









































*  When impedance matching
is good, we are less likely to
generate spurious emissions,
which in turn means we are
more likely to maintain good
relations with our neighbours
and other spectrum users.

* And when impedance matching
is good (best transfer of received
power} we will be able to receive
signals of lower level, increasing
our enjoyment of the hobby.

However, all is not roses in our

gardens.

¢ We can achieve a very low
VSWR if we attach a iong
length of the correct impedance
feedline to our transceiver - and
get no signal in or out. This
has serious implications for the
accuracy of VSWR measuring
devices in your transceiver,
outside your transceiver or in
your bench antenna coupling
unit.

e But there is worse: Remember
that the Jacobi theorem is a
statement in words of a theory.
If the 230 Vac mains were
distributed to our homes via the
Jacobi theorem, at night in a
domestic suburb, when all are
asleep and few appliances are
connected, the mains voltage
would rise significantly. If at
some stage in the night there
was no load, the line pressure
would be 460 Vac. A normal 250
KVA 3-¢ distribution transformer,
such as the one feeding your
thome, producing 230 Vac
active-to-neutral, can deliver 362
Aac per phase. That might imply
a secondary impedance of 635
mQ per phase, were it designed
according to the Jacobi
theorem. In fact, the secondary
impedance is closer to 5 mQ per
phase. Why? Should we design
our eguipment the same way?

* When we follow the Jacobi
theorem, though allegedly we
get maximum power transfer, in
fact both the generator and the
load dissipate the same amount
of power. So, the maximum
efficiency you can ever get out

of your communication system
is 50%. Couid we afford our
mains power if, at full load, half
the power went to consumers
and half was dissipated by the
generator?

Spectrum access for radio
amateurs

Internationally, radio amateurs have
access to the widest frequency
spectrum after the military, For the
enthusiastic radio amateur, this
implies a need to use that spectrum
to its fullest. One way we try to
achieve economies while enjoying
wide spectrum usage, is to try to
get our antennas to operate over
the maximum frequency spectrum,
ie, on as many bands as possible.
Many years ago, when the
‘traditional’ amateur bands {80
m, 40 m, 20 m, 15 m and 10 m)
were being allocated to us, the

harmonic relationship of the bands

was thought by our benevolent
governments to be of good value
to radio amateurs and a means

of ensuring that any unwanted
harmmonics would affect only users
of those bands.

Unfortunately, because real
antennas need to be shortened
about 5% from their theoretical
length, harmonics don't always fall
neatly within the amateur bands.
I'm talking here of the harmonics
of the antenna, not harmonics of
the transceiver. If you strike a bell,
it rings at its resonant frequency
plus a wide range of its natural
harmonics — same for an antenna.
So, if you stimulate an antenna
off its resonant frequency with a
harmonic-laden signal, some of
your transceiver's harmonics will
be attenuated because they fall off
the resonance curve of the antenna
but some of the harmonics of the
antenna will be radiated.

Let me expand this with an
example:

Say we want to set up a
horizontal dipole for 40 m (eg,
7.25 MH2), and also use it on 15
m. The required active leg length,
when operating at its fundamental

frequency, can be calculated from
the formula:

A=v/f
where
A = wavelength, m

v = velocity of the wave in our
antenna (~300 x 10° mvs)

f = our chosen frequency, Hz.

Substituting our chosen values in
this formula, we get A =41.38 m

If we use a thin, uninsulated wire
in air to create a dipole, the required
physical length of each A/4 leg will
be:

095x4138/4=983m

The factor of 0.95 compensates for
end-effects.

What happens when we use
this antenna on 15 m, ie, the
3rd harmonic? Now, you might
think that 9.83 m corresponds to
3)M4. But in fact it corresponds to
2.95)/4, because the end effect
applies at the end. Re-amanging
the formula gives us a resonant
frequency of 22.5 MHz, which is
outside the 15 m amateur band.
This antenna is too short for
amateur operations on the 15 m
band, and would be capacitively
reactive. Alternately, if we use a
slightly fonger antenna to resonate
on 15 m, it would be too long for
our chosen spot on 40 m and
inductively reactive there.

We get similar problems with the
‘harmonic’ relationships between:
e 80mand30m
¢ t7mandém
¢ 2mand70cm.

In the case of a centre-fed vertical
dipole, because the lower leg is
closer to ground and is therefore
more capacitive, it should be
shortened even further to counter
that effect.

Antenna feed point
impedance (Z, ) vs frequency
As we will see, operating our
antenna over a wide frequency
spectrum has implications for the
feed point impedance. This section
is not an exhaustive treatment of
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all antenna configurations; rather, |
will discuss the most popular and
economical forms, the horizontal
dipole and the vertical quarter-wave
ground-plane.

Horizontal dipole

When we operate a horizontal
half-wave dipole more than a
wavelength above ground, at its
fundamental frequency, and fed at
its centre, its feed point impedance
(Z,¢) is resistive and about 72 Q. If
we increase the frequency so that
each leg of the dipole comresponds
to (2n+1)A/4 (an odd number of
quarter wavelengths), again we find
a falrly low resistive impedance, but
greater than 72 Q. If the frequency

is such that the length of each leg of
our dipole corresponds to nA/2 (an
even number of half wavelengths),
the impedance is again resistive, but
very high — it can be in the order of
5 kQ. At any other frequency, Z,_ is
not purely resistive.

If we add parasitic elements, as
in an Uda-~Yagi antenna, or if we fold
our dipole, or make folded sections
of different cross sections, the
centre-fed Z,, (although resistive)
may vary from as low as 5Qup to
500 Q.

Off-centre fed dipole
antenna

if we feed a horizontal resonant
dipole off centre, Z,_ moves from a
minimum of 72 Q@ when fed at the
centre to around 5 kQ when fed

at the end, eg, the Zepp design.
Non-resonant off-centre fed (OCF) ~
antennas show a moderately high
resistive component, 150 to 200
Q, but may also have a reactive
component. When one section

is an ocdd multiple of A/4 and the
other section is an even multipie
of A4 (the one-third fed version),
the antenna will be resonant, but
its feed point impedance will be
high and unbalanced. When fed at
the one quarter point, we have the
possibility of the shorter section
being A/4 and the longer, 3A/4; this
will be a low Z, antenna, perhaps
100 ©, and this antenna can only

have low impedance on its odd
harmonics. Feed the QCF at almost
any other fraction of its length and
Z,¢ will be reactive,

Vertical ground-plane

For a vertical ground-plane antenna,
the feed point impedance is a little
different from that of the horizontal
dipole. The antenna feed point
impedance is given by:

Zu=ZtZyyp

where:
Z, = actual input impedance
Z,; = intrinsic feed-point impedance

Ze\o = ground impedance.

If the antenna is a resonant quarter-
wave vertical over a horizontal
ground plane, at its fundamental
frequency Z,. is about 36 Q
resistive. However, Z,,, , depends
on the actual architecture of the
ground-plane. Broadcasters and
the miilitary like to plant their vertical
antennas in salty marshland or
employ around 160 radials when
the ground plane is kept at ground
level. If the ground-plane is lifted
above ground by about A/10 or

$0, we can get away with as few

as four horizontal radials. This
above-ground system is called a
counterpoise.

With a ground-plane anything
less than those described above,
2., becomes quite significant;
energy fed into it warms the ground
a little but does not radiate. We
get a similar effect when we use
a vertical whip on a vehicle and
omit o bond all the panels that
could form a good ground-plane. If
Z,,, can be kept close to zero, the
antenna system efficiency is high
and almost all the transmitter output
power is radiated.

For example, a four-wire radial
system deployed at ground level
may have a Z,,,, of about 10Q,
depending on the conductivity of
the underlying Earth.
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So,Z, =36 +10=46Q

For this antenna system, P,
x 36 / 46; ie, about 78% of P‘N, 0
nearly 1 dB down.

If the antenna feed pointis '
raised at least /2 above ground!
and we slope the ground-plane
radials down from 90° (horizontal)
to around 135°, Z,. becomes about
50 Q resistive. This only applies,
at the fundamental resonance. If;:
we continue to bend the radials
down to 180°, we get a vertical
dipole with a Z,_ of about 72 Q.
So, the included conic angle of the
radials alters the impedance. Wherl
the feed point of a vertical dlpole
is higher than about 0.4) above '
ground, Z, stays fairly close to 72
Q. !

N

-

Thus, feed point impedance jf
that A/4 vertical you have stuck n
the roof or bull-bar of your vehicte
is unlikely to be 50 Q@ —it'll be mare
like 36 Q; so, why use 50 Q feeder
cable?

As with the horizontal dipole, at
frequencies that are odd muthp!es
of M4, Z,, of the quarter-wave i
ground-plane antenna is resistive,
but higher than 36 Q. At frequencies
that are exact multiples of A/2, Z,,
is reslistive but very high — possibly
several kS2. At any other frequeney.
Z,, is complex, le, not purely |
resistive.

A few words of warning |
about radials :
At resonance, the ends of the
radials remote from the antenna’s|
feed point have very high :
impedance and are therefore at
very high voltage. Good quality
ground-planes, or counterpoises,
have a large blob of insulating
material on the free ends to reduce
the likelihood of electric shock |
or radiation burns. If you make
your own counterpoise, insulate
the free ends appropriately. If we
assume that the free ends have
an impedance of say 2.5 kQ (a
conservative estimate) and we .
feed 400 W into the antenna, what
voltage is developed there?























































* Plot the frequency vs S-meter
readings, noting that values up
to S9 are 2.5 dB/S-point, directly
add the dB above $9 to get the
signal strength, eg, $9+ 40dB =
2.5'0 + 40 dB = 62.5dB.

¢ The spurious domain is defined
in Appendix 3 of the /TU Radio
Regulations (20) as 2.5 times
the necessary bandwidth of
the transmission from the
transmission centre frequency.
For the LoRa mode used in
the transceiver, the necessary
bandwidth is 125 kHz; so, the
upper and lower boundaries
are 4328 +/-2.5*0.125 MHz =
432.4875 and 433.1126 MHz.
Beyond these boundaries,
to comply with the LCD, the
transmitter spurious emissions
must be less than 43+10 log (Tx
Power) = 57 dBC (dB below the
carmier signal strength at 432,800
MHz). Measurements indicated
that this was true, with a margin
of about 12 dB. See Figure 7.

To assess the effect that LoRa
transmissions might have on the
reception of weak SSB and FM
signals we performed a qualitative
experiment:

*  We combined an attenuated
signal from a LoRa transmitter
(*'unwanted signal’} on 432.800
MHz with a signal from an RF
generator (‘wanted signal’) on
432.801 MHz in a 3 dB hybrid
combiner. We connected the
combined signals to the antenna
input of the IC-9700 receiver
tuned to 432.800 MHz with the
receiver RF preampilifier off.

* We set the level of the wanted
signal to S2 on the IC-9700
S-meter. We adjusted the
unwanted signal level from less
than S1 to more than S9+50 dB
using a step attenuator.

While the unwanted LoRa signal
could be heard as a brief burst of
white noise, it did not, in general,
adversely affect the wanted
signal; and | suspect that if the
wanted signal were a voice signal
rather than a single tone, then the

unwanted LoRa signal would not
be noticed. The exception to this
situation was that if the receiver
was set to SSB and the AGC time
constant was ‘long’, a very strong
LoRa signal (S9+) could cause the
receiver AGC to reduce the gain

sufficiently to lose the wanted signal

until the AGC system returned to
normal operation. This problem
was not apparent for any sort of
FM signal. Shifting the LoRa signal

off-frequency by 100 kHz eliminated
the problem except for LoRa signafs

greater than 89.
These tests indicate that:

¢ spurious emissions from LoRa
transmitters comply with the
regulatory limits of our LCD

s co-channel operation of LoRa
data, SSB voice and FM voice
is possible if necessary, and any

interference is brief and probably

not noticeable under normal

operating conditions, unless the

LoRa signal is very strong.
However, it would be preferable to
keep any LoRa transmissions away
from weak-signal frequency ranges
to avoid any interference problems.

Operational tests, results,
and observations

We then undertook several one-way

and two-way tests to determine
how sensitive and useful the LoRa
devices and protocols might be.
One test involved driving around
with a LoRa receiver in the car
with a LoRa beacon operating at
home. Over a number of tests, we
found that packets could be easily
received in an urban environment
{Canberra) over at least a 17 km
range; the main issues were typical
topographical UHF propagation
problems where signals can be lost
because of obstructions.

A test with Dimitrios, VIK2COW
using the conversational keyboard-
to-keyboard mode was undertaken
over a »30 km path from central

Canberra to rural New South Wales.

For this test, we used short Yagi
antennas (6 and 7 elements) and
the link worked perfectly, even at
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a power level of 50 mW; so, 25 W
was not needed for the link. Signal
strength indications given by the -
LoRa receiver showed that there -
was still a 30 dB margin; so, the
distance between stations could be
much greater. Figure 8 shows the .
path detalls. ’
Based on the tests and '
experiments described here, |
the LoRa protocol and low-cost
modules can provide data links
that operate over a useful range at
a reasonable data rate. The LoRa '
modules are well documented and
easy to use. There is also good
software support that makes the
module interesting for amateur
experimentation, provided you
take care to avoid interferance
to other band users. External
amplifiers are not necessary, and -
if you do consider one, then it :
should only be a few W, While the
units comply with our LCD, the
spurious emissions are somewhat
greater than a standard commercial
amateur transceiver produces.
Possibly the biggest challenge’
for amateur use of LoRa Is packet
collision, because the LoRa packets
may be inaudible in normal use; so; it
is difficult to determine if a channel is
in use. But because the transmissij&n‘
time is very short, usually less thari! 1
s, there might not be a problem forla
number of simultaneous users.
While we carried out our i
experiments on 432.800 MHz,
it might be better to find a small
amount of spectrum away from the
weak sighal and FM segments for
LoRa experiments.

Conclusions
LoRa is certainly an interesting
and a potentially fruitful mode
for amateur experimentation and
investigation. With some further
development of the user interface,
some useful amateur applications
could evolve. Dimitrios and | both
enjoyed the development work and
testing of the LoRa stations.
The Arduino source code used
for the experiments is available foz;
anyone interested.



















The world of QSL management

— e e i

Charles Wilmott, MOOXO

As is the norm, | think the role of
the QSL manager is always a task
that is available to any eager or new
member 6f any radio club, as the
experienced members soon find it
to be a chore rather than a pleasure
and are happy to pass the role on to
others. After retiring from 25 years’
service as a police officer in the UK,
I found that ) had much more spare
time to devote to Amateur Radio.

| started the obsession of QSL
manager back in 1998 when | was
a young member of my local radio
club. It began by processing QSL
cards for the local club, then a few
of its members, and then to other
individuals outside of the club
environment.

Initially, there was extraordinarily
littte support for a QSL manager
and the software available at
the time was of the type only
available packaged with the major
amateur radio logging programs.
The applications were exiremely
limited in what they offered and
at that stage the basic ‘one QSO
per label' was about all most
programs could manage, so along
with the occasional handwriting of
QSL cards, this was the main tool
available. This, however, was still
a good step forward and felt that |
was heading in the right direction.
QSL management was indeed a
chore at that time of my life, and
certainly working in my former
occupation at the time.

After finding my feet and steadily
improving my facilities at home,
| was approached by a great guy
(and mentor) Neville, G3ANUG
(SK). Neville was the team leader
of the Five Star DX Association’s
{(FSDXA) 2013 T32C DXpedition to
St Christmas Island (East Kiribati),
and'he asked if | would be part of
the QSL team. Apprehensive at
what was going to be a huge job
with a log of almost 214,000 QSOs,

) tentatively agreed to help and to
be a part of what would be my first
taste of ‘real’ QSL management for
a ‘real’ DXpedition team.

Back in 2013, that team was
using logging software by the name
of Star Software, developed by
John Linford, G3WGV (ww.g3wgv.
com, www.qsl.net/vkOmi/2002/
equipment.htmitlogging ). Star
Software consists of a central
server (StarServer), which can be
duplicated for resilience, together
with a wide range of clients that
between them provide complete
DXpedition management ‘from the
first QSO to the last QSL.

Starl.og is the workhorse of the
software suite. It was the way that
literally hundreds of thousands of
QSOs could be quickly, safely, and
efficiently logged. Starl.og could be
used in a standalone configuration,
or it could be networked via
StarServer with up to 99 other
logging stations located anywhere
in the world. The ability to network
using the Internet made it easy to
train operators before they arrived
at the DXpedition site and doubled
as software for the QSL process.
This was a huge leap forward in
DXpedition management.

The StarQSL software was
instaled on individual computers at
home QTHs, and dedicated printers
were supplied as we were printing
‘direct to card’ without the use of
labels. Not long after this, the first
of several huge sacks arnived at my
door. | had personally dealt with
the direct QSLs from Japan before
taking on the entire QSL work for
T32C in the following years. The
QSL management for T32C went
faultiessly thanks to the efficiency of
the software we used,

In the years that followed, )
took on many other DXpeditions,
IOTA activations, as well as
individual radio amateurs that
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|

found they could not be successful
in amateur radio DXpeditioning l
and successfully manage QSL
management after the event. { IIIJB
to help these people. These are |
genuine, hardworking people who
put a lot back into amateur radio
Having QSL management hangi
over them like the ‘Sword of
Damocles’ is no solution to dealing
with this matter at the end of an |
operation. | am always incredibly
happy to help them out and to
provide them with a good QSL |
service. %

One of my first major clients :
was Robert, 3B9FR. There cani
be many serious DXers who did }
not work Robert on Rodrigues |
Island as he was the only licensed
amateur radio operator on this
DXCC and IOTA listed location.
Robert had previously had some
issues with other QSL managers
and was looking for help. Again,
Neville, G3NUG (SK) had already
met Robert when the FSDXA did
its 2004 DXpedition to Rodrigues |
Istand, so he told me what to expéct
and of course | spoke to Raobert
who, at that time, was still using
a paper logging system. Robert
was very active! He was on the air,
every single time | looked at the D;
cluster and every few days he id
send me paper log extracts with
500-2000 QSOs several times each
week.

| would receive his logs, type
them into my PC logging software,
which could easily take a full
day at least, and sometimes not
be completed before his next
consignment of logs arrived. After
several months (and manually
adding over 100,000 QSOs from
paper logbooks to my PC Log)
! could not cope anymore, and |
was finding the work impossible
to complete in a timely manner. |
approached Robert about using a
























































































