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RECAP. In the first part of this article we 
mentioned that there are many stations that 
now operate EME on 144MHz with as little 
as a single 2-wavelength long Yagi antenna 
and 100W. This brings moonbounce 
communications – at least with other, larger 
stations – within the capability of hundreds 
of small stations within the UK. Although it 
might seem daunting, EME can be done with 
fairly ‘standard’ VHF SSB station capability. 
In this second and final part we cover some 
of the operating issues to assist those who 
would like to give EME a try.

SETTING UP WSJT. The newcomer to EME 
will almost undoubtedly begin with JT65B 
from the WSJT software suite because of 
its superior sensitivity over CW and SSB. 
WSJT can be downloaded from K1JT’s web 
pages. The software is free. In the following 
paragraphs we’ll take a quick look at receiver 
settings, transmitter adjustments, and an 
easy way to check your receiver. 

In order to use WSJT, a computer with 
a sound card and a simple interface are 
connected to the audio output and the 
microphone input or ‘line’ input of a SSB 
radio transceiver. High-end computing 
equipment is certainly not needed although 
decoding speed is dependent upon computer 
processing power. There are commercial 
interfaces available but a simple homebrew 
interface with readily available components 
is described on the website of Paul Whatton, 
G4DCV [13]. The interface is required in 
order to set transmit and receive levels more 
easily than the somewhat clumsy Windows 
sliders and, importantly, to provide isolation 
between computer and radio. 

A recommended starting point for the 
basic settings for EME using WSJT is: Setup: 
Monitor ON at startup, Mode: JT65B, 
Decode: JT65: Normal deep search, Sync -1, 
Tol 400. There is a lot more information 
about getting started on JT65 on the web 
pages of Gabriel Sampol, EA6VQ [14]. 

On receive, WSJT employs a level control, 
available as a pull-down menu called ‘Rx 
volume control’. The slider on this control 
should be set so that when monitoring a 
quiet part of the band, the Rx Noise icon 
indicates around 0dB. If the received 
levels are far adrift from 0dB you can try 
experimenting with either the PC line volume 
or microphone volume selection boxes.

At the lower left of the main WSJT 
screen you will see two numbers, which 
are nominally 1.0000. These numbers 
indicate whether the input and output rates 

of your soundcard are close to the required 
11025Hz. If your numbers are outside the 
range 0.9995 to 1.0005, you should use 
the pull-down menu in Setup, Options to 
enter the Rate In and Rate Out. It is normal to 
see these numbers vary a little during signal 
processing.

For most UK stations, a check of JT65 
reception can be made without EME signals, 
because the GB3VHF and GB3NGI beacons 
transmit periods of JT65B [15]. If you are 
not normally able to hear these beacons, try 
it anyway and you might get a nice surprise 
about the effectiveness of this mode at very 
low signal levels. For GB3VHF, tune your 
receiver to exactly 144.4285 in USB mode. 
Note that this is 1500Hz offset from the 
sync tone rather than the 1270Hz normally 
used in EME communications [16]. Set 
the waterfall in SpecJT to display a speed 
of 2 to 5 with a vertical scroll and you 
should see a trace from the beacon, which 
sends consecutive periods of carrier, CW 
identification and JT65B identification. If 
all is well, WSJT will decode the beacon as 
GB3VHF JO01EH. Be patient because the 
WSJT software will not decode the CW or 
continuous carrier. You will also see some 
figures to the left of the decoded callsign, 
including a column headed DF. This is 
the difference between the frequency of 
the received signal and your transceiver’s 
calibration. If your transceiver frequency 
display is accurate, DF will be a small figure, 
and this represents the frequency error in 
hertz. If WSJT reports DF as -150Hz, you 
will need to adjust your receiver 150Hz lower 
to tune the signal spot on. In reality, don’t get 

too concerned if you see DF up to ±200Hz, 
as JT65 can accommodate errors of several 
hundred Hz, but some of this tolerance 
will be used up in the mutual Doppler shift 
between yourself and the other station. If 
there is the facility to calibrate the transceiver 
or transverter this can be done by simply 
retuning until DF becomes close to zero (see 
Figures 2 and 3).

A final check to make while observing 
the beacon is the value of DT displayed on 
the screen. DT represents the difference in 
time between your computer’s clock and 
standard time and, as with the beacon, 
it should be 0 seconds. Again, don’t be 
concerned if DT is up to ±1 second. If the 
reading is greater you should first try to 
re-synchronise your computer’s clock using 
one of the many internet time sources. If you 
find that this doesn’t work or your computer 
clock is drifting you will need to install 
Dimension 4 [17] or similar timekeeping 
software to keep this under control. Note that 
Dimension 4 works well with Windows XP 
but is problematic with more recent Microsoft 
operating systems. For Windows 7 and 8 
the recommended timekeeping software is 
Meinberg NTP [18].

Users who have advanced past a single 
small Yagi antenna have a simple and 
effective way to test their equipment, by 
using the sun as a noise source. The antenna 
array is pointed at the sun, and then pointed 
at a quiet area of the sky. This will show a 
difference of several dB, and using VK3UM’s 
software and reference to the current solar 
indices, a check can be made to see if the 
system is as effective as theory would suggest. 
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PHOTO 4: QSL card from C53GS confirming the first 144MHz QSO between The Gambia and England.
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It is vital that there is no AGC action in the 
receiver during this test. The only way to be 
sure there is no AGC action is to turn it off; just 
trying to keep the signal levels below the AGC 
threshold is a notorious cause of misleading 
results. It’s a shame that a few well known 
transceivers such as the FT-847 have no 
means of turning off the AGC. This doesn’t 
make the FT-847 completely unsuitable, but 
be cautious about your results.

RECEIVING EME JT65 SIGNALS. Once 
you are happy with the setup of the WSJT 
software and your transceiver you are ready 
to listen for some EME signals. On 2m, 
most JT65B activity takes place between 
144.100 and 144.150MHz. Although 
you might be able to detect a few stations 
without a masthead preamplifier, having one 
now becomes pretty essential. 

The WSJT screen tells you where the 
moon is, so no additional astronomical 
information is needed. Pointing at the moon 
with a single 3-wavelength Yagi, you should 
expect to see (but perhaps not hear) a 
number of the larger stations. With 100W 
or more of RF at your antenna you should 
be able to work most of the stations you can 
see on the SpecJT waterfall display. These 
will be the guys running four or more long 
Yagis and 1kW, of which there are many, 
but remember that they will not all be on the 
band at any one time.

PROBLEM SOLVING. If you know a big 
station is active but the WSJT software is not 
decoding any information, what might be 
wrong? You should see a vertical trace on the 
SpecJT window beginning just after the start 
of a minute and finishing about fifty seconds 
later. If you do not the WSJT software is 
not being presented with a signal that can 
be decoded. If you can see a faint vertical 
trace, the signal might just be too weak and 
the WSJT decoder fails to work its magic. 
Be patient and remember all the earlier 
propagation discussion; it may be that after 

20 or 30 minutes your wanted 
station will appear out of the 
noise. You may have QRN 
which can take many forms, 
such as wideband noise, 
birdies, pulse type interference 
etc. It is also possible that 
the combination of frequency 
error at each end of the path 
plus or minus Doppler shift 
may have removed the station 
outside the search range of 
JT65. On 2m this range is 
±400Hz using the settings 
recommended earlier, so 
excessive Doppler shift is not 
a likely scenario, but on the 
higher frequency bands you 
will need to take active steps 
to compensate for Doppler 

using RIT or split frequency operation.
On the WSJT screen, you will see a 

column headed “dB”, next to DT. The 
information presented here is the signal 
strength, normalised to SSB bandwidth 
(2.5kHz). You might receive a ‘big gun’ at 
-10dB for example and at this level you can 
expect a perfect decode on every occasion. 
Much weaker signals, around -26dB, will 
usually but not always decode, and at 
signal levels of -28dB you should not be 
concerned if a decode does not occur for 
several periods. Decodes at -30dB are quite 
uncommon.

Don’t forget too that you should make 
a visual check on your rotator setting. This 
might take a while in the UK but eventually 
you will get the opportunity to make a 
sighting along the boom of your antenna 
to the moon. Your reference should be true 
north, not grid north or magnetic north. 
The difference between true north and 
magnetic north is less than 1 degree for 
locations in the south east of the UK, but 
around 3 degrees for the West Country and 
Ireland. Your visual check should be made 
at different points of the compass because 
it is quite possible to be aligned correctly at 
moonrise but to find an error at moonset. 
Time your observations accurately and don’t 
hang around, because the moon moves 
across the sky at about 1 degree every four 
minutes.

We said earlier that 
Doppler shift is not 
likely to be a problem 
on 2m. However, 
it represents an 
increasing challenge 
on the higher bands, 
as Table 3 shows. 
These are the 
maximum expected 
values and, to add to 
the fun, the value of 
Doppler will change 
during your QSO.

TRANSMITTING JT65. It’s important 
to get the transmit side of the station set 
up correctly to avoid either insufficient or 
excess drive. To start; speech processors 
and any transmit equalisation filters should 
be switched off. Control for the transmit 
level is available from a pull down menu in 
the SpecJT screen and is called ‘Tx Volume 
control’. This should be adjusted so that your 
transmitter indicates a small amount of ALC 
and no more. You should check that the ALC 
level is consistent for the range of tones used 
by JT65. This will lead to a constant reading 
on the power output meter. If your transceiver 
has an audio data or line input connection 
on the rear panel (such as the FT-847 or 
TS-2000) this can be more convenient than 
disturbing the microphone connector – but 
note that some transceivers also require 
the microphone to be unplugged to avoid 
transmitting two modes at the same time! 

The transmit and receive periods of JT65 
are nominally 1 minute each. In fact, with 
some decoding time allowed for, plus a delay 
for relay changeover, the transmit period 
is around 47 seconds. JT65 modulation 
is based upon frequency shift keying that 
drives your amplifier to full power – and 
places quite a strain on it. Some people have 
found this out the hard way. When it comes 
to amplifier ratings you should treat JT65 
as a near continuous transmission. There 
are some excellent solid state amplifiers 
available and these are of particular value for 
expeditions where every kg saved is of help. 
For many people, valve amplifiers are very 
effective and still remain the norm in 2012. 

If the amplifier or power supply show 
signs of overheating or stress from the JT65 
duty cycle, we suggest that you reduce 
power to a more comfortable level that can 
be sustained for long periods of operating. 
In the longer term, consider upgrading your 
equipment.

EME WSJT PROCEDURE. The WSJT 
handbook contains all you need to know 
about operating procedures on JT65B 
(although it is quite concise) and the software 
contains examples of recorded QSOs to 
practice decoding. Message protocol is quite 
straightforward. To quote from the notes:

FIGURE 2: Receiving the JT65B GB3VHF beacon signal using 
WSJT software.

FIGURE 3: Spectral display of JT65B modulation from the GB3VHF beacon.
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If you have received
•	 less than both calls, send both calls and 

your grid locator
•	 both calls send both calls, your grid locator 

and OOO
•	 both calls and OOO, send RO
•	 RO, send RRR.
RRR means the QSO is complete. It is 
conventional to send 73 to signify that you 
have received the RRR, but can be omitted for 
brevity if activity is high, such as in a contest.

Let’s emphasise the second point: on 
EME, do not send the report until you have 
successfully received both calls – this differs 
from meteor scatter procedure.

If this sounds a bit complex to remember, 
don’t worry because the program contains 
templates for these messages and they follow 
the logical sequence of a QSO. Unless signals 
are strong it is quite normal, and absolutely 
correct, to keep sending the same message 
for a number of periods until you have the 
received appropriate information from your 
QSO partner to enable you to move on to the 
next message.

Your QSO attempt might fail – it happens. 
It’s far better to accept that a QSO has failed 
than to claim a QSO that wasn’t completed. 
There are no hard and fast rules about how 
long your attempt might last, but generally 
people try for three or four periods of one 
message. If your QSO partner is willing, 
carry on: patience might be rewarded. 
One bad habit to avoid is giving a running 
commentary on the internet chat channel – 
the QSO attempt must always stand or fall by 
the information that you manage to exchange 
via the Moon.

In general if your station is on the smaller 
side,	it	is	easier	to	work	your	first	few	stations	
by tuning around and responding to CQ 
calls. However once you have made a start 
and ‘gained your spurs’, calling CQ can 
yield you quite a few contacts from others 
looking for new ‘initial’ EME contacts. This 
is where online chat and internet reporting 
(discussed later) can be really helpful for 
setting up skeds. It takes approximately 2.7 
seconds for your signal to travel to the moon 
and back and this means that an EME signal 

will indicate a DT of around 2.7 
(remember that we said earlier 
DT=0 for a local beacon). The 
differential can be useful in 
deciding whether a signal from, 
say, Germany is being received 
by the direct path or via EME.

EME CW PROCEDURE. 
Because of the exceptionally 
low signal levels and frequent 
fading EME QSOs normally only 
consist of the basic minimum 
necessary for a complete QSO. 
For a QSO to be complete, 
both parties must have 
exchanged callsigns, reports 
and an acknowledgement 
that the report was received. 

For reports, 144MHz EME operators use a 
single letter, O, to signify that both callsigns 
have been received in full. On higher bands 
the reporting system takes more account of 
signal levels. For full details see [19], which 
applies to all of the higher bands. Conditions 
are so variable that even when signals 
are stronger and an exchange of RST is 
appropriate most good operators still transmit 
O & RO reports to secure the QSO before 
sending a conventional report. 

KEYERS. Although a few stations still prefer 
to use a straight key, the majority of CW 
EME operation is made using some form 
of memory keyer. There is no doubt that 
precise, well-formed characters and regular 
rhythm can help improve readability at 
very low signal strengths. A steady 12 to 
15WPM seems to suit most operators on 
144MHz. Quicker speeds often result in 
dots getting lost in fast fades. However the 
libration fading rates are three times faster 
on 432MHz and three time faster still on 
1296MHz so the optimum techniques are 
different for each band. If you are in QSO 
with an experienced operator, try to match 
their speed and style of sending, which they 
will be using from experience. Information 
is usually sent without punctuation (W5UN 
G4ZTR rather than W5UN DE G4ZTR) 
and regularly repeated for the duration 
of a transmit period, which makes keyer 
programming an easy job. 

RECEIVERS, AUDIO FILTERS AND 
HEADPHONES. The vast majority of modern 
HF and many all-mode VHF transceivers 
will meet the frequency stability and readout 
criteria.	Apart	from	a	good	CW	IF	filter	the	
other features come down to user choice. An 
important issue with any rig used for EME 
operation is operator comfort and this means 
choosing	your	filters	carefully.	For	CW	an	IF	

FIGURE 4: WSJT display of JE1TNL calling CQ via EME using JT65B. FIGURE 5: A typical JT65B EME QSO. W5UWB calling CQ and then 
working G4ZTR.

FIGURE 6: MAP65 software from K1JT in operation. This 
includes a 60+kHz wideband waterfall display at the top and 
a QSO dialogue box in the middle at the bottom. It displays 
decodes of other QSOs in progress in addition to the one being 
made by the operator.
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filter is almost essential, with 300-500Hz 
bandwidth being commonly used. Filters 
that are too narrow or peaky can result in 
undesirable ringing, which can soon lead 
to listening fatigue. In addition to a good IF 
filter, most operators use an external audio 
filter, usually tuneable and often with variable 
bandwidth. As computer technology has 
advanced so have DSP audio filters, and as 
they have improved the majority of operators 
have changed from using more traditional 
analogue audio peak filters. 

When calculating EME station 
performance an audio filter bandwidth of 
100Hz is often assumed for CW. However, 
with a repeating EME message a good 
operator may be able to better this by 3dB or 
more by taking advantage of libration peaks, 
implying an effective bandwidth of 50Hz or 
less; when using software, feel free to adjust 
the reference bandwidth to reflect your own 
CW capabilities. A part of the receiver which 
is very often forgotten, but very important 
for EME operation is the operator interface, 
the headphones. As you will be dealing with 
weak and noisy signals for long periods of 
time the issues here are comfort and keeping 
out background noise. Whilst there are 
many ‘communications’ types on sale, many 
of the hi-fi types can often offer superior 
performance at lower cost.

SOFTWARE DEFINED RECEIVERS. Even 
with basic soundcard based software defined 
radio (SDR) radio receivers it has become 
possible to view and demodulate signals 
over significant sections of the amateur 
bands. One of the programs developed by 
Joe Taylor interfaces with a SDR receiver and 
decodes all JT65 signals across a maximum 
of 96kHz bandwidth. This software can be 
used with dual polarisation antenna feeds 
and receivers to determine the polarisation 
angle of the received signal. This gives the 
user the advantage of being able to see all of 
the stations received at one time. It is feeds 

from stations running 
such software that 
support the Live CQ 
website, which is a 
worldwide reporting 
system for stations 
calling CQ via EME. 
Remember that 
about half the world’s 
surface will be able 
to see the moon and 
hear the same EME 
signals at any given 
time, so a worldwide 
reporting system is 
of genuine value. 
However, because 
of the difficulties 
that polarisation 
shifts cause between 

users in different parts of the world, Joe 
Taylor began work in 2006 on software that 
would enable the user to see a panoramic 
display of signals within a 90kHz bandwidth, 
indicate the received polarisation and decode 
multiple digital signals simultaneously within 
that bandwidth. This requires the use of 
antennas in more than one polarisation, 
separate feedlines and preamplifiers and 
a dual channel receiver. The program is 
currently called MAP65, version 2. The detail 
is outside the scope of this article and the 
reader is referred to an excellent paper by Joe 
in the EME2012 Proceedings [20].

ONLINE CHAT AND SIGNAL REPORTING. 
A question often asked is how you decide 
where to call CQ, or to listen for others. 
There is no ‘calling frequency’ and no “up 
ten” after establishing contact. Although 
you might have been watching or listening 
on a frequency for some time as most EME 
signals are so weak you might not hear them, 
how do you decide where to call CQ, or to 
listen for others? It is usually best for the first 
few QSOs to call one of the larger stations. 
However, after proving that your station is 
capable of EME QSOs, it is sometimes easier 
to call CQ as there will be many stations 
looking for new EME ‘initial’ contacts.

Fortunately, the internet contains several 
useful sources of real-time information. Live 
CQ is a web page where automated EME 
receivers report their reception of CQ and 
QRZ calls [21]. The reception is based on 
SDR techniques and reported data includes 
the frequency, relative signal strength and 
received polarisation as well as the callsign. 
Once you have seen some activity on Live 
CQ you have a choice of replying to a CQ 
call, or finding a clear frequency in between. 
Another excellent source of information is the 
N0UK web pages [22], a live chat room for 
EMEers to set up contact schedules, discuss 
equipment, or observe activity. While having 
a live chat, you must be careful to exchange 

the necessary information to complete a 
QSO exclusively on the radio, as already 
mentioned. Usually it’s best to keep quiet 
on the chat during a QSO; there is plenty 
of opportunity to exchange congratulations 
or commiserations later. For 6m EME in 
particular, there is a page for EME/JT65/CW 
on the well-known ON4KST chat site [23].

THE FINAL COURTESY. EME operators 
still keep up one of the nicest traditions of 
amateur radio, that of QSLing directly – 
because every EME QSO really is something 
special. In addition to the QSL card, most 
people include a picture of their antenna 
system and occasionally other pictures of 
their station. Up-to-date directories of all 
stations active on EME are available on a 
number of internet websites [24].

So, if you are ready for one of amateur 
radio’s ultimate challenges, come and join 
us ‘lunatics’. If you have a good station for 
terrestrial VHF/UHF DX, then you are already 
half way there. As you can see from this 
article, it won’t be easy, but the reward is 
that every EME QSO will be something to 
remember.
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FIGURE 7: Live CQ EME reporting web site with 9 stations calling CQ. 

TABLE 3: Maximum Doppler shift on
various bands. 

Frequency Maximum Doppler shift
 (can be up or down) 
50MHz 110Hz
144MHz 330Hz
432MHz 1kHz
1296MHz 3kHz
2320MHz 5.35kHz
3456MHz 8kHz
5760MHz 12kHz
10GHz 24kHz


