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Editor: Richard, G3ZIY
September Editorial
Well, another summer seems finally to have given way to autumn and what an odd year it has
been. Many of the activities that we’ve enjoyed have not been possible in 2020 but amateur radio
is an exception. Record numbers of successful exams passes mean that there are many new
amateurs joining the hobby. I’d like to welcome some of them to CARC including Matt and Alex
Parker, Eamonn Sheridan (M7OOM) and Mark Gee (M7EEG).
The RSGB recently announced that the Advanced Exam will soon be available online and
remotely invigilated which means that all amateur exams in the UK can now be taken online and
from home. We are in the process of updating the club website to reflect these changes and to
signpost the training material available online and in print.
While it seems some time before we will be able to meet again at Hut 18, this doesn’t mean that
the club can’t support it’s Members in the hobby. Read on for full details of the following:
• Setting up your first shack,
• Beyond Exams initiative in CARC,
• Club nets on 10m (Sunday) and 2m (Wednesday),
• WebSDRs for club members (more details soon),
• Club construction project (coming soon).
The Committee continues to meet virtually and as ever our top priority is to provide an
engaging, sustainable club for all our Members. Please let us know if there is anything else you
would like to see the club offer. The year has been difficult financially, without being able to meet
we clearly have no teabar monies, which is an important part of our income, nor have there been
any radio rallies at which to sell donated equipment. Our landlords at Hut18, Crawley Borough
Council, have conducted a scheduled rent review, (they do this every three years), which means a
slight increase in our outgoings. However, we are very hopeful of benefiting from a COVID grant
which will tide us over in a financial sense. I expect to be able to confirm this in the next
newsletter.
We have a good selection of monthly events in the diary running up to Christmas the highlight
of which should be the virtual HARC/CARC challenge, more details later in the newsletter.
For HF OPs there is some hope that DX will begin to reappear as the sunspot minimum was
officially declared as having been Dec19/Jan20 and autumn often provides better propagation over
long distances. I heard VK today on 20m FT8 with a (short) long wire.
Take care, stay safe and keep in touch.
73 Mike, G0KAD
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Standing Wave Ratio Explained
by Richard, G3ZIY
I was recently asked how it was that an aerial connected to a transmitter with 50 ohm
coax could then appear not to be 50 ohms. How did the coax change impedance?
Well, it didn't, but it's not immediately obvious what is going on. The coax (or
balanced line) has a characteristic impedance, determined by it's dimensions, and the
materials from which it is constructed. This is fixed and cannot change under normal
circumstances. Impedance is actually a complex quantity, consisting of both resistance
and reactance, but in the case of feeders, there is very little reactance usually, so the
reactance can be ignored for the purposes of this article.
Transmission lines can be considered to be lots of identical short sections of
transmission lines, all connected in series. Each one of these has a characteristic
impedance (Z), and
Z=(L/C)1/2 (L in Henries, and C in Farads)
The transmitter applies power to the first section, and after the time it takes the signal
to traverse the length of the line, the first section applies the power to the second, and so
on. In a perfect world, there are no losses, and the signal eventually ends up at the aerial.
As all the sections have the same impedance, maximum power transfer has occurred.
[See https://en.wikipedia.org/wiki/Maximum_power_transfer_theorem ]. When the
power is applied to the aerial, if that is the same impedance as the feeder, then the last
section just feeds it along as if there was another section. However, this is where all the
power is dissipated in the aerial and it gets radiated completely.
If the aerial is not the same impedance as the feeder, there is not maximum power
transfer, and the excess has to go somewhere, as energy can neither be created or lost.
The only place for it to go is back down the feeder towards the transmitter. This is the
reflected power shown on VSWR meters.
Thus this reflected power makes it seem that the feeder is not the correct impedance,
as the forward and reflected power now add up either additively or destructively
depending on the phase between them. The feeder current also suffers the same action,
so the V/I ratio at the transmitter end no longer equates to the impedance of the feeder,
as it did when the aerial was the same impedance as the feeder.
To illustrate how this comes about, I used the free circuit simulation program LTSpice
(after an idea by W0QE) to construct a simple circuit consisting of a generator (V1 with
Rsrc), transmission line (T1+Rx+T2) and a load, and looked at what happened with a
short circuit, a 50 ohm load, an open circuit and a 150 ohm load terminating the
transmission line.
Fig.1 shows the situation when the transmission line is terminated in its nominal
impedance. The generator applies one positive half cycle of signal, starting at t=0. 50ns
later the pulse passes the middle of the transmission line (red) and another 50ns later
arrives at the load, where it is completely dissipated as heat, or radiated if the load is a
matched aerial. (As LTSpice cannot show the current in a transmission line, I split it and
added a very small resistor, Rx in the centre.)
Fig.2 shows the case when a short circuit terminates the transmission line. As before
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Fig.1 Circuit with 50 ohm load

Fig.2 Circuit with short circuit load
the pulse leaves the generator at t=0, then passes the midpoint of the transmission line at
t=50ns, reaching the short circuit at t=100ns. Being a short circuit, no voltage is
developed across it. However, as the energy cannot simply be lost, the short circuit
totally reflects the voltage which heads back along the transmission line arriving at the
mid point after 150ns, but 180° out of phase. After 200ns it arrives back at the generator
(blue trace) and adds to the generator voltage (which is now zero in this case as the
generator originally only produced one positive half cycle to excite the circuit).
When the load is an open circuit as in Fig. 3, the generator pulse eventually arrives at
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Fig.3 Circuit with open circuit load

Fig.4 Circuit with 150 ohm load
the load as before, but now the current cannot flow through an open circuit, so the open
circuit totally reflects the incident current pulse which heads back towards the generator,
arriving back at the after 200ns, 180° out of phase.
These diagrams from LTSpice show the action for a single pulse, for three specific
load conditions. If, for example the load was for example 150 ohms, a 3:1 VSWR, the
picture would look like Fig. 4, when the generator produces a continuous sine wave. The
blue incident voltage starts at t=0 and goes towards the load along the transmission line.
Halfway along the transmission line the sine wave starts passing, (50ns) and it
eventually arrives at the load after 100ns. The reflected energy from the mismatched
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Fig.5 As fig.4 showing generator V and I and Z (blue line)
load then heads back towards the source, passing the mid point of the transmission line
150ns after the start of this sequence. Notice the midpoint voltage (green) suddenly
drop from 5v P/P to 2.5v P/P. At t=200ns the generator voltage jumps from 5v to 7.5v;
this is what can damage the power amplifier stages in a transmitter when a high VSWR
is present! If the load was also reactive (i.e. had a significant capacitive or inductive
component) these waveforms would also be distorted, causing even more problems. As
this is a 3:1 VSWR, the voltages on the line range from 7.5v down to 2.5v; a ratio of 3:1.
The maths behind calculating these effects can be quite complex (pun unintended) when
the load is a reactive one  i.e. a socalled complex load. So the Smith chart has been the
way to graphically determine all these effects, until modern computer software, such as
SimSmith was available.
Finally, Fig. 5 clearly shows that as far as the generator is concerned (Vvsrc/IRsrc) the
impedance of the load plus transmission line is 50 ohms at t=0, then 150 ohms from
t=200ns onwards (blue line), but the transmission line hasn't changed impedance!

Sonya
From the Newsletter archives
Sonya is the code name of Ruth Werner née Kuczynski 1907  2000. Born in Berlin,
the daughter of a distinguished economist, she turned to communism in response to the
extreme poverty in Germany during her youth. She was recruited as a Soviet spy by
Richard Sorge [see below] whilst in China. Ruth operated in China, Switzerland, Poland
and England. She was no doubt a brave, perhaps naïve, woman who lived a colorful life
of late 20th century morals. She was most famous for handling the Klaus Fuchs atomic
secrets. She eventually escaped from England to East Germany where she appeared to
suffer an indifferent and at times sad life under communism and its collapse.
Sonja is of interest here because her role in the GRU was as a clandestine radio
operator. In her autobiography “Sonya’s Report” she gives a little insight into her work.
Trained in Moscow in the early 1930’s Soviet radio operators had to learn to build their
own transmitters on site, using available materials. In rural China she and her accomplice
(whom she lived with as husband and wife) set about building their first transmitter using
receiver parts. There is an interesting story of how she had her real husband ship the
transformer (a heavy 8 inch cube) up from Shanghai in the seat of a chair. Under the
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stresses of travel this nearly split from the chair which might have terminated her career
as a clandestine radio operator before it started. This was the first of many incidents in
which only luck prevented discovery of her activities.
Their first transmitter was a “three point” Hartley set, much improved by studying an
amateur radio handbook of the time. It is not clear whether this was an oscillator, buffer,
PA, whether she meant a Hartley transmitter that used three valves in parallel, perhaps
that it was a single stage transmitter, with a two stage receiver in the classic paraset
fashion. On the other hand it is known that she had a domestic set and it was not
uncommon of them to be shortwave capable at that time. Building and setting up the
transmitter must have been something of a challenge because she would not have had
access to test equipment. In particular she implies that the transmitter was VFO controlled
(presumably crystals were fragile and a security risk, both when making a boarded
crossing and being on a fixed frequency). Under these circumstances getting setting set up
on frequency must have been really difficult. I would imagine that this must have required
her to find a reference frequency sent by control, net her transmitter and then send. Not
easy with a power oscillator design and a receive that would be pulled by such a strong
signal. The set had to be hidden when not in use. The Morse key was improvised out of a
Chinese paperweight (actually a type of steel ruler) and a bolt and was dismantled during
the day.
Antennas were not so much a problem because large outside receiving antennas were
common. Ruth talks about asking permission from her landlord in Oxford to put up her
antenna and receiving help from her unsuspecting host. From here text it seems that
antennas were mostly long wires, although she talks about a “Fuch’s” antenna, a type that
I am not familiar with.
In one house (in Warsaw I think) she started transmitting and this immediately blew the
fuse for the house. She then had to quickly dismantle and hide the apparatus in the dark,
lest her rented room be searched looking for the cause of the fault. In another apartment
in Switzerland she had to close down and move sites (suddenly move house) because of
EMC problems. Luckily (for her) one of her neighbours commented to Ruth that her
husband (a Nazi) was sure that someone was operating a transmitter nearby which was
causing interference to their radio receiver, and that he would organize a search later that
week when he returned from a trip.
Ruth notes in passing that the absence of amateur radio traffic during the war was a
problem because Soviet operators used to use it as a cover for their clandestine activities.
It is not clear whether she was operating in the amateur bands giving the authorities too
many Morse signals to monitor (unlikely because the nonamateur nature of the traffic
would have been observed and reported by the radio amateurs), whether she was posing
as a radio ham (again unlikely because of the tight regulation) or more likely, in my view,
using our activities as a cover for both EMC problems and  to the unskilled – for strong
local morse received on the shortwave bands.
In 1937 whilst operating out of Warsaw, Ruth talks of one evening when after setting
up the transmitter, she caught her hand across the HT (two 120v batteries in series). She
could not remove her hand without the help of an accomplice, by which time it was
painfully burnt. She then got a hard time from her controller for failing to get a 50 group
message out that night through extreme QRN. It later turned out that there had been a
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major solar event that night which had disrupted all radio communications. However she
appears to have been working for the sort of organization that trucked no excuse, not even
acts of God.
Ruth would typically transmit at night between two and four times a week. Messages
were 60 to 500 groups. Assuming 20 WPM with perhaps 30% time allocated to repeats
and other procedure transmissions would have taken at least 45 minutes. In practice
however, due to the difficulty of copying, transmissions often took half the night. It is
therefore very surprising that she was never caught. In particular, given the hard time that
the GPO gave the amateur radio community during the late 1940’s when she was
handling the Fuch’s traffic, it would be very interesting to know why they never found her
station in rural Oxford.
Ruth’s autobiography, which is out of print, but available from East Sussex libraries,
unfortunately lacks much of the detail that one would have expected from a western text
written so long after the event. This is undoubtedly a result of the excessive secrecy
intrinsic to the other side of the Iron curtain even so long after the events, and which was
maintained despite the obvious duplicity of her employers. This is a pity, because it would
have been interesting but harmless after all these years to have read more technical detail
about both the transmitters and the operating procedure used by these agents.

What Does a HAM do while the country is in lock down?
Well, what a year it has been, who would have thought we would be in a pandemic? I
had to look the word up at the start of the year not knowing what it actually meant.
For me, my work carried on, we had a few people who were furloughed. I also had to
selfisolate for 14 days as my wife and kids had the “persistent cough”. The 14 days
isolation was not so easy, as a handson engineer it is not so easy to work from home. I
was tasked to do some lovely admin work, not so great.
While at home working I decided to blow the dust off my Yaesu FT897 and connect it
back up to the vertical antenna I had in the garden, this being a Hustler 6BTV. If only I
had had the room for a directional beam plus of course the planning consent required,
that would be nice. But of course that will never happen.
With the help of Richard G3ZIY who has many many years of RF experience, he was
able to assist me with my issues of not being resonant on the part of the HF band I
wanted to use. 80 meters being a part of the band I struggled with, never got to try on 10
meters with the club nets.
I do have an ATU attached but as we know that wasn’t the answer. One of the issues
with my 6BTV was I didn’t have the drop down kit from DX engineering, which made
it a lot easier to take down and retune. Luckily it was my birthday the following month
so I decided to add this nice bit of hardware to my birthday list. My wife came up
trumps and I unwrapped this on my birthday, but still needed to assemble and fit. This is
now a job for the autumn.
Also while working from home I was contacted via another repeater group asking me
if I could build them an MMDVM repeater. I was also keen at that time to build a spare
MMDVM repeater for GB7MH, the current unit had been on air for well over 3 years
without fault. I already had the associated radios and other peripherals so I thought it
would be good to complete while at home. The repeater group supplied me with the
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radios for their system. I supplied them with a BoM and they sent me down all the items
for the build.
The main issue I always had was finding a low cost 2U 19 inch rack chassis;
previously I purchased a smaller freestanding 2U Schoff unit which cost, with VAT and
carriage, just over £100. Nice, but not ideal considering I already had the two radios and
the other items are high cost. In the end I found a company who could supply a 2U
19inch rack chassis which was also 390cm deep at £70. This had more than enough
room in it.
The build itself consists of the following:
2 x Motorola GM350s (ideally the 128 channel version UHF or VHF)
1 x Raspberry PI version 3
1 x 12 volt to 5 volt converter to power the raspberry PI
1 x Radio interface board, either one which plugs directly into the raspberry PI, or one
which connects via an Ardunio
duo board. The preferred way
now is the board which plugs
directly to the PI.
1 x fuse distribution module
1 x fan controller
2 x 80cm fans, ones used in
PC’s
As you can see from the
photo it doesn’t look too bad.
Please note this one has
Kenwoods in as they were
supplied via the repeater group
The GB7MH unit is below
and is almost complete:

So it has been a busy few
months with work and of
course my interest in building
homebrew repeaters.
Paul Phillips, G7KBR
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Homebrew Dummy Load
by M0WID
The various online auction sites list 50 ohm resistors suitable for 100W (250W also
readily available) and up into the GHz region at very low prices, so took the plunge and
obtained five for £3.46 delivered.
They arrived in good time, and had obviously been lifted from something, showing
signs of heat transfer paste on the flange and solder on the tab, but all seemed in good
order based on a multimeter resistance test.
My garage contains all sort of scrap material that may come in useful at some point –
one of those is some nice thick aluminium angle that has been steadily reduced in length
over the 20 or so years I have had it – still about 6” left – and a piece of that and some
thinner aluminium sheet were cut to make the load shown below:

Dimensions are 35 x 35 x 15mm. The circular hole in the spacer plate is just because
there was a hole there already in the scrap piece used. Stainless M3 screws were used to
attach the resistor flange to the base – which was drilled and tapped to suit. M2.5 screws
are used to attach the SMA connector which was rescued from some scrap item obtained
from the club junk and stainless M4 countersunk screws used to attach the top plate.
The top plate had to be recessed slightly to clear the resistor – this was done with a
Dremel and needle file.
Initial test with the nanoVNA did not have the cut out in the top plate around the
connector but showed good results up to
around 300MHz, then the SWR climbing
up. Removing the top and spacer made
things terrible at the higher frequencies, but
lifting the top plate slightly made a useful
improvement. An online air dielectric
impedance calculator showed the spacing
from central conductor to outer should be
around 2.3mm for the 1mm solder blob.
Filing the slot around the connection to the
dummy load improved matters considerably,
resulting in this trace:
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The green marker is on the smith chart plot, the yellow trace is SWR, frequency span
0900MHz. No port extension is applied for the adaptor – calibration was done at the
VNA connection.
At HF through to around 350MHz the result is essentially perfect, at 432MHz SWR of
around 1.018, worst SWR 1.09 at 720MHz. Not calibration standard but perfectly good
enough for a dummy load at normal amateur frequencies. Remember once it warms up
with power going in the resistance will increase (normally).
So – how much power can it take? The data sheet for these things specifies that full
load (in this case 100W) can be handled continuously with the flange at 100°C, derating
to zero when the flange is at 150°C.
I performed some tests with the load by itself as shown, attached to a scrap CPU
Cooler heat sink, and attached to the same scrap PC CPU heat sink with the cooling fan
running. For the tests the top plate was removed and the highest temperature in steady
state measured using a low cost IR thermometer (£7 delivered before Covid – great fun
measuring all sorts of things – how hot is your cup of tea at perfect drinking
temperature?). The downside of these IR devices is that it is quite tricky to aim at a
particular point – they have a led pointer beam, but at close range there is significant
parallax error. I chose to move it around a bit and just record the hottest temperature,
but cannot say whether that was the flange or the ceramic.
Power was provided by my HL2 SDR in sig gen mode running into the RM HL150
linear kindly on loan from G3YSX, power was measured with my homebrew power
meter with tandem match detector. Frequency was somewhere in the 20m band.
Bottom line is it will handle 10 watts continuous by itself – but everything gets HOT!
(70°C at the hottest point – ambient temperature was 23°C). If you can avoid burning
the desk it should be able to handle some more.
With the CPU heat sink crudely attached,
not in the best location but using a thin film
of heat transfer paste, around 50W
continuous can be achieved without the heat
sink itself getting too hot, and 100W is
achieved with the fan running, though tricky
to test properly as the linear was getting very
hot and the test had to be cut short to avoid
any risk there! The hottest temperature at
100W was 70°C, so still plenty of margin
there, the CPU cooler heat sink was still
cool.
The load was very briefly tested at 150W
for a few seconds with no damage.
Summary – A useful dummy load with
good performance for very low cost, easy
and good fun to construct. For the next
version I will try drilling a circular hole in
an angle section to get a more consistent air gap around the conductor and take more
care in the dimensions. At the higher frequencies small changes to dimensions matter.
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Stewart G3YSX writes: On Wed 23rd Sept, David M0WID gave an interesting talk on
his Simple Spectrum analyser (SimpleSA). It is really quite astounding what you can
achieve with readily available circuit modules from the Far East.
Stewart G3YSX has a recording of
David’s talk and the slides and will
provide them to club members on
request.
Next months talk is TBD.
In November it is the HARC/CARC
challenge which is a socially isolated
covid risk free event in which SIGINT
meets amateur radio.
There will be a number of
challenges each of which will be
announced on the air simultaneously with a what’s app announcement to the team
leaders, with the challenge happening on the 28MHz band in the range 28.400 to 28.460
The listener will have to measure the precise frequency of some transmissions and to
receive transmissions and provide the judges with the information requested. Be warned
that in some cases multiple signals in multiple modes may be sent. Sometimes these will
be simultaneous and sometimes sequential. The modes will be selected from the popular
amateur modes.
Members of a team can work together in any way they wish to pool their answers.
At the end of the event the team leaders will be required to email the answers to the
judges and we will have a net between the judges and team leaders with all participants
listening in whilst we will reveal the answers and announce the winners. We cannot do
much about sending the trophy but BeeroverIP will be sent to the appropriate team
captain for subsequent sharing with the members of the winning team.
The judges will be Mike G0KAD and myself, and transmissions will originate from
CARC. No other members of CARC will be permitted on site during the event.
We think the best way to coordinate the event and announce the results would be via
GB3MH. Hopefully all members of the HARC team can copy that.
CARC will need a volunteer to become the team leader and work out who has the
resources that can be applied and how the task will be divided up on the night. This is
more of an organising and leading role than a technical expert role. This should be an
interesting evening in which club members can pool their resources to complete in this
unique event.
Finally in December we will be hosting a preChristmas covid safe quiz with John
G4PEO as the quizmaster.
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