflection.  HF radio waves reflect off of just about anything, including even the atmosphere, to varying degrees.  In fact it is because of this that HF communications are possible beyond line-of-sight.  This is also the reason why, in many cases, communications are still possible (although generally weaker) even when the direct path is obstructed by buildings or low hills.  In such situations it is often possible to improve signals greatly by minor relocation of the antenna (perhaps introducing a better reflection path).

FIGURE 2.  The Surface Wave

At the longer limits of short range communications (20 - 100 km), the
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transmitted signal is weakened by dispersion and absorption by the atmosphere, and the curvature of the surface of the Earth begins to obscure line-of-sight.  At this range the choice of frequency becomes more critical.  Communications are generally possible even beyond line-of-sight, because of slight bending (refraction) of the radio waves by the atmosphere close to the ground (Figure 2).  Low frequency HF signals carry along the ground more readily than those at higher frequencies, but the lower frequency signals are also absorbed more readily.  However, the effects of the atmosphere on radio signals vary greatly between day and night, and with changes in season and temperature.  Therefore the best frequency for communications will also vary between day and night, and from season to season.

During daylight hours on a non-line-of-sight path between 20 and 100 km, frequencies above about 8 or 9 MHz will usually not be useful.  The best frequency is likely to be found between 2 and 8 MHz, with the best choice with a vertical antenna for distances out to about 50 km likely to be the quietest frequency around 6 to 8 MHz.  During hours of darkness, as there is much less absorption, signals may be stronger on lower frequencies, although noise will be a problem at the lower frequencies in the summer.

One other factor which becomes important at these ranges is the conductivity of the ground itself.  Salt water, being highly conductive, will often allow direct communications over more than 100 km; while rock or sandy soil may limit communications to 20 km or less.  In all cases, communications will generally be better if a ground rod is installed and connected to the grounding terminal on the antenna tuner or transceiver, along with the counterpoise wire, instead of when using the counterpoise wire alone.  See Figure 3.

FIGURE 3.  Earth Ground

Finally, it is important to note that the maximum range for direct or surface wave communications is largely dependent upon the relative physical
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locations of the antennas, and this range is unlikely to exceed 100 km over land (and will usually be much shorter, around 20 - 50 km), even under ideal conditions.  However, when short range communications are possible, they will also be the most reliable, and it should not be difficult to maintain communications on one or two frequencies 24 hours a day, year round.

Medium Range:  30 to 500 km

At distances beyond those which support direct or surface wave communication, radio communications must rely upon reflections from the ionised layers of the atmosphere, called the ionosphere.  Radio waves reflected from the ionosphere are called skywaves, and can provide stronger signals than surface waves at distances greater than several kilometres because skywaves are not subject so much to the heavy absorption that occurs to surface waves.

There are actually several layers of the ionosphere that can reflect radio waves between about 100 and 420 km above the surface of the Earth.  The existence of these layers, and their actual altitude and density at any given time, is determined by the sun's energy, which varies according to latitude and the time of day, season of year, and also over an 11-year cycle.  The ionospheric layers are most dense just after noon, and least dense just after midnight.  The ability of the ionosphere to reflect radio waves is determined by the altitude and density of the layers, and also the frequency in use.

Some portion of the radio signals leaving the transmitting antenna rise through the lower atmosphere until they reach these layers, and if conditions are just right, the signals are then reflected back down to the receiver.  Under ideal conditions and at the ideal frequency, such skywave signals can provide loud and clear communications over very long distances.  Unfortunately, it is impossible to always predetermine what the ideal conditions and frequency are, but by understanding some of the principles involved, the operator can still often determine the most likely time and frequency for making contact.

As shown in Figure 4, the propagation distance of skywaves is determined by the altitude at which they are reflected back down toward the ground:  if the reflecting layer is high the distance will be longer than if the reflecting layer is low.  During hours of daylight, the reflective layers are at lower altitude than at night, and thus are most useful for medium range communications.  After dark these same signals will reflect at higher altitude, and thus have longer range.

FIGURE 5.  Wave Angles and the Skip Zone
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Figure 5 shows another factor affecting reflection by the ionosphere; the wave angle.  Although signals leave the antenna at a wide range of angles, only those below a certain "critical angle" will be reflected by the ionosphere.  The critical angle is related to the density of the ionospheric layer and the frequency of the signal.

Higher angle (and higher frequency) waves pass through the ionosphere and off into space.  This means that the distance between the maximum range of the surface wave (point A) and the minimum range of the skywave at the highest possible angle (shortest possible hop, point B) cannot be reached, and hence this region is called the "Skip Zone".  The critical angle is higher for lower frequencies, and lower for higher frequencies.

The existence of the Skip Zone means that for medium range communications there is usually a frequency limit above which communications are not possible:  signals above the limit will be reflected at an angle that will cause them to return to the ground beyond the desired receiving station.  Table 1 shows approximate minimum and maximum ranges for several frequencies.

Obviously, with optimum day and night frequencies being so different, the periods around sunrise and sunset are highly unstable, with optimum communication frequencies shifting rapidly upwards within a few hours of sunrise, and downwards within a few hours of sunset.  For this reason, any scheduled communications during these periods should include a number of channels to check at widely different frequencies.  Contacts are likely to fade out, forcing a shift several MHz higher or lower.

For medium range communications at night, use the lowest available frequency that is not masked with noise.  This last condition, noise, will be higher in the summertime (forcing higher frequency operation) because of electrical storms, than during the winter.  Also, the increased amount of sunlight during the summertime increased the density of the ionospheric layers, which results in greater absorption of the lower frequencies, and better refraction of the higher.  This also calls for using generally higher frequencies during the summer.  Of course, seasonal effects are greater farther from the equator.

The reliability of medium range communications is not as good as short range, and it may be difficult, if not impossible, to maintain communications at all hours of day and night.  To do so would certainly require at least several changes of frequency as ionospheric conditions change.  In practice, there are often times (particularly during daylight) when the lowest frequency that could provide the necessary hop distance will be totally absorbed, in which case contact will not be possible (until later in the day).  Solar conditions, discussed below, also affect medium range communications, particularly at higher frequencies.

Long Range:  500+ km

At long range the effects of ionospheric variations mentioned above are greater, and reliable prediction of optimum communications frequencies is more difficult.  Even so, it is worthwhile to bear in mind that worldwide communications are possible even with 10 watts of power when conditions are just right.  As with medium range communications, long range involves uses of higher frequencies during the day, and lower frequencies at night.  As can be seen from Table 1, the optimum frequency for long range is higher than that for medium range when time and all other factors are equal.  Note however, that frequencies above about 15 MHz are usually useless for medium or long range communications after dark.

Because of greater dependence of long range communications on the ionosphere, it is useful for the operator to maintain constant awareness of long range propagation conditions.  This can be done by regularly listening to the international broadcasting bands and noting trends in band activity and signal strengths.  Noting the time a station is heard and the location of the broadcasting transmitter can help in planning two-way communications on nearby frequencies, although one should bear in mind that broadcasters use thousands or millions of watts, and so their signals will propagate acceptably where normal transceivers may not.

By listening it can usually be shown that as one tunes higher in frequency signals from a particular region will become stronger until they suddenly disappear.  The strengthening of signals is caused by the lessening of absorption as frequency is increased, and the drop off of signals results when the signals are no longer refracted sufficiently to return to the ground at the receiver.  One can gather from this that the best frequency for communication is just below that at which signals are no longer heard (as one tunes upward).

The reliability of long range communications depends, in addition to all of the factors mentioned previously for short and medium ranges, upon solar conditions as they effect the geomagnetic field of the Earth (since this, in turn, determines the condition of the ionosphere).  This subject is very complex, so only a few of the more useful factors will be mentioned here.

The amount and stability of radiation reaching the Earth from the Sun goes through two overlapping cyclic repetitions:  one every 27 days, and one approximately every 11 years.  The nature of the 27-day cycle simply results in radio propagation conditions on one day being generally similar to conditions 27 days before, and 27 days after, that day.  This is because the Sun takes approximately 27 days to make one full rotation.  The importance of this cycle is that poor conditions caused by flares and other disturbances on the surface of the Sun will tend to repeat every 27 days.

TABLE 1.  Useful Skywave Ranges for HF Frequencies

Frequency
Noon
Midnight

   (MHz)
 (km)
   (km)


2
0 
-
120
0
-
»

4
0
-
400
0
-
»


8
0
-
800
500
-
»


10
300
-
1600
1000
-
»


15
800
-
»
1600
-
»


20
1200
-
»
none


25
1600
-
»
none


30
2000
-
»
none

The 11-year cycle has a much more pronounced effect on radio communications:  at the peak of the cycle it is often possible to communicate over 10,000 km with just a few watts of power on frequencies near 30 MHz, while at the bottom of the cycle all but short range communications will usually be impossible on frequencies above about 22 MHz.  Interestingly communications at low frequencies (2 to 6 MHz) are better at the bottom of the cycle, because of less absorption of signals by the ionosphere resulting from less excitation energy from the Sun.

Despite these regular cycles, the effect of solar radiation is subject to constant, ultimately unpredictable changes caused by random events on the surface of the Sun.  Occasionally these are especially noticeable, as for example when a solar flare causes a partial or complete fadeout of all signals on shortwave frequencies, which might occur several times a year.  Because of these random factors, long distance HF communications are ultimately unreliable.

In conclusion, selection of the optimum frequency for long range HF point-to-point communications requires some familiarity with prevailing ionospheric conditions at the time of interest.  Communications are only possible at certain times each day (if at all), with the length of time available being shorter for longer distances.  Selection of frequency is critical, as the useful range of frequencies becomes narrower at longer distances, and if a schedule is set up there should be several alternate frequencies to try (beginning at the highest expected frequency, and working lower), to take advantage of the lower absorption at higher frequencies, and to allow for random changes in ionospheric conditions.  If contact cannot be made on the established frequencies, try again an hour later, and starting an hour earlier on the following day.

