
Editor: Caryl Simpson 
caryl@simtronics.co.nz  

VHF Mondays 1930 hrs 
146.950MHz, 145.600MHz, 

147.225MHz 
Net Controller; Ken Hynds ZL2KHZ 

MONTHLY BULLETIN 
 MARLBOROUGH AMATEUR RADIO CLUB INC. P.O. BOX 432 BLENHEIM NZ 

1. Christmas Parade......................2 December 
2. New Year’s Club & combined BBQ’s Dates to be set 

General Meeting; 9 Nov. EOC, 19.30hrs 
 

Social Group; 16 Nov. 12.00hrs - The Vines 
 

Committee Meeting; 23 Nov. 07.30hrs - EOC 

Website: 
www.zl2ks.org.nz 
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SUBS 
ARE DUE! 

2018 Subs  

STILL only $20.00 per person or $25.00 per family 

Please pay your sub at the next meeting 
or bank direct to; 

Marlborough Amateur Radio Club Inc 38-9002-0114897-00 
Make sure you put your callsign w ith it so they know  who it came from! 

 
You could also post it to PO Box 432 Blenheim 

Many thanks to Foss Leach, ZL2JKP, for his article about 
a radio link for the Fluxgate Magnetometer. 

If anyone else would like to produce something for Interface, 
it would be much appreciated! 

VHF - USB Net Wednesdays 1930 
144.150MHz 
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HELP WANTED 
 

SANTA 

PARADE  

Dec 2nd 

SANTA PARADE - December 2nd 
 

Calling for helpers again to do traffic control for this annual event.  
Please contact Stuart if you can assist in any way. 

577 5122 

027 687 7764 or  

clareandstuart@xtra.co.nz 

Stuart has kindly been taking the Minutes but has (temporarily I hope) mislaid the General Meeting Minutes. At 
the time of writing this he sti ll  had not found them. As soon as he has, I wil l send them out to you. 

 

MARLBOROUGH AMATEUR RADIO CLUB COMMITTEE MEETING EOC  
26TH October 2017 

 
Present: Grant, Ken Menzies, Paul Rennie and Stuart Watchman 

 
Apologies: Ken Hynds and Don Laing 
 
Previous meetings minutes; accepted 

 
REPORTS: 
695 Visit; Faulty coax jumper on antenna pole replaced. Coincidental repeater Tx fault identified, running 200 
mW of power out. Grant will set up the spare VXR-9000 repeater and make a new jumper for a repeat site visit 
soon. Stainless turnbuckle fitted on the building tie downs. 
 
560 New Site; Grant working on contacting the landowner. 
 
AREC; Paul reported a recent activation from Nelson needing assistance with VHF access from Blenheim to the 
Mt Elliot repeater for a Nelson based search on the Red Hills near St Arnaud. 

 
GENERAL BUSINESS 
Xmas Parade; Coming up on December 2nd. Stuart wil l arrange for an email out for helpers. 
 
CD Comms Vehicle; After the SAREX at Dip Flat, Paul identified that the battery capacity is insufficient and the 
230v charger needs replacing. Paul will work with CD with a possible joint contribution to upgrading this. 

 
Brayshaw Park; Earth bonding completed. DC wiring needs tidying. The old AREC comms vehicle breaker box 
will be used, Stuart to organise. 
 
Xmas BBQ; A date needs to be set in January for Onamalutu. 
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AT LAST – A RADIO LINK FOR THE FLUXGATE MAGNETOMETER 
Foss Leach ZL2JKP 

 
Way back in 1977, a company called Littlemore Scientific Engineering in Oxford, England, also known as ELSEC, 
began manufacturing a fluxgate magnetometer for archaeological prospecting (Model 781). This was based on 
research carried out by staff at the Research Laboratory for Archaeology and the History of Art in Oxford. 
Professor Teddy Hall was the director of both the laboratory and ELSEC. I was carrying out research on an ion 
source at the laboratory in 1976 while on sabbatical leave, and purchased one of the fluxgates from Teddy, and 
bought it back to New Zealand for above surface magnetic surveying of archaeological sites (Figure 1). 

 
There are numerous aspects of human activity that cause local 
changes in the earth’s magnetic field. For example, over a long 
period of time, magnetic dipoles in the ground slowly become 
aligned with the earth’s magnetic field. If a person digs a hole in 
the ground and it is later filled in, the direction of these dipoles in 
the soil fi ll  will be randomised , resulting in a small, but 
detectable, local magnetic anomaly. There are a number of 
devices that can detect such anomalies, of which, the fluxgate 
magnetometer is one of the most sensitive. Other examples of 
human activity that bring about such anomalies are buried fire 
pits, burnt stones, and of course any iron objects which will 
produce a huge anomaly from the surface. Metal detectors would 
be used for detecting iron, but are not capable of detecting most 
archaeological features. 
 
Since 1976, the model 781 fluxgate magnetometer was used 
many times on archaeological sites in New Zealand, but has 
always suffered a major practical disadvantage. One must read 
the displayed numbers that appear on a small screen while 
walking across a survey area and call these out to someone to 
write them down on an appropriately gridded map. In my 
retirement, I thought it would be useful to built a radio link 
between the fluxgate and a laptop to collect the data remotely in 
real time. 
 
I am a complete novice when it comes to electronics, so please 
forgive the amount of detail in the description below. If it were not 
for a lot of help from friends, a working solution would never have 
been achieved. 
 
Before describing the solution, some background information is 
necessary about the fluxgate. Firstly, it should really be referred 
to as a gradiometer, rather than a magnetometer, because it is 
normally operated in differential rather than in absolute mode, 
because it detects a gradient between the two fluxgate elements. 
The Elsec 781 fluxgate gradiometer weighs 4.6 kg, and is quite 
cumbersome to carry about and keep reasonably vertical. It 

consists of two fluxgate elements mounted coaxially, 1 m apart at the ends of a Pyrex glass tube, which has a low 
coefficient of thermal expansion and therefore has negligible temperature effects. The instrument measures the 
vertical component of the earth's magnetic field with a resolution of 0.5g/m. The SI and cgs units of magnetic field 
are tesla and oersted (1 tesla = 10,000 oersteds). These units are rather large when carrying out magnetic 
surveying, so it is more common to use a unit known as gamma, where 1g  = 10-5 oersted, or 10-9teslas, or 1nT 
(nanotesla). In New Zealand, the ambient earth's magnetic field is about 60,000g, so the fluxgate sensitivity of 
0.5g is 1 part per 120,000 (or about 8 ppm). To give you some idea of scale, a large buried umu or earth oven, 
containing a mass of burnt stones, produces an anomaly of »1,000 g, which swamps the fluxgate on the least 
sensitive setting. In differential mode, a positive value means that the fluxgate element close to the ground is 
experiencing a higher magnetic flux in the close vicinity of that element than the upper fluxgate element 1m above 
the ground, which experiences a magnetic flux smoothed out over a wider area of ground. 
 
When operating the fluxgate in low sensitivity differential mode with a range of 500g, the output voltage is 8 mv 
per g. In high sensitivity differential mode with a range of 50g, the output voltage is 80 mv per g. It is possible to 
adjust the zero point in differential mode with a 10 turn potentiometer to cancel out up to 25g. The response time 
is 0.1 second, so the instrument is sending 10 readings per second to the display, and also to an analogue signal 
to a BNC output terminal. The full scale analogue output in differential mode is ± 4V, which is a most inconvenient 
scale. 



Massaging the Fluxgate Output Voltage 
 
So, the first thing is somehow to convert the -4 to +4V output signal to a more 
convenient 0 to +5V. A simple solution to this is a branching network with a 
bias voltage slightly above the desired output range (Figure 2). The 
relationship between these elements is: 
 
Vout *(1/R1 + 1/R2 + 1/R3) = Vin/R1 + Vbias/R2 
 
One solution to this equation is as follows: 
Vin= ±4V 
R1=10kW, R2=18.75kW, R3=150kW 
Vbias = 7.5V 
Vout = 0-5V 

I used an off the shelf LM317 adjustable power supply (Figure 3) to supply the Bias voltage. The 7.5V bias is fixed 
with the potentiometer. The network was tested  using a bench top variable power supply supplying voltages from 
-4.88 to +4.89. The resulting outputs are shown in the graph (above right), which is pleasingly linear. 

 
Digitising the Fluxgate Output and 

Transmitting it 
Having massaged the fluxgate analogue 
output into something more suitable for 
digital processing, the next task is to 
supply it to an ADC on an Arduino board 
as shown in Figure 4. 
The apparent simplicity of the hookup 
diagram involved masks a considerable 
amount of correspondence with expert 
friends. Everything requires 5V so a small 
voltage supply was built based on the 
#7805 DC to DC converter. A 12V gel 
battery is used to supply power to this. 
A small 10mW radio transmitter, 
manufactured by Shenzhen HAC Telecom 
Technology Co Ltd in China, is readily 
available, factory set as either 1200 baud 
(UM12XM) or 9600 baud (UM96XM), and 
has proven reliability over 500m distance. I 
decided to use the 9600 baud module, 
since only small distance is involved 
between the person walking  the fluxgate 
over the ground and the person receiving 
the data with a laptop. The frequency is 
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factory set at 433.926 MHz. The Arduino code for receiving the 0-5V analogue signal on pin A1, digitising it (0 to 
1023), and then sending GFSK code to the output pin Tx-1, is simplicity itself: 
 
void setup() { 
        Serial.begin(9600); 
        pinMode(A1, INPUT); 
} 
void loop() { 
        ADCreading = analogRead(A1); 
        Serial.println(ADCreading); 
        delay(500); \\ For two readings per second 
} 
The connections from the Arduino board to the strip connector on the radio transmitter are shown in Figure 4. I 
tested this out using a TS2000, and sure enough a beep appears every second at 433.926 MHz using the FSK 
receive mode. 
 
Receiving the Fluxgate Data 
Now the next part is how to receive the data into a laptop. Here there is a major problem, since I do not write any 
of the languages supported by modern computers. I was trained as a Fortran specialist on mainframes, and 
adapted to Dos environments with Fortran and Turbo Pascal. Code that is compiled into exe or com fi les will not 
run in a laptop with an operating system higher than Windows XP. Moreover, the output from the UM96XM is 
serial, and modern laptops long ago abandoned serial ports. I tested some adaptor dongles which claim to 
translate serial to USB, and wrote some simple code to read serial data through these into the com port. However, 
this proved fruitless, and eventually a colleague (ZL2BK) donated an old laptop to the project which had a serial 
port and had XP installed. This operating system supports a very workable version of Dos. The radio receiver was 
mounted in a small box, and the connections are shown in Figure 5. When all this is put together, there are three 
small boxes with the electronics (Figure 6 next page). The voltage massager and radio transmitter are connected 
to 12V gel battery, and these three elements are placed in a small back pack and carried by the person operating 
the fluxgate. 
 
The radio receiver also requires a 5V supply, and this 
was provided from one of the USB ports with a separate 
cable. 
 
I then wrote some Pascal code for a suite of programs 
that perform a series of tasks. The first program simply 
reads the data coming from the radio receiver. The data 
consists of a series of numbers from 0 to 1023 
representing the Fluxgate output from -4 to +4V. So, the 
number 512 is equivalent to 0V, meaning there is no 
difference between the vertical magnetic flux experienced 
by the two fluxgate elements, one close to the ground, 
and the other 1 m above ground. Assuming the ambient 
flux was measured before the survey started at say 
55,000g, and the fluxgate was set on the low sensitivity 
range of 500g, then a reading of +88 in the laptop 
represents 55,000+(500*88/1024)g; that is, 55,054 g(nT). 
 
A typical survey proceeds as follows: An area on the 
ground is laid out in a grid, say 100 x 50m. A string is 
stretched between two plastic pegs at either end of the 
first 100m strip. If the strips are 50cm apart, there will be 
100 strips in the grid, each numbered from 1 to 100. 
 
At the start of the survey, the ambient flux is measured and noted. Next the fluxgate is rotated slowly through 360° 
azimuth to check that the ambient reading is steady. If it changes significantly, it is necessary to cancel out this 
variation using a small toggle at the top end of the fluxgate which permits minute adjustment of the vertical 
alignment of the upper fluxgate element. This ensures that when travell ing across the gridded area in a reverse 
direction, the readings will be the same. 
When the survey begins the laptop operator calls out “Go”, and starts the program which collects data from the 
fluxgate while the person holding the fluxgate walks along the string at a fixed pace. The laptop operator records 
the strip number and the starting time (eg: 16:25 pm on October 26). When the strip is completed the fluxgate 
operator calls out “Stop”, and software is halted by the laptop operator. The data is dumped onto a file that is 
automatically named with the date and time at the start of the strip (10261625.dat). The string is then moved 
50cm from the first, and the procedure repeated in reverse direction. 
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Clearly, this procedure relies upon the walking pace to be consistent, and in practice there is some slight 
variation. A typical walking rate is about 1m per second, and since data is being collected at a rate of 2 readings 
per second, each reading is about 50cm apart, similar to the distance apart of the 100 strips. When the data is 
being examined later, the first task is to compensate for the variation in walking pace. This is accomplished by 
finding the strip that contains the largest number of readings and mathematically stretching the data (by 
proportional interpolation) of all the other strips to that same number. 
 
Once any grid irregularities have been ironed out, the data can be examined for significant changes in magnetic 
field that may represent buried objects, ditches, stone alignments, earth ovens, etc. There are many options 
available for visually presenting such data (contours, colour density diagrams etc). Ultimately, detailed excavation 
is required to investigate and shed light on features that show on the resulting map. 
 
The fluxgate and radio link has been thoroughly tested, and all works well with field trials. Over this coming 
summer I plan to survey an area close to present day Martinborough where a 19th century Maori village known as 
Waihinga was located. Even though the village is marked on an 1865 survey plan as close to the Ruamahanga 
River, the course of the river has changed considerably since then, so the exact location of the village is not 
known. A large area will have to be examined with the fluxgate in order to find the village. 
 
The method of surveying an area of land described here may appear to be a little crude, but it is quite effective in 
practice. It would be possible to add either a GPS or DGPS receiver to the Arduino board, so location with cm 
precision could be sent to the laptop at the same time as data from the fluxgate. This would greatly simplify the 
system of surveying. I have had some first hand experience at home-bake DGPS for marine benthic surveying. It 
was complicated, troublesome, and not as reliable as claimed. A low cost Arduino-based DGPS system was the 
subject of an MSc thesis in 2016 (download here: https://dspace.cvut.cz/bitstream/handle/10467/68266/F6-DP-
2016-Svaton-Martin-Thesis_signed.pdf?sequence=-1), and this adventure is not for the faint-hearted. A good 
starting point might be the US$175 evaluation board for S2525F8-BD-RTK receiver module available on many 
web pages. I am happy to leave it in the hands of some bright spark in Branch 22 to test out a working model. 
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