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Introduction

This report is a further update on the Low Frequency (LF) band activity in New Zealand over the last three years.  Our first report in 1997 (1) covered the first six years of our experience since amateurs first got an LF allocation in 1990.  The band of 165 – 190 kHz was made available on a non-interference basis, with an EIRP of 5 watts allowed.  Our second report (2) covered activities and progress in the years 1997 - 2000.  Until recently, special, individual permits had to be requested, but now all general-grade licence holders may use the band.  A special permit has been granted to one station only, ZL6QH, to operate in the 136 kHz European band.  A feature of the last three years has been experimentation with long dot length coded signalling and digital signal processing (DSP) reception techniques, which trade off speed of communication for the ability to receive a signal 20 to 30 dB weaker than a conventional CW signal.

Regular Activities

A number of regular activities are now established that assist in promoting LF in New Zealand, and co-ordination with our nearest neighbours in Australia.  The major activities are:

· Regular, weekly, on the air nets on 80 metres SSB (liaison frequency 3670 kHz on Thursday evenings at 8.30 pm NZT) that exchange information, and co-ordinate CW test rounds on 181.4 kHz at 9.00 pm and 10.00 pm.  Australian amateurs also join in on the net and provide valuable reception reports.  An informal SSB net is also held on 182.7 kHz LSB at 10.30 am Sunday mornings.

· A regular column in our bi-monthly NZART magazine Break-In, which contains news of contacts made, special events and schedules planned, world-wide LF happenings, antenna design and construction details, technical and experimental articles about transmitters and receivers, and so on.

· Contacts (CW, SSB, PSK31 and other data modes) now being regularly made between New Zealand stations, over distances of more than 1,200 km.  Some 10 transmitting stations are currently active on LF.

· Experimentation has occurred with long dot length coded signalling and DSP techniques using a computer sound card to extract signals that are 20 to 30 dB below conventional noise floors.  Hellschreiber, PSK31 and other new data modes have been used on LF for national contacts, but are necessarily limited to those with suitable computer equipment.

· Forums and presentations have been held at the NZART Annual Conferences and local meetings.

LF Propagation, DX and Noise

Ground wave propagation during daylight hours has been found to provide good communication using conventional modes (CW and SSB) over distances in the range of 500 to 1000 km using radiated powers of the order of 20 milliwatts.  Some paths within New Zealand are coastal, and seawater paths have the lowest attenuation, giving useful results to 1,000 km or so.  Paths mostly over land have less useful range for ground wave propagation.  The basic reason why the ground wave mode of propagation achieves best results during hours of daylight is that the least levels of QRN occur during the day (this is the case for New Zealand, which is well south of the tropical zone where most of the world’s QRN is generated).  Propagation is possible over much longer distances at night, by way of sky wave propagation but in a reciprocal sense the DX propagation greatly increases the reach of QRN sources.  Sky wave propagation also has fading, but at LF the fading cycles are slow compared to fading experience on lower HF bands.  There can also be some sky wave propagation during winter days.  Sky wave is the only mode for long haul LF propagation, over intercontinental distances.  Our experience is that the sky-wave propagation responsible for long-haul LF DX is supported only when the entire path is in darkness, and there can be enhancement over approximately half an hour before sunrise at the Eastern end (e.g. North American end) of the path.

ZL stations are routinely received on the East Coast of Australia, and in Tasmania, over 2,500 km away.  Exceptional conditions have resulted in ZL CW signals being copied in South Australia (VK5), over distances of 3,200 km.  The first two-way VK/ZL LF contact was between ZL3FJ and AX2TAR/VK7ZAL in Tasmania, in 1997, using CW.  An SSB contact may also have been possible if impulse noise from an electric fence was not present at the time.  ZL3FJ had access for an antenna to a tower no longer used for AM broadcasting.  This contact was a distance of 1,940 km.  Since then ZL1WB has had seven two-way CW contacts with AX2TAR/VK7ZAL, over a distance of 2,430 km.  ZL1WB has also had cross-band LF/HF contacts with VK, including using LF PSK31.

Some ZL amateurs have reported very long distance reception of LF radio-navigation beacons.  By mid-1998 the IPA beacon on 280 kHz had been identified and confirmed as being located on Easter Island, some 5,300 km to the East over the Pacific Ocean.  In September 1999 ZL4OL reported hearing the call sign GLS on 206 kHz.  This was subsequently identified as being the beacon transmitter at Galveston, Texas, over 12,000 km from New Zealand.  The GLS beacon runs 2 kW of carrier power to a 90 m high vertical tower, from a site on the Gulf of Mexico.  It had been heard earlier by ZL1PW in September 1997, but could not then be positively identified.

Being able to “copy by ear” LF beacon signals from the Americas gives encouragement that amateur communications could indeed be possible to Hawaii, Canada, USA and South America if access to the LF spectrum can be obtained in those countries.  Interesting developments in long dot length coded signalling can compensate for low radiated power limits for amateurs.

Countries in the tropical zone are probably not so favourably situated for LF operation, due to statistically high levels of atmospheric noise, which originates from lightning strikes.  While receiving in the tropical zone would be difficult, there could still be interesting DX propagation experiments from transmissions intended for amateur reception in countries north or south of the tropical zone.

Data Modes

Over the last three years, ZL2CA and ZL2BBJ have on selected occasions carried out all-night beacon transmissions from the Wellington Amateur Radio Club station ZL6QH, at Quartz Hill, near Wellington, in an attempt to be heard across the Pacific.  The intention is to transmit on at least one night close to mid-summer, mid-winter and at each equinox.  EIRP is estimated at close to the permitted 5 Watts, and early attempts used 5 wpm CW.  Good reports were received from the East Coast of Australia but nothing from North America for listening “by ear”.  A slow speed mode, using 120-second dot, 0.4 Hz shift, dual-frequency shift keying (DFSK), proved successful, with 180 kHz signals being first received by VE7SL in British Columbia.  Very good frequency stability is needed, with 0.1 Hz tolerance being a nominal objective for transmitters and receivers.  Received audio is applied to a PC sound card, where Fast Fourier Transform (FFT) software can recover a signal that is 20 to 30 dB below conventional noise levels.  As there is no useful signal to be heard by ear, receivers and sound cards need to have very good frequency calibration and be set to listen out on declared frequencies.  The operator then sees if a useful result appears out of the noise.  Some software displays results on a screen for the operator to decode, whereas other modes are for direct printing of text.

Special permission has been granted for ZL6QH to operate in the European 136 kHz band, from Quartz Hill only.  The 136 kHz band has been more successful than 180 kHz for obtaining trans-Pacific reports of ZL6QH beacon transmissions.  This is probably because of reduced interference from the long wave broadcast stations in Europe, as well as there being more North American stations with receiving equipment optimised for listening to European amateur transmissions in the 136 kHz band.  The longest distance reception report for ZL6QH on 136 kHz is from VE1ZJ, in Nova Scotia, over a path length of 15,645 km, in December 2001.

Between Christmas and New Year 2002 two Canadian and three US listeners received beacon transmissions from ZL6QH.  They used computer sound card DSP software.  The most distant confirmed report at that time was from W1TAG in Massachusetts, a distance of 14,635 km.  In March 2003, an attempt was made at a two-way contact between ZL6QH and UA9OC in Siberia.  The Russians had temporary use of a 230 metre high tower, and each station copied part of each other's call sign but insufficient exchanges were made to be able to claim a two-way contact.

The DX results obtained from the ZL6QH beacon tests show that it is feasible for amateur stations to communicate on LF over very long distances, accepting that:

· favourable sky wave propagation needs to be present at the time

· low QRN is highly desirable, but will vary with time and location

· data rates are slow, taking an hour or so to send a coded message

· a QSO could take several nights to complete.

ZL1BPU has designed an inexpensive DDS LF signal generator suitable for a variety of modes including DFSK.  It is very stable and accurate.  Experimenting with beacon transmissions and sound card receiving techniques is gaining interest.

More Countries with LF Allocations are Needed

Interest in LF in New Zealand and other Region 3 countries would generally increase if more countries were granted privileges for amateur stations to transmit on LF.  Opening up access to transmission also increases the number of receive-only amateur stations.  They then have a good reason to develop equipment for weak signal detection.  Amateur LF activity in Europe has had good growth, as an outcome of there being many countries that allow amateurs to transmit.  Consequently there is a “critical mass” to sustain LF interest groups.  Software is now a core part of long distance achievements by amateurs and there need to be a few programming experts in the interest group, which is thankfully the case.  Interest in New Zealand, and the opportunity to make DX contacts, is hampered by Australia not having an amateur allocation in the LF range.

Recommendations

That

1. Region 3 Societies note the continuing activity and experimentation on LF in New Zealand and commend the significant results achieved

2. Region 3 Societies seek approval from their licensing authorities for access to LF radio spectrum in the vicinity of 180 kHz.  In Region 3 countries, enough spectrum should be available to allow wider band modes such as SSB.

3. Region 3 Societies seek approval from their licensing authorities for access to LF radio spectrum coincident with the European 136 kHz allocation (band limits 135.7 – 137.8 kHz).  This provides more opportunities for long distance propagation studies and contacts with amateurs in Regions 1 and 2 using data modes.  The 136 kHz band has the best potential to be a worldwide amateur allocation.
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