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FM Television for the Amateur

i [
INTRODUCTION

In recent years there has been a considerable
move towards FM for transmitiing television
plctures in the amateur UHF and microwave
bands. Thils has not been possible on 70 cm
because of the restricted band space
avallable.

FM offers several distincl advantages over the
more lradiional AM system: —

a) Modulaton lakes place al a low level, usually
by applying the signal to a varacior diode In
the lransmitter carrier oscillalor.

b

=

RF ampliiers for FM do not need 10 be linear,
therelore \hey can work al higher efficiences.

c

—

There can be a subsiantial improvement in
signal-10-noise ralio al lthe receiver over that
obtaned from a similar strength AM signal

d) Interference lo broadcast radio and TV Irans-
missions 1 markedly reduced since frequency
modulation is not demodulated by the usual

AM recliicalion method Consequenily
194
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interference 10 AM receivers. \ape recorders,
record players and deal aids is very much
reduced and, \n many cases, eliminaled.

Of course Ihere are disadvaniages 100" —

a") The channel bandwidth can be much greater
than thal requirad for AM.

b’) The recewar demodulator 1s more complex 1o
build and ahgn.

¢') The use ol readily available broadcast tele-
vision receivers 1s limited due 1o the lack of
an FM demodulalor.

It 1s interesting 1o note thal the FM mode is
exclusively used by lelevision broadcasters when
operating through salellites.

FM television for amateurs has become popular
n recenl years — particularly inthe 1 3 GHz band
— due in no small par to the introduction of
several successiul TV repeater stations through-
oul the U K,

Because FM is a relanvely new mode for tele-
viSion amalteurs, \here have beenmany misiakes,
miscanceplions, lhearelical inaccuracies and a
general lack of understanding of the mogde. These
have been propagated by word-ol-mouth and
through the amaleur press. The BATC's Techni-
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cal Liaison Committee has, however, recenlly
addressed nself (o the subject and. after much
discussion, deliberation and practical expenmen-
tation. has been able 10 propose a sel of stand-
ards, recommendatons and guidines for all
imponan parameters. These are explained inthis
article and much uselul advice is given lo those
sening up an amateur FM-TV station for the
first time, and for those who conslantly sinve
10 improve their slations by the application of
new information and techniques as they become
available.

1.1. Theoretlcal Definitions

Many misconceplions and theoretical naccura-
cies amongst amaleurs have ansen because ol
1hg difficulty in relating one's thinking 1o FM and
lrying to hnk it in some way (o AM. For example:
a 6 MHz wide video signal. when ampllude
modulaled onto an RF carner, will occupy a
channel bandwidih of 12 MHz, The same signal,
when freguency modulated onlo the same RF
carner, can produce a channel bandwidth less
than 12 MHz or, as is more likely, considerably
more. The poinl being that FM bandwidth 1s not
sinctly related 1o the bandwidih of the modu-
lating signal as might be supposed.

It is useful 1o spend bime in examining the more
important fundamental paramelers of an FM
syslem in order that the mind can grasp the
concepls and examples pul forward in this
anicle. Additional theory will be infroduced as
required later.

Frequency modulation 1s produced when the
carrier oscillator’s frequency is changed by a
modulating signal. The amount of frequency
change is direclly proportional 10 the amplitude
ol the modulating signal and is called DEVIA-
TION. We can therafore say that:

PEAK CARRIER DEVIATION (Af,) is the largest
devialion of the carrier from i1s average frequency
and 1s caused by the maximum ampliude ex-
cursion of the modulating signal n either direc-
fion.

Any AC signal is said 10 have a peak-lo-peak
amplitude. A black ang while video signal’s peaks
are al peak while and peak sync levels. If lhis

signal is used to frequency moduiale an RF
carrier, iis frequency will be a maximum dunng
peak while. minimum al peak syncs (sync lips)
and al an average somewhere in between. When
lhe RF carrier frequency moves [rom ils average
1o enher of ils peak values, il is sad 10 have
reached PEAK DEVIATION The 101al frequency
change [rom the positive 10 negalive peak
deviation is called PEAK-TO-PEAK DEVIATION
and is usually around wice the peak deviation

HIGHEST MODULATING FREQUENCY (i) 1s
the maximum [requency ol any componeni within
Ihe modulanng Irequency band. This will usually
be the upper 3 dB Iimit of Ihe video bandwidth In
praclice, most television pictures will produce
highest instantaneous frequencies considerably
less than maximum Highesl frequencies are
generaled only dunng very sharp transmons
between black and while, such as the highes!
sel of mulliburst definiion bars

MODULATION INDEX (M) is the ralio between
the peak carrier deviaton and the highest mogdu-
lating frequency

Fat |
Modulation index M = 'n
m

This is a very imporian parameler and can be
Iikened in some ways 10 the mogdulation deplh of
an AM signal. Nole thal peak carrier deviation i1s
used and nol (he peak-to-peak value The highest
modulating frequency 1s usually 1aken lo be the
highest frequency which will be encountered
during transrmussions. In actual fac), the modula-
tion index 1s different al any instan! dunng Irans-
mission because \he video lrequency and ampli-
tude (and hence peak deviation) is continually
changing. Modulation index herelore is usually
quoled as the hughes! or ‘worsl-case’ figure which
will ever be achieved.

CHANNEL BANDWIDTH (B} is the amount of fre-
quency speclrum in MegaHenz required 1o
accommodale the FM television signal We are
usually concerned with the maximum bandwidih
which will ever be required to accommodale
the signal. in practice, for ‘normal’ 1elevision
scenes used by amaleurs, the bandwidlh re-
quired 1s usually considerably less.
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Fig. 1: Relallve carrler and side frequency levels for
three diferent modulation indices

Flig. 1 shows the spectrum of FM Iransmissions
with diferent modulalion indices. For simplicity
ilis assumed thal the modulating signal is a single
1 MHz sinewave. It can be seen thal he spectrum
includes (he carrier and a number of side fre-
quencies spaced 1 MHz apar. The ampliludes of
the side frequencies change wilh the modulation
index and al hugher indices a larger number of
side frequencies become significant,

Amateurs use a modulauon index of around
0.5 and hg. 1 shows thal in this case only one
sel ol side frequencies 1s significant. the re-
mainder being 50 dB down or more, refative (0 the
amplilude ol the unmodulaled carner
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If the 1 MHz sinewave is replaced by a television
wavelorm. the specirum becomes very complex
indeed Calculation of channel bandwidlh there-
lore becomes a very advanced exarcise in higher
mathemalics and nol something which could be
alempled by mos! amaleurs (or indeed the
author!). Forlunately. a fellow. called Carson.
has simplified the calculations for us and has
produced Carson’s Rule’.

Carson’s rule provides an approximalion of the
channe! bandwidih required for a carrier which is
[requency modulated by a complex lelevision
signal:

Channel bandwidih 8 = 2 (Al + ) MHz

Note that I, 15 the instantangous modulating
Irequancy, 1 is usually taken to be the highest
possible modulating frequency since this will
give a maximum or worst-case (igure. In prachice.
the channel bandwidih is likely to be considerably
reduced due lo scenes having low lighting levels
or wilhoul a significant number of sharp black/
while iransiions.

Carson’s bandwigth is calculaled such (hat all
oul-of-channel signals are considered fo be
insignificant Tius method of determining channel
bandwidth is most guoted and used by commer-
cial broadcasling organisations and by operators
of wideband satellite communication links.

2.
CONSIDERATIONS OF SIGNAL
PARAMETERS

2.1. Video Bandwidth

Broadcast quality signals generally require a
video bandwidth of the order of 5.5 MHz. The
upper limit is determined principally by the re-
quirement lo reproduce sharp iransitions be-
tween black and white. In a video signal, these
fransiions produce a sharp slepped wavelorm
and resinction of HF bandwidih will lend 10
lessen the sleepness of the step and reduce
the defimtion whan viewed on a television screen
(tig. 2)
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Chequerboard pattern

| il

Ideal camera waveform for chequerboard

LU L

thequerboard waveform - restricted
bandwidth,

Fig. 2: Eecls of bendwidih on a chequerboard

A further consideralion is the need 10 accommo-
date a colour subcarrier on a frequency ol
4433618 MHz.

Modern amaleur video equipmenl often ap-
proaches broadcast quality and can nclude
commerciglly available video generaling and
monitonng nsiruments. The use of compulers
and digilal generating devices is widespread.
For Ihese reasons il is reasonable (0 expect
the fidelity o amaleur video signals o approach
that of the broadcasters. Video bandwidth must
be wide enough 1o comfonably accommodate the
colour subcarner but should fall off early enough
1o avoid interlerence with the sound subcarner at
6 MHz (U.K.). A video bandwidih ol 5 MHz is con-
sidered adequate for amateur ielevision.

2.2. Modulation Index

The available signal-io-noise ratio al the inpul 10
the receiver demodulalor is a function of modula-
lion index. The larger the modulanon index the
higher the signal-lo-noise ratio. However, lhe
larger the modulation index the grealer is the
required channel bandwidih 10 accommodate the
signal. Modulation index therefore needs lo be
large enough lo provide an acceplable signal-lo-
noise ralio but small enough 10 keep channel

bandwdth 1o a minimum.

| have conducled experimenis 1o determine whal
IS an ‘acceplable signal-lo-noise ralio’ A modern
solid-slate Iransmutier was construcled which
generaied the FM signal a1 around 100 MHz and
mixediluplothe 1.3 GHz band Abalanced mixer
was lollowed by a number of RF ampliliers.

Lineanly of the frequency modulator was checked
by applying a variable DC bias 1o the varaclor
diode, and measuring the resulling carrier fre-
quency using a frequancy counter. The Irans-
minter was adjusled 10 use the most linear portion
of the frequency modulator's characleristic.

Bandwidih and flainess of the video amplifiers
which drive the modulator were checked by
applying a constant-amplitude sinusoidal signal
from an RF signal generalor 10 the video inpul
sockel. The amplified signal was monilored at
the varactor diode using an oscilloscope.

Initial 1ests anempled 1o adjust the ransmilter
in such a way as lo produce an acceptable signal-
lo-naise ratio al the receivers ol several amateur
stalions at different locations.

Peak devialion (hence modulaton index) was
adjusted 1o produce an acceptable signal-to-
noise ralio at the receiver. The oulpul power
was vaned lo proguce strong, medium and weak
(but locked) video signals al the recewer. A modu-
Iation index was lhus determined which was con-
sidered overall 1o be lhe lowesl necessary 1o
achieve a reasonable signal-1o-noise ralio under
aclual operaling condiions.

Without changing any adjusiments on the frans-
mitler, the madulation index was then measured
as follows:

A 5 MHz sinusoidal signal was applied 10 the
video inpul socket atl a peak-l0-peak amplitude
equal to the largest video signal which would
normally be applied. The RF outpul from the
Iransmitler was monilored using a spectrum
analyser and the modulalion ndex was deter-
mined by measuramen of the FM side fre-
quencies. The rasulls were compared wilh atable
ol Bessel functions and the modulation index
was found lo be very close 100 5

Now 1hal we have eslablished the highesl pos-
sible modulavng frequency and the modulalion

197
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Flg. 3: Bessel curves showlng variation In carrier and sideband amplitude with modulation index

index, the peak carner devialion can be calcu-  drops by half (3 dB), a modulation index of 1.5

lated: is produced whilsl when ihe carrier actually

) disappears (reduces 1o zero), lhe modulation

Sl =Nt i) index 1s close 10 2.4 These lacts are often used

/ul; thus becomes 0.5 x 5 MHz = 2.5 MHz (o calibrale measufing insiruments bul are of

iftle use 1o amateurs since nol only are we

interesled in modulation indices of around 0.5.

23. Bessel Functions most of us don't have a specirum analyser with
Bessel funclions are a sel of curves on a graph ~ which lo observe the carrier.

depicling the relauve ampliludes of carrier and

side Irequencies with different modulation indices

(fig. 3). The ampliudes are given relative 1o the 24 Channel Bandwldth

amplilude of the unmodulated carrier. Bandwidih of an FM signal is usually determined

by looking at the amplilude of the side frequencies

Bessel lunclions can be shown in other ways  and judging when they have become ‘insignifi-

such as the specirum diagrams in ig. 1 or simply ~ cant’. In theory of course there are an infinite
as a sel ol 1ables ke those in table 1. number ol side frequencies.

Using any of these melhods il 1s easy lo look-up  This is vary well for simple sinewave modulating
the modulation index lor any given signal. It is  frequencies because the sideband ampliludes
inleresling 10 note 1hat when the carner amplilude  can be looked-up in a 1able of Bessel functions

198
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index | 0.1 0.2 03 04 05

|
0.6 0.7 08 09 1.0

carrier| — 002! —0.09] - 02 |-035 | -055

—-08 -11 | —145 | - 186 | —232

1 - 26.0{ - 20.0| —166| — 14.16| — 123

- 1085 -966| —866 | —7.83 | —7.49

2 - - | —38.0] —34.1 | -30.29

—27.19| —246| —2241| - 2048| - 188

B | - -l -] - -

~ o - 3983 —3683| —34.15

Al figures are in dB 1efative 10 the level of Ihe unmodulated carrier. Only figures above — 40 dB are given.

Table V: Bessa) functions

or measured with a spectrum analyser. Because
of the complex nature of a video modulatng
signal, however, It is difficult lo accurately deler-
mine the channel bandwidih required for a
Irequency modulated telewision Iransmission.
A survey of related works in the professional
lechnical press shows that the use of ‘Carson’s
Rule Bandwidth' 1s universally accepled as giving
a close approximaton lo the aclual channel
bandwidih required. This is panticularly true when
modulation indices of less than unity are used —
as in our case.

Carson's Rule Bandwidih (B) is given by:
B = 2(Al, + i) MHz

In determining channel bandwidth, (he ‘worsl-
case ligures of peak carer devialion and
highes! modulating frequency are used It is
recognised that in actual amaleur service, the
calculated bandwidth will seldom be achieved,
since mos! scenes will have relatively low highting
levels and conlain littie or no energy at the high
irequency end of the video band. With a lelevision
station, however, operaling near the band edge, it
is mporiant to consider the efiec of fast switching
Iransients which may be present — paricularly
in digilally denved pictures. These will normally
be reduced by a video fiter and il's also advisable
lo incorporate a peak clipper (o eliminate any
remaining spikes Fillers and chippers are dis-
cussed laler in this aniclg.

Using Carson’s rule. the channe! bandwidih
necessary lo accomodale an amateur FM-TV
transmission can be calculaled:

B = 2 (2.5 MHz + 5MHz) = 15 MHz

2.5. Sound

Sound in an FM-TV syslem is produced in much
lhe same way as on AM. A 6 MHz subcarrier
15 frequency modulated by the audio, bul lhis
fime (he subcarner s used 10 Irequency modulate
the main carrer 10 produce a modulation index of
approximalely 0.2.

The amplitude ol a sound subcarrier signal
should be great enough lo ensure an adequale
signal-io-noise perlormance &l the recewer,
bul not so greal 1hat it adds unaccepiable inter-
modulalion distonion products 10 the wideo
signal.

Broadcast FM-TV lransmissions typically have
the sound subcarrier amplilude between 20 and
30 OB below peak video amplitude It must be
rermembered, however. lhal broadcaslers expec!
slrong piclures at the recewer. Because the
signal strength is so greal. it is nol necessary
lor the sound subcarrier 1o be any larger since
an adequale signal-lo-noise ratio will always
be produced.

Amaleurs, however, deal mostly wilh signal
slrengths considerably less than those of the
broadcaslers. often so weak that \he piclure
only just locks. It 1s imponant therefore lor the
sound subcarner fo be as large as possible
(wnhout causing intermodulation  distortion
with video signals) so that an acceptable signal-
lo-noise rauo is produced al 1he receiver — even
under relalively weak signal condiions

During (he expenmental Iransmissions alrgady
described, the amphiude of the 8 MHz sound
subcarner signal was vaned lo determine what
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noise

freq

AM

Fig. 4a: AM nolse spactrum after demodulalion

was an 'acceplable’ sound signal-1g-noise ratio
al the recewver. Subsequent measurement of the
subcarrier amplitude ravealed it 1o be very close
1o — 14 dB wilh reference 10 peak video ampli-
lude.

The presence of a 6 MHz sound subcarrier will
add slighily o the required channel bandwidth. It
has been found by measurement thal the levels ol
RF sidebands due to the sound carner, lall by
aboul 20 dB per octave Under these conditons
Ihe Iotal channel bandwidth will increase by
aboul 2.5 MHz This musl be taken into con-
siderahon when operaling near the band edges

freq

m

Fig. 4b: FM triangular nolse spectrum afler demodu-
latlon

2.6. Pre-emphasls

During demodulation an effect, known as 'FM
tnangular noise’, is present and is caused by a
linear increase 1n noise as the modulation fre-
quency increases (fig. 4). The effeclis seenas a
reduction in overall signal-lo-noise ratio and thus
a noliceably noisy piclurg

To correct for this problem it is vsual, a1 the
transmitter, 10 emphasise the hngher modulation
frequencies linearly and thus equalising 1he
signal-10-noise rauo across the wdeo band This
lechnique is known as ‘pre-emphasis’ and a

I 11

o

— de-emphasis

e
NS
\'\

Relative deviation (dB)

-10 <]

-12 |— pre-emphasis

i L 1]

. .02 .05 1 o

.5 1.0 2 5 10

Baseband frequency (MH2)

Fig. 5: Characleristic curves for emphasis on 625-line lelevision systems
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corresponding 'de-emphasis' network s neces-
sary in [he receiver.

Amaleurs are permined lo use the CCIR re-
commendaton 405-1 characteristic for pre-
emphasis. This charactenstic litis a 5 MHz
signal by nearly 3 dB whilst attenuating LF
signals by up 1o 11 dB (flg. 5)

If the amplilude of a worst-case HF video signal
al 5 MHz 1s raised by 3 dB, Af, rises 1o 14 x
2.5 MHz = 3.5 MHz and channel bandwidth Ihus
becomes 17 MHz. Since a polential improvement
in overall signal-lo-noise ralio of up 1o 14 dB 1
avallable, and since amalsurs are usually dealing
with signal strengths considerably lower (han
thal required for broadcasl qualty reproduction,
the improvement in signal-to-noise ratio due 1o
pre-emphasis is signiicant and well worth the
extra 2 MHz of channel bandwidth (see photo-
graphs a and b)

2.7. Standards

FM 1television is a relalively new an for the
amaleur and it is therefore all the more important
that a suitable set of siandards is adopted al ius
sarly stage. These standards should reflect the
special requirements of FM-TV communication
under weak-signal conditions; they should not
simply be a ‘'watered-down’ version of those used
by the broadcasters.

The BATC's Technical Liaison Commitiee has
done & greal deal of work lowards eslablishing
suilable standards and has submitted its findings
and recommendations 10 the RSGB and DTI. It
is hoped that they will become the accepled
specifications for the amaleur service.

The proposed standards for amateur FM-TV are
as follows:

Mode of emission FS/F3

Video bandwidth (3 dB) 5 MHz

Colour subcarrier fraquency 4433618 MHz
Maximum instantaneous

maodulation index (video) 0.5

Peak deviation

(without pre-emphasis) 2 5MHz

(with CCIR pre-emphasis) 3.5 MHz
Channel bandwidih 18 MHz
Sound subcarrier frequency 6 MHz

T
.
.
. |
.
.
N
]

Photograph a: With pre-emphasls

Photograph b: Without pre-emphasls

Sound subcarrier amphiude

(with respect 1o peak video) - 14dB
Sound subcarrier
modulation index 0.2

It 1s usval 1o arrange modulation in such a way

that peak syncs will shift the carrier lower in

frequency.

When considering FM for amateur TV repeaters,

lhere are several other points worthy of con-

sideration:

a) A video filler having a bandwidth of 5 MHz
should be included in the modulating amplifier.
This will stop any HF signals beyond the speci-
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Fig. 6a: Pre-emphasis network 625-line CCIR
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Fig. 6b: De-emphasis network 625-1ine CCIR

fication, these may typically be produced by
compuler generated video

b) A video peak chpper should be included after
the video filter. This will cul any odd high-
amplitude spikes which may be presem

c) DC clamping of the video signal should be
included 10 preven! the nominal carner lre-
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quency from changing winh different tele-
vision scenes, The carrier frequency is fairly
stable anyway but this would lighten it up
when operaling near band edges.

d

—

An RF oulpul llter should be included 1o pre-
venl oul-of-band energy from whalever
source [rom reaching tha agnal system.

3.
CIRCUIT TECHNIQUES OF FM-ATV
TRANSMITTERS

3.1. Pre-emphasis

As we saw earlier, lhe demodulation of an FM-TV
signal reveals an inherent undeswrable effect:
the lnear increase in the noise signal as ihe
modulation frequency increases. This 1s known
as the FM tnangular noise.

As the amplitudes of 1he higher-frequency video
signals from amateur equipmentiend to be lower,
the result of this FM lriangular noise is a noisy
picture. The soluhon to 1his phenomenon 1s 10
emphasise (he higher modulation frequencies
hinsarly with frequency. thus compensating lor
ihe noise and lending to equalise the signal-io-
noise ratio across the band. This procedure is
known as pre-emphasls and, 1o be effective,
must be malched at the recaiver by a network
which atlenvates the high modulaling fre-
quencias, thus restoring the relaive amphtudes
lo those of the original from 1he vision source.
The nelwork al the receiver 15 known as the
de-emphasls network and is shown. together
wilh the pre-emphasis network in flgs. 6a and
6b. The component values shown are ihe nearesl
preferred ones commonly available 1o amateurs,
whilst the values in brackels are the aclual ones
required for full specilicauon performance as
recommended by the CCIR.

The 1erm “pre-emphasis’ is somelhing of a
misnomer because, considenng that both circuis
use passive componenis and are lherefore in-
capable ol amphfication, 1he only way 10 1ailor
the relative amphiudes of an FM signal in a
particular way is 10 alttenuale the approprale
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Fig. 7:

Typical lrequency
modulated osclllator
(100 MHz)

L1 — Toko S18 blue, with can and core,

T = Brfilar wound. As many turns of
thin (wisted wire as will f1t through
a Fair-Rite two-hole ferrite core
No.26-43006302 or similar core. Windings
connected n series as shown,

lower frequencies, leaving the higher ones
unaltered.

Both circuitls may be built on a piece ol strip-
board (Vero) and insened in the 75-01 video line.
Since both networks are aflienualors though,
this must be 1aken into account when adjusting
video gain. Therelore both recewver video gain
and vrransmitier video devialion will need 10 be
increased 10 compensale for losses in the
emphasis networks.

3.2. Modulation

Because of lhe relatively wide deviations used in
a television system, lhe modulaiion method
employed musi be of the frequency type, rather
than the more usual indirect or phase method
lavoured for NBFM lelephony iransmissions.

The most appropriale method of achieving fre-
quency modulation is 10 vary the carner-oscillator
frequency by the modulating signal It is imporant
that the amount of frequency change is direclly
proportional 1o the amplilude ol the modulating
signal, otherwise Ihe resulling demodulaled
picture at the receiver will nol be a true represen-
1ation of the original. To do this the carcier oscilla-
tor mus! change its frequency linearly according
to modulaton and the modulaling diode mus!
operale over the linear pan of its charactenslic.

Fig. 7 shows a lypical Colpitts oscillator intended
for use as a frequency modulaled (F generator in
a helerodyne or mixer-type transmitiar The
circuil 1s designed lor a nominal frequency of
100 MHz, although selection of frequency
sensiive components will allow it lo be used
anywhere between (say) about 50 and 400 MHz.

Video/sound modulation is applied to the varactor
diode via a radio [requency choke. This prevents
the carrier signal from feeding back into the
video circuils which could cause interference.
A standard Toko S18 call (blue) s usedfor L1 and
15 filed with a screening can 10 ensure bes! sta-
bilny. The outpul 1ap 1s 1aken close 10 the ground
end and should be soldared with care.

The oscillator output is lighly coupled 10 a buffer
amplifier which uses a wideband transmission-
line transformer as ils colleclor load. The outpul
amplilude is llar over the required frequency
range (+/— at leasl 10 MHz) and the level ob-
tained s suflicient to drive a conventional transmi
mixer such as the USM-3. This 1.3 GHz mixer 1s
particularly suitable for wideband ATV applh-
cations since It employs wideband input circuitry
and its RF amplifiers are not unduly narrow in
their frequency response. Il is a fundamemal
requiremen! of FM lelevision that suficient RF
bandwidth s mainlained in both transrmission
and receplion equpment. olherwise the full
potential of the FM syslem will not be realised.
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Apan from the helerodyne Iransmil sysiem
referred 10, there are al least two other methods
in common use: The first uses a [ree-running
oscillator on he same frequency as the trans-
milter outpul (ypically in the 1.3 GHz band). The
advantages are that no frequency changing
circuitry 15 needed and a relatively low video
amplitude is needed lo prowvide lhe required
deviation of the oscillator. The major disadvan-
tage is one of relatively poor stability. It is very
difficull to maimain a 1300 MHz free-running
oscillator lo a reasonable degree of stability,
although, considering the channel bandwidth of
the transmission (around 18 MHz), oscillator
slabilkty need nol be 10 a parlicularly high speci-
fication.

Flg. 8 shows the circuil of the 1300 MHz oscil-
lalor used in the Solenmt FM-TV transmitter.
This oscillalor — when constructed according lo
the instructions! — is particularly stable and 1s
therefore quite suitable for its intended appli-
calion.

The sacond method 1s 10 use a fanly high fre-
quency oscillator (say 420 MHz), frequency-
modulale it and then frequency-inple the signal
10 the required frequency in the 1.3 GHz band
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Fig. 8:
1.3 GHz osclllator used In Solent
Sclentific 24 cm ATV transmitter

L1 - St 24swg on R3

L2 - 5t 24swg 3mm dia
L3 - 2t 24swg 3mm dia
L* - printed inductors
Cx = printed capacitor

The advantage is thal stability is easier 1o mamn-
fain on lower Irequency oscillalors — although
the rale of drift will be magnified by the rate of
Irequency mulliplication, similarly the modulator
devianon will be increased by the same factor.

3.3. Video Clamping

Because the piclure conlent will vary as lhe
video piclure moves or changes scene, the
‘average’ level of the signal will vary accordingly.
For example, \he video signal shown in fig. 9
will have a difleremt average corresponding to
ihe peak amplitude of the video. Il this constantly
shifling average level were used in an FM-TV
modulator, the result would be thal the nominal
carrier (requency would move wilh scene
changes, consequenlly the overall video devia-
tion would be wider than it need be.

To prevent this, clamping of the video signal
lo a relerence is required The reference used
15 logically the parl of 1he signal which remains
constanl, regardiess of scene content such as
the sync hp or black leval which is the point
where the blanking pulse and sync pulse meet.
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Flg. 9: Average video amplitude levels shown at
different scene brigntnesses, related 1o a
constant p-p reference amplitude

The simplest form of clamping 1s DC restaration
using a dioda clamp. This is a passive circuil
which relies on 1he ratio of the diode resistance
when congucling againsl the value ol parallel
resistance when the diode is nol conducting.
OC clamping is used in the transmit video circuit
shown in fig. 10. This method 15 particularly

suitable for TV repeaters where the incoming
video signal may be guite weak and it would
therefore be difficull 1o lock a clamp circuil 1o
is sync pulses,

A rather better sysiem for TV signals is the
‘'sync up” or ‘active’ clamp and this method is
shown in flg. 11, Since the poinl of interest is at
sync up, il 1s desirable lo have a clamp which
operales during the blanking/sync interval.

The composile video signal is presented 10 a sync
separator (Q7) where the video i1s removed. The
resulling sync pulses are led 10 a clamping Iran-
sistor (Q3) and the 2.2 wF tantalum capacitor i1s
charged duning blanking by forcing the transistor
into heavy conduchion during this interval. In this
circun the negative side of the capacitor is brought
lo ground. and when lhe clamping pulse is re-
moved, lhe ftransistor is non-conducting and
therefore at a very hugh impedance.

3.4. Video Processing

Flg. 10 shows Ihe circuit of a typical telewision
video strip. Composie wideo 1s applied lo a
simple low-pass filter and then on 10 a wideband
video amplifier The signal is DC clamped by (he
diode circuit, the level of which 18 adjustable.
Fram an emitter follower bufier the video signal
passes through a 6 MHz sound trap which pre-
venls any video from interlenng wih the inler-
carrier sound signal 6 MHz sound is introduced
after the sound (rap and 1he resulling compaosite

sound/vision emitter

modulating
diode

Q0v

video
deviation

Fig. 10: FM-TV transmitier videe circult (diode clamping)
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(sound and video) signal is then buHered by an
emitter follower. and DC shifted by a 3.3 vail
zener diode. This method of DC shifing the
signal is essential (0 maintain the video DC
resloration provided by \he clamp cucuil. The
oulpul gives a swing of up lo & volis p-p. ad-
jusiable by a combination of \he deviation and
black level controls

A similar circuit is shown in fig. 11, except that
a sync separalor and aclive sync clamping is
used instead of he simple DC restorer. This
method is preferred where closed-circuil qualty
video is 10 be used.

3.5. Peak Clipping

Although a video signal normally has a cenain
maximum overall amphitude (1 V p-p for normal
distnbution), it is possible under certain condi-
tons for the maximum video amplilude 1o be
exceeded. This is sometimes caused by digilally
derived piclures or signals wilh excessive HF
peaking. If such signals were 10 be presented (o
a wvigeo modulator. then ihe instantaneous

2086

Fig. 11: FM-TV transmitier video circuil (active
clamplng)

maxirmurn devialion would exceed 1thal which lhe
fransmitier had previously been adjusied 10 1t
is particularly imporant in TV repealer stanons
that this is not allowed 10 happen. therefore some
form of peak clipping Is needed.

Fig. 12 shows a peak clipping arrangement which
may be incorporaled into the circuns in figs. 10
and 11 The circuil prevenls the base of the final
ransistor from exceeding the maximum vollage
sel by the presel conirol.

A ditlerent type of clipper is shown in flg. 13. This
circuil is incorporaled inlo the Solent Scienlific
1 W 24 cm ATV transmitter, now being markeled
by the Worhing ATV Repeater Group. This
circuilt nol only prevens excessive video ex-
cursions bul also prevenis sync pulse overshool.
usually found in un-filtered dignal sync circuils.

Some small advantage may be obtained from the
use of a clipping circuit in that it allows the video
dewiation control 10 be wrned up a littie and thus
increase the average video level. Of course il
this were 100 high, then a noticeable impairment
in the white pans of the piclure will become
apparent.
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Flg. 12:
Simple peak clipper fitted
ie an FM video modulator

to varactor
diode
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subcarrier

q.
CIRCUIT TECHNIQUES OF FM-ATV
RECEIVERS

To receive FM-TV correcltly. a suitable demodu-
lator musi be provided. ILis lrue that an FM signal
can be received using an ordinary AM-TV demo-
dulator. this is called ‘slope-deleclion’. However,
because the receved signal needs (0 be posi-
lioned part way down (he IF passband or ‘on its
slope’, the resuling picture will be considerably
weaker than If it were receved using an FM de-
modoulator,

The first requirement of an FM demodulalor
(discnminator or deleclor) is thal lhe applied
IF signal should be adequalely brmited The
limiter ensures (hat any FM signals containing
amplilude vanations are clipped, Ihus maintaining
the FM carrier level at constant amplitude
Therefore, the hmiler provides a high degree ol
AM rejection before the FM deteclor

4.1. Demodulators

There are not very many FM demodulators
having a wide enough bandwidih (0 make ihem
sunable lor recewing lelevision pictures Fig. 14
shows a lypical diode discnmunater found In
centain satellile TV recewers. The cwcult 1s a
lorm of raho detecior and relies on the IF signal
being spiitinto two. One of them is phase-shified

through a delay line and each signal then apphed
lo a diode bridge which provides a baseband
video oulpul, This sort of discnminator (in
common with other types such as the Foster
Seeley) requires a very high level of signal o
dnve them — usually several volls Obviously
this level, al relatively high IF frequencies
(rypically 70 MHz or more) 1s nol easy 1o achisve
and 1he gain circuitry must be laid oul with greal
care 10 avoid instapility. Also n 1s difficult to
achieve lhe required bandwidih using straight-
lorward tuned circuils. For this reason, wideband
lransformers are used in this design. The trans-
formers comprise a very few turns (6 or s0) wound

pre-

ar\gh\ asised
video

Fig. 13: Circult of video peak clipper used In
the Solamt Scientific transmittar
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on a small ferrite former, or even |us\ a bead,
the low impedance winding (Just a couple of lurns)
maiches the external circuiry to the demaodulator
The circuit uses Schottky TTL gates to ensure
hard signal limiting and to presen! a high enough
voltage 1o the demodulator. It also makes i easy
10 split the signal into two. Plessey have de-
veloped a quadrature detector chip spacially for
use In salellite TV receivers and (his 15 aimos!
ideal for amaleur applicavons. Il is easy 10 use,
has a minimum of external components and s
working bandwidith may be tallored 10 sul the
incorning signal deviation.

L

RF 2 3 3
input |,
o— }—¢ SL1452 s
7T Ly 1

L
-

in

A
coax delay line

outpur
to video
a.mplif.iers

Flg. 15 shows a practcal crcuit diagram, but
don't forget that this loo needs a fairly high level
(around 5 mV) limited RF input signal to drive it
correclly, The RF inpul frequency can be any-
where between 400 and 1000 MHz, although this
design is for the slandard IF frequency of 479.5
MHz,

The IC includes a divide-by-four circuil at the
inpu1, therefore (he demodulalor tuned circuit
actuvally resonates al one quarier of the input
frequency A simple emitier follower buffers the
video outpul signal and bnngs it 1o near 75 N

video
out

Ov

o Fig. 15:

i
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L1 = Toko MC120 coil No. ES26001

Quadrature FM demodulalor using
Plessey SL 1452 custom chip
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oulput impedance. However, since the amplitude
of outputl video is direclly proporional 10 the
deviation of the received signal. it is probable that
in amateur service some further video ampli-
fication wili be required in order to bring 1he level
10 around 1 V peak-lo-peak.

4.2. The Phase-Locked Loop

Amaleurs have, for some time, rshed heavily
on the Signelics high frequency, wideband
phase-locked loop IC — the NE 564 — for de-
modulation. The benefits of this IC are that it
exhibits around S dB improvement in signal-to-
noise ratio and only requires a relatively low-
level drve signal. The chip has its own IF limiting
amplifier although the IF signal should still be
hard limited before being presented 1o the PLL.

A typical application circuit is shown in fig. 16
There are, however, one or wo disadvanlages
with using the PLL. The maximum specified
working frequency of the NE 564 is 50 MHz,
although some can be gol going at 70 MHz but
these are hable 10 be unstable. The bandwidth is
only around 22 MHz which causes broadcast
signals lo display ragged edged piclures, al-
though for normal amateur purposes 22 MHz is
probably about right. The internal vision signal-
lo-noise ralio is only around 40 dB, therefore the

intercarrier
sound out

received piclure is likely 1o be shghlly noisy, even
under the best recepuon condiions. Commercial
TV reproduction demands a signal-to-noise ralio
of around 60 dB. The NE 564, despne ils internal
limiter, can sull be easily overioaded. so care
should be taken lo dnve il correclly, hence the
need for a good hmiter in the preceding circuilry.

There s a cuslom-designed PLL chip ntended for
demodulation of satellne TV signals; this 1s (he
Plessey SL 1451 and a pracucal application
circuil 1s shown in flg. 17. The IF input range flor
this chip is 400 o 700 MHz and the circuil shown
18 inlended 1o opsrale al around 612 MHz. All
circuil values are shown on the diagram including
delails of the two inductors. Care should be
taken in the layoul and construction of (his
circuil. All component leads should be as short as
possible and a double-sided PC board should be
used — lhe component side being a ground plane

Capacitors C1 and C2 connecled bewesn (he
differenhial inpuls and outpuls of the video
amplifier determine the loop liller response and,
in this design, are oplimised for the DBS standard
13.5 MHz peak-to-peak deviauon at a cenire
frequency of 612 MHz. An RF inpul level of
typically — 10 dBm (mimmum — 25 dBm) is re-
quired for correct locking and, as with the SL
1452 circuit, the video oulput may need ampli-
tying to provide a 1 V p-p level
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Fig. 17: Wideband FM demodulator using Plessey SL 1451 cusiom chip

4.3. TVRO Modules

There are a number of salellite TV modules which
are quile sunable lor amateur applicalions Of
these, perhaps the mos! popular are those by
Aslec and Mitsumi. Il should be remembered
Ihat broadcas! salellle TV equipment is designed
lor much wider deviations than amaleurs lypically
use, tharefore, in order 1o get the bes! sensilivity
from a syslem. it may be necessary lo redude
ihe IF bandwidih response and increase lhe
level of video amplilude.

The Astec AT 1020 luner head tunes the band
between 950 and 1450 MHz and provides a
fixed IF oulpul a1 612 MHz. The Aslec AT 3010
IF/demodulator madule incorporates IF filtering.
limiting and demodulation (using the Plessey
SL 1452) This module has a narrow-bandwidin
faciny which makes il panicularly suilable for
amateur applicaiions | understand though that
lhese lwo modules are soon 1o be disconlinued
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and replaced wilh others. A complele receiver
project was descioed in R & EW Magazine for
Augusl 1986

The Milsurni system comprises a sel of Inree
modules; a lunable down-converler covenng
between 950 and 1750 MHz wilh a fixed IF ol
4795 MHz, a hixed down-converier 1o converl
the first IF 1o /O MHz and a video demodulalor.
Interconnection details and circuilry  were
described - CQ-TV Magazine 140.

5.
REPEATERS

There are a numbcr of amaleur television re-
peaters in lhe UK and these are shown in table 2.
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U.K.ATV Repeater Statlons

Call sign | Location Channel| Contact
GB3AF" | Durham RMT-2 |GIFBY
GBAaCT | Crawley RMT-2 |G4ZPP
GBJET | Emiey Moor AMT-2 |G3PTU
GB3GT" | Glasgow RMT-2 | GMQGIB
GB3GV | Leicester RMT-2 |GE@CND
GB3HV | High Wycombe |RMT-3 [G4CRJ
GB3NV | Notingham RMT-2 [GEYKC
GB3RT | Rugby RMT-2 |G6IQM
GB3TV Dunsiable AMT-2 |G4ENB
GB3UD | Stoke-on-Trent |RMT-2 | G8KUZ
GB3UT Bath RAMT-1 | G4JQP
GB3VI+ | Hasungs RMT-1 |G3ZFE
GB3VR | Brighton RMT-2 |GaWTV
GBazZZ | Bristol RMT-2 |GBVPG
* Temporary beacon mode oniy.

+ Not yet operational at the ime of going o press

Table 2

Input and output frequencies for he Ihree
channels al present available in the UK are
as follows:

Channel Input/MHz QuipuVMHz

RMT-1 1276.50 1311.50

RMT-2 1249.00 1318.50

AMT-3 1248.00 1308.00
Table 3

Repeater stations on RMT-1 will accept either AM
or FM signals, whilst inpuls on RMT-2 and RMT-3
are in FM only Repealer oulput on RMT-11s AM

only, and the outputs on RMT-2 and RMT-3 are
FM.

Repeater video identilication is standard 625-
line Fasl-Scan TV (syslem I). wih negalive
going video and positive going syncs. A morse
code ident 1s also present on lhe & MHz audio
carner delaling callsign and location. FM trans-
missions are limited 1o a maximum peak deviation
of +/— 6 5 MHz and ihey can employ CCIR pre-
emphasis as an option. The inlercarner sound
subcarrier is al 6 0 MHz and repeater access is
by the presence of a slandard 625-line video
signal al the input

Although Ihe actual coverage of each repealer
will depend on local geography, and in some
cases aenal direclivily, the average area covered
15 in the order of a 30 km radius from lhe repeater.
Apan from one or Iwo exceplions, aerials are
omni-directional All ATV aerials operate
herizontally, regardless of band.

6.
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Interested in AMATEUR TV ?
....then you need CQ-TV Magazine.

for further information see page 256
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A Compact Hybrid Antenna for 2 m, 70 cm

and 23 cm

Many UHF amateurs would like 1o work VHF,
UHF and SHF In various modes. This means,
of course, a certain outlay in the provision of
antennas. In my case, additionally, thereis the
problem concerning the lack of awvailable
space - and | am certainly not the only radio
amateur to suffer this! It is for this reason
that the antenna form selected (fig. 1) could
also be of interest for others.
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Out of the following requirements placed upon the
anlenna syslem, a Suilable design cryslallized:

« Abletowork 2 m, 70cmand 23 cm

« Provision 10 work even higher [requencies

+ Switchable potanzat.ons (horizontal/vertical)

+ Compac! lorm

- Enough gain for salellile working

« Within a limited framework, should be possible
1o work 23 cm EME

Fig.1:
OE 5 JFL hybrid anlenna
for2m.70cmand 23 cm
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1.
CONCEPTUAL CONSIDERATIONS

The last of the above demands dictated a para-
bolic dish antenna for the 23 c¢cm band (1296
MHz). The smallest diameter of such an antenna,
capable of working 23 cm EME. is 2 melres. Yagi
antennas for 2 m (144 MHz) and 70 cm (432 MHz)
could then be conslructed about the dish an-
tenna. This was successlully ined for the 70 cm
band anienna but only lor one polarzation and
there was siill a problem of where 10 sile the 2 m
band antennas.

Wilh thus, a funher round of considerations was
underiaken wilh the idea in mind 1o increase the
main dish diameter unil it was also viable for
Ihe 70 ¢m band

The calculation was quile simple: If a dish,
areater than 1 meltre diameter. gives good 23 cm
resulls, a 3 metre-diameter dish would produce
about the same resulls on 70 cm. The increase of
1 m Irom 2 metre 1o 3 metre would also increase
the gain on 23 cm by some 3.5 dB.

Using a universal (hybnd) radiator comprising a
horn for 23 cm and a swilchable polarization

Fig. 2: Feed arrangements for 23 cm (circuler) and
70 cm (H or V swilchable)

NBS amenna (fig. 2) lor 70 cm. the demands
lor these wo bands were amply fulfilled inasmuch
thal a 3 metre dish with an /D = 0.5 may be very
well illuminated

Fig. 3:

Right agains! the
surlace of the dish are
located the four 2 m
dipales for Hand V
polarization
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In order that the insiallalion be equipped for the
2 melre band, Yagis can be mounted around the
dish. The parabolic dish diameter of 3 melres
enlalled having a stacking distance ol some
4 melres. Sixtegn-element long Yagis would have
been very suilable for this applicauon As Lhe
elevanon ol lhe antenna had also o be vanable
wilh its allendanl mechanical problems — quile
apan from considerably higher weight and space
consideralions — the foflowing solulion was
arrived at'

The parabolic dish can also serve very well as a
rellecling surlace lor the 144 MHz dipole. The
2 melre antenna then becomes very similar in
conceplion to that of the 70 cm feed syslem. The
NBS anlenna has Iwo stacked dipoles (+/2 long.
vI2 apart) and 7/4 from the refleclor sudace
mounied aboul 11 The gain of hese antennas
approximales B dB,. Increasing the slacking
distance o 0.6 ». will increase he gain — and Ihal
is an oplion In addiion, the curvature of the
reflector also proves nsell 1o be beneficial A
disadvaniage is, however. a cerain delelerious
infiuence of the four 144 MHz dipoles upon the
gan a1 70 em and 23 cm The dipole mounling 1s
sffected quite simply by means of plastc suppon
insulators affixed to the four horn support siruls
The later, in lurn, are supporied al a suilable
distance from each other by Ihe lixations ai the
reflecior surface (fig. 3).

2
IMPLEMENTATION

The theme ol this anicle is not how a parabolic
reflector with an I/D of 0 5 is designed and con-
siructed but it isintended largely as an inspiration
for relaled 1deas For example, for the leed horn
is a design laken from the RSBG's "VHF-UHF
MANUAL"

Fig. 4 shows a frontal view of the hybnd-feed
system for 23 cm and 70 ¢m giving iis main di-
mensions. Further delail can be seen in the side-
view diagram of flg. 5. Finally, the 70 cm-dipole
maiching is shown in fig. 6.
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X

VHF COMMUNICATIONS 4/88
o LB OE 5 JFL Flg. 7:
[ The complete
arrangement

0OE 5 JFL

o b 2udipole

Fig. 8: Matching the 144 MHz dipoles

Fig. 9: The gamma-match capacitor

Flgure 7 shows lhe arrangement ol all three
feed systems maunted looking in 1o Ihe parabolic
dish The four 144 MHz dipoles are maiched by a
“gamma-malch” and via a one-wavelength 75 (}
cable between dipole paws, see lig. B. The
necessary capacitors are consirucled in ac-
cordance with fig. 3

3.
WORKING EXPERIENCE

My parabolic dish has a diameler ol 3.3 m
Working via the OSCAR 10 satellile is easily
possible bul the receiver pra-amplifier should
be mounted immedialely in the vicimily of the
antenna. The swilching of the polanzalion has
proved a worlh-while provision and is particularly
uselul lor experimenmation in ES and MS.

Moon-bounce (EME) contacls are possible on
1296 MHz but only (f he distant slation is using
a parabolic dish ol al leas! lour melres in diam-
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0E S JFL Flg. 10:
The 2 m antenna polar

characterigtic taken at 144 MHz

@ (degrees)

0F 5 JFL Flg. 112
The 70 cm antenna polar

characteristic taken ot 432 MHz

eler. Using 200 Watts of RF power, il is some-
nimes possible to hear one’s own moon-reflected
signal

In the 70 cm band, EME signals can be heard,
from stations with large instaliations, in a 200 Hz
bandwidth and with 2 10 dB (S + N)/N.

If the shadowing effect of \he leed and the in-
fluence ol the 144 MHz dipole 1s not laken inlo
accounl, the parabolic system using a 3.3 melre
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dish al an efficiency of 55 %, is calculated to
give Ihe lollowing gains:

23cm: 28 dB.
70cm 18.5dB,
2m: B8 dB,(approx. using NBS standard)

3.1, Polar Dlagrams

The polar diagrams were measured with the
results shown in figs. 10, 11 and 12. The fol-
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da 0E S JFL Fig. 12:
The 1296 MHz polar
gg':’rgad characterisiic. The main
lobes of the 2 melre and
70 cm antennas are
shown superimposed for
comparison purposes.
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lowing gains were delermmned from Ihem by
inlegration. taking the side lobes inlo account:

23cm: 26.5dB,
70cm: 17 5dB,
2m 10.5dB,

Al 23 cm, Ihe gain deterioration is around 1.5 dB,
comprising 0.5 dB due to shadowing efiecis
and anolher 0.5 dB due 10 non-oplimal reflector
fllumination (ie. /D = 0.45) The remaining
0.5dB can be pul to the account of the 2 m dipole.

A170cm, the 1 dB loss is divided equally belween
shadowing and the influence of the dipoles.

These losses seem 10 me lo be bearable as Ihe
saving of addiional anlennas for 144 MHz has
been made.

I it should be desired 10 oblain ihe same antenna

performance in the normal manner. i e. using a
dedicated mirror for 23 cm and Yagis for 70 cm
and 2 m, the lollowing antenna specifications
would be required:

23 cm: Dish diameter of 2.8 metre (approx)
70 cm’ Two stacked 4 m long Yagis for each
polarization
2m: AnBelement, 3 m long Yag! lar each
polarization

Altogether, six long Yagis and a parabolic dish
anlenna — certainly not conduclive lo a compacit
construction! In addition. there would be mutual
coupling interference belween antennas lead'ng
10 a high likelihood of gain reduction

P.S. The damage lo the parabaolic refiecior which
is evident on the photographs, was caused
by ice rain last winler
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Willi Rass, DF 4 NW

An Introduction to Moonbounce (EME)

Eanth-Moon-Earth (EME) Is a propagation
means which enables world-wide amateur
contacts to be established preferably using
amateur band frequencies from 144 MHz up-
wards. These communication distances are
extremely large for these frequencles and
the technlque Is fascinating a growing
number of radio amateurs owing to the
chaflenge presented by Its highly technical
nature.

The principle 15 really quile simple. The trans-
mitler antenna is direcled a1 the moon and the
signals, reflecled (rom the moon’s surface, are
picked up at the distant receiver Al a suitable
position for the moon (common window), two
slalions separaled by up 10 20.000 km can
achieve communicalion i e over a distance of
half the worid’s circumierence.

1.
HISTORY

The first allested case of an EME conlfacl was
reported in July 1960 between two US slations,
WEHB and W1BU using 1296 MHz. The lirstinter-
continental EME contact came in April 1964 be-
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tween Finland (OH 1 NL) and \he USA (W &
DNG).

The lollowing year saw EME experiments using
high-powered radio astronomical insiallalions
wilh large parabolic aniennas, by various insl-
lutes Foremosl among these were lhe universi-
lies ol Sianlord (WA 6 LET) and Arecibo in
Puerio Rico (KP 4 BPZ). In parlicular, the series
of EME expenments conducied by American
radio amaleurs in June 1964 from the Arecibo
radio telescope (KP 4 BPZ) with a 300 meter di-
ameler dish, were very widely known. This is
because the unusually high antenna gain of this
giganlic antenna installalion enabled amaleurs lo
receive SSB and CW signals when using quile
simple Yag antennas.

The inilial years of this new propagation method.,
represenied a very large financial and lechnical
oullay for the radio arnateur which could only be
alleviated by group undenalungs. The necessary
paramelric amplfiers for \he receive pre-
amplifier, highly stable oscillalors, large antennas
and AZ/EL antenna control, had 10 be home-
consiructed

The first moonbounce contacls, using purely
amateur-construcled equipment and with one-
man eflons al each station, took place in the
70’s. The burgeoning development in KF and
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semi-conducor lechniques enabled reliable and
cost-gffective VHF/UHF, low-noise pre-amplhfiers
as well as transmi amphliers capable of high
power 10 be developed. The somewhal dilficull,
parametric amplier technology was rendered
meaningless by these developmenis and be-
came obsolele. In short, the best pan of an EME
station could be purchased Irom a dealer

This anicle will now go on lo examine the mini-
mum requirements f(or the development ol an
EME station. by way of lechnical specifications
ang operaling pracltices, which are particular
lor this form of communication.

2.
BASIC TECHNIQUES

The serious enquirer must firs! of all be inlormed
that EME comlacis. because of the large path
distances involved, are underaken lor the mast
pan. with exiremely low-level, recewed signals
The construction of an EME slation has, there-
fore, 10 be conducied wilth the utmasl care. This
applies particularly 1o the send and receive an-
lenna losses which musl be reduced 1o the
absolule minimum possible In order 1o be able
1o optimally equip an EME station, the lollowing
factors musl first of all be given an ainng:

» Frequency range
= Pathloss

» Signalinoise ratio
s Transmil power
» Anlenna gains

2.1. Frequency Range and Path Loss

The lirst consideration lor a newcomer 10 moon-
bounce is the important choice of a suilable lre-
quency band When this has been resolved. in
principle, the whole station equipmenm, EME
transmitler and receiving installation being de-
pendent upon frequency, can then be considered.
The propagation loss, earth-moon-eanh, also
has a bearing upon the choice ol band elc.

The basis for calculation s \abulated: —

Frequency Perigee Apogee
MHz dB a8
144 - 2515 - 253.5
432 ~ 261.0 - 263.0
1296 - 2705 272.5
2304 276.0 — 278.0

Table 1: EME path losses lor various amateur bands

Il may be seen from the table 1 thal enormous
propagalion losses are caused by bolh the path
disiances involved and the refleciion loss Irom
the moon's surface See formulae 1 and 2.

Owing 1o the nature of the moon's surface, rocky,
sandy and dry, it has a very low rel:ection charac-
1enslic Experiments in USA (2) have revealed
thatl the moon's surtace reflects only 7 % of the
energy falling upon il, the remaining 93 % beng

[ palh_loss_dB = 10«LOG (received pwr_watverp_watt)/LOG (10)

Formula 1: Total path loss calculation

L free_space_db = 37 + 20sLOG (Ireq)/LOG (10) + 20«LOG (dist)/LOG (10)

Fe Ia 2: Free space i
where: Ireq = frequency (MHz)
dist = dislance (n miles (km x 0.62)
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| erp = x_pwr_watl«EXP ((anl_gain_db-cable_loss_db)/10«LOG (10))

Formula 3: The ERP derived from sender-power, anlenna-gain and cable-
allenualion caleulation. (ERP = effective radialed power)

10tally absorbed. This proportion varies wilh
frequency, and is more favourable a1 the lower
bands.

Additional relleciion losses are caused by 1he
ragged nalure of the moon's surtace on the inci-
dent and he rellecied angle (should be equal) of
the incoming energy. A massive pari of the trans-
milted energy is also dispersed inlo space by the
eleciromagnelic field surrounding earh The
total rellection loss can be deduced lrom lhe
dilference belween Lhe 101al loss and the cal-
culaled theoretical free-space 105s.

The 144 MHz band exhibils \he smallesl loss
on the amaleur bands under question, and there-
fore presants the besi pre-requisiles for a salis-

lactory S/N. This band therelore possesses lhe
greatest waorld-wide EME aclivity al present. The
article will now concentrate on this band as il is
clearly the one to be preferred lor an introduclion
1o EME.

2.2. Signal/Noise Ratio

In order 10 cover the 790.000 km (approx.)
distance and 10 overcome relleclion losses, a
cerain radiated power is required. This is known
as “efleciive radialed power” (ERP) and 1s the
product of the transmitier power and the antenna
gain (cable losses being laken into account). See
formula 3.

k = 1,3BE-Z3 (Bolzmann-Konstante .38 x 10°*'* Joule/Kelving

Eingabe-Routine - SysiLemparameter

path_loss _db = Gesamte Streckendampfung - dB
ru_width_hz = ZF/NF-EmpfSngerbandbreite - Hz

rx_nolse_(ig_db = Empfanger-Ravschzah! - dB
rx_ant_gain_dBi = Empfangselriger Antennengewinn - dBl
r¥_cuble_loss _db = Kabeldaapfung - Ant./Vorversiark. - dB

anL_nolse_Lemp = Antennen-Rauschiemperstur - K
L¥_pwr_watt = Sender-Ausgangsleistung - Watrtr
Lx_ant_galn_dbl = Sendeseltliger Antennengewinn - dBl
tx_cable_loss_db = Kabeldiémpfung zwlschen Ant. u. PA - dB

Berechnungs-Rouline

tx_pwr _dbw = 10sLOGiLx_pwr _watL)/LOGLLIO)

total_ra_noise db = rx_nolse _fig db*ru_cable_loss_db
rx_nolse_temp = 290« (EXPitotal _ry_nolse _dbe*LOG(IO)/10)-11
sys_noise_temp = r¥_nolze_tamp+ant_nolse_temp

tx_nolse_pwr = 10eLOGtker« _width_hzesys _nolse_temp)/LOGLLIO)
§_1.° tx_pwr_dbw-lx_cable_lose_db-tx_anl_galn_dbi

s#_n_ratfo = s_n-path_loss_dbsrw_ant_gain_dbol-rx_nolse_pwr

Print-Routine

PRINT "Sender-Ausgangslelslung ";lx_pwr_dbw|"dBu"
PRINT "System-Reuschtemperatur ~“(sys_nolise_temp; K~
PRINT "Empfinger-Rausohlelstung ";rx_nolse_pwr;"dB¥"
PRINT "Slgnai/Rausch-Verhaiinls "is_n_ratio;"dB”

Flg. 1:
Program proposal for
calculaling signal/inolse
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= Fig. 2:
System data input Calculation example with program
Path loss 251.5 dB tremfig. 1
[ Receiver IF bandwidth 200 Hz
Pre-amplifier noise figure 1.5 dB
Receive antenna gain 22.1 dBv |
Receive cable loss 0.2 dB |
|. Antenna noise temperature 170 K
I Transmit output power 750 W
I Transmit antenna gain 22.1 dBi
| Transmit cable loss 0.5 dB
| Calculated values
[ Transmit outpul power 28.75 dBwW
|| System noise temperature 308.94 ¥
Receiver noise power -180.69 dBW
Signal/noise ratio +1.64 dB

The signals al the receiver inpul, in order thal
they are inlelhgible. mus! be above the system
noise power. This may be considered as being
lhe iolal received signat-to-noise (S/N)

The signal-10-noise raho 15 derived from values
lor transmit power, path loss, receiver noise
figure. receiver bandwidih, antenna gan, anten-
na noise lemperalure and coaxial cable losses.
The formulae in flg. 1 have been prepared for
a drect inpul into a calculator in order (o obtain
the S/N [rom these lactors Varying the pa-
rameters in the program input of lig 1 will enable
vanous ransmission siluations 1o be simulaled.
Flg. 2 gives an example. It will be seen 1hal re-
ceived EME signals, for the mosi pan, lie aboul
the limi of intelligibility. This must be borne in
mind during the construct:ion of an EME slauon.
The following will take this inlo account n the
practical considerations for a moonbounce
slation.

2.3. The Transmitting Equipment

The send powaer is limiled by the authorities for
B-licence holders, to 750 Watt at present. This
power reprasents, in connection with the feasible
anlanna gains, a usable compromise in lhe
achievement of an effeclive radiated power oul-
pul Final power amplifiers in this power class
may be oblained direclly from a dealer. Before

obtamning ong, however, it should be ascertaineg
that the raled power oulpul 1$ nol attained al the
very limits of the hnearily characienstics of the
inal \ube(s). Driving such an amplifier 10 ils
limils will result in the production of unwanted
(and illegal) side frequency products which could
imerlere with olher radio services (TV, radio
broadcasting eic ). Furthermore, the longewity
of the final lube(s) will also be drastically curtailed.
CW agliows (ull raungs 1o be achiaved with
reasonable dimensioning of PA cooling and
power supplies and is almost the only mode
which can be considerad.

Home-construclion is very ofien a better lechnical
and economical solution, the necessary com-
panents all being avalable from specialized
lirms. Some parts may be already n \he station
slore or can be oblained Irom olher amateurs.
Neverheless, in conneclion with some mechani-
cal pans, particularly the construction of the
coaxial \uned circuits, there are a few demands
which have 10 be mel.

Suilable consiruclion kiis are oblainable from
any of the referenced sources (1, 4, 6). The PA
driver can be any modern 2 m or a shorl-wave
transceiver, ihe laller being empioyed with a
down-converter. These unils may be regarded as
being pre-requisiles for a normal amateur stauon
and do nol therelore have 10 be specially home-
constructed for EME use
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noise_temp = 290«(EXP (noise_fig«LOG (10Y/10) — 1

Fig. 3:
Calculator input formula for

noise_{ig = 10«LOG (1 + (noise_tlemp/290))/LOG (10)

the conversion to noise
temperature, noise figure and

noise_factor = 1 + (noise_temp/290)

noise lactor, The value 290 is
the ref e lemperalure

2.4. Receiving Equipment

The lollowing points are o be qwen special
atiention in the setting-up of the receive side
of an EME station -

1 Recewving syslem noise figure (NF)
2. Selectivily of the receive converier
3 Frequency accuracy and stability

For successlul EME reception, Ihe oplimal noise
malching of the receiver 10 the anlenna gain is
of crucial importance and has a decisive impac!
upon the overall signal-1o-noise ratio (S/N).

Depending upnn bolh the quality and length of
the coaxial feed cable between anlenna and
receiver, there will be some allenuation of (he
signal beforg il reaches the receiver pre-amplihier.
This allenualion adds direclly 1o the receiver

Fig. 4: 144 MHz pre-amplifler using a BF 981
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290" Kie. 17°C.

noise figure (NF) In order lo reduce 1his loss
10 a minimum, it would be a good idea to place the
receiver directly at the anlenna oulpul lerminals,
but this 1s not praclical' As Ihe receiver pre-
ampilifier is the main item which determines the
syslem noise ligure, il is a logical slep lo install
1t at the oulpul lerminal of the anlenna, well away
from the receiver.

This philosophy is behind the current slate of
technn'ngy where a so-called masl amplilier
combined with Iransmil-receive swilching. is
wdely employed This concep! enables an
oplimal signal/noise ralio and offers al the same
ime he convenience ol having the receiving
unitin the shack.

A successlul EME siation should have an NF of
better than 1 5 dB This high specilication might

Fig. 5: The pre-amplifier enclosed together with a
coaxisl relay
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seem |0 be unatanable bul the most modern
semiconduclors achieve an NF of under 1 dB. It
musl be borne in mind, however, that at 144 MHz.
Ihe minimal cosmic noise temperalure is already
150 K. i e equivalent to a noise-figure of 1.8 dB
(flg. 3) so 1 seems pointless 10 aim for a much
lower figure than this The receiver noise abave
1 GHz s higher than 1he cosmic noise and there-
fore the lowes! possible recewer noise figure
should be aimed for (8. 9).

DF L KW

i

oUL Ciggur
wilh Lwo
supporl beacings

Suitable pre-amplifiers for 144 MHz may be
consiructed quile economically using lhe
MOSFET BF 981 (fig. 4). A construclional
article can be found. for example, in (7). Pro-
prielary pre-amplifiers possess. in the main. a
really outstanding noise ligure. They are fitted
with a send/recewva relay which all too often does
nol alford a suticient degree of isolation between
send and recewve. This defecl has caused the
author's pre-amplifier 10 lail on a few occasions.
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The only way round the problem is to change the
antenna relay for a high-quality type (fig. 5).

By way of prolection, the wiring and cabling of
this relay’s transmil palh is taken via an idle con-
tacl. This ensures that the outpul of the PA is
swilched 1o the antenna and the receiver input 1o
earih when the relay drops out. A further effective
measure 1o isolate HF from the pre-amplifier, is
10 use a separale ransmit cable from the power
amplifier 1o the antenna relay A second coaxial
relay is necessary al the equipment end 10 swilch
the transceiver over the two paths. The arrange-
ment is shown infig. 6.

On grounds of cost, and the low outlay n terms of
labour, 11 is recommended that the pre-amplilier
should be home-constructed

Any modem 2-metre Iranceiver, having wo
VFOs or cailbrated receiver fine-tuning, could be
suilable. An arrangement such as thal shown in
fig 6, with a converler translating 144 MHz down
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10 a shorl-wave receiver al 28 MHz, is also jusl as
goaod The main requirement 1S good seleclivily
and frequency slabilily. As the aerial gain is
responsible, in the first instance, for a good sig-
nal-lo-noise rato. additional measures are re-
quired in order 10 boosl the signal over the noise
level This i1s achieved by reducing the receved
bandwidih 1o thal necessary for the reception of
CW signals 1 e 300 Hz This may be done enher
by liters in \he IF or in the audio stages of the
receiver

2.5. Antenna Syslem

As the available RF power is curlailed by law, and
1he noise figure of Ihe receiver by natural limila-
tions. the mosl imponam element ol the EME
slalion is the anfenna. The well-known axiom thal
Ihe anlenra (s the besl pre-amplilier, 1s paricu-
larly apt in this application. The construction of

Flg.7:
The author's 4 x 17-el. Yagl,
EME array.
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a mgh-performance anienna should ulilize all of
Ihe available space. The best solution would be to
mount it on a dedicaled. sell-supporting mas! I
is possible, however, with not much extra dilti-
cully, to mount an EME antenna on a house or
garage rool (fig. 7) The heignl above ground 1s
nol the mos! decicing faclor. What is imponan,
however, is Ihe screening of the anlenna by near-
by objecis. such as buildings and Irees elc..
should be avoided right down lo Ihe horizomal
plane (0°) il possible. The high-performance
EME anlenna would lhen be also suilable for
direct lerrestrial commumcalions.

Experience has shown thal lor the 144 MHz band
20 dB, antenna gain is the minimum that should
be aimed lor On Ihe higher bands, a grealer an-
ienna gain is necessary in order 10 compensale
for the larger path losses, see table 1.

This gain cannot be realized with one single
Yag antenna. The ideal would be a dish anienna
wilh a suilable paraboloid aperture This solulion
is normally precluded on grounds of cost and
space consideralions.

An economical compromise solubion is presented
by the antenna array. This can comprise several
prapnetary Yagi anlennas logether with the
necessary combining and malching nelworks,
In order lo fulhll the 20 dB, gain requirernent, four
15 dB, elemenl Yagis are required lor the array
The boom must be al leas! S wavelengih long 1 e
aboul 10 melres A d-element array. theoretically,
has a 6 dB gain advantage over any of the ele-
menlal Yagis which compromise il In pracuce,
lhis is reduced to 5 dB, which still amounts o the
required 1olal of 20 dB,

The d-anlenna array is consirucied quadralically
in the so-called H-form. This arrangemen
enables a well-formed, symmetrical radiation
lobe Ihus ensurning the proper llluminanon of
the rellecling zone on the moon's surlace. A
rute 1o follow lor the localion of the elemental
Yagis 1s (hat they should be disposed symmetri-
cally aboul the ceniral suppon and 5/7ths ol
the boom length apart in both the honzonial ang
the vertical planes (10)

This construction allows very uncomplicaled
mounting arrangements for Ihe elevation rotator
an the cross supporl boom High quality H-100

F Fig. 8:
The pre-amplifier/
relay unlt from fig. 5
aftixed to a coaxlal
malching trans-
former

coaxial cable and N-iype plugs and sockels
should be used lor the leeder and lor the irans-
former conneclions, see flg. B.

When planning an antenna inslaliation, n may be
Just as well lo consider personnel expectations
of Ihe likelihood ol EME conlacts, wilh the realily.
This is presented in table 2 in the form of what
antenna insiallalion he stations al the two ends of
alink are likely to have for a 100 % solid conlact.

Basically. it may be deduced thal the more
anention given to the antenna, thereby increasing

Stauon A «EME Station B
Number of Traffic Number of
anlennas between anlennas
4-anl. array — 16-ant. array
8-ant array — 8-ant, array
16-anl. array - = 4-ant. arrgy

Table 2: EME contacl possibiihies for various link
array combinations
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Ihe ERP and the received signal-lo-noise ratio,
the greater will be the possibilily ol working large
numbers ol statiors Naturally, il cannot be ruled
oul 1hal cenain favourable posiions of Ihe moon
allow a solid comtacl between two parlies both
having only lour stacked aniennas.

A
ANTENNA CONTROL

For EME contacts it is imperalive that the antenna
is direcled accuralely al the moon and that il
iollows the moon in the course of ils movements.
The consiruction of the antenna control is based
upon the following lwo principles’

— Polar mounting
— AZ/EL mounting

The polar mounting has lhe vertical axis (hori-
zonlal rotator) ponting lowards the earth's- or
polar axs, and the verucal rolalor lowards 1he
axis ol the declinauon This system s in wide-
spread use for the mounting of astronomical
instruments The system allows. above all, for the
antenna 10 be direcled by inpuls of only de-
chnation and \he Greenwich Hour Angle (GHA)
for thal particular slation lauiude and longilude
This nformation may be oblained Irom asiro-
nomical or nautical tables (11). This system has,
however. the imporiant disadvaniage thal the
antenna array is limited for t1erresirial appl-
calions.

The almost universally accepled allernative 10
the polar mounting 1s the AZ/EL arrangement,
The harizontal axis of the antenna is orientaled
venically about the centre point of the earh in
this method of maunting.

This 15 the normal way in which lerresinal an-
lennas are mounied on masls and poles elc.
Propnelary molor drives. bul always in a more
robusl version, serve for the AZ and the EL
orientation of the anlenna array.

Movement in elevation (EL) is particularly well
carned oul by the rolator KR-500 (A, B) I is
recommended, however, thal the shalt is ex-
tended and exira support bearings lilted 1o an
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oul-rigger in order that Ihe load is taken off the
rolalor’s dig-casl housing and the rotator gearing
Larger arrays require more rolalor systems
working on a single axis in order 10 provide \he
necessary lorque

A large choice is avalable in dealer outlels for
the honzontal rolator Again here, il 1s advisable
10 use an oul-rngger and exiend the driven shafi
1o allow 1he hifling ol exlra supporl bearings n
order 1o relieve the load on the rolator mecha-
nism

To allow a greater slariing 1orgue for large arrays,
and also 1o oblain a more precise conlrol over the
setng in both AZ and EL. il is desiradle 10 in-
crpase the gear ralios of Ihe driver mechanisms.
This can be done mechanically by changing the
gear (rain or, the same effect can be achieved by
using an electronically regulated supply to the
motor The elecironic melhod is, ol course. the
one lo be preferred, as the mechanical re-
arrangemenis 1o the gear ratios can cause all
sorts ol problems The electronic conlrof ol the
moltor supply is prelerably carmed oul by Ihe
pulse lechnique The pnnciple is based upon a
Triac placed in series with the molor supply
currgnt which 1s controlled al a varying rate by a
pulse generator By changing the impulse dura-
lion, a smooth control will be etlecled.

The highly concentrated beams from (hese
arrays. demand a high selling and monitoring
accuracy lor \he AZ and EL headings. The nor-
mally scaled inslruments ol 5° per dwvision are
not adequale lor this application. In order 10 in-
crease the read-oul resolution. it would be belier
10 lay oul a modesl invesiment in a digial display
based upon a digial volimeter This can bring up
the resolution 1o 1°. By sunably switching in pre-
sel polennhometers, il is guile a simple matier 10
gel the AZ indicalor 10 read 0 - 360° and the EL
10 read 0 - 90°,

3.1. Tracking the Sun and Moon

Most radio amateurs in the world are almost al-
ways obscured by clouds from sight of the sun
and moon, when they are required. For this
reason, an oplical antenna alhgnment can be
ruled out and a mathematical method developed
This 1s based upon the longilude and lalilude
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ol Ihe EME s1ation and calculaled from the Green-
wich Hour Angle (GHA} and Lhe decliration

Owing lo the continuous movement of the moon
i its orbi, Ihis calculation has 1o be continunusly
updaled. This can be done wilth a pocket calcula-
lor bul can be enormously lLime-coNsuming.
However, personal compulers are now becoming
popular owing lo the burgeoning progress in data-
processing and find a home in large numbers of
radio amaleurs shacks. These compulers are
ideal insirumenis 1o undenake the task of calcu-

lating this sor of thing. Programs. such as "EME"
tor PCs. by DF 4 NW, (figs. 9 and 10), can
process the dala with greal precision The
DF 4 NW programs can calculale in real-ime.
once Ihe date and hime have been given in GMT
(UTC). For two Ireely chosen locations, the
Iollowing dala is presented

— AZ and EL angles for sun and moon

— Angle between moon and sun from observer
— GHA and declination for sun and moon

— Semi-diameler and distance to the moon

[TUE, 16.FEB.1988

TIME-UTC 97:31:3é]

1ST. LOC. LAT. 49.71

LONG.

-10.82 DEG

EL-SUN 8.69 AZ-SUN 121.38 DEG
SPACING BETWEEN MOON & SLUN 19.61 DEG
2ND. LOC. LAT. 58.680 LONG. 100.08 DEG
EL-MOON -55.25 AZ-MOON 47 .14 DEG
EL-SUN -51.79 AZ-SUN 14.84 DEG
SPACING BETWEEN MOON & SUN 32.49 DEG
GHA-MOON 3@7.17 DEC-MOON -21.84 DEG
GHA-SUN 289.34 DEC-SUN -12.57 DEG
SD-MOON 16.675 DIS-MOON 358332

Fig. 9: Screen print-out from the “EME for PCs™ computer program. The 12 lines show

the following data:
1) date and time
2) first locallon, latitude and longltude
3) firstlocatlon, elevation and azimuth
4) first location, sun’s elevation and azimuth

5) flirst location, angle between sun and moon

£)...9) data as sbove for the second locatlon

10) GHA (hour angle) and declination of the moon

11) GHA and declination of the sun

12) Semi-diameter (SO} and distance (DIS) of the moon

(slevation of the moon over the horlzon)
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DATE 1 TUE, 16.FES, 1988 EME - COPYRIGHT BY DFaNWy - JAN.1988
LAT 49.70 LNG -10.82 LAT 50 LNG 100 DEG

TIRE EL- AZ- SPACING  EL- AL- SPACING DIST. 5.D. DECL.
uTe HOON  HOON  HOON/SUN  HMODN  HOON  MOON/SUN  KH HOON HOON
Q7130 B.17¢ 140.6 19.61 -55.4 46.64 32Z.50 356333 16.675 -21.84
07145 B.651 143.7 19.5% -53.6 S1.68 31,52 358315 16.676 -21.79
08:00 11.02 146.8 19,50 -51.7 55.91 20.34 A5A287 16.6T6 -2:.74
08115 12.29 150.0 19.60 -af.7 60.09 29.1%2 a58278  16.677 -21.69
08:30 13.45 153.2 19.81 -a7.7 84&.01 27.90 358261 16.678 -21.65
0845 14.49 156.5 19.62 -45,.6 67.70 26.7) 358264 16.679 -21.59
0100 15.41 158.8 19.62 -43.4 T1.19 25.57 3568227 16.680 -21.5e
05:15 16.20 163.2 19.61 -a1.2 74.51 2&.50 358210 16.680 -21.48
08: 30 16.86 166.7 19.58 -38.9 77.67 23.50 358192 1E.681 -21.283
059145 17.38 170.2 19.55 -36.6 B0.T! 22.58 358176 16.68Z -21.38
10100 17,76 173.7 1D.aB -3s.3 83,865 21.74 356159 16.683 -21,33
10:15 17.99 177.2 15,40 -32.0 B86.49 20.97 358143 16.884 -21.28
10130 18.08 180.8B 1D.28 -29.7 89.25 20.27 358127 16.6B4 -21.22
10145 16.03 18s.3 19,15 -27.3 91.96 19.64 358111 16.685 =21.17
1100 17.83 187.9 18.99 -25.0 9&.6) 19.07 358095 16.686 -21.12
1S 17.45 191.a 16.81 -22.7 97.23 18.55 358080 16.686 -21.06
$1:30 17.00 194.9 18.86) -20.4 99.82 18.08 358064 16.687 -21.01
11145 16.39 198.4 1B.a0 -1B.1 102.6 17.67 358049 16,688 -20.66
i2:00 16,84 201.8 18.18 -15.8 10a.8 17.29 358034 16.668 -20.50
12115 16.75 205.2 17.96 -13.5 107.5 1&.96 358019 18.889 -20.85
12:30 13.75 208.5 17.7e “18.3 110.3 16.66 35800a 16.580 -20.B0O
121858 12.62 211.8 17.53 9.1/ 112.6 16.40 357980 16.651 ~-20.74
13:00 13.48 215.0 17.232 =7.02 115.2 16.17 357875 16.691 -20.69
13015 10.ca 218.2 17.12 -4.91 117.9 15.87 357961 16.692 -20.63
13130 8.559 221.3 16.83 -2.85 120.86 15.78 357847 16.693 -20.58

Flg. 10: Print-out from “EME for PCs* program

In this program mode the same data Is given as was displayed In the screen
mode. Followlng the Input of a freely selectable time-frame, a calculation of the
movements of sun and moon may be obtained for the planning of QSO

schedules.

4.
PREPARATION FOR INITIAL
EME TESTING

AlL1this point. il is as well to find out whather or not
the whole system is capable of EME operations
The lollowing lests will show, withoul the use of
tesl equipment, the equipment’s capability in this
respecl.

i Measurement of the sun’s noise

2 Echolrials

The simplest. bul also (he mos! effeclive, method
ol analyzing the receive system sensilivity is 1o

measure the sun's noise (13) For this measure-
ment, 1he anlenna 1s directed lowards 1he sun. A
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high elevation angle (mid-day) will ensure lhe
least. almosphenc and man-made, interlerence
wilh the lest resulls, The received noise should
clearly increase by al least 5 dB using a pre-
viously calibrated S-meter This figure depends
upon 1he sunspol aclivity in the surlace ol the
sun as indicaled exhauslively in ref. (13).

The so-called echo tesls are a little more prob-
lematical. The anlenna is aimed at the moon and
a shor burst (2 secs ) of CW pulses are rans-
mitled ai full power Afier a period ol 2 > seconds,
the echo pulses should be deleclable in the re-
ceiver oulput il the condivons are optimal Than
the relurn pulses are exiremely weak. or indeed,
nol o be heard at all, should nol be aken as
poor indication of the system’s performance — al
least. nol yel! There are various faclors which
could be responsible for a non- or weak return
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when using only a 4-elemenl array, An EME
conlact could slill be eslablished under such
condilions, but only if the dislant slahon is using
a 18-element array and/or wilh high power.
Before underiaking eilher an echo tesi. or at-
lempting to contact olher EME siations. il is
agvisable 10 be acquainied with these exlernal
influences The following lactors are 1o be panicu-
larly 1aken inlo account:

4.1. The Sun’s Noise

When the sun is al ils closesl approach 1o lhe
moon (new moon). the sun’'s emilled noise will
increase to such an extent, that it will influence
the EME receplion uniil 1 becomes impossible lo
establish a radio link The sun/moon separation
will cause noise 10 an exlenl depending upon
Ihe anlenna beamwidih. Praclical experience
has shown lhat angle distances below 10° are 10
be avoided. In addilon. winler and night-ime
operations are, ol course, lavourable

4.2. Perigee and Apogee

As may be seen from lable 1, the palh-loss al
perigee is 2 dB smaller than al the moon's
apogee This 2dB, in the contex of EME working,
can mean the dfference belween a conlact or no-
conlact! Typical values for a perigee is 360,000
km (SD = 16.5). See fig 9.

4.3. Angle of Reflection

The optimal anienna arigntations at the two
stalions pariicipaling in a contact, is when they
have a common elevation angle. This follows
from the angle of iIncidence a1 the moon’s surtace
being almost the same as Ihe angle of rellection
lor radio waves

4.4. Low Angles of Elevation

Low angies of elevation should be avoided in
order 1o minimize receplion of eanh noise and
other lerrestnal dislurbances. Under lavourable
condiions, however, a kind of iropo-propagation
mode may be encountered. leading o exiremely
long-distance comacl possibiliies

4.5. Declination of the Moon

Owing 0 the smaller distances involved belween
observer and moon. narthern declinations of
the moon, lor slations in the northern hemisphere,
bring bener path conditons The same applies
for southern moon declinalions for siations in
1he southérn hemisphere.

4.6. Galactic Noise

Up 1o 170 K noise 1emperalure is lo be expected
when the moon, twice monlhly for a pericd of 4
days, crosses the galaclic plane When the
crossing occurs in the declinabion of Orion and
Gemini for the northern hermisphere, even higher
galactlic noise temperalures are 10 be expecled
Likewise, when the moon occults Scorpio and
Saginanus in the soulhern hemisphere. a higher
noise will be received (3.9, 11, 12),

4.7. Delay Distortion

Owing 1o the reflection laking place on the rough
and uneven moon's surface, the signal ex-
periences path-lime varialions which are wihin
Ihe relflecied wave, This causes random phase
distortions such that the return CW signals from
the moon sound very rough. SSB voice signais
are. nevenheless. readable but only under good
signal condilions.

4.8. Faraday Polarization Reversal

A polanty reversal occurs in lhe earth’s almos-
phere. This can cause \he signal 1o disappear
enlirely under certain conditions. This eflect can
be counlered by employing circularly polanzed
antennas (parabolic, or crossed-Yags). The
exitra complicalion involved al the anlenna,
particularly using Yagi based arrays, 1s fairly
high bui unavoidable

4.9. Doppler Effect

The moon follows an elptical orbil around the
earth. Wilthin the orbl, however, the moon
wobbles, causing a periodical dislance varialion
at a speed ol up to 1575 km/h (see par. 4 2.)
This causes a doppler phase shift of + 210 Hz
max. in the 144 MHz band.
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5.
OPERATING TECHNIQUES

In the development ol EME contact procedures, a
lew departures from the normal form of amateur
conlacis take place using the CW mode. Owing 1o
the use ol narrow-band selective receiver filters
and the prevailing signal distonion, itis necessary
lhal only low keying speeds are employed The
highest transmilted keying speeds are from 30 10
50 BpM The use of very low keying speeds also
has Ihe elfect of a reduclion in intelligibiity, as a
combination ol both signal drop-outs and delay
disiortion could result in a dash sounding like
several dols.

EME Iraffic is conducied mainly al lrequencies
al the beginning of the band, A1 2 melres, Ihis ex-
fends Irom 144 000 MHz 1o 144 050 MHz Most
activily appears 10 be concentraled. al or around
144.010 MHz. A similar band plan exisis lor EME
working at 70 cm

As EME stalions were nol loo freguent a few
years ago, il was necessary lo pre-arfrange a
conlact. The syslem went as lollows:—

The mosl easlern siation begins 10 cali on the
lull hour (when other arrangemenis have nol
been made) This lakes place in an unvarying
cycle of exactly Iwo minutes caling. followed by
an exac! period o! iIwo minules listening Should
a conlacl ensue, the call-sign is repealed lor
1 Yz minules and a funher 30 seconds is laken
up by he report (flg. 11). Following an exchange
ol reporis, bolh slalions send a final conlirmation
in turn, by sending a series of '‘R’s lollowed
immediately by the repon. for a period ol 1 'z

minules. The nexl 30 seconds s lollowed again
by the call sign and the linal ‘K" or 'SK".

Coniacts in the 432 MHz band are conducted in
2 'z minute periods i.e. lwo minutes lollowed
by an information change for the remaining 30
seconds. This procedure is repealed as 'ong as
necessary in order lo achieve an inte.ligible
contact. The contact is regarded as being salis-
factorily compleled when, both stalions have
confirmed the distant call sign and their report
by sending an ‘R’ lo lhe panner slation A com-
prehensive exchange ol information is only
possible, normally, under good signal-sirength
condilions It happens very frequenily that the
whole QSO process. as outlined above, could
take over an hour under poor path conditions

Because of the very weak signals and. as a
result, the difficull nalure of communicalion, a
simple reporing syslem has been devised for
EME working. Inslead ol the RST sysiem. the
TMO system (fig. 11) is employed

A communication nel (EME-nel) bhas been
eslablished on 14.345 MHz for those wishing 10
lind panners for an EME conlact attempt This
nel linds its greales! aclivily al he weekends
or holiday periods. If a schedule (sked) cannot
be adhered \o, it is, of course, morally obligalory
lo Iry and let the other party know n good lime
This can be achieved by 1elephone. telegram or
via other OMs on the band Nothing is more
annoying. than lo hislen lor hours 10 recewer
noise only 1o discover laler thal the other pany
was nol QRV Be reliable. is the calch-phrase
here!

Skeds on Ihe lower-Ireguency bands (144 and
432 MHz) are only very seldom possible in the

TMO reporling syslem

T = Signal heard bul no! readable
M = Signal partly readable
O = Everything readable

R = Call-sign and report received
SK= End of contact

Fig. 11: The EME reporiing system “TMO"
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weekdays Al 144 MHz, many of these QSOs
occur just on the off-chance when (he moon is
anits perigee. Recenily, an annual aulumn EME
conies! has been organized These conlesis
should be very inleresting lor any prospeclive
EME operalor 10 hear Ihe exiremely rough
sounding signals and 10 become acquainied
wilh 1he lascinating EME modus vendi.

6.
DESCRIPTION OF AN EME STATION

During the course of lesis conducled with many
stalions by the author, the following slation
equipment was used -

Recelive equipment

1. Home-construcled mast-preamplilier using a
BF 981

2. Receive down-convener 144/28 MHz — Micro-
wave Modules 144 MHz converter.

3 HF receiver — IF bandwidih 4 kHz 1o 300 Hz —
Drake R7

4. AF processor — 3 kMHz.10 100 Hz; Signalrans
Nachrichlentechnik — 7901 Bollingen

5. Headphones — Sennheiser

Transmit equipment

1 Transmil driver — \ransceiver Braun SE 402
2 Transmiller inal — Dressler d200s

3. Morse-key (sleclronic memory) — Accu Keyer
4 Morse-key (bug) — Bencher

Antenna Installation ,

1.Test 4 x 13 elemeni, 4.5 m boom-lenglh —
Tonna

2. Tesl 4 x 17 element, 6 6 m boom-length —
Tonna

3 Matching network for 4 Yagr antenna — Andes

4. Horizontal rotator — CDE T“X

5. Venical rolator — Kenpro lype KR 500

6. Verlical rotator support bearings — Kenpro

7. Horizontal rotalor suppon bearings — Kenpro

Owing o the local authornies’ reluctance lo grant
a building permit for 1he construction ol a lattice
mas!, the antenna had to be mounied on the roof
of 1he aulhor s house. The mas! itsell, is a pro-
prielary steel lelescopic with a diameler 0! 48/60
mm and 2 x 3 metres long. The acray main-frame

is construcled Irom high-sirenglh  aluminium
lubing (AIMgSi 0.5-wube F22 — 40 x 2 mm dia )
using Ihe necessary cross clamps A guy-rope
syslemn of six wires ensures hat 1he inslallalion
slays in place on the roof

All the HF cabling uses RG-213/U co-axial In
order 10 avoid losses in the 30 m co-ax between
the cellar shack and Ihe mas), the power amplilier
was mounied n the allic and remolely controlled
QOn 1he receive side also, the cable losses were
reduced lo the absolule mimimum by mounling
the pre-amplilier as close 10 the array as possible.
It Is lo be expecied that another few leniths ol a
dB couid have been saved by using a low-loss
cable, such as H 100, in the anlenna change-over
swilching and in the iransmil leg

As may be seen [rom the list of equipment used.
lesis were carried oul using lwo diflerent arrays,
A very inleresling irans-conlinental comacl was
carried oul using the 4 x 13 array bul the number
of stauons conlacled increased noliceably when
the array was modihied lo a2 4 x 17 anlenna

Finally, il may be sad Ihat EME working is
enlirgly leasible with a mimmum outlay and offers
the experimentally-minded amateur a very wide
held. This includes anenna gain, iransmil pawer,
rgceiver noise-hgure and seleclivily, all of which
demand lhe utmos! performance and thereiore
the maximum endeavour

¥
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Dragoslav Dobricié, YU 1 AW

432 MHz Linear PA using 3 x 2C39BA

The linear 70 cm power ampilifler described
here can be bulfit in little more than a weekend.
It delivers high-frequency power as required
in satellite working, for small antennas and
short cables or larger antennas and longer
cables. Three disc-seal triodes, which are
universally obtainable and are members of
the 2C39 serles, work In parallel delivering
300 W output for an input drive of 15 W.

1.
CIRCUIT

As may be seeninfig. 1, the three Iriodes operate
in a grounded-grid circuil which enlails the
cathodes being driven in parallel. The amplifier
requires only two supply voltages for reliable
operalion: the anode and the filament vollages.
The anode voltage may be between 13 and
1.5 kV and the filamen between 5.8 and 6.0
VAC (at 3 A).

With 1.3 kV on the anode, the anode current can
be driven up to 400 mA giving an HF oulput power
of some 300 W for 15 W dnivae power. Il is quite
possible thal, if good ubes are employed, the
oulpul power will be even more but they should
nol be overdriven. Also, a good axial air-blower
should be used for lhe anode cooling.

As mentioned in eariier anicles. the auvthor com-
putes his HF circuts with the aid of a special
program on the personal computer. Special
attention was given lo optimize the half-wave
anode hne so thal with the given impedance
the lowest possible loaded Q was oblained.
Through a careful selection ol the parameters,
a loaded Q of 39 was achieved which, for this
apphicauon, is \he lowesi possible value. This
ensures (hat the anode lank circut and 1he
amplitier as a whole, work wilth the maximum
sfficiency.

The vanable capacitors, shown in fig. 1, should
have the lollowing calculated values for optimum
operaton: —

C1:43pF

C2:53pF

C3:1.4pF

C4:53pF
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Lnput

3%2033BA

- g

200 ]aﬁﬁﬁf555
120V~

Flg. 1: This PA can deliver some 300 W at 13 dB gain in the 70 cm band

2,
CONSTRUCTION

The dimensions for both the calhode (Lx) and the
anode (La) ine resonators as well as the coupling
“and wning plates (C1 10 C4) canbe found infig. 2.

The construction 1s very simple as may be seen
from figs. 310 5 A few circunl specialilies should,
however, be explained.

In order 1hal the anode resonator (L) can be
properly connnected 10 the lubes, the later
should be modilied in the lollowing manner, —
The cooling-ling are 1aken off and tapped, 4 mm
are then ramoved from 1he 1apped flange. The
sinp line can then be held thightly between the
cooling-fin body and the wbe's anode. The other
end of the strip hne 15 supported by a 25 mm
ceramic pillar
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The grid-ring contact must be made by strip
conlact hingers. The cathode contact, onthe other
hand, can be fashioned from 10 mm ouler di-
ameter copper tube of 0.5 mm wall lhickness.
This tube is 12 mm long and sht longiludinally
down to the middle. The slotied half 1s then
press-lned over the cathode conlact and \he
other end soldered 1o the cathode strip line Ly,
The remote end ol the sirip line 1s secured lo a
PTFE or ceramic pillar.

The stnip Iines lor the anode and cathode reso-
nalors are cul from 1 10 15 mm stock and
siivered, if at all possible

The amplilier 1s built into a housing home-made
from 1 mm thick brass plale, see figs. 3, 4 and 5
The walls are soldered together

The wning capacitors C2 and C4 are made from
0 5 mm Ihick brass plale (hg 2) and are hinged
and the rolors acluated by nylon lishing lines A
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Fig. 4: View from below

piece of insulating material — PTFE or poly-
styrene — is suitably placed as a stop 10 preveni
direct contaci with \he opposite elecltrode. A
couple of thick knots tied in the lishing line would
serve the same purpose.

These tubes require a lol of cooling &ir if they are
10 work reliably over a long penod. The air blast
must also be powerlul in order 10 achueve suti-
cient coohing over 2ll the cooling-fin’s surfaces.
The forced air comes in from above via Cd and
cools both the anode resonator and the anode
nsell and is then venled oul of the ancde area.
It is recommended that a couple of not too small
holes be provided in the screening wall between
anode and cathode enclosures (fig 3) in order to
allow a weak flow of air from \he mainstream
to llow over the cathode resonalor and cathode.

The HT supply as wilh the drnve power is inlro-
duced inio the amplifier via BNC panel sockels
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WPUI

An N sockel 1s. however, used for the RF oulput
line.

The wbe heaters are connecled in paraliel.
Between the inner heater conlact and the cathode
lead ol every tube, a 1 nF gisc ceramic (C8) is
fited using the shories! possible connections.

The RF chokes (RFCs) are wound using a 6 to
8 mm shaflt wih 0.8 to 1 mm dia. copper wire,
They are 6 10 7 turn coils, suppored (rom their
soldered ends.

3.
TUNING

The wrng of this amphilier 1s very straight forward
— simply lune lor maximurn oulpul power. This
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may be accomplished with the aid of a UHF SWR-
maler or by the use of the deteclor circuit shown

Hr =1300V
Vg =-10t0—12V
vV, =581059V
Iy =3A
o = 120 mA (pervalve 40)
lamax = 400 MA (per valve 130)
lyimas = 100 MA (per valve 32)
Pei =2B010300W
Ppss = 210 W (per valve 70)
Pp =520W
w =60%
G =13dB

Table 1

in fig. 1. The coupling (C9) o \he detector 1s ad-
justed by varying (he distance of \he silicon diode
lo the N socket cenire pin.

The firsl ining atiempl should take place with
very low inpul drive power and (hen gradually
increase #t lo maximum when the ampliier 1s 1n
tune. Table 1 shows the sort of daia which can
be expected

In the author's expenence. the anode vollage
can remain on during ransmil breaks and receive
penods. If a noise interlerence be heard in the
receiver, a 10 kQ resistor can be included in
the circuit at the poimt marked X. This resistor
must, ol course, be shon-circuned during rans-
mil. Any type of available relay (post office) will do
this job.
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Dr. (Eng.) Ralph Oppelt, DB 2 NP

Stabilizing the VCO Frequency by Means of

Monostables
Part 1

Expressions such as ,.monostable multi-
vibrator* or “monoflop” have, since digltal
chips became cheap and ubiquitous, en-
croached Into the mainly analogue world of
HF clrcuit technology, e.g. (1) and (2). It is
therefore appropriate to conduct a short over-
vlew of the principles of working and particu-
lar characteristles of such modules in their
functlon as frequency stabilizers as well as
— and without any clalm to completeness — a
series of application possibilities. A second
ariicle will concern itself with a constructional
project of an SSB VCO for the 2-metre band.

1.
PRINCIPLE

Flg. 1 shows the block dizgram o! & VCO stabi-
lized with the aid of a monostable The frequency
range 1. [, of the VCO is Iranslated by means of
a stable reference frequency .., derved from a
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cryslal oscillalor (XO). lo a relatvely low fre-
quency. The oulput of the first low-pass filter LP,
supprasses the sum frequencies I + Iy, + 1,
and passes the diffarence frequencies i, — ;...
fi— lo

Instead of the “upright” mixing occasioned by f,,
being smaller than 1, a small modification 1o the
feedback loop allows an “inveried” mixing proc-
8ss whereby f,, is greater than fy. [The terms
“upnght” and “inverted” refer 1o the producis ol
the modulation process, whether they occupy (he
same relalive dispositions as the untranslated
range of frequencies, low 1o high, 1e. uprigh.
of run high 10 low; inverted. — G3ISB|

The following treaiment will presume an upnght
mixing process. This resulls in the output of the
hmiter/amplifier  conlaining a symmetrical
reclangular pulse having a frequency specirum:

fon = I = Fio =1 < g = B0 = o (1)

This triggers the following monoflop with either
the positive or the negative pulse flank.

As shown in flgure 2, the monoflop’s output s
a rain of rectangular pulses U, (1) with a constani
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pulse duration of T, and which have a varying
pulse repetilion frequency 1 in the range:
e =T= T <l

The low-pass liller (LP 2) has a limil frequency
fi << f.. Iherefore ils output 1s G,. i.e. the inle-
grated version ol u, (1) 1aken over ume period T.
Wilh exaclly rectangular signals, as depicted in
ligure 2. Ihe average of u, (1) 1s given simply by
the ratio T/T

L=UT/MT=UT,I (2)
In order thal the monoflop is always reset 1o zero
within \ne period T, the condition T, < T must be

fulliled lor the total Irequency range | = 1/T, orin
other words:

To=kTan=Wn (3)
wilhD < k<1

DB 2 NP

ey

| —

Fig. 2: Typical oulput signal ot 8 monostable being
triggered at a frequency f = 1/T

The following Performance Index regulator (P1)
controls the VCO frequency fyeg as long as 0,
concides wilh the (as slable as possible) raler-
ence vollage .. From the equation (2) it follows
lor lyen:

a u
=fo + — = ot — (4

| = lo+l
VCO W T UT, UT,

As 1 is direclly proportional 10 u,,, the VCO fre-
quency can be vaned linearly by a linear poten-
tometer controlling u,,.

The prachcal advantage of this characteristic
is sell eviden! The polenliometer can be directly
calibrated in terms of frequency. This can be
arranged easlly in a lransceiver, for example,
as the indicator has only 10 deal with DC instead
ol RF. Pressel channels (e.g. iransponder fre-
guencies) can also be arranged easily by means
of fixed polentiometers as well as the construction
of sweep-oscillators. The latter manual tuning
applicalion requires thal the luning voltage be
applied in the form of a saw-looth or a triangular
wave.

As fig. 1 shows, frequency modulalion is easily
carried oul by the application of AF at this point.
Finally, it should be mentioned, thal a control
loop containing monoflops, as those with PLL
chips, are also suitable for the demodulation
ol Fi.
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2,
THE STABILIZING EFFECT

Given \he pre-condition lhat the monoflop is
able to work with 1he high VCO frequency, the
control concepl of the downwards mixing process
prasented in fig. 1 is nol, in principle, required.
Because a relative VCO frequency srror Alffyco
is converled al the inpul 1o the monoflop, inlo the
considerably larger fraquency error of Alf, the
frequency stability is nouceably increased (f..
can be regarded as being absolulely siable). The
error sensilivity increases by a factor:

| b

=1 +

LWy

A 'VCO
— g 1 -+
f

fveo — fe

(5}

The trequency shih {; = [, of the VCO is nor-
mally very much smaller than the lowest VCO
oulpul frequency .. For example, the VCO
shifling over the 2 m band: 2 MHz << 144 MHz.
According o equation (5), 1,, muslt be disposed
closely below fyco in order to obtain greater error
sensilivity. The main problem now arises, that
there 1s insufficient decoupling between 1he two
mixer inpuls resulting in frequency |,, appearing
in (he VCO output signal, which should, in
principle, be free of any olher spurious fre-
quencies. Also, because of the proximity of the
lo 10 the outpul frequency fveo. the following
butter stage is not able lo assis! in the suppres-
sion of [,,. This disadvanlage can be clearly seen
in(1).

Some assislance may be afforded here by the
use of an isolaling amplifier in the form of a
directional coupler betwean the VCO and mixer,
or — easier 10 implement at UHF — a double-
downward translation lo bring (he frequency of
the first XO to a greater spectral distance from
fico:

In some circuit examples, the downward trans-
lation is replaced by a divider chain. This is only
worth-while when the VCO itself already covers a
large frequency range (lw/f. = 2) as shown, lor
example in (2). As the error frequency Af of the
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VCO is also divided down by the same division
factor as he signal fveo. the sensitivity gain
given in equation (5) is no longer valid.

2.1. The Etfect of Interference

By analyzing the influance of spurious signals, a
lew general observalions may be made.

Assuming that a disturbing quantity is a noise
voitage which is superimposed upon the VCO
conlrol voltage u.. The effeci of the noise upon
u. and U, will be smaller as the devialion is in-
creased. A large deviation of u, means that the
conirol sensitivity of the VCO should not be made
oo greal (usually designaled as |K;. which 1s
the samea as Hz/V).

The VCO control voltage u, Is usually applied to a
varicap diode. With a portable equipment using a
battery vollage of 12 V, a 3 to 8 Volt variation
should be necessary lo cover the bandwidth f to
fu. A larger deviation lor G, demands, first of all,
the larges! possible vaius for T,, i.e. the highest
value for kin eq. (3). Ty/Tma is then only just shon
of unity.

Secondly. T./T ... must approach zero as nearly
as possible This can be accomplished by the
correcl choice of 1,,. The vollage deviation range
Us mac — Uy mn €AN be oblained from eq. (2) and

(3).

ﬁa.m"oa.mn =— = (= r-m)
max

1I'\'uﬂ
oe (1 - ‘_) ®

Given the VCO boundary frequencies [, and ly
the required monoflop pulsewidth T, and the
oscillator frequency 1, can be delermined.

ﬁ;m i 'ja-nln

s )
U (fw—1)

Ta =

‘I. 5 ﬁnmu == 'H 'Damn

(8)

o = 4
Uamax — Uamin

The maximum oblainable devianon 0 < 0, = U
should only be ulilized to B0 %. For example,
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Uy mn = 0.1 U and U, ne = 0.9 U could be chosen.
For these practical values insered in egs. (7) and
(8):

o o8 @)

=1

o= (81— 1)/8 (10)

Of course, 1he calculated value for i,, need not be
strictly adhered 1o, but it does serve as a working
basis. A suitably cheap crystal which comes
closest to thal calculated above 1s used.

2.2. The Effect of Drift

Following these more basic dimensioning con-
siderations, the effects of disturbing influences —
above all drit — will be analyzed. The mosl
important faclor for stability is the reproducibility
of:

a) the monofiop pulsewidih T,
b) the Vollage U
¢) the reference voltage U

Short-term inslabilikes, in the form ol needle
impulses. can be atinbuted 1o VCO phase-noise.
This type of variation 1s manifes! as phase-jitter
in {a) and supenmposed noise voliage in (b) and
(c). Low phase-noise 1s ensured by low-noise
voltages U and u,, as well as the prowision of a
low-noise operational amplifier for the Pl regu-
lator.

Conlrary lo the practice in sweep oscillators,
the loop conirol speed of the manually tuned
VCO plays a relauvely unimporant role. This
allows a low-pass filter lo be placed behind the
Pl regulator which allows only the low-frequency
noise components through and Ihereby concen-
tfraling the VCO noise pedesial direcily abou! the
VCO oulput frequency.

Disturbing elemenis also 1ake the form of the
above discussed quanlitias but they are long-
lerm and are caused by thermal dnfis. As ihe
regulator is forced continually 10 make Uy = Uy, &
varialion of the pulsewidth T, 1o T, = T, + AT,
eq. 2 Yor the frequency arror Al is:

U = Ue/U = Tol = (T, + AT) (I + Af)11)

1 f, =T,

9] P

1,001, ]

Uglt) —=

 —

[ e

*_‘_ 4|_

11) L

e

--41‘-{!.;-

— h- 4Ty —

DB Z NP

Flg. 2: Frequency drift es the consequence of a — greally exaggerated — drift In the monostable pulse-
width T, to T, + 4T, by a factor 2.5 for the two monostable frequencles |, and f,. As the Pl regulstor
always retains the same average value O, (here U/5 or U/2), the duty tacior remalns constant: T,/T =
(To + ATIAT + AT). Witht = 1/Tand 1 + AT = V[T + AT) results directly in eq. 12. This means that
with any given drift AT, that Al remains constant, |.e. a constant re/at!ve frequency errar. With

fy = 2.51,, t tollows that Af, = 2.5 Af,
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AT,

= (12)
T, + AT,

al = -

The VCO frequency is lowered when T, increases
and, interestingly enough, more sharply the
righer the monollop’s npul frequency ( was
belore the T, drift 1ook place. It follows. thal from
the previously mentioned reasons lor § 10 have
alarge devialion1 & I, /I >> 1. 1hal the VCO's
stabilty 1s noticeably beter al the lower than
at the upper band-limn

Flg. 3 demonsirates these effects in diagram-
matic form AT, is therefore made dispropor-
tionately farge in order (0 show Ihe efiects clearly.
Working through this example shows lhe pro-
ponrtions between Al and | as found ineq. 12.

Next, ihe eflect of the drift in the monoflops supply
voltage U is considered as 1t changes to U' =
U + AU. Since U in eq. 2 may be treated in
exactly the same way as T, one receves direclly
by substitution of Uand T,ineq. 11

/T, = Ue/T, = Ul = (U + aUMT + Al (13)

=
n

[) e

|-u-nu-
]

The solution for Al yields againeq 12

AU
af = —1
U+ AU

(14)

This may be seen in the numerical example of
fig. 4

The effects of both, a drift in U and in T,, lead 10
a higher frequency drift a1 \he VCO's higher fre-
quency [y than at its lower Irequency . If the
frequency siability ai the upper-band end is not
satisfactory, the range f...1y, can be divided into n
equal band segments in order lo make it beter
by a factor of n. The n swilchable crysial Ire-
quencies would represent an additional compli-
caton.

Now. the drift in reference vollage u,y is con-
sidered. U' et = U + OUng. This analysis of the
attendant frequency error Af is quile simple as |
1s direclly proponional 10 u,,, (8s it should be), so
eq. 4 loliows direcily:

1 = —
ann
1) =
AL (1 (]
10 a1y — DB ZNP

Fig. 4: Frequency drift as the consequence ol a — greally exaggeraled — drift of the monostables outpul
amplitude from U to U + AU, by a factor of 2.5, of the two monostabie frequencies 1, and f,. Here,
also, the Pl regulator forces the average value 0, 1o be maintained (U5 at f, and U/2 at f;). As, this
time, T, Is an assumed constant, it follows that the same amplitude/perlod ratio pravails prlor 1o,
and following the drift: UT = (U + AUWT + AT). With{ = 1/T and 1 + Af = 1/(T + AT) results directly

Ineq. 14.
242



X

VHF COMMUNICATIONS 4/88
LlUre 1
A - =
uT,

A drift of v, has the same effect in all pans ol
the VCO's lunable range I, Iy,

1115 now conceivable thal the frequency drift com-
ponenl. caused by a change in lemperalure. can
be countered by superimposing a lemperature-
compensation vollage on 10 u,y. This could be
done with an NTC-resistor network. for example.
This compensalory vollage would correct the
VCO frequency by the same amount, higher or
lower, and independent of Irequency f accarding
loeq 15.

Frequency drifis caused by AT, or AU have 10
be correcled additionally, wilh 1 laken into
account. See eq. 12 and 14. As, nowadays.
supply volaiges U and reference vollage u.,.
may be made very stable and reproducible
owing lo the availability of high-grade voltage-
regulator chips, the main cause of frequency
dnfting is due 10 the drih in the manoflop’s pulse-
widlh T,. This 1 countered normally by making
an external RC network, a small pan of which
contains an NTC or PTC resistive element, This
offers a simple means of lemperalure compen-
sation of the T, dnft.

3.
THE USE OF MONOFLOPS IN FM-
FIXED FREQUENCY OSCILLATORS

Fixed-frequency-channel, AM equipments using
crystals, employ lransmitier concepts involving
the RF oulput signal being denved from the re-
ceiver L.O. (e.g. 135 MHz) being mixed with the IF
frequency (V0.7 MHz). This device enables ihe
receiver crystal (about 45 MHz, working in 3rd
over-lone) [0 be used lor the transmitter, thus
saving both space and money.

Operation with FM, however, requires thal the
crystal be a relatively low Irequency and there-
fore mus! be mulliplied many times (o0 achieve
135 MHz eniailing the use of inter-muluplier
fitenng. This muluplication process ensures
that a sufficienlly large syslem deviation is ob-

fained (which normally requires a muliphcation
factior of 9 or 12). As before. the frequency
channelling requires a large number of FM crysial
oscillalors 10 be swiiched and all muluplied to
\he same frequency band — nol an easy matier,

Commercial hand-held (ransceivers using
fixed (crysial conlrolled) channels usually employ
unmodulaled crystal oscillators, A phase modula-
tor slage lollows the crysial oscillator and the
AF inpul 15 1aken through a I/F network. The
resultant modulaled RF oulpul then simulates
an FM wavelorm which has been generated n a
mare conventonal manner. This method also
rehes heavily upon frequency mulliplicalion
(atl least x 9) in order o achieve the required
dewviaion The Oberon project (ref. 3) solved
thus problem by using a complele PLL with a
fast pre-scaler This is aclually more by way of
being a frequency synthesizer as opposed lo
the discrele transmil and receive cryslals con-
sidered here.

There 15 a concepl which carnes oul the mogdu-
fation process al IF This uses a monollop
stabilized, fixed-frequency oscillator and is
capable of easily generating the required
deviation without recourse (0 mulliplicalion
according to lhe principle of ig. 1. For relay work,
however, the IF musl be able 1o be swilched 1o
10.1 MHz from the nominal 10.7 MHz IF. Il the
crystal oscillator XO of fig. 1 is required 10 have
only one crystal frequency (e.g. I, = 10 MHz),
the direct channel (f = 0.8 MHz) will experience
noticeably grelaer drift problems than that of
1he radio relay channel ([ = 0.1 MHz) (see eq. 12
and 14). This may be oplimized by choosing a
middle value for [, [rom bath IFs, namely
10.4 MHz.

The use of 10.1 MHz involves a downward trans-
lation process resulling in an “invened” oulpul
as f,, > lyca. Inorder thal the control loop works in
a negalive feedback manner, this case musi be
provided with a pre-inversion.

This can bes! be done by swiching from the
monofiop’s oulput u, 10 s complementary oul-
pul v, A lurther swilch-over process 1S nol
necessary as the monoflop frequency is [ =
300 kHz n both cases when [, -: 10.4 MHz,
This means, of course, 1ha! u,.. does not have 10
be changed.
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A cryslal wilth an awkward frequency of 10.4 MHz
can prove difficult to obtain and might be ex-
pensive Considerably easier lo oblain would be
10.245 mixer crysials and 10.345 MHz PLL
cryslals which also lie more or less between
10.1 and 10.7 MHz. Their use, also, does not
enlail the necessity of switching u.. f T, and
U are sutably chosen:

Assuming a chosen crysial frequency |, between
fL = 10.1 MHz and Iy, = 10 7 MHz, the monoflop
frequencies are:

ty = Iy = f,,(uprighl-downward mixing) (16a)
(16b)

From this, (he average value of lhe monoflop
oulpul voliage resulls' —

Uar = UT, (= 1) (17a)
0 =U[1=Ta(le— 1) (17b)

It should be noled that in eq. 17b, the inverted
oulput of the monallop is selected.

fz = [, — [ (invened-downward mixing)

it the change-over of uy, is 0 be avoided, bolh

voltagas musi be equal in amplilude i.e.:
Ut = Uay = Uz

(18)
From eq. 17a and 170 it follows that:

0= WIL5HMHr
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1
T i e (19)
=1
. J AP )
Uy = — = — =y 20
bl T, (ne o (20)

The monostable pulsewidih T, is. interestingly.
not only independent of \he crysial frequency
[, in use, bul also fixed upon the reverse value ol
lhe relay i.e. 1/(600 kHz).

The method by which a frequency modulated
10.1/10.7 MHz oscillalor can be reahzed is
demonstraied by the example of flg. 5. This
circuil sketch is a litile less than a constructional
project but it does serve 10 show that by using
cheap consumer ICs, the component count and
therefore the construclional size, can be kept
small. Wiih a litile PCB-design experience, the
whole arrangemen of fig. 5 can be placed on a
board of only 4 x 7 em?,

The AM receiver chip Siemens TCA 440 functions
here as a downwards mixer, cryslal oscillator,
limiter amphfier and bulfer berween VCO and
mixer — this buffering 15 10 suppress the |,,
spurious Irequencies, see chapter 2.

r 8o

e
[+
(16| & &

'_'—;I-I'I?

12 528

T(A 440 i

Won

fep 11011 16,7MM21
1Bk

3.8.9 5 SE ]
uiH el

1L 1847374

compatatoc

[ S— 1

1 Wk
——|IP—{=—'—-'- FM=-1nput
3

DB ZNP

Fig. 5: Circult diagram ol a sample, frequency-modulated 10.1/10.7 MHz osclllator,
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The IF. square-wave signal al pin 7 has aboul
2 V,, amplitude and is sufficient 10 trigger the
CMQS monostable 4528, the inpul ol which has
been biased a1 U/2.

The pulsewidih T, at pin 6 of the monosiable is
adjusted lo 1.667 us with lhe ad of P1 (see
eq. 19). Polenuomeler P2 adjusis the relerence
vollage u,, of the Pl regulalor in accordance
wilh the crysial lrequency f,, = 10.245 MHz (see
eq. 20). P1 and P2 are then fine Inmmed with fyco
being monitored on a frequency counler. When
swilch S1sin (he u, posmon, the fycp = 10 7 MHz
exactly. Likewise with S in position u',. lyco =
10.1 MHz.

In order 1hal the VCO does nol jump out of lock
dunng the swilching of S, a comparator has been
added lo the circuil. Immediately following every
switching action, the previous VCO frequency is
always on the wrong sideband so (hal the loop
has a posilive lgedback This means thal the
iniual drifi of the conirol voliage U, — irespective
of direction — is ampliied At the momen ol
swilching, swilch S has neither conlacl with u,
nor with u',. The vollage ai C, sinks momenlarly
due 1o R, hus causes lhe control vohage U 1o
drift upwards.

When swilching the lower to the upper Irequency,
ihe lavourable direction is: The VCO Irequency
gets to the correct sideband so thal the VCO
locks firmly on (0 10.7 MHz. Swilching back 1o
10.1 MHz. the VCO would run 10 iis upper fre-
quency limit as, this ime, (he control-voliage
dnft dunng the swiiching action is going in the
wrong direction Because of the comparaltor. a
further (riggering of the monostable is inhibiled
when the conirol voltage exceeds U,. The mono-
flops oulput u', assumes the voliage U. As a
consequence, lhe conlrol vollage Ug Sinks
quickly, and the VCO locks lo the [requency of
10.1 MHz following the resetting ol the com-

parator The trimmer C in \he VCO luned circuil
mus! be adjusted such thal the control voliage U,
al fyco = 10 7 MHz and 1s about 20 % below the
value of U,.

In conclusion, for the individualist, il is mentioned
that in \he construclion of a complete FM Irans-
ceiver. the receiver forms pan of the \ransmit-
frequency locked loop in order 10 improve trans-
mil-frequency slability, The function of the mono-
slable can be replaced by a normal FM demodu-
lator or a coincidence detecltor il a fixed IF 1s
employed. A good lemperature stability 1s al-
forded by the FM-recewer chip TCA 420 with a
push-pull output which facinaies any tempera-
ture onft to be compensaled by means of a
sublracler stage The more popular S 041 and
TBA 120 are nol recommended lor this purpose
as \hey only possess a mullipker outpul.

(To be continued)
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Wilfried Hercher, DL 8 MX, Jochen Jirmann, DB 1 NV

A Stabilized Power Supply for Valved PAs

Traditionally, valved PA hinal slages have been
supplied by unstabilized power supplies com-
prsing a HV wanslormer, diode rectifier net-
work and a smoothing capacnor Under (ull load,
the nominal HT voliage falls to aboul 75 % of
its quiescen! value For amaleur use, employing
SSB syllabic modulation, this represents a con-
tnually varying load on the power supply. The
anode vollage vanes in sympathy with 1he
medulavon giving rise o the lollowing disad-
vanlages' — The final slage's componenis musl
be dimensioned lor the maxmal vollage, 1 &
lhe quiescenl vollage under a mains over-
voltage condilion, in order 10 avoid a vollage
break-down. The PA wbe (s) 1s confinually in a
mis-malched condilion during his operalion
because for tune-up purposes. they have been

HV trnsfr.

delivering maximum power al a low HT voltage.
and the match 15 only vald for this condilion.
This gives rise lo non-linearity

In the following artlcle, a simple thyristor
(SCR) wlll be described which may be reto-
fited Into an existing power supply without
foo much difficulty. It will hold the anode
voltage constant 1o within about 3 %, sup-
pressing the effects of both load and input
malns voltage variations. The only condition
for its use is that the tube’s HT and heater
supply powers are delivered vla separate
mains transformers. This Is so that the
heaters maintain thelr nominal voltage when
the anode voltage Is being regulated.

= Ch ’
TRk t“ [] bleeder anode HV
p |_ resistor ) '
- T[
DL 8 MX /DB 1NV -

Flg. 1: A conventional choke-Inpul, HV power supply
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# DL 8 MX / DB1 NV
220V~ = - .
: — = anode HV
AC ¥ Uy
E1 i
Al =

sclid-state relay

Fig. 2: Mains input, TRIAC-regulated power supply (AA 5 C)

Ts
EARLIER SOLUTIONS

The manufaciurers of high-grade commercial
HF PAs, such as Henry Radio or Ameritron,
have recognized his problem years ago and have
tned “passive” solutions o keep the HT voltage
stable under all load conditions. This was accom-
plished using the “swinging choke" inductor iInput
fiter shown n flg. 1. The swinging choke's
characteristic of variable inductance at all rated
load currents 1s achigved by 1he omission of an
air gap in the core. For greater supprassion of
the ripple frequency at 100 or 120 Hz, this choke
can form parl of a parallel resenant circuil with
Cp. By this technique, the anode voltage remains
sensibly constant over a varying load range of
some 10 : 1. In order 10 reduce the high vollage
developed across C (and the oulput) al low loads,
bleeder resislances are placed across 1he output
o absorb some 10 % of the load current. The
greal disadvantage ol the swinging-choke npul
technique is the heavy and bulky nature of the
componenl needed, especially if it is worked in a
resonant condition. The capacitor Cp mus! algo

be capable of withstanding the heavy circulating
currenis and vollages in the kilo-voll region
entailed in resonant working.

A large power supply built regardless of volume
weight and with good regulation, would be the
bes! solution. The author reahized this during the
construction of a 12 kW power supply with an
oulput voltage of 4 kV, the efforl involved being
quite reasonable. The danger of these high-
power, HV power supplies lies, however, in the
break-down of components caused by a faulty
selacuon or installation. This factor could put
the constructor's life at risk and therefore the
construcltion of such heavy duty power supplies
is nol (o be recommended.

2,
HV POWER SUPPLY WITH
MAINS-INPUT REGULATION

As the regulation does nol 1o be of the same
order as \hatl provided by a laboratory power
supply, it was decided lo regulate the mains
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S HV trnsfr. DLBMX/DBINV
120V~ lI P > o
;J= anode HV
Uy tef. voltage
potential ' .
1solation

comparator

Fig. 3: A HV power supply with a solid-state relay as the control element

inpul 10 the HV transformer by means of a
thyristor or silicon controlied rectiher (SCR). The
control circuitry for the thynstor, despie the
availability ol imegrated phase-chopper circuils,
is relatively complex and Greg Mcintire (AA 5 C)
in ref. (1) wenl as far as nol providing a con-
linuously regulated energy supply 1o the mains
transformer.

It can be seen Irom fig. 2 that an oulpul voltage
sample is compared with a reference voltage. If
Ihe oulpul vollage sample exceeds the reference.
a TRIAC 1s caused 1o isolale the mains [rom the
mains transformer. The outpul vollage then falls
slighily thus resetling the comparalor and liring
the TRIAC The oulpul voltage is then restored.

This very simple concepl caused concern 10
many consiructors who complained of loud
noises emanating Irom the transformer The
cause of 1his is Ihal the finng time of the TRIAC
does nol correlate with the mains frequency. It
can occur, for example, that the TRIAC conducts
on a positive mains half cycle, then il blocks the
negalive hall-wave and then conducts agamn for
ihe lollowing posilive hall-wave. This produces
an average value ol more than zero for the input
current e lhere is a sirong DC component
llowing through 1he Iranslormer primary which
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tends 1o saturate the core This leads o sharp
impulses of current llowing through the primary
winding. This becomes manifes! in the form of
strang magnetosiriction in the core and this is
responsible for the production of core noise,
In addltion, the high current peaks siress the
ransformer and the TRIAC unnecessarly.

3.
AN IMPROVED CIRCUIT

One could perhaps consider a circuit which
blanks individual half-waves and thereby pre-
venling a DC componant from being developed.
There 1s, however, an easy way of doing this:

One of them uses a proprietary solid-stale relay
wih a zero vollage switch (concept rejecled by
AA 5 C owing 1o energy feadback into the mains)
instead of the more usual oplo-coupler controlied
TRIAC. Another solution is not to fully isolate the
supply input bul to panially isolale n by means of
a series resistance. This is shown in fig. 3

The resistor is so chosen that at maximum mains
input vollage and al minimum load on the supply
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unil, an outpul voilage is available which is just
under the desired nominal value The exact re-
sistance ol he resisior s nol crilical bui 1esls
have indicaled that it musl e between 200 §! and
500 (1 and have a dissipation of 100 W (approx.).
This approach ensures thal the mains (rans-
former is conlinually pre-magnetized which
causes no current impulses 1o be generaled when
the solid-s1ate relay swilches on

Figure 4 shows the developed circuit ol the high-
voltage regulator. A polennal divider provides an
HV sample voliage of 5 V. This potential divider
mus! cerlainly be consirucled ol HV type resis-
lors. The author used 5 x 4.7 M(L. 1 W lypes.
These are besl supporied, in ar, on insulaled
pillars such Ihal they are not within 1 cm, at least.
from any olher surrounding object.

The LM 393 comparalor compares he high-
vollage sample with a reference voltage provided
by a Z-diode ZPD 10. The latler is presel lo the
exacl value by means of the polentiometer P. A
small amoum of positive feedback is applied 1o
the comparator in order 1thal a hystensis of S0 V
(w.r.l. the high-voliage) i1s oblained. The out-

pul emitter-lollower of the comparaior drives the
elecironic load relay and an LED indicates the
slale of the swilch. The supply vollage of aboul
15 V can be taken either from a 1 VA rranslormer,
bridge rectiier and smoothing capacior or lrom
one of the supplies used on the PA iiself The
electrolytic capacilor across lhe Z diode plays
a special role. It enables the HV power supply
10 be given a “soh stan” from swilch-on. 1e. il
reaches its full potennial gradually Tius leature
prevenis the house luses or breakers from
operaling every ume 1he supply unil is swilched
on

The solid-siate relay can be of any lype which
can work with a DC control potential ol from 12 lo
20 volis and a raled current of aboul twice ihat ol
the maximum curreni of the PA al lull outpul This
relay has (he approximale dimensions of a
cigarene packel, possesses lugs for afiixing
purposes and musl be screwed with s under-
side aganst a heal-sink which has been isolaled
from the conirol vohage and the mains The heal
10 be dissipaled by lhe heal-sink lies between
10 and 20 watt The author used the Siemens
V 23100-5 0302-A 225 rated at 25 Amps.

OL 8 MX /DB 1 NV

Flg. 4: The control circult of the solid-state relay

i 220V

to solid-scate relay
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4,
CONSTRUCTION AND
COMMISSIONING

The few components required for Ihis projecl can
sasily be placed on a VERO-BOARD or similar,
but the high-voliage divider should be localed in
the vicinity of the PA slage.

4.1. Component List

Semi-conductors I1; LM 393, Motorola.

National.
Di: ZPD 10
D2, D3. Red and green LEDs
Da. 1N 4001
T BC 547

E1: Solid-stale relay, e g.
Siemens V 23100-S
0302-A 225rated 25 A
and DC coniro!

Resistors: 1/8 W exceptthe HV 4.7 M2 1 W
(exact value uncritical)
Pre-set pot 10 k{)

Capacitors:  Electrolytic. 35 V

Fol. 63V

Miscellaneous' Mains trnslr 12V 1 VA (approx )
Vero-board 100 x 100 mm
(approx )
Insulated pillars (HV divider)

4.2, Warning: High Voltage!

Belore putling the power supply into operalion.
the anode vollage ol the PA stage, under load.
is determined The bu-in voltmeter, normally
lined to the PA, is sufliciently accurale for this
purpose. Then, a variable high-watiage resistor
of about 100 W is placed is series with Ihe mains
input Iine and adjusied unul the unloaded vollage
of the power supply 1s just under that required for
tull load working

The vanable resistor should be conneclied lo the
HV primary circun only and nol 1o the flilament
supply Iransiormer as welll Olherwise. (he
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fitament pnimary supply voltage would also be
inadvenenily reduced.

Following this preparalory work, the solid-state
relay is connecled across the primary series re-
sistor. The contral circuil vollage Is then con-
necied o the: solid-slate swilch The HV control is
then lurned 10 oblain minimum outpul voliage.

The HV supply and thal 10 the control circuil can
now be swilched on, Il everything has been
correclly connecled, a vollage should appear al
the (unloaded) output which is just under the full
load value and (he LED is off-indicaling that the
solid-siate relay is inoperative, The high-voltage
control 15 now turned up slowly until the LED
begins o blink and the HV (sull unloaded) slars
to rise The voltage begins lo oscillate aboul
50 V in sympathy with the LED indicator The
point al which this occurs is the correcl sefting
of Ihe regulation

The PA slage is now driven 1o full oulput and the
LED indrcates thal Ihe solid-siaie relay is opera-
tive, The anode HV polenlial must remain
sensibly constant. The sehing-up 1s now linished
and it only remains for the power supply o be
made sale with proper proleclive covering for
both mains and HV poinis.

5.
OPERATIONAL EXPERIENCE

The circuil, as described. was installed into the
Drake L7 linear PA ol DL B MX al the beginning
ol 1988 Sirce lhen, there has been neilher
operational fallure nor alher undesirable eflects
such as HF interlerence or signs of component
stress o repon. Indeed, the mains inpul trans-
former runs noliceably cooler since the regulator
was installed This is cenainly someling 1o do
wilh lower ron lpsses In Ihe core, as the lrans-
former 1s now subjecied lo a lower inpul voliage
for a larger portion of the operaling ime The
additional loss in the mains inpul resistor (50 W
approx ) cannol. however, be lell oul of the
elliciency calculations.
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The above PA final had, originally, an unloaded
HV of 3600 V and a fully loaded (1.3 kW CW
carrier) HV of 2900 V. Following the installation
of the HV regulalor, the quiescent vollage is now
3000 V and the full load voltage is again 2900 V.
It should be noted 1hat, owing 1o the mains internal
resistance al DL 8 MX, the supply voltage sank by
some 5 % when the PA was Iransmitling full Ioad.

6
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(1) GregMclntire, AAS C:

A Line-side Regulator lor High-Voltage

Power Supplies
QST May 1987, p. 23 - 25

Are you looking for a suitable case for your kits?

Enclosure dimensions (in mm)

w

Chassis for case 37
37
74
74

111

111

148

148
74
74

111

111

— 0.5 mm thick lin-plate 148

148
74

Given dimansions are external 74

(internal: minus 2 mm) 11

iRE
148
148
102
102
139

— HF-ught and can be soldered

L

a7
a7
37
37
37
37
37
37
55.5
555
55.5
555
55.5
55.5
74
74
74
74
74
74
162
162
53

oM M M M oM K X X oM oM MK XK M KM M KK KM X

Mo M X M X M oM oM oM M X M M M M M M M O oM oM X

H

30

50

30

50

30

50

30

50

30

50

30

50

30

50

30

50

30

50

30

50

30 (Eurocard)
50 (Eurocard)
30(DJ4LB)

Art.No.

10701
10702
9495
10703
9497
10704
9820
10705
10706
10707
10708
10709
9489
10710
9498
10711
9499
9761
9501
10712
10713
10714
9500

Prices
in DM

2.60
3.20
3.20
380
3.80
450
450
5.15
3.80
4.50
5.15
570
630
685
5.15
570
630
6.85
7.40
8 -
1 -
12 50
12.50

Post and package charges (normally) DM 3 50 lor inland, DM 5.50 for abroad. Advance bills with prices

will be sent upon requesl.

UKW technik ~ Te
X Ul berichte

, VHF-C

- UKW-Technlk Terry D. 8ittan

JahngtraBe 14, D-8523 Balersdort, Telelon (09133) 470, Telex 629887
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BRIEFLY
SPEAKING...

The first EME QSO in the
3 cm Band

WA 5 VJIB wilh KF 5N in Texas
and WA 7 CJO with KY 7 B in
Phonix. Arizona succeeded in
eslablishing the first EME
caniact using the 3 cm band
(10.368 MHz) an the 27th
August 1988. Owing lo lhe
conlinually varying path propa-
galion times. lhe reflected
signal had a bandwidih sirewn
over 1 kHz and sounded ke a
beginner’s lesson on the (lule
— more hiss than lone' In
addition, this was no large insli-
tule achvevement. only surplus
and amaleur equipment was
used for this record The an-
fenna dimersions were be-
Iween 4 and 5 melrgs and the
oulpul powers between 50 and
100 W! Congrats de DL 3 WR
es OE6 AP.

252

STOP-PRESS Informatlon
for constructors of the
DL 0 HV frequency counter
(VHF Comms. 3/88)

Unforiunalely, the produclion
of Ihe inlegrated PIN-diode
allenuator TDA 1053 A has
been disconlinued by Tele-
lunken and i1s no longer ob-
1ainable. Expenmenis have
shown 1hal this allenuator pad
can be replaced by using 3
discrele PIN diodes. The ex-
iract from {he layout plan (hg. 1)
shows how the 3 diodes are
arranged. They are mounled
on the underside of the board
and soldered direclly 10 the
board Iracks When using lhe
PIN diodes BA 479 S (glass-
type), small alterations n the
dimensioning of the conlrol

These modilications have no
notable eflect upon the fre-
quency bandpass of the inpul
circuils. Tesls on the prototype
indicated that the area of
highes! sensilivity was shifted
some 50 MHz higher n fre-
gquency

Also, in the component plan ol
the inpul slage a mislake has
been discovered The diode
D 805 (ZTE2) is shown 180°
reversed. Il should be posi-
tioned so thal the nng marker
Is nearesl (he multiway plug.
Trws component is nol a
genuine zener diode bul a
series ol normal silicon diodes.

D. Schwarzenau

network are required
Fig. 1
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| Heavy-Duty Support Housing
. tor KR 5400/KR 5600 Satellite Rotators

This heavy-duty. stable profile replaces the L-bracket which forms part of the
KR 5400 or KR 5600 rotator systems. The use of this component ensures a
much higher degree of antenna-installation stability.

Malerial: —

Square -section ubing
200 x 149 x 100

afwr -
#

6 mm thick steel plastic coated ’ i ~
— 2
Weight: 3.1 kg ! :
) -
L I‘-";-1...
\ 1 =15
PR [
Art.Nr.: 1068 ' : S { @ (L
' s | SR
Price: DM 148.00 e I - o

Post and package charges upon request.

Satellite Rotators

Art.No Expor price(!)

Including the enhanced dates of

elevation rotator KR-500 A: KR-5400A 1013 DM 785.—
(100 Nm/200 Nm) and KR-5600A 1014 DM 1026.—
KR-500 B: (140 Nm/40 Nm) KR-5400B 1015 DM  956.—

KR-5600B 1016 DM 1132.—

Available from:

JahnsiraBe 14, D-8523 Baiersdori
Tel (09133)47-0, TiIx 629887, Tix, (09133)4718

. N MaARN » Telecommunicatlons, VHF-Communications
k .,___.“..D@y,-'-.y ‘EChnlk UKW-Technik, Terry Bittan OHG

253



VHF COMMUNICATIONS 4/88

=

ATARI

A very detailed and comprehensive

AMATEUR RADIO
PROGRAM
tor the ATARI ST

P

RADIO AMATEUR PROGRAM!
de DK 4 BV

- program
- Amateur loghook
Coolest operation
- Aptenna headings and
distance calculations
Determloes moon and
satellite positions

Termlpal program for
Fenck.zl ral:iln and AMTOR

CW tralver

and wmuch more !

Art.No.: 3403/9.x

DM 190.00

©

h

\ Program disketie in English
(vergion 9.x)

Please give callsign and QTH
location code when ordering!

Fu er details

* Full or split screen working

* Uses mouse or keyboard menu selection

* Doublc (unction keyboard

TNC and converler paramelers seleciable

* 16 transmission speeds available (rom 45.45 1o 9600 baud

* Calculation sections:
Satellite and moon-pesilion calculalion, antcnna heading and distance
calculations based upon given localor codes or co-ordinates inpuls

* Conlest laciliry: ;
Various logbook keeping and coalest dala evalualion possibililies

* Logbook section:
Iniuel contacts and general laghook keeping, evaluation possiblitics
for any given criteria. Printing of address labels for OSL cards

* Various list and data banks:
Relays, transponders and mailbox dala with over 1,700 coiries [rom
the whole of Europe and other parts of the world, DXCC and CEPT
countries logether with band and relay [requency plans

* Morsc Lraincr:
Sends groups of five characlers al random as well as amaleur abbre-
vialions, also manually derived 1ext and ASCII dala can be vtilized

Note: By using the TNC unit info the R§232C connecior, PACKET RADIO
(PR) can be worked and a standard RTTY converter aliows teletype operanion.
>

UG

MR

WE

{

= =

technik
berichte

Telecommunlcations, VHF-Communicatlons
UKW-Technik, Terry Bittan OHG

JahnstraBe 14, D-8523 Baiersdor!

Tel. (09133) 47-0, Tix. 629887, Ttx (09133) 4718
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The TNC Midget ---TNC - u 21 E---

x*x A complete TERMINAL NODE CONTROLLER (TNC) with
a built-in message board having the overal]
dimensions of a cigarette packet *=*

TNC -y 21 E

for

packet radio

‘ _mnodel TNEHZI 9.

=
L

L B mE

s0

=
i

2t
*

(o]ge]

10

-%

- Based on the TNC-Z of the TAPR
- Protocol AX.25, level 1, version 1.1.4 TE
- Baud rates RS-232C 300/600/1200/2400/4800/9600
- Mailbox incorporated (Mini-BBS)
for 15,000 characters

]

3
¥

[

- Low consumption circuits taking only 29 mA
4.8 V from the battery

- Memory backup battery

- Audio cable for AF-IN and AF-OUT to BT/PTT
(with plugs)

- LEDs may be switched off

- RS-232C interface at rear-side of unit
- Built-in 4.8 V / 129 mA rechargeable battery
- 10 - 13.8 V DC charger connection

Dimensions only:(WxHxD) 62 x 23 x 104 mm

Art.Nr. 3404 only DM 445.00
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—» AMATEUR TV

Interested in....

AMATEUR TVeDX TVeDIGITAL PICTURES
HOME CONSTRUCTION ¢VISUAL EFFECTS
VIDEO » SATELLITES ¢ SSTVe COMPUTERS

....Then you need CQ-TV MAGAZINE. Always

packed with up-to-date practical
information and projects. This English
language magazine s published quarterly
and sent exclusively to members of the
BRITISH AMATEUR TELEVISION CLUSB.

JOIN NOW

The BATC 1is the largest organisation in
the world specialising in all aspects of
amateur television. [t is a founder
member of the European ATV Working Group
(EATWG) and is recognised by IARU and all
ma jor amateur radio organisations.

To receive full details write to the Membership Secretary;
'Grenehurst', Pinewood Road, High Wycombe, Bucks HP12 4DD; U.K.
Why not try a year's subscription .... you'll be glad you did!

We accep! VISA Credit Card, Eurocard
(Access/Master Card) and only require
the order agains! your signature, card
numoer and its expiry date.

VHF COMMUNICATIONS / UKW-BERICHTE
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Plastic Binders for
VHF COMMUNICATIONS

s Aftracuve plastic covered in VHF blue

= Accepls up o 12 edilions (three volumes)
+ Allows any required copy 1o be found easily
» Keepsihe XYL happy and contented

+ Will be sent anywhere in the world for
DM 10.00 including surtace mail

Qrder your binder via \he national represenlative
or directly from the publishers of
VHF COMMUNICATIONS (see below)

Prices for VHF COMMUNICATIONS

Subscription Volume Individual copy
VHF COMMUNICATIONS 1988 to 1969 DM 25.00 each DM 7.50
VHF COMMUNICATIONS 1987 DM 24.00 eachDM 7.00
VHF COMMUNICATIONS 1386 DM 24.00 eachDM 7.00
VHF COMMUNICATIONS 1985 DM 20.00 eachDM 600
VHF COMMUNICATIONS 1980 10 1984 DM 18600 eachDM 450
VHF COMMUNICATIONS 1975 DM 12.00 eachDM 350
VHF COMMUNICATIONS 1976 10 1979

(incomplele, only 3 edmions) DM 9.00 eachOM 350

Individual copies oul of elder, incomplele
volumes, as long as slock lasis

/1970, 2/1971, /1972, 2/1972, 4/1972, eachDM 2.00
2/1973,4/1973, 1/1974, 3/1974 eachDM 2.00
Plasuc binder for 3 volumes DM 10.00

Woe shall nol be able 10 reprnint editions which aré elder than 6 years.
All prices Including surface mail
When ordering 3 complete volumes, a free hinder is included!

X

ﬁbzenchfe Terry D. Bitan - Jahnsir. 14 - Postlach 80 - D-8523 Baiersdorf
Tel Weslt Germany 9133 47-0. For Representatives see cover page 2




You should know
what's behind our sign

We are the only European [ Our R + D engineers are

manufacturers of these m constantly working with

Miniature TCXO's = sl emiseeet L]

develop new producis.

CCO 102, CCO 103, [ We can offer technical

CCO 104, CCO 152 advice for your new

modulable table projects or manufacture
higher stabulity than a aganst your specification
quartz crystal:

less than + 3 ppm over ‘

Quartz crystal units in
the frequency range

| from B0O kHz to 360
MHz Microprocessor
oscillators (TCXO's,

the lemperalure range
-30 10 +60°C. (types B)
low ageing rate: ‘
less than | ppm per

year.

wide frequency range’ VCXO’s, DCKO’s)

10 MHz 10 80 MHz | crystal components

low supply voltage: " 4 || according to customer’s
+5V i A S b | specifications

low current consumption:

3mA max. (series CCO 102)

small outlines: CCO 104 = 26 c¢m3, CCQ 102/152 = 3.3 cm?,
CCO103 =40cm?

widespread applications e.g. as channel elements or reference
oscillators in UHF radios (450 and 900 MHz range)

cCco103 CCoM ‘

! — +B
max ImA max lOmA max omA  CCO 152__‘{:{.__-— o2 ATE

Telefon 072 68/801-0 - Telex 782359 t1q d + Telefax 0726871435
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