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WELCOMLE AND CONGRATULATIONS - to vou the founder members of
the Constructors Club! [ am verv pleased thai you thought the wdea worlh subscribing 16 and hope it will 1ive
up 10 your expectations! Thani vou for vour good wishes. This is imtended 10 be a newslelter for the exchange
of ideas and I positively want contributions from othiers with supgested topics or noles or quesiions ek, To (hal
end. [ am grateful to receive intitial contributions from GIGC, G4GVM and GOFIDRI. My intention 15 to have
notes cach guarter en a series of themes. Apatt from some sort of editonial, T expect o have something on-

* Construction tips,

* Test gear,

* Project application notes
* Ouestion corner.,

Others can be added as demand and space allow. The main emphasis will be on weas
suitable for HF gear. not begause [ wish 1o restrict it to HE but because its much easier (0 make HF gear work
than VHF! My own inlerest is in designing couipment to obtain good performance for cost. so T wont include
anvthing associated direcily with operating. [ shall also be glad to have contributions on antennas aithough this
15 a lopic wingh [ regard as a black art through my ignorance! If vour cominbution ¢an G mito the above
categories so much the betler. Construction {ips aims to show that its possible to build things without either
spending lodts of money or having extensive facilitics. [ have started this theme with a note by G3GC on the
peneral setting oul of a project. [ have kept a lengihy note by GAGVM on etching vour own PCBs till next
lime. Test gear will cover items that home builders will find usefiyl in getting their gear working. The Project
application notes will cover the building blacks of a new kit which will eventually be available from Walferd
Electromics. Since T have nol vel compleied the design _ this is a little fluid now_ but the aim is a résonably
simple moderale perfommance direct conversion receiver/transceiver; it will be for CW and phone sideband
rcception but phone transmussion will be bn double sideband suppressed carrier. My aim 1s that the base 1ig be
esscntially broadband  with a VEG/muxer giving ¢coverage of 160 and 80m initially. [ hope to kecp the
transceiver cost to arcund £75 but members of the Constructors Club will be able 10 acquire it in stages. Later
additions wiil give other bands and extras such as digital rcadont (1 would love to know what sort of rig you
wanl- cheapics. middling, or full feamred superhets or phasing nigs.} Question corner is up 10 vou - T am
pleased 10 have something ¢ven for this issuc! Thus there will be quile a wade range of lopics and varving
techmical depth. Members will appreciate that unfortunately I may have to edit some contributions and that
time and cost dont wsually allow me to eoter into individnal cormespondence - despite what you may have read
about Farmers and (he EEC, we still have to work our lagd!

T Wallord G3PCJ- Editer

Construction Tips

Mechanical Design. Mary tems of home brew equipment are often taken {fom a magazine
and therefore will not need any basic mechanical design. Alternatively. if' it is your own circnt then it will be
neeessary to de vour own mechanical lavoul. in which casc it is worthwhile putting something down on paper
first. 1n doing so. be sure to think ahead (9 any problems that might arise in assembly and wining. Will vou be
able 1o get at a particular part if some other part has been pul in place first? Will it be possible 1o get at all test
poins with meter or oscilloscope probes? Despite vour care. in practice there will probably have io be the odd
cliange as vou prococd with the construction but atiention o detail at this time will pay ample dividends. Part
of this lavoul stape will deal with the front panel. Here you should think of the appearance of the front panel
and the logical arrangement of controls for ease of operation. Bear mn muind that if you are lcft handed things
might need an uncomventional layout. Often some controls are pal on (he back panel and it is not uncommen to
find a loud speaker placed in the side of the cabinet or hid. Neither 15 particularly satisfactory and if possible it
should be on ihe fronl panel. At this stage 1t 15 also worth (hinking about what finish and colour the final
equipment will be, Should it blend with vour current commercial gear (Phomebrew house style. Ed ) or should
it be different o draw atlention to it?

Mechanical Copstruction. The tvpe of construction will depend to a large extent on the size
and type of project. As we arc talking about home comstrociion T will assame that the preject has onc or more
printed circuit boards {(PCBs). These will have to be fitted into sone form of cabinet which may be cither made
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on the "kitchen table” or purchased Mrom one of many suppliers. The latter will cost a 1ol more and probably
may nol be the right shape or size! The "kitchen {able” version can be made (0 precisely your requirements.
which will require some mechanical ability, { Not ncecssarily! Lo a later 1ssue [ hope (o cover various less
demanding mechanigal (wehniques for projects and prototype umis, Ed.) Assaming vou are going for a metal
box, 1he first (hing is to decide which metal: the usual favourite is alumininm. Scrap metal merchants are a
goud source and 1l can usually be cxamined before purchasing, The best thickness is 18 SWG ((0.048" 3 which,
while reasonably siiff. is [airly casy to bend. Bending is probably the mest difficult part of home construction o
dmateurs. Ome of (he best ways is to usec a "workmate” as the wooden vice is of ample length and can be
adjusted 1o hold the maicrial firmly over the whole of any length likely 1o be required. One of (he problems in
bending is the apparent loss of matenial i making the bend. There are tables for the "allowance [or bending”
but lor the amateur it is best to do a few dummy bends on ofTenis of the imtended matenal. Carelully mark ol a
length wilh precise dimensions to be bent al nght angles and then check that vou have bent a right angle!
When bending the metal never hit the metal direcily with a hammer or mallet, place 2 piece of wood where it
is to be hit. Using (his mcthod vou should be able (0 obiain 2
good bend wathow blemishes. If necessary (he cabinel can be
! stiffened with aluminium angle. The cabinetl is most easily made
l out of two 1 shaped sections attached lo each other ai right
angles, Some means of attaching the two halves is needed. cither
by flanges oo the bottom or chassis section or by wrapping the
i o ! top U slightly around the bottom U which requires the bottom U
L | L 10 be shd o the top onc. They can be held logether with sclf
1 ) tapping screws or bolts into thrcaded holes tapped inle (hicker
j-ut o /ipb€ angle section naicrial.
J’ﬂ N R=TY PR Cric Godfrey  G3GC

Meter Scales

Ofter meters used to make est gear dont have ihe desired scale. O some 1115 possible to remosve the
scale plate tn undoing a couple of screws, Afler painiing the back with matll while emulsion or spraving with
car mialt paint it can be fitted the otherway up. a new sgale can then be put on with dry rubr down line and
number (ransfers fo give a "semi professional” appearance. You can always revert (1o (he original if needed!

Speaker Grills and Vent holes R
Some sort of covering is needed to stop umvited extras cntering the cquipc?ﬁnﬂ Alaminium wire mesh
which is used (o repuir car bodics comes in sheet sizes of 30 x 20 ¢ms cosling 60p at B & Q. Tt can be cut easily
with scissors. Slighly larger and stiffer nxesh is also a good covering for PSUs needing plenty of air,
Crais Douglas  GOHDI

Test Gear

The most useful thang (o have in the shack is a multi-meter . I find that an analogue one is
more useful than a digital type because they are oficn sinaller. dont have batlerses that need turning on for
every eading and can often be bought for a £1 or 50 at junk sales. { Often they can be checked belore purchase
by shakang (o see il the needle moves atal and  shorting the leads on the ohms range when 11 should go (o Mull
scale if the battery 1sn't Oat Go for the highest sensitvily vou ¢an afford since this will reduce (he loading on
whatever circuit vou are measaring - aim for a basic movement of 1(¥) micro-amps or less since this wall
present a load of 100K on its |0y tange. Most cheap instrurnems have AC and DC volts, DC current up to
about an amp and resistance. T find that it is useful (o also bave a digital multi-meter as well 10 occasionally
measiie more accurately when that's important. but don't fegl that they are cssential: they are now available
with all sorts of extra facilities such as capacitance or temperature of frequency measnreiment in the range £20
1o £30. 1 sugpgest that its worth going or frequency despite their limitation to around a Mhe, Thev invariably
have cominuity testers which squeak  when the circuit is complete and cnable you o keep vour eyes on Lhe
cable elg instead of flitting to the meler,

Undoubtedly the next most important itemn 1% a gencral purposc power supply. Most amateur
gear is designed 1o work off nominal 12 volt supplics and while vou can do a lot with the small non-spill lead
acid battenes which are sold at rallies ( ex burglar alarms cic.) 4 mains powered unit is soon desired! Its
gifficult to generalisc on what's needed since (est gear will not require any variable voltages but if its to power
z nig (here 15 imuch to be said for extra oulputs up 1o about 25+ - I (v 1o design my gear to work with this wide
range ol input voliages so that the (ransmitler will be able to produce more cutpul on the higher voltage; it also
gives some margin of safety! Often T have lenl gear to others for nse with their PSUs only (0 have il returned
with the comment that it worked Dme for a lew minutes then died: on nvestigation lhe PSU was not
wan-engugh and shut itself down, Hence my suggestion to err on the large size with a 3 Amp continugus
oulput, This ups the iransfornier sive bul its worth while. Again be guided by what you can oblain al rallies
bt look for a conventional one that's about a dwee inch cobe and il will have a abng of about 60VA. The
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citgwi [ below using a fixed 12v 3A nicgrared regulator (vpe MCTETI2CT) needs a minimuwn of 13 volts DC
input. The bridge rediificr will drop a turther 1.5y so vou need 16.3v an load at the bettom of any npple on the
raw DC. The maximum inpul o the regnlator must nol excecd 30y ofMload so the scoondary RMS voltage
necds to be less than 30 dnaded by square rool of 2 ( =1.414) s0 a 20 voll secendary is the imghest and 15 volis
15 about the lowest suitable, A good rule of thumib is that the nipple on the reservoir capacior will be 1 volt for
each amp of output current 17 the capacitor is 10,000 micro-farads. So look for 20,000 or 30,000 meiro-farads
wilh a voltage rating of at least 30 VDC. This can be any parallel combination of smaller capacitors with the
samc voltage rating. Do make ceriain to fit a bleed resistor aeross the teservoir capacitor and T hike to have a
mains input neod and oulpul LED but these are optional, What are nol optional are profective boxes and fuscs!
Be very carclul of the lethal mains voltages and make certain no straying fingers can gel anywhere ncar the
miains wires. The regulator can be reduced to 3 2 Amp | L78S12CY joreven a 1.5 Amp iype ( L781ZCV ) for
smaller loads and vou will be able to use smaller values of reservoir capacitor and a simaller (ranstormer. The
regulator must be mounted on a heatsink and will get hot when supplying the maxionun carrent, If the case is
metal. boli the regulator in the centre of the largest face having scraped away any paint and use an exirg sheel
of U shaped alumimum. say about 3 inches square mitally, clamped by the same device mounting bolt on the
outside of 1he ¢ase. The mounting tab is connecled W the common or 0 voll pin and will connect Ov 1o the
chasgis but it is a good ides 10 make a wire connection as well, You should also conncct mains earth Lo the case
and to the teansformer sereen 1 1L has onc. ( 1f 1he transformer has unmarked windings but is known 1o be for
240w mains. the highest mesistance winding is likely to be the mains nput. Cautiously apply mamns with a 1
Amp fuse to this and measore the output voliages on the other windings starting with the A voltmeter on 2
250 volt range incase there are other high voltage secondaries! ) The wircs between ransformer secondary and
bridge rectificr and reservolr capacitor carm. very high peak currents so these need 1o be thick and the ontput 10
the rerulator should be laken direct off the reservorr capacitor W avoid any volt drop in these getting into the
output. {As am aside its worth noting that transformers can be a source of nterference il mouned near
widcband audio amplifying stages so i1s 3 good 1dea 1o space them as far awayv as possible al the back of
cquipmem.) The raw DC ontpa al up 1o aboul 235 volts can be available on a separate ternunal for high power
needs but this oulpul 15 unregulated and will have npple on it depending on the load.  Tim Walford G3P(C)
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Question Corner

Ron Chisncll asks what is the best tvpe of aenal for a short wave recciver for a flat dweller
with limied space? What is a magnetic loop? The general aerial advice of get out as much wire and as high as
possible maybe himited to curtain rails and balconies, Tulerfersnee from mains wiring can also be a problem
and loops are less susceptible to this. A loop picks up the magnetic (as opposed (o (he clectrostatic) part of 1he
radio wave, By placing a portable radio with a fernife rod aerial w the middle of a funed loop the received
signal 1s usually enhanced. even without connections. The loep will need turning for best ¢Mect and mnst be
tuned 10 the receiver's frequency. Experiment with a loop of solid copper wire svonnd round a cardboard box of
about 50 cm cube. ( Split mains twin and carth | nun lighting cable leaving insulation on it Connect the loop
ends to cach sidc of a variable capacitor of about 300 pF { cx scrap radio ). iey six turns for medium wave, {Qor
turms for 3 to + MHy and 2 or 3 turns for up o 10 Mhz or so. Keep the turns spaced ai least 1 cm from each
other, Tune ihe radio to a weak station. pul 1 ihe loop. alter the loop capacitar and rotaic [or best effect.
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| Audio Power Amplifiers

The LM38G is often used, it needs fow extra
parts, can usc a supply of & - 22v and has a fixed
voltage gain of 30. The TBAS20 will work over 3 (1o
16v with a fixed voltage gain of 50 and is cheaper but
usually needs more external parts. T prefer the 2030
range since they will work on 12 10 36v supplies, arc
almost as cheap and can have their gain sel higher.
They can also be proceeded by a 470K gain control
which makes il ¢asier to follow an AGC stage, They
arc made by several manufacturers and come in
vertical and horizontal versions, the latter allowing
bolting to the PCB 1o acl as a heal sink. The cirouit
alongside shows typical valucs for a stage driving a 4
ohm LS or phones having a vollage gain of 220 over
the audio bandwidih 150 to 3000 Hz. The gain &
bandwidth are sl as for an op-amp; the gain 13 | plus
R1 divided by R2. The upper bandwidth limit 15 when
the reactance of C1 equals K1 and the lower when
the reactance of C2 equals R2. R3 should be aboul R1
divided by 100 The network R4 and C4 help siop
instabilitics and R3 prevents ear shattering clicks
when you plug in vour phones! The bias voltage
supplied through R6 o the posilive input scis the
output D voltage . idcally to half the supply voltage
but its often convenicnt to use another smooth
miernal rail. typically +8v. A logarithmic gain
coplrol is used to make the appareni sound level
increase smoothly. The gain mavbe ncrcased 1o
aboul 2000 max. by decreasing K2 1o 120R but C2
will need increasing 1o 4.7 uF for 300 He cut-off,
Sidetone audio for CW can be fed in al the negative
input and will he unaffected by the recener pgain
control provided the amp is kept live on TX! G3PC)
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Audio Pre- amplifiers

Its rather harder to gencralise here but the
cireuit alongside 1s very handy. For phone it provides
a voltage gain ol 40 gver the band 300 o 3000 Hx
bul can be switched tojsingle pole audio filter for CW
with a bandwidth of 143 Hz centred a1 720 Hz, a @
of 5 and gain of 30 Amv higher QQ will tend to make
the filter ring and sound funny. The switch can be
tront pancl mounted (i the leads are short) or the
contacts of 2 relay, The circuit alse has a high mput
L impedance and can use the same bias supplv as the
power amp. The design equations are on the Cirueit
for (hose wishing to experiment. The 47K in serics
with (he outpi 1s only noeded for audio AGC and
can wsually be omitled  but mavbe helpful for RX
muting 1l this is done by a short across the gain
“gontrol. Do not turn offthe suppiy to amy andio stage
1as a means of muting. The S5B / CW switch
changes over the network on the op-amp negative
input and leaves both connected to the op-a2mp ourpul
but since this can easily drive both networks in
parallel it docsn't maiter . A FET inpul low noise
op-amp 15 desirable. tyvpically a TLO71 or half the f,:;

dual 072 Supply voltage can be up to 30v, G3PC)

PRE AMP
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I am very pleased to be able to tell you that we now have about 50 members
of the Constructors Club. This is an excellent start - much better than I had hoped for and I
am particularly pleased to have a small but significant number of overseas members. Please
spread the word to your friends interested in electronics and amateur radio. I emphasize again
that I hope many of you will contribute to the journal - even if its only a small item or idea
almost certainly others will be pleased to see it - so send in your contributions please!

For this issue, the construction theme is slightly stronger than last time with very
welcome contributions from a trio whose arms were more pliable than others! Thank you Gentlemen. [
have included G3GC's note on soldering because good soldering is fundamental to all electronic
construction and it is often the cause of problems. My own note on "Dead-bug" construction is
intended to encourage experimentation without the need for etched printed circuits - the technique is
very effective from an rf viewpoint and lends itself to very easy changes. Alternatively you may prefer
the smart effect achieved by G4GVM, but it does require you to have sorted out the circuit and sizes -
vou can still change values provided the footprint on the PCB does not change. Interestingly GOHDJ
has contributed a note on filters for direct conversion rigs, a topic which has occupied my spare
moments quite a bit recently in connection with the new rig I am working on; I have in mind to include
a tuneable switched capacitor filter with a very steep slope comparable to that achieved in the best IF
filters in superhets. I need some advice on the type of filter, which is acceptable for CW without undue
ringing effects ( Bessel, Buterworth, Chebvchev or Elliptic) - so if anyone can produce a reference 1
should be pleased to have it. At one stage I thought I might have to include a fancv filter in the Yeovil
to get rid of interference from my latest frequency counter kit - however a fresh design using more
modern chips and a change to CMOS logic has completed eliminated interference in the RX. This
display kit is for direct conversion rigs or superhets or as test gear; there are two input channels which
can be added or subtracted and will work to 60 MHz minimum - the prototype did 85 MHz! It suits all
of my rig designs. I also now have a converter kit for the Yeovil so that it can be made into a three
band transceiver covering 20, 40 and 80 metres.

Finally. following an inquiry about where to obtain parts from a member; if you do
have difficulties, [ can generally obtain any of the parts that get a mention in Hot Iron. Don't forget
that membership of the Construction Club allows you to obtain kits in stages if this suits Father
Christmas' pocket! For administrative convenience, | have decided that membership of the Club will
always start on Sept. 1st of any year so that [ have only to worry about subscriptions once a year! Hot
Iron is 50 % bigger this time, I will try to keep it up but it needs your contributions. Tim Walford - Ed.
Soldering Techniques

Once one has learnt to solder, then it is one of the most simple and sure ways of
making a good electrical joint and may, depending upon the particular circumstances, also be a good
mechanical joint. The most important thing to remember about soldering is that "cleanliness is next to
Godliness". This is closelv followed by having the correct size iron at the right temperature. the correct
solder, tinning and keeping the work absolutely still until the joint has set.

To obtain a good joint the work must be absolutely clean. Most components will have
silver plated leads which (if new) take solder easily but enamelled wire can be difficult. The insulation
of modern "enamelled" wire, which has a slightly pinkish colour, will " burn off" purely with the heat of
a largish iron but do NOT breath the fumes. Old style enamelled wire needs scraping with a penknife or
similar, followed by cleaning with a scrap of wire wool done well away from the equipment - do not
usc sand paper or emery cloth. After cleaning the wire down to the bare and bright copper it should be




tinned as explained below. The copper of printed circuit boards does become tarnished in time unless it
has been lacquered or roller tinned all over, again light wire wool rubbing will clean it up followed by
thorough brushing. If the tracks are narrow and might pecl off, rub along them. Where a board has
been lacquered it is not necessary to remove the lacquer prior to soldering; it is also quite possible to
solder direct to PCBs covered in freshly exposed photo resist ( a greenish colour) but after a while such
boards will tarnish and will need wire wool cleaning. Old components may also need cleaning and
tinning prior to assembly. (See tip below.)

It is essential to have the right sized iron for the job and most irons will have a power
to match their bulk and achieve the right temperature. For soldering components to PCBs, a small 2
mm pencil bit with a 18 Watt element is sensible; for more bulky jobs such as making connections to
big earth tags (and burning off pink enamelling) a 3.5 mm bit in a 25 W 1ron is useful. For outside
work on 12 SWG antenna wires a big 150 Watt iron maybe needed, particularly if its windy! A small
iron would be quite useless since it has insufficient heat capacity and is quickly cooled by the work. For
radio work vou should use solder that is 60 % tin and 40 % lead: its melts at 188 °C and is available
with internal flux cores - size 22 SWG is suitable for most work and size 18 for external jobs. Do NOT
use either plumber's solder or their flux since it is corrosive. The purpose of the flux is to make the
solder flow more easily and it is essential to keep the parts being joined still while the solder is
solidifying. Tinning is the process of initially getting a film of solder to adhere to the cleaned metal
which makes the eventual joining much easier. It is done by placing the iron and solder together on the
cleaned part to be tinned, whereon the solder will melt with a puff of smoke as the resin flux evaporates
and the solder then flows casily over the metal leaving a bright thin film. Do not breath this smoke
either! Usually the copper of PCBs is very clean and the solder will flow around the joint without
tinning. Tinning 1s often needed where the joint is likelv to be difficult or the parts are large compared
to the size of iron.

Now to making the actual joint. Assuming that the work has been properly tinned, then
it is merely necessary to hold the two pieces together and apply the soldering iron and melt in a little
solder. This appears to require four hands but in practice the two pieces to be soldered are often held
together mechanically (such as the components mounted in a PCB) leaving vour two hands free to hold
the iron and solder. If necessaryv a small vice maybe used and there are a number of small plastic ones
with a suction grip to hold it to the bench top. Crock clips and clothes pegs have also been known to be
used! The joint should be allowed to cool naturally (never blow on it or drop it in water!). When cool, it
should look bright, shiny and smooth. If it has a matt or pitted look then it probably moved during
cooling and will have to be rcheated and a little more solder/flux applied. A good joint between a
component lead and a PCB track is shown in section on the left - the poor joint on the right maybe due
to insufficient heat or movement during . Sveobe PN
cooling or poor adhesion of the solder to the hﬂj: oNden sﬂm
parts due to dirt. It is not easy to describe all \I
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the techniques in words but practice makes fy \z

perfect. If in doubt seek advice from an J 4> z% r__;—
expericnced amateur with a practical CJ /

demonstration. I will end where I started bv

reminding vou that for soldering "Cleanliness os\ﬁpmev\lf lead & _)
is next to Godliness". Eric Godfrev G3GC Goed joind

Poco‘v _jO ;mt

Dead-bug Construction

This unusual name derives from the technique of bread-boarding (or building a verv
carly prototvpe) by mounting integrated circuits (the bugs) upside down with their legs sticking up in
the air - thus having the appearance of dead amimals. It is a verv good method as it depends on a
continuous sheet of copper, usually single sided printed circuit board. acting as a ground plane or
continuous O volt line spread all over the circuit area. This is good for RF from a layout viewpoint and
avoids having to worrv about separate 0 volt wires for the supply. You dont have to do any drilling for
component leads since they are all mounted or attached to the board by their earthy connections. As in
any project, the lavout of functional blocks is important and the simplest scheme is to lay the stages out
in as long a straight line as is necessary and only bend round or back when space 1s insufficient. You
must make certain that you avoid inputs and outputs being next to each other, especially when they are




working at the same frequency. All leads are kept short to increase rigidity and avoid unnecessary lead
inductance; the earthy component leads are soldered directly to the copper sheet using a hot iron for the
shortest time sufficient for a good joint. The other non-earthy component joints are made up in the air,
again with short leads, using just sufficient solder to hold them together. By the time you have added
decoupling capacitors etc for the supply leads you will find that for most circuits, practically all the
components will be firmly attached and the resulting structure is quite rigid despite having the most
awful appearance! If you find that some component, such as a resistor to a supply line, is rather free
floating in a mechanical sense it is very easy to secure it by adding an extra decoupling capacitor across
the supply line at the resistor; one end of the capacitor is soldered direct to ground, the other to the
common point between resistor and supply lead. These extra decoupling capacitors are seldom a
problem electrically and generally are most beneficial, furthermore they are cheap and small so you can
be generous with them. Occasionally you may feel that an extra capacitor to earth is not right for the
circuit at the point that needs mechanical restraint, in this case consider anchoring the component to
earth with a high value resistor, use the highest value you have in the junk box and it should be at least
100 times the circuit impedance at that point - if you dont know the impedance dont use resistors of less
than a few MOhm! On the whole, extra resistors are best avoided since they might cause problems
whereas extra supply decoupling capacitors are very unlikely to do so; practically any type of capacitor
(and value) can be used but I recommend the use of 10 nF disc ceramics as they are small and cheap
when bought by the bag! If the design needs integrated circuits they are mounted upside down by their
supply pins, first decide the best orientation for the chip to give you the shortest input and output
connections and mark the PCB with a star where pin 1 of the IC will be located. This avoids having to
unsolder all the connections when you have later forgotten which end 1s which. Then carefully bend the
chip's 0 volt pin back so that it points out sideways (actually needing a bend of just over a right angle)
so that you can solder this pin direct to the
ground plane. Then locate the supply pin(s) and
solder a 10 nF decoupling capacitor direct from
the pin to the ground plane, the supply lead is
also soldered to this pin and run on to other
supply connection points. The unused pins of
the chip can be carefully bent towards each
other to make more space for the other pins that
have components attached to them; where there
are several unused pins bend them slightly
sideways as necessary to avoid them touching
cach other. The sketch alongside may help
explain the general idea. Long interconnecting
wires are best run flat in a rectangular grid
pattern against the ground plane and can look
quite tidy. Avoid running wires near any
bl dadl oscilators. If you have to make a structure, say
to mount connectors or a control it is quite easy to cut and file PCB material to the right size and attach
it by soldering along the joint between the ground plane and the back of the control mounting panel - if
necessary add another piece of PCB offcut at right angles to the other two to give further rigidity.
Finally the base PCB can be mounted on rubber feet. You will be surprised how easy it is to get good
results. You can even rip it all apart and start afresh without any difficulties! Tim Walford.
Passive CW audio filter

Craig Douglas, GOHDJ writes, "One of my QRP rigs is a Hilltopper (designed by
GM4JMU); it has an audio filter using passive components with a bandwidth suitable for SSB as well
as CW. It works well without anv ringing etc but an article in "Sprat" suggested that a lower frequency
CW note at around 500 Hz is easier to listen to and aids discrimination in a noisy background. I built
the 500 Hz version of this elliptic low pass filter and it is certainly very effective with a sharp cut-off. It
is intended to be fitted in the audio line just before the audio gain control. The parts are not expensive:
the inductors are available in the Toko 10RB and 10RBH series, available from Circuit and others. The
table shows the theoretical component values and suggests the most suitable combinations of standard
value capacitors. With a theoretical attenuation of some 40 dB for an increase in pitch of 50 Hz from




500 to 550 Hz, it should be very good at removing unwanted nearby signals. If you decide to build the
500 Hz version be aware that most commercial rigs are based on an 800 Hz offset and you may have
difficulty working other stations. (It is of no consequence if you are receiving only.) I have included the
figures for an 800 Hz low pass filter just in case!"
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Construction Tip
Les Boddington G4JDC writes, "I have learned from bitter experience never to assume
that the wires on components are clean and ready for soldering. I always gently clean them to clear off
anyv oxidation by gently pulling the lead through the jaws of small pair of pliers. I know this may sound
long winded and time consuming but it helps to insure a good joint." The Editor would comment that
this 1s particularly necessary for those dreadful bags of a 1000 resistors that you get for 20 pence at
rallies - they always seem to be covered in wax all over and have obscure values!
Reverse supply protection
Following my note last time on IN 400! wp to _ @
power supplies, 1 list some methods for protecting + ’ N 1 4
equipment from wrongly connected supplies. The
first using a series diode, typically a IN4001 for up g"'[Tb Lotrd>
to an Amp, only has the disadvantage that the
supply voltage is reduced by about 0.7 volts and
this figure does vary with load current. The second| —— _
method of a series fuse and reverse diode does not

suffer from significant volt drops but there is a very QRS @
brief instant, on connection of wrong polarity 41 5"“&: eo, I
supply while the fuse melts, when the load has a INA6o] +

small reverse voltages applied to it. Only g‘*ﬁ’b —~ Load
quick-blow fuses should be used. The third circuit

has no performance drawbacks except that the relay | - —

does draw some extra current and it is more costly
and bulky. The relay coil must match the supply
voltage and its contacts must be adequate for the| ——. @

¢ Mo
load current. The fourth circuit, which is intended as + T" etoagts  foswt
. ] . Ay |t load .
a timer for battery powered instruments to avoid a| < IN
4148
A7
‘/’ {

i
flat batteryv next time it i1s used, does also protect \T/) L‘w"‘{}
against wrong battery polarity. The time for which _
the load is connected to the battery varies with load

and individual components but its simplicity makes chn-:) Vblbjc Tosui Supp b .
up for the need for a little experimentation with C

and R values to obtain the desired on time. As a Pusle o stanls @
verv rough guide, the On time will be about CR + Bl <_> + Upto
seconds ( C in microFarads and R in megOhms) but ,) LeAD :LA?{_
it depends considerably on the supply voltage and buf/ylj 1K D | /foomA KS:—:E
the characteristics of the MOSFET. A wide variety CH G IRES1D QSO :,77_
of n type MOSFETs can be used such as the| oqylte R )

D

IRF510, IRF540 etc. The supply can be up to about — A g
20 volts. Tim Walford G3PCJ N Tjr M /oouFasy
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Fabricating ""one-off'' printed circuit boards

Here is a method of making "one-off" PCBs which, with some care and attention to
detail, can give a highly professional finish. For brevity I am tabulating the various steps. Read right
through these notes first to help you understand what's involved. Do take care with the etching solution.
Preparation
1. You will need pencil, rubber, ruler, 0.1 inch graph paper, carbon paper, masking tape, very sharp
knife such as a scalpel, 0.1 inch matrix vero-board, blank PCB, 2 or 3 small clamps or bulldog clips.
ferric chloride etching solution (see later), the components, 0.8 mm drill, 2 x 3 inch lengths of 20 SWG,
2 mm ID brass shim tube, and various vessels.
2. Draw component placing and circuit layout on 0.1 inch graph paper, drawing it as viewed from the
component side. The tracks will ultimately be on the other underside.
3. Try actual components on matching veroboard to check for tidy looking layout - alter as required.
4. Check and double check the circuit is correct with a sensible layout - avoid inputs near outputs etc.
5. Place carbon paper, carbon side up, undemeath the drawing and trace over the pads and tracks. This
will show the track layout as seen from the copper side, which will be a mirror image when viewed
from the track side. '
6. On the drawing, number each vertical line left to right and mark each horizontal line with letters top
to bottom, a b ¢ etc. List the numbers to be drilled to the right of each line.
Drilling
7. Cut the PCB to the required size, allowing sufficient overlap for fixing holes etc.
8. Clamp piece of veroboard to the uncoppered side of the PCB and square it up carefully.
9. Locate and drill (0.8 mm) two of the holes at each end. Thread two lengths of 20 SWG through them
and twist the ends. Remove the clamps and trim the twisted wires to about 1/4 inch on top of the board.
10. Place the masking tape so that line "a" only is exposed. Number against every fifth hole on the tape.
11. Dnll all holes on line "a" as indicated on the drawing. Move the tape down to expose line "b",
keeping the numbering in place, and drill all holes in line "b". Continue until all holes in all lines are
drilled.
12. Remove the two clamping wires. You should now have an accurately drilled, but plain PCB.
Manufacture
13. Scrub the copper side with wire wool until it shines. Remove any burrs remaining on the holes by
lightly twisting a larger drill into the offending hole with vour fingers.
14. Cut a 3 inch length of PVC insulating tape into 2 mm wide strips longways for the tracks. Do this
very carefully with a scalpel or razor blade or Stanley knife up against the ruler, with the insulating
tape laid on ex-address label backing to preserve the tape's stickiness. Drawing a 2 mm scale each end
will help. Do more if required.
15. If required, circular pads can be made by sharpening the end of a 2 mm brass shim tube (obtainable
from model shops) with a file, and cutting them from a strip of insulating tape.
16. Cover and join the holes on the copper side of the PCB with the tape strips as per the carbon side of
your drawing. Apply the pads at the ends over the holes if required. This pattern is the circuit that will
be left after etching. Press down overlaps and edges so that no etching solution can get underneath the
taped areas. The rounded handle end of a scalpel is good for this. For a satisfying finish, make sure the
tape strips are tidy and parallel or at right angles to each other. If there is room, "letraset" vour call sign
and project title, date etc, on what would otherwise be a blank area. Double check your work.
17. Find a shallow non metallic dish just large enough to take the PCB ( saucer or meat dish ¢tc.). Pour
in about 3/8 inch of ferric chloride etch solution (see next paragraph) and carefully place the PCB in it.
If the board is made of SRBP, which is a brownish colour, the board will float and it should be placed
in the solution copper side down so that the solution is in contact with the copper. If the PCB is made of
fibreglass, usually a dull greenish colour, then the board will sink and it should be placed in it copper
side up so that you can see how the etching is going. Every 5 mins or so gently rock the dish to move
the solution around; after about 15 to 20 mins the copper will begin to vanish, usually at the board
edges first, and you should then examine it every few minutes so that you can remove it from the
solution just as soon as all the unwanted copper has been removed. Use plastic or non metallic tongs to
pick up the board and it is a good idea to wear rubber gloves.

©



I8. Ferric chloride etching solution is usually made up from crystals, largish irregular yellow globules,
which can be obtained from electrical suppliers such as Cirkit, Maplin etc. and maybe some chemist
shops. Follow the instructions, which usually come with the crystals, on how to make up the solution. If
there are none then you should use them at the rate of 250 grams of crystals dissolved into 0.5 litres of
water. First asses how much etching solution is needed by filling the etching dish with water to a
sufficient depth to cover the board and then pour this into a measuring jug. 0.5 litres will be more than
enough for most boards and the surplus can be kept for the next board in a labelled sealed non metallic
container safely stowed away from food and children etc.. For making up 0.5 litres of etchant, first
place 0.25 litres of cold water into a non metallic dissolving vessel, then weigh out 250 grams of
crvstals in something like an old ice cream tub which can be later thrown away. Gingerly add the
crvstals to the cold water, NOT the other way round since heat is generated as the crystals dissolve.
After a few minutes carefully add a further 0.25 litres of hot water to the dissolving vessel and stir
with a plastic rod till all the crystals are dissolved. Transfer sufficient to the etching vessel and store the
remainder. The solution will be warm which speeds up the etching. If you have many boards to do at
once, the continued application of a little heat from something like a 60 Watt light bulb will keep the
temperature up. Obviously this needs the etching vessel to be safely mounted over the heat source. If
vou do suffer from a splash of ferric chloride wash immediatelv with lots of cold water. 0.5 litres of
solution will etch up to about eight boards 100 x 160 mm before the strength runs out but the last few
will take longer. Generally it is best to avoid keeping part used solution.

19. When the board has been fully etched wash it thoroughlv with water. Do NOT pour the spent
etching solution down the drain and dont get it on stainless steel sinks, dilute it further with water and
pour into a hole in waste land in your garden. Remove the PVC tape strips and pads then scrub once
more with wire wool. If vou can, spray the board all over with PCB lacquer (available from electrical
suppliers) at this stage to stop it tarnishing. You can solder straight on to the lacquer.

20. If the project requires a ground plane of copper all over one side, then use double sided copper clad
board and fully cover the wanted ground plane copper side with wide PVC tape or selotape to prevent
the etching solution coming into contact with the wanted copper. Be careful to avoid air bubbles and
make sure any strips of tape overlap with no curled up edges. Use the scalpel to cut carefully round the
edge of the PCB to remove the excess tape. with the board laid ground plane side down on a flat piece
of wood. Press the edges down carefully. You will also need to countersink the non-carthy lead holes to
prevent those leads shorting to the ground plane; this is done after etching . You will also have to give
careful thought about how all earthy component connections are made to the ground plane, since it is
not practical to solder the earthy leads of all the different types of parts to the ground plane underneath
the part. It can however usually be done with resistors and ceramic capacitors and these make good
points for soldering both sides of the board to complete the earth path.

Fitting components

21. Just a few points regarding the fitting of components. If using integrated circuits, it is a big
advantage to use IC sockets or holders - note thev include a pin 1 locating mark. Fit resistors so that
their values can be read left to right or bottom to top. Fit capacitors so that their value can be read
easilv. Care in soldering components "square" and at a constant height etc will give a pleasing result. If
the board has a ground plane be careful not to push in shouldered leads. such as integrated circuits, so
far that their shouldered pins short to the ground plane. Derek Alexander G4GVM

RF voltmeter Pove T
None of vou have submitted anything for \[ 1o “F/:L(sc AM7

the Question Corner so her is a space filler! It is a high

impedance  peak reading rf voltmeter, which when ’_! ’

connected to a digital voltmeter with 10 MOhms input

impedance will show the RMS value of the voltage| Ge A

providing it is sinusoidal and sufficiently large for the | Biede

approx. 0.1 volt drop in the diodc to be ignored. It will _

provide some indication for rf voltages down to tens of ovelt

millivolts but the actual value shown will be way out and it | chasss

can onlv be used as a rough indicator. It is good to VHF if | ¢lp g::gql ol

the component leads are short.  Tim Walford G3PCJ ’
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EDITORIAL

1 am sure you will have noticed that Hot Iron has a new look - the intention is to
make each issue more casily recognised by its appearance. The scene in the bottom left
will change with the seasons - if anybody wishes to contribute a picture on 3.5 in floppy
disc, T will be dclighted to consider some alternatives. We also have several new
contributors for which 1 am duly grateful. Three contributions are about modifications to
the Yeovil. 1 have outlined some suggested improvements for Tiny Tim - all my own
customers for Tiny Tim should already have rcceived the details, but if there are others
who you know who have built it from their own resources, they should be interested in
the notes below. e

[ am also plcased to announce the availability of may long awaited new FET power
amplifier kits. I have called them QRP BOOSTERs and they are suited to Tiny Tim,
the Yeovil or any othcr QRP transmittcr, Two versions are available, both capablec of
producing over 50 WPEP from a maximum input of under 1 WPEP. The MF 12 volt
Booster uses four TRF510 FETs for 160 and 80m. The HE25 volt Booster uses four
VN88 FETSs covering 160 to 10m. Both types arc essentially broadband. On 25 volts the
HF version produces about 35 WPEP but fitting extra capacitors related to the operating
[requency enables SO0 WPEP and up to 35 Volis for higher output. Both versions include
relays for T/R switching & control inputs for direct control or #f sensing at the input.
One control input has a delayed transmit hold facility that can also be used to provide
semi break-in operation for separate TX and RX. In receive or with no power, the rf path
is bi-directional. You will need low pass filters or a resonant antenna matching anit. The
size is 100 x 160 x 35 mm over the heatsinks. Both prototypes produced about 70 WPEP
on 80m but dont necessarily expect yours to do the same! The same PCB is used for both
versions. Price is £45 - under £1 per WPEP. Send a SAE for the details.

Tim Walford Editor

YEOVIL ORP CONVENTION

This year's convention is on May 8th at the Preston Centre, Yeovil, and has a
very full programme of talks, demonsirations, QRP stations, trade stands and the like.
We also have an annual construction challenge which should appeal to readers of this
journal! This is the 10th convention so the theme is based on ten this year; briefly you
have 10 design and build an 80m CW receiver using only 10 electronic compenents (no
ICs) powered by a batiery ( less than 10 volis ) giving an outpat between 10 Hz and
10KHz across a 10 KOhm load resistor. The results of your labours will be tested during
lunchtime using a QRP transmitter equivalent to that used 40 years ago for the first long
distance sky wave contact with a transistorised traasmitier by the Yeovil ARC; the RX
with the greatest output will be the winner. Contact Peter Burridge, G3CQR QTHR or
phonc 0935 813054, who will be pleased to send full details of the Challenge, the
Convention and the CW Fun Run contest during the preceding week. lts a splendid day
out, a chance to meet fcllow constructors and QRPers, traders etc including Walford
Electronics! Refreshments available all day. Bring the family - playing fields for kids,
supermarkets and superstores within walking distance for the ladies.
Blue Tack!

Stan Knight, GOBGI, offers a good use for a product which 1 regard as a

decorators nuisance! "When soldering components of almost any shape or size into a
PCB, if the item is held in the board with a small lump of Blue Tack, two hands are free
to offer iren tip and solder to the job. Blue Tack is also a good heat sink. Removing
ilems previously soldered this way is much easier since their leads do not have to be bent
to stop the part falling out of the uptumed PCB, A small tip but, I hope, a useful one.” ]
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Modifications to the Yeovil

The first two are aimed at improving the RX
sensitivity. Derek Alexander, G4GVM. suggests an IF
amplifier is a good solution to his need for more audio
output since just advancing the audio gain control brings
up the noise as well as signal. He writes " I have included
the 9 MHz IF amp in the RX circuit just before the SSB
filter {pin 9. 1C202). The preferred position would be
afier the filter (pin 1, [C204) but I could not get rid of the
howling which occurred! The fitting of the 1F amp has
not only produced a huge increase in RX scnsitivity but
the AF gain can be turncd right down thus dramatically
reducing the RX noisc. The basis of the circuit is the IF
amp from George Dobbs' MARLAND transmitter and is
a fairly standard tuned RF amp, with a gain of about 40.
I can s¢e no reason why it shouldn't be used to improve
the performance of most receivers. Ideally it should be
inserted afier the SSB filter, thercby amplifying only the
filtcred signals. Fitting to the Yeovil is easy; particularly
for thosc who were foresighted enough to vse [C holderst
All that is necded is to lift pin 9, [C202, connect the amp
input to the pin and conncct the output to the socket and
the supply to +12v; connect the RF gain control and the
mounling will earth the board. 1 used 2 x 18 gauge wire
posts between the board and the Yeovil ground plane. As
will be seen, this involves the receive circuit only. { it has
no effect on transmit - despitc the amp's output
remaining across the filter input. )" The circuit in the
main part of the box is that used by Derek: T have added
an altcrnative for ihe gaie 2 input which will shut the
amp gain down on transmit. G3PCJ

Chris Fawks, G4UDG, also tried an JF amp
using a SL1612 but abandoned it in favour of an RF
amp. "I built it on veroboard with a relay using a 12v
supply switched off when on TX; the SL360 is about £3.
The circuit is not my own but comes from the G3TSO
TCVR which is also bi-directionall 1 have not noticed
any overload problems but, just in casc, I have switched
it from the front panel with a toggle. Gain is about 15dB;
sensitivily on 20m is greatly improved, on 80m not so
profound but still useful. If you cant hear them, you cant
work-em!* There is not normally a +12R supply in the
Yeovil so 1 have sketched in a suggested method-G3PCJ.

Stewart Sims. G3WQW, has installed a
VOGAD amplifier IC on the mike input which c¢nables
him to rcgularly work VOINP with only a modest
antenna. This devices adiusts the audio gain so that the
audio output level is reasonably constant. It enables him
to adjust the mike gain to the limit so that there is no risk
of splatter etc. while obtaining full output. Stewart has
the distinction of building the first Yeovil outside the
Yeovil club! He recommends the VOGAD kit available
from Maplin using a SL6270; this kit includes a buffer
amp to raise the input impedance so that it can be used
with an electret mike. The circuit alongside can be used
with most mikes including high impedance crystal ones.
Clive Hardy. G4S8LU. in his forthcoming review of the
Yeovil in PW. has suggested adding a protcction diode
across the RIT relay coil R1.303 to prevent latch-ups. Usc
a IN4148 diode with its cathode end conneetled to V+ .

vzl 7’
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Bk Blmoaden G4EVM
Be Vi RFRp o\ bR, /00uF
v [ l l:/
" _ Sto e
X INAIGE  fouF
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Ty Tim and tuning voltages

Experience has shown that on some power supplics, the 8 volt regulator in Tiny Tim is not able to fully cope
with the tf ripple present on the main 12 volt supply during transmission. This has the undesired cffect of producing
FM and very poor sounding SSB which also has a much narrower tuning frequency range over which the audio sounds
reasonable. Luckily the cure is simple and cheap! Two cxtra 47 nF polyester capacitors should be added across the
main 12 volt supply. The first should be placed dircctly across €33 (10uF) in the transmitter on the underside of the
PCB and the sccond should be added from the main incoming supply pin the regulator IC5 (317T) to the nearest 0 volt
point which is the carthy pin of R28 (10K). The addition of these capacitors should get the jump in VFO frequency
when going to transmit with Tune on, down to around 10 Hz or less which is negligible. These two capacilors are also
worth fitting to the top band version of Tiny Tim. It has also becn found that some Tiny Tims are a little low on
maximum 1l output. If all the other possibilities have been exhausted vou should increasc C30 from 18 pF to 47 pF;
after this change the RX 1f input bandpass filiers will need readjustment at the band centre.

Quite ofien, if a phone signal can only be read over a much narrower tuning range than normal. this is duc to
frequency modulation and it is unlikely to be due to f feedback from the TX to the mike, it is usually from the TX to
the oscillators invariably through the supplics. Feedback into the mike is more likely to produce a general roughness
which 1s not resolved by tuning. ] have explained this here since varactor tuned oscillators are obviously more prone to
ripple on the tuning supply than those tuned by air spaced variable capacitors. In my rigs T use the 317 series of
adjustable voltage regulators becausc their line and load regulation is appreciably better than the more common fixed
regulators of the 7812/7803 type; furthermore despite needing two more resistors to sct the output voltage they are not
much more expensive. You can also set them to uncommon output voltages such as the +8 that I often use. This is a
compromise between the highest voltage that can be obtained on a low 12 v input and the need for many chips to
operate on abont 6 volts. The 317 needs an input 1n the range 40 volts down to two volts above the desired output. The
T version can source 1.5 Amps and dissipate up to 20W, but at this level 1t will need a large heatsink.

Boiling Wax

Craig Douglas. GOHDJ, offers the following technique for securing coils. "It works very nicely and anvone
wanting to fix the coils of wirc on a toroid or ceil former, ¢.g. for an oscillator ¢ic, will find it a good method. If you
need to alter the turns, or reuse the former for something clse, then you dont need to use nail varnish etc nor scrape the
sealant off. Beeswax or paraffin wax can be used; there arc other possible waxcs but they invariably have higher melting
points, are brittle and difficult to obtain without access to a chemical supplicr! Beeswax congeals at 60 - 66 °C and
P .. Paraffin wax at 50 - 65 °C. The aluminium foil container can
( o be a "take - away" type box - a largish volume will be needed

Comanoten to provide adequate heat. Water, which has just been boiled,

] will do but it may need topping up to keep the lemperature

up. Use a meial 35 mm film canister or similar metal pot just
Beli large enough to take the coil. Use washers etc. superglucd 1o
Mt;:ﬁ Woud the bottom of the tin to keep it up and stop it floating. Using
boiling water like this avoids getting the flammable waxes

near naked flames and kecps the mess out of the kitchen!
With toroids, a quick dunk will give a suitable coating. two
dunks for a thicker coating on heavy gauge wires. Where it is

/7 important to keep the wax out of a former (e g. for an
adjusting slug). stuff a littlc collon wool or newspaper into

it _ the end. If vou nced to remove the wax, a quick dunk into
MJ “‘[ 9 s LAV Y . . . .
boiling water will remove it quickly and cleanly. Candlc wax
ol \ ork by this mcth it mclts at over 100 °C.
-h) ‘;wl" bul’ +hL does not work by this od as it melts at over

(Several years ago 1 had a problem with lcad vibration &
subscquent fracture in electronic gear on a tractor which [

&wizm 3\mui Condain en

Fo "comnn 'vire/z cured by dripping candle wax onto the wircs - 1ts still going -
| fH'T' N fs b I think? 11 can be melted out by a lighted candle with care but
) i 3¢ ) it leaves a lot of soot - only for emergencies! G3PCJ)

Changes in AC mains supply voltage

During the next vear or so, the electricity supply authorilics are going to standardise on 230 volis 50 Hz as the
normal domestic single phase supply voltage throughout the EEC and hopefully much of the rest of Europe in duc
course. Some Country's existing voltage will risc and others will fall, except for Northern Ircland which is already 230
volts 5o I am told. For most purposes the change will not be noticeable or have any negative effecl. However it will
directly affect unregulated power supply output voltages which vary in dircct proportion o the mains input voltage. In
principle an unregulated nominal 12 volt supply currently using 240 volts will go down to 11.5 volis. It may also be a
problem with regulated supplies where the raw DC supply drops sufficiently for the regulator to run out of voltage
headroom causing the regulator to partially shut down on each mains cycle lcading to ripple on the output. Beware!
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ORP Dummy Load Power Meter (and some notes on watts)

This instrument is a most useful thing to have in the shack for sciting up low power rigs and for gencral
development woek. Apart from power supplics, this is the instrument that 1 use most frequently. Tt reads up to 5 watts
RMS and presents a load resistance of 50 ohms enabling it to be used as an indicating dummy load. The mgter is
actually peak reading but the movement tends to average out the waveform over speech peaks etc. For convenience its
calibrated in Watts RMS as [ invariably use it on steady signals. Three ranges arc provided using one scale with each
range having a full scale deflection ten times the next lower range, thus each range adds L0 dB ol power to give FSDs
of +17, +27, and +37 dBm corresponding to powers of 50 mW, 0.5 W and 5 W RMS. Uscful indications can be
oblained down to 1 mW. It will work over all the HF band and, if the quality of consiruction is good, will also work in
the VHF band. For calibration il has the greal advantage that it can be set up with a DC voltmeter because it is a peak
reading instrument. The intention is to indicate a peneral design concept so that readers may build one with the
minimum of specially purchased parts and make good use of whatever is alrcady available. Full construction detail is
intentionally omitted because 1 don't know what you might have available for boxes. sockets, switches etc.!

The circuit shows the exact resistor values required for the input attenuator, they should be
non-inductive - wire wound (ypes are not suilable. R1 is best achieved with two 68 Ohm 2W resistors in parallel, R2
with 18 Ohms in paralle] with 27 Ohms (both 0.5 W) and R3 can be two 10 Ohm 0.5 W resistors in parallel. Keep all
leads as short as possible particularly arcund the input and R1,2,3, 81, DI, CI,2. Use a physically small switch for S1.
While it is not essential to mount everything in a metal box, it adds style and kecps the RF where it should bel The
ground connections should also be short. You can use any DC micro or milliameter with suitable resistors R4 and 5 in
series 10 read about 2 volts {ull scale and with a minimum resistance of about 2 Kohm: 1 mAmp or less will do. 1
happened to have a surplus 50 microAmp meler! The diode D1 should have low forward voltage drop which means it
has to be either a Schottky type or germanium, A BATE35 Schottky diede will give better VHF ( and HF) response than
the germanium OA47 or OA90/91 which are best suited to HF.

You should calibrate the instrument with a stable variable low voltage DC source capable of giving up
to 50 mA into the 50 ohm load. ( A 5 volt regulated PSU with a 100 ohm pot across it.) Read the applicd DC voltage to
the power meter as accuralely as possible, preferably with a digital voltmeter. Adjust the supply/pot to give the voltages
n the table and youn can then mark the power meter scale, gither in dB power relative t¢ 1 mW inte 50 chm ( more
commonly known as 0 dBm ) or in mW. You need only do it for the most sensitive range { S1 up in Fig 1). (The maths
behind the table is Vde = Square Root(2ZRP) where R = 50 ohms and P equals RMS power.) Start by applying 2.240
volts on the 30 mW range and adjust vour preset resistor B3 <o that the meter reads full scale and label it +17.0 dBm
(or 30 mW etc). Then work down through the table as the scale space permits. The meter should be uscd on steady RF
levels; it is unreliable on SSB but will give a rough indication of signal level. Always leave the instrument on the 5
Watt range! T will leave discussion and some explanation of dBs for another occasion!

Note that I always state transmitter power output in  Watts PEP because this is the correct figure to give for
linear amplifiers being used for SSB (or DSB) phone transmission. When such amplifiers are used on stcady tones, as
for CW transmission, then the output figure in Watts RMS is half the Watts PEP figure. Power meters which are just
marked "Walts" are usually calibrated in Watts RMS. This explains why many people think there is something wrong
with my rigs when their power meters indicate an output of "5 Watts"instead of 10 - if they arc using a steady tonc the
rig is producing 1¢ WPEP as it should. Consequently, if you were to use this meter with Tiny Tim, you might find it
would produce a reading of full scalc on the 5 Watt range corresponding o 10 WPEP output. You must always consider
what the calibration on any power meter actually means. This power meter is calibrated in Watts RMS, despite being a
peak reading device whose movement will "average out” variations in peak levels which occur more quickly than the
mechanical movement can manage. Hence the importance of stcady RF levels for meaningful readings. If you have a
means of measuring the peak to peak RF voitage, such as an oscilloscope, then its casy to calculate the output power if
vou know the impedance, e.g to check the calibration of this meter, The power in WPEP equals the peak to peak
voltage times itsclf divided by four times the impedance. For example a steady 40 volts p-p across a 30 ohms dummy
foad is producing 8§ WPEP or 4 WRMS. Watch out that [ have used peak to peak voltages (because they are generally
easicr 10 measure than RMS voltages). There is a formula for RMS voltages but I wont give it to avoid any confusion!

Input DC volts  Power mW dBm

2.240 50 170

2.000 40 16.0

1.730 30 14.8 W = VE’E x Vf'ﬁ
1.410 20 13.0 ?F

1000 10 10.0 P 4% R
0.837 7 8.5

0.707 5 7.0

0.548 3 48

0.447 7 3.0

0316 ] 0.0

See the nexi page for the circuit diagram of the power meter.
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The NE602/612 Mixer

These integrated circuits occur in many home built rigs because (hey are cheap, effective, versatile, low power
and simple to uset They are used whercver the mixing function is required; for example to change frequency up or
down, modulate, demodulate, or act as detector. Functionally the 602 and 612 arc interchangeable - us¢ whichever you
can get hold oft They were originally intended for use in things like mobile phones but have now found their way into
many types of RF equipment where the mixing function is required. The chip really contains two scctions; a doubly
balanced mixer and a scparate section, which ¢an be configured as an oscillator or buffer. This oscillator/buffer section

drives onc of the mixer input ports. See alongside. The V. € B
mixer outpul contains signals at both the swmn and the v 7 2 5
difference [requency of the input signal and the oscillator r f ®
mnput. U_sually the output circuits will select either the sum OSCILLATER
or the difference and reject the unwanted one. The mixer

R BUFFER

outputs are both "push-pull” in naturc. This is actually I
achicved by a particular way of connccting scveral

transistors in a form of tree; its known as a Gilbert cell. Tt MIXER.
also has the advantage of greatly reducing the unwanted
feed through of signals from one port {input or output) to
any other port. Achicving this requires a high degree of 3
matching ( or balance) between two halves of a circuit;, in 1 2 ov &
diode mixers, not only do the diodes have to be well| NE LoZ/blZ_ PIN OUTS— f;,P Vi)
malched but the transformers also require a great deal of '

carc which results frequently in the nced to have some form of trimming adjustment to obtain the best balance. The
Gilbert cell can be made with discrete components but it is necessary to have good matching between resistors and
between the transistors in the "tree". With integrated circuits, the relative value or matching of both resistors and
transistors can be very good and far more accurate than their absolute value; thus the process of making the integrated
circuit deals with both aspects and will often mean that trinuning is not required because the normal balance obtained
in the integrated circuit is good cnough. The Gilbert cell has other advaniages: the input impedance is usually much
higher - typically KOhms, the power that is required from the driving stages (and supplies) is appreciably lower, ils
cheap and they often have some voltage gain as opposed to the losses in diode mixers. The major drawback is their
signal handling ability. There are so called "strong” Gilbert cell mixers which operate with higher currents, such as the
SL6440, but there is always a trade-off between gain and signal handling performance. 1t is for this reason that most RF
mixing circuits using 1C' mixers have a narrowband RF filter in front of the mixer to make certain that it receives only
the low level wanted amaleur radio transmissions and reject the very strong broadcast stations which can often be 100
times stronger and not many KHz away as on the 40 metre band. Mixer overload by such strong signals Icads to all
sorts of nasty effcctls where both wanted and nnwanted signals can be tuned in on freguencies removed from the correct
oncs. Often a general buzz of broadcast station {or scveral station's) modulation can be heard all over a band
irrespective of receiver tuning; this is the classic overload svmpton. The cure ncarly always is betier preceding RF
{iltcring, or in extreme cases a serics tuned trap to remove some specific band - such as a 9 MHz trap at the antenna to
prevent strong 9 MHz signals geiting into the high gain part of the IF strip and then overloading the following product
detector. The Gilbert cell mixer has been around for some time, but earlicr designs such as the MC1496 tended to only
have the mixer element, without the oscillator section or the biasing resistors present in the 602, These extras make the

scction is doubly balanced meaning that the inputs and D
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602 a very easy chip to use. The supply voltage is nominally 6 volts but can range from 4.5 to 8 volts. A tvpical supply
current is 2.4 mAmps. The mixer seclion has a 5 dB noise figure at 49 Mhz and will work to around 500 MHz. The
conversion gain is typically 18 dB. The oscillator or buffer section should be limited to below 200 MH.,

Mixer inpuls and outpuis
The input impedance of cach input is about Ntunns {_ M tfang
1.5 KOhms, so if  balanced circuil with both inputs is v Wzl Q Tapetth

being used the load impedance on the driver (filter . ——-) -

clc.) is 3 KOhms. The chip contains biasing circuits o I P '

so signals should be AC coupled and definately not | — ° 3 n | 6o
A

connected by DC paths o O volts or the supply. It is
only permissible to connect one input to the other in a

DC sense, as through a coil. Either single ended ’ ry

inputs or balanced ones can bc used, the latter will 77 8 ff’* Brlt:'wur'j{,
have twice the voltage gain bul maybe less convenient INPUT _CoNFIGURRTIONS

for switching etc.. Matching to 1KS5 (or 3K) can be N funiee Co™ r“"‘"’"‘"‘? L

done with capacitors whose size depends on operating
frequency or by inductive coupling using taps or
separaie windings or the RF tuned circuit. As a very
crude rule of thumb these taps should be 1/4 1o 1/2
way up from the earthy end of the ceil, or the separate
winding should have 1/4 to 1/2 the nuember of turns on
the main winding. If only a single input is being used,

the other input must be decoupled 1o earth with a
capacitor whose reactance is 10 Ohms or less at the Rt fonF t"'f
The output impedance of each output is also

1K5 and is actually a resistor from the transistor

collectors to the supply. Like the inputs, the outputs

are often capacitively coupled. However the outputs {or

can be DC connected to the supply as through a coil.

possible, the output circuit is arranged to reject the touf i M ; fonF

unwanted frequency. If the application necds to be s -

able to select either sum or difference output, it is| OQUTPUT CoenNFIG UJQPTHONS

quite in order to have (wo different tuned circuits, one B i Yeon w1 T
on each output. The fact that both input and output

operating frequency. See somc ¢xamples alongside. Vo
f MR frans
3 é.-\"ig ¥ A Nﬂrrgq-
4 #A 4
- 601 E
g
They can be used cither singly or in balanced form. If
impedances are the same is the key 1o bi-directional

switching { ¢.g.. Tiny Tim, Yeovil ) since the same ¢ 024
tuned circuit can be connected to input or gutput. %
Oscillator/bufler section

This part of the chip can be used as an e

oscillator or as a bidfter: when used as an oscillator

most of the common configurations can be used either .

for VFOs or with crystal control, it should be able to
oscillate at up to 200 MHz. See examples alongside.
When ithe mixer section i1s working at its maximuit
levels. there is a risk that the oscillator section may
suffer {requency pulling so in thesce cases its best 10
use a scparalc oscillator transistor and use the 602s
devices as a buffer to isolate the oscillator from the
mixer. As with the mixer section, the inputs should be

PieRLE 2
S B

Cs 3

Ty
/ .

AC coupled. When used as a buffer, the input should KTt CoNVFIGURATING

be in the range 200 10 300 mVolts peak to peak; the N

input impedance is unspccified but is over 1 KOhms ! op — 2ving ‘ﬂ-

which makes it easy (0 drive from an external VFO _ 1o 3 /o

cte.. (Its also high enough to not load a low impedance {02 ' C 6

RF phase shifi network such as might be used in a
phasing receiver.) The buller's emitter can also drive a
cable to a counter so avoiding the cable loading the
oscillator and causing pulling. G3PCJ.

s
l 10—
7 HORTLEY  BUFFER To GoNTeR Yob 727
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EDITORIAL

Here we are on the last issuc of our first vear with the Construction Club: T feel very
plcased since we have more members now than I thought we might have at this stage,
about 84. Thank you for vour support. Its continuing success is dependent on two things!
Renewing your membership by Sept. Tst 1994 and a continuing supply of contributors.
This time we have a few new contributors for which [ am duly grateful. Many of them
are snippcts and T do remind vou that [ would welcome longer contributions - or even
short ones! You may get bored with me even if [ can ¢ontinue to think of new materialf |
am acutely aware that many radio amatcurs arc interested in comstruction but arc
exlremely hesitant to siart oul without very explicit instructions. What sort of things do
you think people would like to know about? Its all too casy for those with experience to
just throw a few bits together and have success - tell me what the stumbling block is
please and 1 will get somcthing on that topic. The subscription rate remains unchanged
at £5 for UK and £7 for overscas members. [ regret T can't send out anymore reminders
so I suggest vou send off now before you forget! Send cither a cheque, or postal order or
twenty 25p stamps. Better still, add it to an order for the Coker!

THE COKER

I am pleased to announce that this new rig will be available by the time you receive
this issue of Hol Tron. The first version is for 80m but the layout should be suitable for all
bands to 20m. Ii's a simple direct conversion receiver or transceiver primarily for CW. It
is low cost and simple; has a VFO and docs not usc confusing integrated circuits. 1t 4
should appeal to QRP operators, Novices and Clubs wanting something easy to build.
The receiver is intended for use with headphones and has only a single control for the
varactor diode tuning. An rl amp, oscillator/detector followed by two stages of audio gain
give adequale sensitivity. Despite being intended for CW, phone SSB can be copied
reasonably well, The 80m version has about 100 KHz coverage so it can be set for all the
CW section or (0 span the QRP calling frequency and the low end of the SSB section.
The CW transmitter produccs about 5 watts on a 12 volt supply and the use of a tuned
output malching circuit avoids the nced for low pass filters; also included are transmit
frequency offset, semi break-in TR operation with a preset for hold time and a sine wave !
side-tone oscillater. The transceiver kit costs just £45! 1t includes an etched front panel
and all the necessary hardware. There is provision on the PCB for adding a gain control
and the use of high impedance phones. Size 4" x 4" x 2". T have included an article about
its design later since it was a revelation 1o me how many parts had to be added 1o the
basic scheme to make it a viable rig which I felt could be easily built with confidence.
Measuring output power

I have to come clean and admit a muck-up in oy article on power meters in Hot Iron
Issue 3; a reader who wishes to remain anonymous. kindly poinicd out my error which
is in the bottom paragraph of page 4. The power output in watts, whether it be on a
stcady tone or at the peak of modulation is cqual to the peak to peak tf voltage times
itscif divided by eight times the impedance, not four times. Thus my example of 40 volts
peak 1o peak across a 50 ohm dununy load produccs 4 Watts. This highly cmbarrassing
error did apply 1o all my designs and I can assurc readers that my current literature now
has the correct power output numbers. If any kit purchaser fecls badly let down please
get in touch with me. The power meter calibration table and its associated formula are
correct as published.

Tim Walford G3PCJ

Editor 07/06/94
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End fed aerials and transmitter earthing

Following comments from GOPC(Q and G4RFU who both had trouble with the Yeovil RF PA when using ecnd
fed aerials; Eric Godfrey G3GC, who is my antenna adviser kindly produced the following notes. "End fed aertals are
onc of the simplest aerials for the amateur, having onc end attached to the recciver and/or transmitter, and the other
connected to an insulator which in turn is attached to some suitable “sky-hook" such as a tree. However there are many
potential problems with using such aerials for transmitting of which transmitter carthing 1s probably the most important
and which [ will discuss in this note.

An cssential requirement of end fed wires is that the transmitter should be carthed for RF. This can be a
problem if like many amalcurs, probably the majority, you operate from the first floor or higher in a house or block of
flats. The problem s to get a good RF earth for the cquipment; connecting the transmitter to the earth pin of the three
pin mains plug whilst ensuring that the transmitter is at earth potential as far as the mains arc concerned, does nothing
towards achieving this at RF. In fact the wandering earth wire of the mains wiring effectively becomes part of the aerial
syslem as does the transmitter itself (Fig 1). This induces RF into the mains and can be a major cause of inlerference
with vour own and ncighbourtng domestic equipment. It can also be the souree of RF feedback, general instability
problems and a "hot" key or microphone with the possibility of RF burns when using high power. Even a copper earth
busbar, such as used for lightning conductors, {rom the shack to earth will scldom provide a good RE earth and will still
opcrate as part of the aerial system.

So the problem is to get a good RF carth at the transmitter. How do we do this? The answer is to use what has
become known as a counlerpoise at HF. This is a length of wire attached to the carth terminal of the transmitter and
extending down the garden often under the aerial although this is not absolutely necessary. Ideally this wire will be a
quarter of a wavelength long at the operating frequency. Varianis of this are a common sight at VHF where there are
often three or four such wires in the form of rods forming a "ground plane” for a vertical acrial and are referred to as
radials or “"earth bars". The quarter wave wire or rod works on the principle that they and the ground form a
transmission line and that the far end of this wire, which is not connected to anything. is open circutt with respect to
earth. It is a physical fact that an open circuit transmission line an odd number of quarier waves long, tn this case one,
will appear to be a short circuil at its input. Thus the transmitter earth terminal at the input to the wire now appears to
be short circuited to earth and therefore the tramsmitter is at earth potential with respect to RF. Since at the next
harmonically relaled band (say 7 MHz with respect to 3.5 MHz} the wire is now a half wave long it will no longer
provide an earth for the transmitter. In fact it will ensure that it is open circuit or very high impedance since the input
impedance of a transmission line, any number of half waves long, 1s the same as its terminating impedance. which in
this case is an open circuit. In a similar manner to nesled dipoles, two or three quarler waves may be joined together in
parallel to allow for multi-band working (Fig 2). There is one case where two band working with just onc wire is
possible and that is on 7 MHz and 21 MHz where the frequency ratio is 3:1. This mcans that a wire cut for a quarter
wave on 7 MHz will be three quarter waves on 21 MHz and therefore still present an RF short circuit to earth at the
transmitter earth terminal.

The inpul impedance seen by the transmitter will depend on the length of the aerial. Quite often this will have
been cut to length but frequently it will be some random length dictated by the garden dimensions. This means that
some form of impedance matching unit will have to be employed in the shack to match the aerial (o the transmitter. 1t is
essential that not only is this of good quality but also that it is capable of transforming a wide range of impedances to
the transmitter's requirement which is usually 50 Ohms. In many cases it is better to have a home brew dedicated
matching unit rather than a commercial "universal” one. However, aerial matching units is another subject! (Ycs please
- hint hint - Ed!) Undoubtedly, if there are problems in feeding or matching an ¢nd fed wire aeriak then there is a high
probability that the solution wall be in providing a good RF carth for the transmitlcr. * Eric Godfrey G3GC
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Designing the Coker

[ have included these notes since 1 was surprised
how the firal parts count for a very simple idca had grown
during the design, proving and testing stages. This rig had s
its origins in the Construction Challcnge at the Yeovil ! :
Club's 1994 QRP Convention. The task was to build an ‘kp_lm’w__‘i
80m CW receiver using no morc than 10 components!
Since I was on the organising committee, | was excluded
from entering but | concocted the arrangement on the right
for fun and for testing the evaluation gear. I proved to have
a very high gain and an output of over 100 volts for the 100
micro-volt rf input! It was definately not suitable as a kit for
all (o make! It might interest the adventurous!

The design requirement was to avoid integrated
circuits. nnconuron paris and air spacced tuning capacilors
but to have a reasonably sensitive recciver. using the
minimum of total and different component parts to cheapen
the kit. be easy to set up and a plcasurc 10 use - ie.. 1o
nasty clicks or thumps! Ideally the same PCB  and
associated etched front panel could be used for verstons for
all thc HF bands from 20m down with only coil and
capacitor changes. This is how the receiver grew!

Avoiding air variablc wning capacitor: add
varactor diode. two capacitors, resistor, pot with scale
linearising resistor, voltage regulator and 1ls two resistors.
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(Its still worth doing this since an air variable and slow
motion drive costs about £10 and makes for a much more
complex and costly mechanical design.} Making VFO
stable: add two fixed silver micas, trimmer for incrcasing
sensitivity, diode and resistor. Audio filtering: change auto
transformer t¢ 0.1H choke with capacitor to resonate at 750
Hz with extra R and C for better CW filter roll-off. Driving
low impedance headphoncs: change oulput transformer to
rcadily available step down type, usc standard low cost FET
as for TX, and add C and R for better biasing and increased
aundio gain to make up for that lost in ransformer. Power
supply decoupling: add two electrolytics and two disc
ceramics. RX RF amp: add capacitor and choke for higher
gain and to allow scheme to turn it off on transmit. The RX
scnsitivity is such that I can just hear antenna atmospheric
noises during daytime when I connect my antenna.

I have sketched on the right the original idca for
the TX part. which I soon realised needed more thought!
TX ocutput matching: add two high voltage Cs with toroid
coil for higher output and better harmonic filtcring, add 1W
resistor to dampen tendency to haif frequency ouiput, add
two decoupling caps and avoid one (1) big coupling C.
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Increase TX amp gain to allow for higher output, low
oscillator output and spread of FET characteristics: add transistor, two resistors and coupling cap. Separate gain and
bias presets for best control of output stage conditions: add preset with two resistors and one capacitor. RF envelope
shaping: add R and C. For the control aspects: avoiding a live key, add transistor swiich with two resistors. TR relay
driving: avoiding very large charging current (big clicks) and the need for big electrolytic for timing hold capacitor, add
FET with preset and safely resistor Tor adjustable period. TX frequency off set: add two Rs and decoupling C 10 make
dependable and free of clicks, driven from TR relay. Side tonc oscillator (not shown }: FET with audio filter {3 Rs and
3 Cs), preset for output level and small capacitor feed into receiver audio filter, bias resistor with diode for kev control
avoiding key clicks. After all this it should work well! The instructions will be written as a Club construction Project.
Experience with a MF12 QRP Booster!

Roger Thomas GW4BCD reports that his Booster worked as soon as 1t was switched on but he had to get his
wifc to wind the output transformer! He has it working on top-band with a 160m version of Tiny Tim to which he has
substituted a 10 turn main tuning pot. He would like to add AGC and an S meler. T am working on some possiblities.
He found the output coil nceded two less turns to get it to resonate at 1912 KHz instead of 1832 KHz.
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Snippets from Members

Smart looking PCBs. Pcter Polphin offers the following idea for making a veroboard with iis mass of holes
look proffessional! Fistly fill all the holes from what will become the front side, with a thin layer of Polyfiller and
smooth it off carefully. When dry. sand it very lightly to give a plain surface; then spray with an appropriate colour of
car paint and allow to dry. When construction is commenced, each hole that is to have a lead through it, has its Polyfilla
removed by poking it out with 2 sharp point such as an old compass. If this produces a rough surface a further light
sanding maybe desirable. The results are surprisingly good for relatively little trouble. The component leads can be bent
over and soldered to each other as required on the back, or you can use the type of perforated board that has copper
strips on its back, soldering the paris to these and cutting them where necessary.

Acrial rigging etc. Rev. Tony Measures GIWUC follows the "
advice of John Heys (Practical Wire Antennas from the RSGB) that (-2
whenever you ereci a wire antenna to the top of a pole or tree, that vou CLA
should put up a continuous loop of rope around a pulley at the top. 9 v
This does not directly support anything but docs allow you to hoist up
another rope etc to suppoit the antenna without having to climb the ) o
tree every time you decide lo cut off two inches when resonating it! He
has also found the two gadgets on the right useful for holding or| _ hd&s ](;Y %73‘?
Jjoining wires. Made from quarter inch thick paxolin with the edges M /5,” ov colle
bevelled off where they bear on cables or rope. The "claw" allows casy "
anchoring of wire or feeders by wrapping into the grooves. The "strip” O O //7/ / o © {2
is used to join two cables and avoeid tension on the joint which is ) .
thoroughly soldered with a big iron or torch, covered in araldite and Lace wnrc (L f"’ oinfl
sell amalgamating tape. For his big { and he does mean big, 280 fi Wlles - aveid Tersion o ""

sloping doublet and 500 ft loop!) antennas he uses clcctricians stranded

2.5 sq mm PVC cable. (Ref 6491X) About £20 for 100 metre drum. | watt into the loop has got him into Brazil,
Bombay and West Virginia. No prizes for gucssing what his sky hook is! I think he has steps to his top pulley!! Despile
its tendency to perish in UV light, he finds Polypropylene rope is so cheap that it can be totally replaced every four
years before it gives up. A 720 ft coil cost £10 from a rope supplicr - available also in most agricultural merchants.

Building tips. Simon Males GOEVZ kindly sent me a long note of his experience when building the Yeovil
from which I have lifted the following. He modificd the tuning arrangements by substituting a 19 tumn pot with a turns
counting knob assembly for the main tuning and ignored the fine control. He arranged that turning the knob clockwise
increased the frequency on both bands (normally they are in oppositc senses) by using a bandswitch with two cxira
poles which reversed the end connections to the 10 ture pot. He then produced a calibration graph of frequency on the
two bands versus the dial reading. (He should have a digital frequency readout instead!) To overcome the difficully of
identifying the different wires and counting turns on a multi-winding toroid, he sprayed one of the wires with grey paint
before winding it onto the toroid so that the two windings were of different colour. He also found it much casier to
assemble the output power FETS to their heatsinks beforc installing the heatsink in the PCB.

What NOT to do with a Yeovil! G3WUC's output transisiors went bang when the bandswitch was
inadvertently altcred instead of the Tune switch being turncd off. He suggests that one of the switches be changed to a
Totary tvpe of, if toggles have 1o be retained, one is turned so that it acts horizontally thus needing a different action.

Yeovil RF amps. Noting the interest in ¢xtra RX gain, 1 felt that the easiest solution was Lo put a 50 Ohm RF
amplifier in the receive path around the transmitter. A MARI having 20 dB gain, two 10 nF coupling caps in and out
with 390 Ohms from output to + 12v suffice - cheap and easy to install. This certainly increases sensitivity bul since
therc is no RF tuned circuit in front of this broadband amplifier, it lcads to all sorts of nasty overload problems. It 1s
usable by day but at night the powcerful broadcast stations ruin all bands! T am working on an IF amp still! G3PCJ

Crystal Radios

By chance we have two contributions! Derck Alexander PT W IRE ~ RS U AS Posst Blu
G4GVM commends that on the right, which first appeared in j ~ESHUAGH /S Possi BLE
print in 1991, He made it up bird's nest fashion in scconds and bt 2L'Y 24 5074 cec Ferdk

connected it to his G5RV. Many international broadcast stations n TH0 -2

-

can be heard at different times of the day, night-time being best. Wi
A long wire aerial should give good results but do get as much '
height as vou can with a good earth. You must use high SN phomes

impedance phones (2K or more) or a crystal carpiece. Use a| 91
T50-2 toreid with 16 to 26 turns of 24 SWG wire with a two turn

link wound over the ecarthy end, any germanium diode - Q.’)OPF
OA%0/91/95, GDS, BATSS cte. A 300 to 500 pF variable can be
salvaged from a tranmsistor radio. The surprising thing is the .______(l‘

selectivity - so much better than can be obtained on the long or - -
medium waveband. Good DX listening!  G4GVM GovD ERE T
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Craig Douglas GOHDIJ offers that on the ond |
right which has proved very popular with the
pupils at GXOPCS as an introduction to building
and SW listening. A picce of copper clad board is ]
used. mounted near vertically on a block of wood | f 2!
with chocolatc block connectors. The parts are
kept in place by their soldered comnections to cach
other and to the copper ground sheet. After the | T9K0 3HA -AM—
electronics have been assembled it's screwed to the | PaLYvARicen/ o

wood. It works first time and gives good results |2 3’5‘“455‘“ 4
PHENE SK ‘I‘L__,

with a 10m piece of antenna wirc. Scouring the TZT]
surplus adverts has cnabled many to be built for |{s s S sr ne o\ 2ED
under £3! Not very exciting but a good starter for | ¢ ?1 e HE W; ‘ 7
pupils and grandchildren! GOHDJ

RF Qutput Matching P..,\\r.m.@r Ko wnl .

John Shaw G3ZKZ asks if T would cxplain the cost and impedance aspects of the output of Tiny Tim. In view
of my admission on page 1, I do this with some trepidation! Once you have decided what output power the rig is to
have, it is easy to decide what the load impedance presented 1o the output transistor should be. The required load
impedance is the square of the maximum RF peak voltage divided by twice the desired output power. (This is the same
formula as on page 1 since pk-pk is twicc peak voltage.) The formula holds for all types of output device (bipolar or
FETs) provided some allowance is made for their "On” resistance. For most FETs and bipolar output transistors this can
be allowed for by saying that about 90% of the actual supply voltage is available as the maximum peak RF voltage at
the drain or collector. There is some element of juggling with the numbers because its quite often convenient to make
the load impedance a convenient relationship to 30 Ohms, say half or one quarter, i.e. 25 or 12.5 Ohms. It is also
important that the transistor's "On" resistance is small compared with the load resistance worked out above; if this is
not so, the cfficiency will be poor and the above 90% figure will be too large. The solution is 1o increase the supply
voltage. This is why VN8SAFD FETs have to be used on a high voltage supply because their "On" resistance is
appreciably higher at about 4.5 Ohms compared to the 0.6 Chms for [RF510s which can be used on 12 volts.
(Unfortunately there are currently no cheap low "On" resistance FETs which will work fast enough to go above 20m
with reasonable gain, owing to the high gate capacitance which requires lower driving impedance and hence low gain.)

For Tiny Tim on a 12v supply producing 5 W, the desired load impedance is sufficiently close to 12.5 Ohms to
use that figure since it has a number of desirable consequences. A choice has to be made as to whether the maiching is
to bec donc on a broadband basis, such as for a multi-band rig like the Yeovil, or on a narrow band basis for a single
band rig like Tiny Tim. The latter has the advantage that, if the matching network has a Q of about 12, then it's not
usually necessary for low pass filters to be needed to remove RF harmenics gencrated in the output stage. Low pass
filters, or a resonant antenna matching unit, are obligatory afier a broadband transmitter output stage. There are various
narrowband matching networks that can be used for this transformation from 12.53 Ohms al the FET drain to the 50
Ohm antenna. An example is the pi network commonly found in valve transmitters where quite a large impedance
transformation is needed; scldom does it give casily realisable values for transistor output stages. The various three
element T networks give much better results, I favoured
the so called LCC configuration for Tiny Tim ( and the L C'L NJWK
Coker) because the capacitor values are small and also l I: h;
available in close tolerance types (with the necessary high Q/_L
N a—w rENNA'

voltage rating), it also needs only one inducior which| PR& T &

builders don't like winding! It is quite often found in VHF | (12 LL_,J (g@-ﬂ' ) o Q)i
rigs since making the capacitors variable allows matching Clomms s icod v@ g VsUP
to a wide variety of loads. I have put the circuit and theory LQ & CQ (12 ZJT \ ) ‘Q

in the box alongside. It just so happens, that for an o ( 241 )

antenna load impedance of 30 Ohms with a desired drain Q Q --j_ = 5 9z
load of 12.5 Ohms and a Q of 12, that both capacitors |jh e : — J Ro Gy 90
have the same value; this is true of any band but on 8¢m e WA
it works out that 150 pF is required with an inductance of X = & (' =50 | L=(4 AL
6.5 uH. If a woroid is used, the induclance is its A, value £ +1 =

times the square of the number of turns. The A, value is >( Q > =2 8/'0- C’M 3
5.7 nH per turn® for a T68-2 or 5.0 for a T50-2. (The first v onno‘fS —

number is its width in hundredths of an inch; the second = [ Q - Zﬁe T
denotes the material, -2 toroids are painted red and suited TSo-2 82 g""b!{:

oyl

11

X

to 1 to 30 Mhy). If the formula is turned around you will ToK-2 B = S?uH
find that 33 turns are nccded on the T68-2. The figures | L= QLN N=ns {}h‘""‘"
for these powdered iron cores (not ferrile) are pretty close | | ErA xioo0 ot

: = g7
tolerance so that when used with close tolerance| ~ = N~ \/ P g 7 - 33 fv “2
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capacitors, there 15 a good chance that tuning to suit will not
be required - if it is necessary it can be done by adding or
subtracting a turn on the toroid.

Another uschul output matching circuit is the LCL,
which I have uscd on my own rigs not intended as kits.
Interestingly John Cronk GW3MEQ, has tried this in his
Tiny Tim. He used a lower drain load resistance in the quest
for more power but could not easily accommodate the parts
on the board and I suspect the driver stage also began to run
out of gain. It has excellent harmonic rejection but the
capacitor is large and difficult to obtain as a variable trimmer
so the coils have to be variable. Because there are two, it is
also less attractive to bailders which is why I stuck to the
LCC version. He built his with Aladdin 7/16" formers with
cores. See the theory alongside. G3PCJ

Qutput Low Pass Filters

Where a broadband (transmitter is used, such as in
the Yeovil or the Boosters, then these filters are needed to get
rid of harmonics generated in the outpul stages. A very
uscful design is the half wave filter, so called because it
behaves hke a half wave of transmission line. The numbers
are very easy because for each section of three elements in
the pi configuration, the reactances near the operating
frequency are made to be those of the line in which it is to be
placed. This is normally 50 Ohms so the capacitors and
inductances should have a reactance of 50 Chms al a
frequency just above the desired operating frequency, for
example at 4 MHz for 80m and 18 MHz for 20m bands. The
fundamental will be attenuated by 3 dB at the frequency
where the reactances equal that of the line so you want these
to be just above the upper band edge. Usually to get sufficient
attenuation of the second harmonic, it is advisable to have
two three element seclions in serics. When this is done the
two middle capacitors can be combined in one with its valuc
double that of the end ones. Unfortunately since all lower
frequencies go through without attenuation it is necessary 10
have a filter for each band. Use powdered iron cores. G3PCJ

Construction Tips

John Shaw G3ZKZ suggests that where you need 1o
mount components with awkward pin spacings on a board
needing to be drilled, that you first smear a layer of
plasticine aboutl 1.5 mm thick over the board around the
component location. Then carcfully press the leads into the
plasticine, remove and drill through the holes. He likes to
usc small sections of board so that he can keep his ferric
chloride in a large mouthed screw top jar {out in the shed!)
into which he can dangle his boards for etching. This aveids
pouring the nasty stuff out and hc arranges his track patierns
to remove the mimmum of copper so that the ctchant lasts
longer. He leaves lots of copper for earth and joining patches

and etches away only the isolating strips. (I et L ? s =
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The Somerset Range of Kits Herewith a bricf reminder of whats available. Please send a SSAE for full details,

The Yeovil
Tiny Tim
Novice 160m
Counter

QRP Boostcrs
Coker

20 and 80m CW and SSB well specified TCVR, optional converier for 40m.

80m SSB phone simple superhet TCVR, mod kit available for 160m.

Doublc sideband suppressed carricr direct conversion phone TCVR. Low cost.

Five digit KHz and MHz two channel counter to 60+ MHz. For superhets or DC rigs.
Two versions; 12 volt for 160 & 80m, 25/35 volt for 160 to 10m. 25W for under I W in.
NEW. Simple DC CW TCVR for 80m. No ICs! Suit Club consiruction project.

DON'T FORGET TO RENEW YOUR SUBSCRIPTION NOW!
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EDITORIAL

I am pleased to b able to welcome some new contributors for the start of our
second vear with Hot lron; David Sugden, G3CGS, offers a nole on measuring inductance
which I suspect is one of those things that many of us would like 1o do but can never
remember an easy wav - here it ist Incidentally, David does much ol my PCB dnlling for
me and has to have some major surgery soon - we wish you well. We even have a Ictter to
the Editor, (not invited by me!), with a most helpfnl suggestion on finding wherc to put
parts into boards. Plcase keep the material coming - my material file is getting rather
cmpty now! Alex Robertson, GM41AQ, has pointed out that my words on the copyright of
matcrial published in Hot fron maybe putting off contributors - ¥ hope that this is not the
case because I certainly have no desire to make any commercial gain out of other peoples
ideas. Il is there 10 pive some cover, albeil rather thin T think in reality, from others
wying 10 make something of my own ideas. In fact vou will find that the publisher,
practically withoul exceplion, will relain the copyright for all material in his journal
irrespective of whether he paid a fec for the article or not. For example, the contributions
to RadComm's Technical Topics. are covered by the gencral copyright for the whole
magazine. Please 1ell me i you fee] inhibited by this copyright aspect.

Al last [ am able (o teli 1ou aboul my TF amp for the Yeovil, it should also be
useful for Tiny Tim but 10 date I have not tried it out with TT. T do fimd that the MF
Booster does go very well with Tiny Tim; [ had some very good reports when woerking
with an #)m dipol: ¢lear of all butldings in a ficld with the rig under a fertiliser bag duc
10 a dewnpour just prior to our Wessex Clubs BBO on Juty 30th.! The rain neither put out

our spirits or our firc! Tim Waltord Lditor 30/08/94

Smippets

Craig Douglas, GOHDI, has sent in a couple of snippets, Firstly that SMITH
KENDON iravel sweet uns have many uses in the shack! Apart from sloring spare patis,
they make excellent cases for small items of test equipment and are also suitable for
supporting a PCB when soldering the underside connections. The i has sufficient dept
for the parts to not hit the bottom, the width gives it stability and there is enough room
for a damp sponge for cleaning the soldering iron tip! He has also solved the problem of
where (0 find plastc knitting needles which are a vital ool for adjusting the forritc corcs
of Toko coils and the like. Visit your local shop specialising in sccond hand furniture and
house clearance - a good rummmage around and you might find some without the steel
cores of the plastic coated vanery - see il you 1hunk vou can spap them before buying!
These shops aiso have old radios with Jarge air spaced vanable capacitors.

Stan Knight, GOBGL has asked for advice on static precautions in regard 1o FETs
and CMOS devices. Its a big subject but the best advice 15 (o assume ihat afl aclive
devices maybe subject to damage and thus treat all equally carelully. Some may have
prodeciive zcners bul dont relv on it! As I live in an old damp furmbouse, (here is wsually
sufficient moisture about for there to be a leakage path practically anvwhere! You should
keep parts for as long as possible in static discharging black carbon loaded plastic bags,
or in similar carbon loaded foam plastic or with their 1cads rammed through kitchen foil |
wrapped around a polystyrene block. If vouwr shack has a very dry atmosphere which
might cause problems. yvou should carth vourscH, your iron and the item being assembled.
frequently 1o mains earth. You can regularly tonch the cxposed metalwork of some piece
of mains earthed equipment, or belier still, wear an carthing wnist strap. A stripped
flexible lead wrapped twice around vour wrist and ¢onnccted to a suitable mains earth
point should help and do also eanth the PCB, Do be CAREFUL to get mains earth and
not the live ine. Do nol connect 1o an RF earth, Never insert parts into live circaitry.
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IF Amplifier for the Yeovil
The correct place for a receiver IF amp is after the IF filter and before the second (produoct) detector, When

Derck Alexander, G4GVM, tried his TF amp in this location he was unable {0 control the ensuing hooting so e moved
it to bofore the IF fitter - see Hol Tron 2. My own efforts were equally useless until [ realised thal the feedback was audio
from the rig output stage, through the 12 volt supply to the extra IF amp and into the product delector and hence round
again etc. It needed about 10,006 uF on the +12 volt line to stop this! Luckily it is quite in order 1o use the +8 volt linc
wherg the feadback path s broken by the regulator. The basic circuit uses one device with a few resistors and capacitors
which ¢can be mounted wgly style with short leads so I dont think a PCB is necessary. It does required that a track be cut
between pins | and 11 of IC204 and I would suggest that you drill four small mounting holes for the dual gate FET in
the space between R208, R203, C211 and C209 which has to removed/rercuted to pin 11 of IC24. The device leads
arc pushed through these holes with a1l the other parts mounted by their leads between the tzansistor and other rigid
connection potnts on the underside of the PCB. It is important for the filter pin connections to be short as it is very
prone 1o picking up BCL Only use the earthy ends of R208 and €213 for making earth connections. Any of the threg
transistors lisied should be suitable. The amplifier gives about 10 dB gain and it witl slighily increasc the apparent RX
noise level when no signals are present as it amplifies front end noise, however the AGC action comes into cffect at
lower levels when signals are present and this depresses the noise. The 100K shown as a variable can be nsed as an [F
gain control or replaced by 2 fixed resistor, with or without the switch to reduce the gain. In practice most peoplc would
leave it on firll gain the whole tine. Increasing the IF gain decreases the threshold of AGC action and you may find
that the 5 meter reads cononuously even without a signal present. The cure, if required on yeur rig, is to reduce the
AGC loop gain by reducing the value of R110. This is most easily done by tacking say 100K in parallcl with R110
nexder the PCB, (It is possible to replace the 1K drain load resistor of the 1F amp with a % Mhz parallel resonant circuit,
this will give greaier gain but you will definately have to reduce K119 and the sccommended 1K is musch easier to
install and will snit most people.) In principle this circutt can be added to TINY TIM since il will work equaliy well on
455 Khz, however the pin numbering is different and paris are needed for the DC biasing of gate 1. GIPC

. - _ ey
| 611@6" ‘ “ o=r U
[ 53 , 289 (OuwF ]
N2 L .-
Aokl %4';:1;:10';, to 40 q{{m [o 1 ﬂ..uu

TINY TIM F AMP- UNTRIET

Yeovil tuning controls

GAGVM tells mic that he is working on a scheme to make the main turing of the Yeovil atways give increasing
frequency with the same rotation and at the same time limit the coverage to just the appropriatc band segments. rather
than the norma? 500 Kh., This uscs presels and a potiometer with slow motion drive - details in the nexi issue.  G3PCJ

Frequency Counter as an imstrument

One counter, returned for investigation of random readings with no input. showed symptoms of instability and
noise on its +5 volt line caused by the input logic gates not having anv signal to switch them fully to their normal
digital output Tevels. By applving DC feedback around the CMOS gate, its ontput is Torced sit at mid supply level and in
doing so draws rather more curreni from the supply than is normal for a CMOS gare. This in urn causes the supply to
droop a little and the gate to oscillate gt aronnd 100 XKha This oscillation does not oceur if therg is an inpul signal since
this drives the ontput to the supply limits in the nonnal manner for a logic gate; hence if the counter is installed
permanently in a rig, it always has the oscillator signals driving it and the fault docs not show up, Oaly when its used as
test gear and there are no signals docs it show - the cure is casy; add a 100 aF 16v deconpling capacitor to the +3 volt
line. The samic unit also had ancther (ault; a regular beating of the display between two values when the inpal was in 2
ccrain trequency band. This was located 10 2 missing carth point connection for one of the counter chips!  G3IPC]
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Measuring Inductance

Mosl amateurs own a multimeter which will epable them to measure resistance. A few will own either a
capacitance bridge or one of the newer digital multimeters which has a facilily for measuring capacitance. Nol many
bavc anything for inductance but with simple gear and ingenuity it can be done. The methods described require some
simple caloulations and will give an accuracy of around 10% which is good encugh for most purposes. For inductances
up to about 2 milliHenries, the simplest method is to connect a known capacitor in parallel with the unknown inductor
and determing their resonant frequency. Its worth remembening that all inductors have some sell capacitance so a fairly
large value should be used to swamp the nnknown self capacity. Having determined the resonant frequency the value is
detcrmined from the standard formula:-

3(- I fin Hertz for R ( 159 fin Mhz for
= LinHenriesand O fﬁhz L in uH and
1mjLe C in Farads LW xCpF CinpF

There are at Jeasi two other methods.
1. Using a Grid Dip Oscillator

Connect 2 known close tolerance capacitor across the coil and search for the dip which indicates the resonant
frequency. If yon always use a 250 pF fixed capacitor, calculation is simple. Take the frequency in Mhz, multiply it by
itself (square it) and divide the result into 100. The answer is the inductance in unHenries. If this produces an
abonormally low frequency, iry repeating the test with a fixed 25 pF capacitor, but this time divide the squarc of the
frequency in Mhr into 1004. Again the answer is in microHenries, Easy isn't it? What no GIXO! Then nse your RX.
2, Using a Receiver

This method makes use of the fact that a parallel connected coil and capacitor combination connected in series
with the antenna lead of the receiver will act as a rejecior circuit. At its resonant frequency, the rejector circuit exhibits
a high impedance and rejects signals of that frequency. Here
we use a 500 pF variable capacitor fitted with a pointer
knob and scale calibrated at 50 pF intervals using a
capacitance bridge. The variable has shon leads with
crocodile clips to attach it to the unknown which is placed
in scries with the receiver antenna lead. Simply func in any
stcady signal on ihe receiver and rotatc the variable
capacitor untl here is a sudden loss of signal. Note the
frequency and valne of capacitance; find the induciance by
inserting them in the above formala or using charts which
arc available. With the capacitor varable between 50 and
300 pF giving a 3 1o | [requency range on any coil, an HF
reeciver with coverage of 500 Khe to 30 Mhz will cover
inductances from 0.7 uH to 2 mH. This will cover most
¢oils used in RF work but what sbout those for audio work?
Measuring Reactance

For coils of relatively large value, the above resonance methods become impractical, mstead we measure the
imnpedance of the coil at 2 known frequency. We need an AF oscillator capable of a volt or more output and some sort of
voltmeter suitable for measuring the audio frequency voltages. Simply connect the coil in serics with a known non
inductive resistor across the output of the oscillator. Since @

vl

ﬁNﬁt‘NN{H Ulf\-m L

s

S_CC, J,a F Yeaa (;_,[’(g

1o K} ANy
fernadi-od.

hALHS

the same current flows through the coil and resistor, we can
usc a voltage measurement across the resisior 0 measure the
current in the coil, which can be used with ihe voliage
across the coil to obtain its reactance and [rom that, its | Prudsd
inductance. The maths is a lifile liresome bul we can | Guwe

W

simplify it by always using a 1000 Ohm resistor and using a| 4, F 7, = VL_ X
fixed frequency of 3.14 Khe for the andio oscillator. Connect -
up as shown and measure the voltage across the resistor, call J1d ki -

it ¥V, then measure the voltage across the ooil, call it V.
Note that if these two numbers are simply added together
they will not equal the voltage applied from the oscillator
since Lhe voltages have different phase relaticuships. For
this reason the voltmeter used must He isolated from the audio signal gencrator, Insert the measured values into this
formula and the result 15 1n milliHenries:-

RACHS

Measuring inductance is ceriginly not as easy as
measuring resistance or capacilance but with a Intle ingenuity
quite good results can be obtained.

David Sugden GHCGR
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Measuring Inductance

Most amateurs own a multimeter which will enable them to measure resistance. A few will own either a
capacitance bridge or one of the newer digital multimecicrs which has a facility for measuring capacitance. Nol many
have anything for inductance but with simple gear and ingenuily it can be done. The methods described require some
simple calculations and will give an accuracy of around F0% which is good encugh for most purposes. For inductances
np to about 2 milliHenries, the simplest method is to connect a known capacitor in parallel with the unkaowr inducior
and determing their resonant Frequency. Its worth remembering that all induciors have some self capacitance so a fairly
large value should be used to swamp the unknown s¢lf capacity. Having determined the resonant frequency the value is
determined from the standard formula: -

fﬂ' | fin Hertz for E[Hh 154 fin Mhz for
2

LinHenriesand O Lin uH and
R C in Farads K LM >x Cof Cin pF

There are at least two other methods.
1. Using a Grid Dip Oscillator

Conneet 2 known close tolerance capacitor across the coil and scarch for the dip which indicates the resonam
frequency. If you always use a 250 pF fixed capacitor, calculation is simple. Take the frequency in Mhz, multiply it by
itself (square it) and divide the result into 100. The answer is the inductance in nHenties. If this produces an
abnormally low frequency, try Tepealing the test with a fixed 25 pF capacitor, but this time divide the square of the
frequency in Mhz into 1900, Again the answer is in microHenries, Easy isn'l it7 What no GD¥O! Then use vour RX.
2. Using a Receiver

This method makes use of the fact that a parallel connected coil and capacitor combination connecled in series
wilth the antenna lead of the receiver will act as a rejecior circuil. At ils resonant frequency, the rejector circuit exkibits
a high impedance and rcjects signats of that frequency. Here
we nse a 300 pF variable capacilor fited with a pointer
knob and scale calibeated at 50 pF intervals using a WL‘WMH Umb&u‘hﬂ« L
capacitance bridge, The variable has short leads with

crocadile clips to attach it (o the unkiown which is placed

in scrics with the receiver antenna lead. Simply tune in any _
steady signal on the recciver and rotatc the wvariable o R¥ AN

capacitor unul there is a sudden loss of sigmal. Note the Ter o,
frequency and value of capacitance; find the induciance by

inserting them in the above formula or using charts which cp.i bt e
are available. With the capacitor variable between 50 and SeepF Vel
300 pF giving a 3 1o [ frequency range on any coil, an HF f
receiver with coverage of 500 Khe to 30 Mhz will cover
inductances from 0.1 uH 1o 2 mH. This will cover most
coils used in RF work bul what about those for audio work?
Measuring Reaclance

For coils of relatively large value, the above resonance methods become impractical, instead we measure the
impedance of the coi! at a known frequency. We need an AF oscillator capable of 2 volt or more output and some sort of
voltmeter snitable for measuring the audic frequency veltages. Simply connect the coil in serics with a known non
inductive resistor acress the output of the oscillalor. Since
the samc current flows theongh the coil and resistor, we can @ \“'Il?,
use a voltage measurcment across the resisior 10 measute the [— Fl
curtent in the coil, which can bg used with ihe veliage

Lachs

across the ceil to obtain its rcactance and from that, its gy 1ka

inductance. The maths is a litle liresome bul we can | A 5
simplify it by always using a [000 Ohm resistor and using a | ¢ | f, U‘Lm “"'L.S—T/
fixed frequency of 3.14 Khy for the audio escillator. Connect

up as shown and measutre Lthe voltage across the resistor, call 3 1d ke -

1t ¥V, then measure the voltage across the coil, call it V.
Note that if these two numbers are simply added togcther
they will not equal the voltage applicd from the oscillator farGs
since the voltages have different phase relationships. For T
this reason the voltmeter used must be isolated front the audio signal generator. Insent the measured valucs into this
forrmila and the result is in milliHenrics:-

Measuring inductance is certainly ot as casy as

{
L W) = 50 x \J L measuring resistance or capacitance but with 2 little ingenuity
("""' o \V.' quite good results can be oblained.
R David Sugden GACGS
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Fauit finding
Quite often [ find people vnsure what one ought 10 do when confronted with a dead clectronic beast. (Please

excuse my farming background!) Herewith some suggestions writlen as though you are examining something built by
somebody else. If you have buill it, the principles are jusi the same. If it has worked in the past, then damage physical
or electrical {blown devices) is most likely. If it is a kit that has never worked go back and reread the instructiens
doubly carefully for things vou failed to do; incorrect pans placement is quile commeon. The sort of fault where parts go
out of tolerance with age or where the design was marginal in the first place are likely Lo be preity rare and cause much
sweat even if you have good test gear! There are three man stapges in faull finding: a good physical examination,
followed by tests you can de casily and finally, less easy tests with measuring equipment. The basic principle of fauit
finding {with the device switched on) is to assess the output respenses to any form of input. The further the input is
from the output, the more uncertainty there is which makes it necessary to keep on dividing the section being tested in
two until vou have found (he fault. Il 1here is no response to your first test, cither move the input signal halfway towards
the outpul or the oulput halfway lowards the inpul. If the enclosed stages now work you know the fault was in the other
haif. Transfer the input and outpul evaluation points (0 the non-working section, check its not working and divide into
two as before, Keep on doing this {within the convenient possibilitics that yon have for injecting test signals znd
cvaluating the response ) until vou are down to just a small group of parts.

The physical examination involves looking for signs of mechanical or clectrical damage inside and out -
broken and bent parts, loose and poorly insulated wires, melted or lified tracks, swarf and solder splashes ctc. Pay
particular note to the points where there should be ground plane solder connections on the top side of the PCB  as well
as on the underside. Unless there have been board drilling mistakes, there should be no countersinking for these points
on the gronnd planc sidc. Failure to make these top side solderings, because 1t [als to link underside ground
connections to the ground plane, is the most common cause of matfunction in my kits. Also examine carefully the
quality of soldering; are the joims well shaped, bright and well adhered to the component wires? Again ground plane
solderings are prime candidates - notably disc ceramic capacitors which don't always tin very well close to their body
and may need their leads scraping. Al this stage look for paris that arc bent over, or inserted too far, that might be
shorling 10 the ground plane; worst offenders are ICs pressed in too far before soldering. Toko coils that heave pins with
shoulders, and preset resistors. Any wiring to the front panel should have short leads laid away from sensitive arcas
such as VFOs and lgh impedance low level signal stages (audio pre-amps). I prefer 1o lay wires tidily but NOT laced
on the topside against the ground plane since this helps to screen them from the tracks underncath. Front panel carths
should also be short and thick - particularly for gain control earths - they should connect diregt ta the front panel
ground plang if fitted, which should be soldered every inch or so to the main PCB ground planc,

After passing, ard maybe rectifving any defects of the physical examination. make the external conneclions
angd apply power of the right pelarity. Watch out for unreasonzbly high sapply currents. Examples of easy tests which
voir might do first arc to listen to the output of 2 RX or to measure the output of 2 TX, 11 thers ig nothing at all, nol even
at a very low level, the output stage is likely to be dead bat if there is a hiss or any very low level RF oulput, then its
likely the trouble is earlier. See if it works on any other bands or in any other modes - do any of the controls have any
cffect - as expected or otherwise? Carrving on with the easy tesis, you might see i it responds o the application of a
finger to the hot ¢nd of the audic gain control. This is a crude test of the following sudio stages and you should fnd
vout finger canses a hum - unless of course there 15 a nasty narrow CW filter in between which would reject the 50 Hz!
That 1lls vou that you should have madc cortain the controls were set correctly for the sort of test you are performing.
{Be very careful when doing any tests with valved rigs having high voltages and the finger test is best avoided just in
case a coupling capacilor is leaky.) Probably the most valuable thing to do next is to check all the supply voltages and
particuiarly any irternally derived general supplies - do they have the right Icvels and do they change in an unexpected
manner when the controls are operated? After this its worth sceing if the oscillators arc working because that can ofien
be done easily. Use a RF probing voltmeter. scope. counter or a gencral coverage reeciver with its aerial lead draped
over the suspect oscillator. Tune the test RX around the expected froquency and remember to alter the oscillator's mning
(on a VFO) just in case the vanes are bent and touching elc. If it is a crystal oscillator vou shonld know exactly where to
look.

If these telatively casy tests fail to identify the problem area you will have (o inject known carcfally centrolled
signals, audio, RF or whatever, and measure the output with appropriate voltmeter. scope ¢i¢. Since we havi't vet had
much in Het iron on items of such test gear, I cant go much further in this article. I hope later 1o have something on test
oscillators, broadband amps and attenuators ctc to compliment the RF power meter described in Hot Iron 3. Similarly
for sudto test gear. However by far and away the most useful picoc of commercially made test gear is a scope if vou are
thinking of spending some money - they are now very good value for money and its not practical to build you own. (I
would rather spend £300 on a scope than on a new nig!) If vou can, go for onc with a bandwidth of 20 Mhz or more.
Most nowadays have two channels but its not essential. Surplos sales and rallies are good sources for vour first, but once
you have had one. yon will soon realise their value and want 3 beiter one! Mew dual channel 20 Mhz scopes start at
about £300 including probes. Assuming that you have various oscillators and measuring instruments vou will scon find
you wanf 3 countcr. Don't forget the Walford Electronics counier which works (o £i0+ Mhz and will scon be
complimeniod by a kit to give if instrament stylc facilitics using Radio 4 for the reference, Details out soon.  G3PCI
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RF Qutput Limiting

Tony Measures, G3WUC, asks what arc the signs of eutput limiting. He felt that he might have increased the
drive preset in his Yeovil too far leading to a poor (G80. 1 think that most receiving stations, certainly at a distance, arc
unlikely ta be able to tell whether the fransmitter is limiting in its RF oulpy stage; to the distant station, when correctly
tuned o the nominal carrier frequency, it just sounds normal. To a nearby receiving station, the symptoms would be
splatter on both sides of the {ransmitter's freqnency. The width of such splatter is dependent on the degree of limiting,
the radiated power level of the unwanted sigaszls, distance ctc.. In bad cases it can extend 50 or more kiloHertz either
side of the nominal frequency and be deicctable tens of miles away cven from moderate pewer tansmitters. The splatter
scunds like poorly tuncd SSB but it cannot be resolved away from the nominal carrier frequency and it gets stronger as
you tune towards the nominal frequency. T have beard it said that very strong good signals can causc a weak receiver
frant end {unable to cope with large signals) 1o produce similar cfiects although | am nogsnre it sounds the same. Tt
certainly does nol produce the type of effect that srong broadeast siations do when present in a wegk [ront end - they
produce a type of mushy signal that is uniform across all the hand whereas splatier i ceotred on the offending
transmitler’s carnier frequency. The usnal forms of transmitler omiput Tow pass f[liering arg useless al removing the
unwanted outpui signals (hai cause splaiter and it can occur in broadband ot mned outpaat. stages.

Limiting is acluatly caused when the RF cutput devices try (o produce a larger instantanegus RF voltage than
the DC supply will permit; caused by an excessively large input signal, it is usually (he negative swing which is most
troublesome. The device output voltage suddenly has to stop going nepative when the device 15 turned fully or hard on
thus clamping the output to the zero volt or ground line - this process 1s also known as "bottoming” and can occur in
class A, B or C output stages. With 2 class A oytput stage, a similar effect can occur on positive swings, caused by the
[ standing current being less than the instantaneous RF current preventing the RF voltage from rising any further - so
called "currcnt limiting” as opposed to the vaoltage limiting which ocours when bottoming.

The following comiments on sctting up apply to - - -

both the Yeovil and Tiny Tim since their general block | {7 Lo T AN
diagram is similar - scc the sketch above for a Iypicall [ MO l \l"f ?f:";;“ \L
supcrhet transmitter. The important thing to remember, | ; e t:f.’

when sciting up, is not (o everdrive the oulpul siage. You |
should starl by turning back (he drive conirel or preset to |

@Wj ‘ RF ‘ ' .
. . o | PAS i~ FINAL
make certain therg is no possibility of the oulput slage | | EITe ﬂr“ﬂ-" )
limiting; this setting can be cenfirmed by checking thal
the outpul power is well below, perhaps a quarter of the \’_—K TUET ARoUT T Lin r"‘ "?h““k GEMN
rated power outpul. You then need to set the audio H-"k:_
presets so (hal the final mixer stuge is just about o Limat F_l LTER m SPEZie
For the Veovil there are two, one for the CW TX | AHE a
sidetone and one for the mike gain. For Tiny Tim thers 'K L‘P’J'E'Lr ok
is only the mike gain preset, Monilor (he rig output and | [ =i 'C t0 g (_ifu
wingd (hese presets up 1o just below the poind of | G%2T
maximum sutpul. You can whistle or say Aaaaah. If von
have a scope (hen use a long timebase and vou can see when the oulput ¢cases 10 go up but there will be sections in
between the peaks when the RE output is much lower. If you have 1o use a mechanical power oulpat meter, il averages
oul these periods of low output making the reading appear sigmificantly lower. you should adjust the speech presets so
the output is about 75 to 80% of the maximum for that drive setting, for the CW TX sidetone prasel go for 90 to 95% of
max. output since there is no averaging effect on a contitmos steady outpul. Inerzasing 1he speech presets bevond the
points indicated will give a degree of speech processing by allowing the mixer to limit on speech peaks thus rassing the
average level of ontput - it shonld be done with cautzon however, The hamnonics this produces are removed by the
following bandpass RF filiers. After you have done the audio presets you can now increase the drive preset to get the
transmitter gutput up o its rated level. Again observe the outpul and increase the dove presel 10 just below the point of
masimmun output - say 90%. On the Yeovil there is somc -
inlcraction with the wimmer capacilor which ancmates the
drive on ROmL 0 you must check on both bands, Afcr (the fosts,
2ol & nearby amateur 10 lsten carefully 10 vour signal and report
critically on what he hopelully doest'l hear (hopimg his front
cnd does not overload!y. Tim Walford C3PC]
The Coker

Finaily, and to fill a hole, 1 thonght you mght liks 10
see what the Coker Jooks like Versions are available for 80 and
160m. The RX [or the other bands are fine but the TX suffered
too much chirp on 4{m upwards. i vou have a photo that mighi
be suitable for inclnsion with a nete then § should be able w0
scan it with my new computing toy!  G3PCT
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Editorial

First of all may 1 wish you a slightly early happy Christmas and an excellent New
Year building electronic gadgets! [ suspect that never before has there been such a
selection of projects and equipment that can be built by amateurs; the range widens every
year and the performance of things that can be home built steadily increases as
integrated circuits are more widely used in equipment. While this may make it slightty
harder 10 nnderstand how a rig works; we have not got to the stage yet in home built
gear, where everything is done in a microprocessor with incomprehensible software. The
madern technology docs undoubledly produce high performance for cost.

On a sad note, 1 have to reporl that David Sugden G4CGS, who contributed an
article last time on measuring inductance, never made it to the major operaticn that he
thought he might have to nndergo. He sullered a major heart attack and collapsed just
outside his own front gate. He will be badly misscd by us all since he had already written
several notes and had hopes to write more, his wife has kindly agreed that I should print
those already completed. 1 shall particularly miss him as someone who | could bounce
technical questions onto and who was also very dependable as my PCB driller, I am
pleased 10 have another new contributor this tinze with Jim Chick, G4NW], adding his
cxperience with a Yeovil. There are alse further ideas on IF amps and tuning for the
Yeovil. T do urge any of you who have any intcresting experience or ideas to share it with
others by writing a note for me. It need nol concern miy kits. Gel writing please,

1 also pleased to anngurce that the off air REFEREMNCE kit is now available with
its two optional INPUT kits. The reference parl provides highly accurate digital
frequencics in the mnge | KHz down to (.2 Hx with useful intermediate frequencies. Tt
works by phase locking an oscillator to the Radio 4 transmission on 198 Khe and
applving this to decade dividers. kit can be used on its own or with the normal Wallord
Electronics counter to achieve very lrigh accuracy and a resolution down to 1 Hz. The
optional HF INPUT parts. fitied on the REF PCB, provide a high input impedance
amplifier with a voliage gain of x18 and a bandwidth of about 60 Mhz so that the basic
counter's inpul sensitivity can be maintained while using a scope type divide by 1) probe.
The other optional INPUT DIVIDER kit is a divide by 10 frequency prescaler which will
work to at leasl 575 MHz When these four kits are used together, a vory high
performance counter insirument czn be constructed for a fraction of the commergially
madc cast. The basic REFERENCE kit costs £37 with the two INPUT kits costing £9 for
the HF amp and £24 for the UHF prescaler. The basic counter is £49, Further dctails are
available from me, :

For those of you still searching for small items that might be added to Santa's
present list, may [ remind Santa of the Coker - a CW transcelver thal can casily be
packed into large socks hung on the end of the bed. Versions for 8¢ or 160m, cost £45,
Very full insimctions and no integrated circuils. 5W output on a 12v sledge supply!
Smppets

[ am reminded in a note from South Western Electricity that the 30 Hz mains
supply is to go down o a nominal voliage of 230 volts on Jan Lst next. They cxplain that
most domestic equipmoent should be unaffected by this change since it is within the
cxisting allowed 1olerance to which most equipment should be designed. Certainly most
commercizl electronics or appliances. which arc likely to have switch modc power
supplies, are not likely to be effected. Apart from slightly dimmer incandescent [amps,
the main items where performance will be degraded are unregulated power supplies.
whose output will drop by 4.3%, and regilated linear power supplics where the decrease
in their internal unregulated supply [alls beiow the required input level for the regulator.
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Yeovil Transceiver, Topics

VFO Tuning Modifications. Derck Alexander G4GVM writes
" I have been playing around with the tuning arrangements : . { g

and you may find this circuit of inierest. With the addition of Allesndive Tmmg ded T/L WIL GAGvh
a BPCQO relay, 3 cxtra 10K presets and a couple of resistors il +%
is possibic to arrange 1) the frequency will always increase lok 0
with clockwise rotation of the funiog pol, 2} full rotation of
the pot can be adjusted for 320 KHz on 80 and 370 Khz on c
20m. (40m still covers the bottom 100 KHz of the 20m scale.)
If you can obtain a 10 or 12:! reduction gear for the main
mning pot, you can dispense with the fing tuning pot bw
replacing it will: a short. See the circuit alongside. Setting up.
Set coarse and fine hming pets and all four presets (o
mid-position. Adjust Toko shig of L301 {0 give a VFO reading,
of 5260 KHz, switch to 80m, then with coarse mning pot
tumned filly clockwise set preset A to give 5190 KHz on the bk
VFO {RX frequency 3810 KHz), Sct coarse tuning pot fully|  I»
anticlockwise, & adjust preset B for 5510 KHe on the VFC
(RX 3490 KHz), the presets interact 5o you need to repeatl | Riwace 5w woe Vite
these adjustments 1] they are both nearly correct. Switch to| €730 above L

20m; set presct C for 5360 KHz at the VFO (RX at 14,360 V2o 40 § oy 41'*4]
KHz) with the tuning fully clockwise and then adjusi preset D

for a VFO frequency of 4990 KHz (RX at 13,990 KHz) with the luning fully anticlockwise. Repeat the checks and
adjustments remembering that if you have 1o adjust the TOKG stug then all will be affected. Eventually von can obtain
the desired full swing on the two main bands and have them both tuning in the same direction.

Mobile Perambaulations with the Yeovil by 2im Chick GANW!

"Travel, it is said, broadens the mind and expands understanding, This may indeed be trne. however, in my
casc it also means long periods of time ip remote and somctimes desolate parts of the world, At such times, having a
mobile rig available is a real pleasure and for a while I used my 757GX2 for this purpose and it performed very well
although [ was always aware of (the danger of it being "confiscaled" by over zealous custom officials. The turning point
came afier a tip to Turkey which culminated in my exit visa being withheld for fourteen days and only granted afier
payment of a Farge sum of money. I realised that the only equipment which attracted the attention and covious looks
were those 1lerms 1n smart cases with lots of knobs, dials and lights and I decided that a home made rig might escape all
thus utiwanied attention, The first approach was to consider a single band design but this was quickly dismissed duc to
limitations it imposed and after much deliberation 1 decided to try a Yeovil. The construction was straightforward and |
added (he 40m comverter and the digitai frequency readout which in my rig I found necessary to house in a screcned
box. The completed rig was butlt into a rugged case suitable for mounting in my Landrover. The antenna I favour is the
conventonal G whip mounted on the rear of the vehicle with its base about 3 ft from the ground. This is fed via an
ATU and SWR meter and 1 have found this armangement most successful.

Once the initial trials were underway, a couple of problems became appatent; the andio level was low for use in
my type of vehicle and the RF ontput made life difficult for the receiving station nnder normal band conditions, The
addition of the 1F amplificr in the last edition of Hot Iron solved most ef the audio problems producing greater signal
strength on all bands and T have now built a 120 Want PA which cured the scecond difficnity. When using the rig with a
comventional wire antenna system or a long wire, the standard version performed very well and 1 was only aware of the
problems T mentioned when using the mobile whip, It can be very difficnlt fo find anything to attach a length of wire to
in the middle of the Empty Quarter and most of the time | have to use my vehicle antenna.

In conclusion, T would like to rccommend this grand little rig as a rclizble mobile unit which has alrcady
proven a worthy companion on my travels.”

Thank vou Jim; in another note he remarks that he found it very stable even under the most arduocus conditions
and would like to hear of the expericnecs of any other mobile users. Another has also been used in the Gambia. G3PCH
Technical maders. T had one Yeowvil returined for examinalion with complaints that it was smelling! It transpired that
with mid settings ol the audio gain conwrol, the audio cutput 2030 chip was gefting hot and the power supply currenl
was about (hres times that at low gain comtrol setings. The autput chip was oscillaiing just Beyond the audible range
with mid gain settings due 10 edback [om the londspeaker leads to the gain control lcads. Re-routing of these leads so
that they were no longer next 10 each other for a few inches cured it. The same sort of problems can happent al any
frequency and is more likely the higher the operaling frequency of the stages in between the input and ovspit Ieads,

The second topic is a little conundrym (hat T havn't yet solved! Two Yeovil owners observe that while their
digital frequency readouts are exactly correct on 20 and &dm, when they switch (0 40m they arc out bv 3 to 5 KH=
despite the 11 MHx ¢rystal being set exactly. I think this has 10 be something to do with a sidcband inversion when (he
Hm converter is in circuit bul I ane unsure aboul it. Can anyboedy offer an explanavion? G3PC)

Hot Tron - Winter 1994 - Page 2



Further thoughts on IF amps and AGEC for the Yeovil

Derek, G4GVM, has sent along more on his
experiences and comments that he finds kis TF amp
scheme rather better than that which I suggested in the last
Hot 1ron! He has made extensive trials on at least three
versions and ,while T think most builders will find that the
circnit in Hot Iren 5 is the best balance between
complexity and performance, I include his final versicn for
the more adventurcus since it has a second lovel of AGC.
He finds that it gives a marked increase in signal to
noisc/hiss ratic allowing the gain control 1o be kept low
and the AGC paris can be adjusted to give further
attenuation of really strong signals. This cironit is intended
to be placed in the receive path after the first mixer
1C201/202 and before the 9 MHz IF filter. Although this is
not the ideal position he finds It best and it is ignored on
transmit. To conmect it o the tig, cut irack to isolate pin 9
[C202. IF amp input goes 10 pin 9 IC202 and the amp
output to pin 10 IC202. 55 is connected to the drain of
TRI01 and 12 volis is found {fom any convenricnt point,
His circuit was on a small board which was monnted by
the carth connecilions. The BC182 is needed to invert the
AGC signal for control of the 3N201 and the extra 2u2 on
the point SS restores the hang time which would be
decreased by ihe addition of the 1M presct. He found thai
RII0 needed 10 be reduced to 47K to prevent the main
AGC operating on noise and. with a litflc advice ftom me,
improved the strong signal handling of the main audio
amplifier by adding 2M2 from pin 1 of IC103 to earih
which shifts the DC ontput level 1o 6 volts which is better

GAGUM IF P biller ounp + BGL

D

for 12 volt operation.

IF Amp for Tiny Tim. I am pleased 1o report the circuit that [ sketched out in the last Hot Iren, which was untricd
at that time, does indoed work well and gives a useful improvement in sensitivity. Carc is nceded o fit it in! G3PCI

RF Amps for small antennas

Readers may recall an carlicr comment that an
additional wideband RE amp for the Yeovil was not
recormmended when it 1s uscd with normal
sized antennas due to overloading by out of band broadcast
stations; however [ have found it 0 be a most uselul
addition when giving demonstrations with my 0.5m square
portable loop antenna made of 15 mm copper pipe and
which can also be uscd for transmission. It wall alse be
suitable for thosc using whips like G4NWI where
overloading is unlikely. i its to be onlv used with a short
antenna. then the amplifier part of the circuit can be
mserted in the receive path aronnd the transmit amplificr,
The circuil is broadband with 14 dB gain. It is important
that there be some goed sclectivity in the anicnna maiching
ubil o reject the broadeast stations just owside the 40m
band. I have the full circuit shown alongside mounied it a

separate box which can be lefl in circuit conlinuously as itk )
bvpassed with no power applied. The allenuator/diodes on |

the amplificr output protect il when the rig transmits during
the short time that the RF senged relay akes o tum off on
transmit. It can be controlled with # hard wired (rapsmil
contact switch as shown which avoids the hold time delay
associated with RF scnsing (needed 1o avoid it dropping ont
between words). This circuit can be used in any low

powered 50 Ohm antetna line and 15 a handy “extra” for |¢

morc scnsitivity - fast power diodes must be used. GIPCY
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Morc en End Fed Aerials by Eric Godfrey G3GC

My aerial system for HF is a balf wave dipole an 80 mgtres (132 ft overall} cootre fed with home brew 600
Ohm open wire feeder. The cenire is supporied by a pole in a sycamore troc lopped off to stop it growing further and
each Spring it is prared back to the trunk 10 aveid the new growth interfering with either the dipole elements or the 600
Ohm feeders. This also has the advantage that there are no flowers and hence no helicopter seed pods to germinaic all
over the garden. On 40m and the lower harmonically related bands, the 600 Ohm feeder sees 2 high impedance at the
cenire of the dipole bul on 8(m, where the lengih is a half wave, it is low impedance. In the shack, the open wire
feeders are connected 10 a KW (E-ZEE)Y MATCH which in turn connects to a Drake TR7 transceiver via a 50 Ohm
coaxial feeder. This all works satisfactorily on all bands {including the WARC bands} from 80m to 10m but (he KW
{E-ZEE) MATCH is not designed for wse on 160m.

I needed to use the aerial in the Edgware and l
District Radio Socicty's Activity Period last October and
decided to stzap the fecders together in the shack and
connect them to the TR7 via a simple LC matching unit
comprising a variable capacitance to earth from the aerial
and a variable inductance in series with the inmer of (he
coaxial feeder to the TRT (see sketch). I then tried 10
msatch the system on a frequency of 1.930 KHz and found
that although I could get an apparently good match b
adjusting the inductince and capacity, 1 could nol wind
the power up properly on the TR7. T was at a loss to
understand this at first; it was not untik I discussed i1 with
our Editor and he snggested that T read my own article in
Issuc 4 of Hot Iron that I realised that il was of course due
io the problems which T discussed in that Issue. Here was
I, caught with my own RF trying 1o go into places that it
should not have been and nol practising what T preach]

The obvious thing (o do was to add a quarter
wave counterpoise to the earth terminal of (he TRT. This I =
did using 66 ft of ordinary connecting wire thrown out of F{[_‘ [60w AMY
the window and just tied to a garden cane down the R
bottom of the garden somewhere nearly undsmeath one
leg of the acrial The L.C matching unit was again

adjusted for minintum SWER and this time I could get full ng BNt TR
power into the system. I think that what was happening in BE\DEE j}f—— - TR Aoy Goh
the first casc, was that although I had a reasonable SWR i

in the coax from the TR7 into the elevated wires which
formed onc leg of the whole aerial svstem, the other leg
Was formod‘h}' the mains carth wire, a..nd this was causing Exdva Céyjt' ’—"i/i O Lo
the transcciver as a whole to receive a lot of returm B TEMNS
(backward) power and its sclf preservation circuits were COUNTERPOISE down aerdewm.
Limiling 115 power outpu,

This, [ (hink, goes (o confirm that no ¢nd fod acrial system should ever be confemplated without some form of
earthing system. It might be worth adding that. if von cver have the transmitier near ground such as on a table at field
davs, then a low impedance earth wire (thick coax with inner and outer joined is vexy salisfactory) connected (0 a good
long earth rod driven well into the gronnd may replace the counterpoise provided 1he earth is moist (water if necessary),
Il in any doobt bave an carth rod and a counterpoise!

| Mains =

Comment if allowed! Eric first advised me of this problem in soime rather boring part of a Commitice meeting wilh 3
cryplic diagram saving "what's going on?" Answer-RFE shooting down the nruns earth wire! My own preference would
be 1o connect the counterpoise to the coax screen at the matching vnil but Eric comments that his SWR bridge would
not be affected by amy RE on (he outside of the coax cables poing in & out of the brdge. The full evidence also
suggested the possibility (hat bis mains carth sysiem might be resonant (with the guite high ¢ of 8) at 1.95 MHz since
tning to 1.83 MHz cured the problem compleiely, T wonder if it is OK to live in the middle of 2 160m loop?! G3PC!

Variable Qutput Linear Power Supplies

I apologise for returning 10 (he subject of power supplics but they are a frequent source of inquiry! There are
two common variable (ypes. those based on the 117 chip and the very similar 338K type. The 317 can provide outputs
up 10 37 volts; it is available 1a the 100 mA L version and the 1.5 Amp T version which needs a heatsink, The T(-3
338K can handic 3 Amps and needs lots of metalwork! The output of the 3175 can be from 3 1o 37 volts and the 338
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from 3 to 32 volt. The input voltage muist be at Icast 2 volts more than the maximum outpiit bt beware that the device
dissipation will bc highest on low output voltage at high current. Devising a power supply to give say 5 Amps
continuously over the range 3 to 32 volts is a severe ¢lectrical challenge and also a mechanical onc as it might have to
dissipatc ncarly 150 watts and will need a transformer weighing about 3 Kg. The first problem is that the inpul to these
regulators must not exceed 35 volts for the 338 and 40 volts for the 3175, the transformer on lead scoondary AC peak
voltagc needs to be a minimum of about 5 volts higker than the desired maximum DC output (2 for the bridge reciifier,
1 for ripplc and 2 volts for the regulator) - this usually means a nominal iransformer secondary RMS voliage of al least
the maximum DC output voliage. The off load raw DC voltage will at least 1.4 times the nominal RMS secondary
voltagc and perhaps up to 8% higher if the mains is high. For our notional 32 v PSU, a simple arrangement of
transformer, bridge rectifier and smoothing capacilor combination might generate a no load voltage of perhaps 50 volts
- none of these regulators will toleraie this! Either the repilaler has to have a permanent load. or some form of
pre-regulation, or the secondary RMS vollage be lowered 10 about 25 volis in order 10 keep within the permitted off load
maximum input voltage. The probable upper fuil load cutput DC voltage will then be around 24 . At high owtput
currents, even the bridge rectifier will get warm and need boltng to the metalwork since it might dissipatc 8 Watts.
The smoothing capacitors should have a working, voltage about twice the transformer open circuit RMS voltage and as a
gusde, their value should be about 10,000 aF for every Amp of outpul current, i the ripple on the raw supply is to be
below 1 volt al [ull output. The smoothing capacitors should always be [fitted with a bleed resistor which can also be
used for a LED Power ON indicator. The notional 32 volt 5 Amp continuous supply would need a 150 VA transformer
and capacitors of 50,000 uF rated at about 60 volts DC - they
will be BIG and EXPENSIVE if bought new! All of this points
to an impractical design requirement! A further pragtical potnt
is that for a 5 Amp supply, the peak curreat in the rectificr will
be around 50 Amps so you nced to usc thick wirgs in the
transformer, rectificr and smoothing capacitor part of the
circuit lIncidentally, seon all commercially made supplics
whose power output is over 50 Watts will have to meet difficult
requirements about not reflecting harmonics back into the
mains duc to these very large and spiky reetificr currents. The
above list of snags cxplains why switch mode powcer supplics
are so atiractive as all these problems are much reduced and
nowadays the problem of electrical switching noise is well
under control. Many of these problems can be much reduced by
designing for as small a range of output voltage and low
currcnit as is possible. | have sketched in some suggestions
alongside.

Both the 338 and 317 scrics of regnlalors work by
developing a controlled 1.25 volis across a resistor R1 placed
between the output and the adjust pin. The current, which this
causes in R1, then flows on through a second resisior R2 from |,
the adjust pin down to rero volis developing the control
voltage. The maths of this is:-

V., =1.25+(1.25xR2/R])

The current which flows in the adjust pin is around 50
aAmps and can usually be ignored. Typical values are 220K
for R1 with R2 to suil the desired voltage if the output is fixed.
Aliernatively R2 maybe vanable bul if it goes open circuil {with
a noisy pot) then the output will rise (o the raw supply probably
wrecking connected circuits. A better approach is to make Ri
vaziable and fix R2 at about 2K2 If R1 is a variable of 1K in ¥
series with 82R the outpaui range should be gbout 4 to 35 volis if l—“‘&
the raw supply will allow it. The current in R1 and R2 shounld > 3”
really be at least 0.5 mAmp but this is difficult to arrange with _5 '5

3
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a wide single output range. Tt is quite 2 good thing 1o pui a Toad =z i =B .

resislor of LK or so permanently across the ouiput and (o SELCILTY x
decouple the output with 100 uF (V¥ DC same as smoothing

caps) in parallel with a 100 nF polvester and 10 nF disc -}\ o 3
ceramic on the oulpul terminals. M is also worth noting thal the oA

line and load regulation of these regulalors is appreciably betler

than the common fixed voltage types; this is why 1 use them for } * L
inlernal stzbilised supplies for varactor diode tuning vollages. N N

ALWAYS fully trv out a PSU on a dummy icad first! G3PC) < i
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Offset Zero DC voltmeter by David Sugden, G4CGS

There ate tithes when it maybe desired to more or less permanently monitor a DC power source without tying
up the shack multimeter all the time. Usually the voltage tange required is restricted and so a form of scale cxpansion
by using an offset zero will enable accurate readings 1o be made. A typical cxample might be 1o monitor the tcrminal
voltage of your car battery whilst working DX from the top of a hill. The battery voltage may, dependent on charge
statc, be between 10.8 volts fully discharped and t4.5 when fully charged on float. Since for this purpose we are not
intcrested in readings outside this range, it would be appropriate for it to be scaled 10 1o 15 volts. With carc, readings to
plus or minus 0.1 velts are possible, The circuit can be easily adapted to other voltages and meter sensithvitics. 11 is
essentialiy a bridge asranged so that, at the minimum input voltage, the bridge is balanced and no current flows in the
meter. As higher voltages are applied it becomes unbalanced and the meter reads up the scale. It will read backwards
for inputs below the minimurn and you might wish (0 add the diode to protect the movement if this is likcly, Select a
zener whose voltage V; is about 60 to 80% of the V.

The R =R2 = (V__ -V ¥10xT_ KOhm r 1

and VR3 = (V_ V.. -11x15xV,/[, KOhm

and VR4 = V(7x],,) KOhm J. o

[ ]

These theoretical values for VR3 and VR4 are the +
minimum and you should wse the mext available higher R4 RZ
value. The circuit gves some typical valucs. The setting up B20R. 4 B8,
procedure is 10 set VR3 to maxdamum resistance and apply 4
V... from a variable PSU - 10 volts in this case. Adjust X TW"
VR4 till the meter reads 10 wolts at its normal zero t I YRR
position, Fhen apply V. and adjust VR3 for full scale \ - '_i'>|_- - Ry
indication - 15 volts in this example. Repeat ihese 1wo Z
adjustments as there is inleraction between the prescts. To - by the e
completc the job, assuming vou can dismantle the meter, UN o
remove the old scale calibration numbers carcfully by
scrapping or snowpake eoic. then carcfully add the new . .
numbers with a fine tipped pen: the intermediste values OFFSET Zene Vol TMETER
should be reasonably linear but its worth checking them .
with: your variable PSU. GACES

o

Taul enders

Further to my nole about Blu-Tack, Peter Barville G3XIS, writes "1 i1s usefnl for a wide variety of jobs
including temporary {or nol s0 temperaryt) mounting of finished PCBs in confined spaces {¢.g. mounting a small extra
board above or on an existing panel). T even admit to using it as quick aud easy method of securing a battery, without
having to drill holes for secuting a battery clip. It is also idcat for sealing connectors and soldercd joints exposed to the
clements. In my experience, copper cable, chreme nuts and bolis eic stay shiny and bright se long as they are protected
within Blu-Tack used as a sealant. There appears to be no problem of ¢orrosive action, as is the case with normal
bathroom (and exterion) type scatants, Blu-Tack doesn't harden, can be easity removed, and then replaced if nocessary.
and is cheap and readily available. Every shack should bave somet"  To think I have been chucking it away! GIF(C)

Pat King, G4GFY, who 1 frequently hear using his Tiny Timt, found that he had a bit of a problem with audio
breakihrough on trazsmit. He cured this by an extra rclay operated by the PTT switch which disconnected the LS.

Some while back, Stewart Sims GIWOQW, suggested a note on temperature compensating capacitors for VFQOs
cic, This is btg topic but [ think there arc some gencral observations that can be useful. 1 find that when the inductor of
a HF VF( is a TOKO style coil and it is nsed in conjunction with a combination of NP0 and N150 capacitors, then drift
is scldom a problem. The characteristic of the N150 roughly matches that of the inductance so that with increasing
lemperainre, as the inductance poes up. the capacity goes down. Both the NP{ and N150 capacitors are low K ceramic
discs which usally have small reclangutar grey bodies and coloured tips; the NP9 sort have black lips and the N150
types have orange tips. The NPO (black tip) ones have a nominzl zere temp coefficient and are supposed not to change
as temperature alters; the oranpe tipped have a  -130 parts per millien per degree Centiprade characteristic. The ether
violet tipped disc ceramics { - 750 ppm } should not be used in VFOs, Medium and high K disc ceramic types {often
with round yellow bodics) are not suitable for VEOs either since their temperature cocffecients are even larger and more
unpredictable. As it is difficull for most peopic o tell the differcnoc between the low K and other ceramic types with
certainty when they are presented unlabelled atl 2 rally; my advice is don't usc them for a VFO unless you have
condidence that the supplier is ¢cerigin of what they are and write the details down at the time, Chance it if vou wish, but
al least silver mica (if vou ¢an find them} and polystvrene types aze far less confusing and nearly as good for VFOs!

And finally, [ thought vou might be amused to know that one of my Booster lingar amplifiers is doing scrvice
at Malin Head Radio Station ! [ have 1o admit it is with EIOCF and not with the Irish Authorities! G3PCT
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Lditorial
I thought that as thss is the first issuc in 1993, I would transpose a new happy
figurc into the box on the left that my son has drawn clscwhere on this conmputer, [
sce it every time [ tumn the beast on but 1 have now been trving for over an hour to
get it here with no success! 1 was going to go on and be rather negative about
computers in gencral but I have just seen the article in the March RadCom about
singlc chip micro controllers; it leads me to wonder what most builders would
think about some form of micro control in their own home built rigs. for example
to control a synthesizer? Some feedback on this would be most interesting pleasc,
This issue has a strong theme of antennas with a very practical contribution
from Derek Alexander G4GYM and scveral interesting ideas from Stewart Sims
G3WOW . My thanks to them & other contributors [ also felt that members, who
do not have Yeovils, might like to see ong of my favourite antenna matching bridge
cirgults; my apologies if you have seen it before. Keep up the contributions pleasc!
Craig Douglas, GOHDJ, has madc the helpflul sugpestion that owncrs of
Somersct Range rigs might like to have some printed “rig name" stickers that could
be placed on your QSL cards in thc space where vou give details of your
equipment. [ have in mind the small stickers that are about 1 x 1.5 inches which
are sometimes used as address label stickers; these could have the rig name and ot
other simple details. For example:- Yeovil TCVR
20 & 80m, 5 W
Walford Elccironics
I would be happy to organisc these, the cost would appear to be about £15
for 250 labels {(post paid) or £20 for 1000, possibly sigmficantly less if a lot of you
are interested in ong common label or rig etc. Please let me have vour suggestions.
Some members have been inquinng about how the Taunton is progressing;
I am: pleased to answer "well”. | have been working on it, amongst other things, for
over & year now; the very first prototype 1s now working well and the design has
now gelled sufficiently for the next stage of testing. Three members have kindly
agreed to take on the onercus task of building and evaluating my instructions to get
rid of the mistakes that T will have missed! I am hoping that it will be available for
general release at the Ycovil QRP Convention on May 21st this vear - see later.
The Taunton is a superhet rig which can operate on any single HF band, including
the WARC bands, by means of plug-in band cards. These cards contain all the
parts that havc to change with each band and are the only thing that will need
changing to switch for one band to another. Initially, all bands will be available up
to 15m; the higher ones are possible but need non standard crystals so will have to .
wait! At a later date, I hope to have a second band plug-in unit that will allow the
fitting of parts for any two bands selected by a front pancl switch. The g will be
available as RX, or TCVR, with an Optional Extras kit comprising receiver S
meter & JF amplifier, transmitier matching bridge & power output indicator etc.
The whole is based on one 100 x 160 mm PCB which is drilled for all the exiras.
Basc TCVR about £90 + £15 per band. The standard frequency counter kit can be
uscd and the matching CW kit with a very high performance tuneable switched
capacitor filter is also in the late stages of design. Tim Walford  Editor,
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Yeovil Updates
40n converters. Both Geoff Gregor, GA40WH, and Jim Chick G4ANWI, found that their digital readouts were
i error by about 3 KHz onlv when they operated on 40m. The nigs works perfectly normally but vou would
have to have a very good tuning and pointer mechanism to notice the 3 KHz dial calibration error on 40m
compared to the calibration for 20 & §0m1. This is why it has only been spotted by thosc with a digital readout.
A certain amount of head scratchng by all lead to the conclusion that it is due to sideband inversion as the
signals pass through the 40m converter, The solution is to offset the crystal m the converter to 10997 KHz
wistcad of the nominal figure of 11000 KHz. Regrettably this shifi 18 bevond the adjustment range of the normal
trimmer. Jim kindly tricd substituting a ceramic resonator for me; this can casily be pulled down morc than
cnough with the trimmer capacitor but it failed the stability tests. Both temperature effects and its repeatability
from cold were not good enough. {Those of vou contemplating ceramie resonators as high frequency VXOs for
simple direct conversion transceivers bewarel) The nice solution would be 10997 KHz crystals but these arc
non standard and prohibitively expensive in small numbers. Luckily the amount of pull that is needed is
possible with standard 11000 KHz crystals but it nceds extra parts. Jim Chick has used the following circuit
with complete success - I have not tried it but other work on pulling a 6 MHz crystal for the Tavnton suggests it
should be fing. Only thosc members who have a digital

readout and 48m nced contcmplate this modification. It 4oL o & unin {"m"”

neads a rearrangement of the tracks around the trimmer Jé{f o Mot
and crysial. [ have given the details that lim scot me. At ,—Wg\ Céol e T
6 MHz, [ needed 10 uH & about 30 pF 1o swing 3KHz; — » &7'

so perhaps a fixed 5 uH should do at 11 MHz with |-—-/HL :E NEGIZ.
adjustment being solely by the trimmer capacitor. Try it —_— 31}_": 7 GG |

out for vourself! Jim also pomted out the numbering error MU, .

on pin 6 & 7 of IC601. In addition he has also tried ) 1 i

several alternative FETs m the driver and output stages. 7}7 chol

His suggestion is an IRF621 as driver and a pair of |

IRF630s for the final. 1 do not know who manufactured ;

these FETs and 1 do note significant differences with| ~22%4 4} W Mty Xzl T 10977 kHe
altcrnative IRF310 suppliers. His output increased to 18 L;Ljn (’-‘,ﬁtﬁhj

W for 80 & 40 wath shghtlv less on 20m.  G3PCJ

Using the CW filter on SS8. Eric Godfrey, G3GC, contributes the following which may well be of intcrest
for other rigs apart from the Yeowil. "I fell into a trap the other day when working Howard, G4HMD in
Northwood. Hertfordshire on 80m using the Yeovil on SSB in heavy QRM. I dectded 1o put the CW filter in
circutt to improve sclectivity at the expense of SSB speech quality. This was satisfactary, bringing up what was
a difficult signal to readability R5. However, at the end of my next over, I found that G4HMD had not copied
me at all. T then remembered that the CW filter switch places a short across the microphone input. This has
been included quite rightly to cnsure that when on CW there are no random transmissions from the microphone
which would otherwise be lrve until the T/R relavs drop out. It was therefore noecssary to change the filter
switch to S5B when transmitting on $SB. This was inconvenient
and some form of automatic arrangement was obviously required. J2v

1 decided the solution was to use a small relay operated by
the key to providc a pair of normally open comtacts (rclay K{F,[m};dr) HI
unenergised) in scrics with the earthy end of the CW {ilter switch, 33k ':‘—l::'_o
This would then ensure that the microphone would not normally be % v
short circuited on SSB transmit. This worked cxcept that the short
circult was only in place while the key was down. Obviously some
hold delay was required and this was achicved by dnving the relay K

%
NS

from thc transistor as shown on the right. In this circuit the
transistor 18 normally conducting and the relay 1s energised except
when the key 15 down, earthing the basc of the transistor and mj —= /{%
cuting it off. Since the relay is now cncrgised n the kev up -
position, the normally open contacts (open unless the key 18 down) 4 2
arc Now u_spd to shortl the micrgphqnc to ground. The time consftant| Crost Eﬂwr, o vy YT\T\ v
of the resisitor/capacitor combination on the base of the transistor A0
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provides a hold delay a Little longer than the maximum
T/R delay, thus cnsuring the microphone remains dead
on CW transmit,

After a litle more thought, 1 decided that a < o ML
simpler and morc elepant way lo achieve this objective E\; -
was 1o control the relay from the microphone press to goi- &hj
talk switch. This would requare that the microphone was N4
always shorted to ground excepl when the P17 switched 07
was operated dunng S5B transmission. This wav there Rlockd
are no requircments for any hold delay and the final Mk PTT
circuit which comprises one relay and two isolating oV
diodes 1s shown on the tight. These three components can YL‘
be assembled on a piece of veroboard less than a squarc PEW ikl v va
inch in arca and mounted close te the microphone socket. (4260
This circuit 15 1n effect mserted in the PI ling from the
transmitter to the microphone socket. If you do incorporate this circult in your Yeovil, then do not forget to
remove the earth lead from the CW filicr swatch if the PT linc 1s still connected to it. G3ICO has also pointed
out that some CB microphones have a two way push to talk switch, which shorts the microphone on receive, If
one of these 1s used, then no additional circuit is needed and vou only need remove the lead from the CW filter
switch to the mike socket.” Eric Godfrey G3GC

NN Ry,

A Versatile Portable Aerial by G4GVM

I do a fair amount of /P opcrating visiting fricnds and relatives - mostly on 80m. I have, in the past,
often uscd a portable trap dipole, G whip and so on but 1 have been impressed by the signal reports when using
an ond fed or long wire aerial. The end fed aenal is perhaps the casiest to erect - the total length is not crinical
{with a good AMU and earth! - Ed} but 1 have found that the 80m 66 ft length i1s convenicnt, A weight on the
end of a supporting rope tossed into a good tree {or a suitable climbing Grandchild!) can give sufficient height
at the far end. The other operatmg end car be fixed to a window hinge for example. It docsn't even have to be
fed from the end of the mam wire! As a vanation, 1 have mine 1/7 th {(hanmonic?} from the operating end (about
9 ft 6 in) to allow operation from a ground floor extension with the end of the acrial fixed to an upstairs window
above the extension. Here is a practical way to

N . Lrtaglt Basekip rv gt
cover most situations and give good results. j/ Repe '? gfp% abudde g’;,""l""'""
1. Prepare three pairs of 2 A block connectors. W_ :
Make two cuts about 3/16 th inch apant with a A .
P B\INL\L-& C]:;MH GL-"‘:J-

hacksaw into the polyihene undemeath across the
two mserts. Solder a shorl stub of thick wirg to join
the two brass inseris. Usc a heavy duty ron to
avoid melting the polythene!

2. Obtain a 70 ft length of good flexible PVC
covered wire (Henry Westlake - 8p per metre). Cut
to 66 ft 6 ins and remove 1/2 in insulation from
cach ¢nd 6 mches in from cach cnd and 10 feet
from ong ¢nd,

3. Shde all three connecting block pairs onto the
wire. Tighten up the middle block on the bared 1/2
inch which is 10 ft in from the end.

Block.

4, T.oop cach cnd through an insulator with one }’m NB., Fiv ~9, conmedd B Ten
turn around the wire. Secure the bared end, and the £ BMy PN ':r‘f»ﬁrfk' Wf’x’&
6 inches in, into (he sume insert of a block pair, ¢ efecdn I':;i(j Jl“‘llué'\
leaving the other msert for the down lcad. Bind fosbm /

with strong thread.
3 Similarly loop and bind suitable nylon cord or

rope to the insulator {or via a doecclip) with a Pﬁ(hm Lm»._ﬂ [ﬂJrf"E JF-I‘%JPQ_AANL
suitable weight on the other cnd of the rope. By Q4GY M
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& Usi the 13 ft 6 10 {or thereabouts) olleut as a down

lead from onc end or the % 1 6 in point.

7. A cable tidv can be made from standard wood lathe
obtainable from most DIY stores. It 1s aboul 3/16 in by
11/4 in wide. Cut two 10 in lengths and form a "U* at
each cnd 3/4 n wide and 11/4 in deep. Cut a slot the
thickness of the piece wide and half the width deep, so
that cach length fits into the other, forming a cross
Make thus a tight fit and glue up. Place a strong rubber
band around each of the four arms. The idca 15 to trap
the wetght {or insulator if vou are only winding on the
acrial) under a rabber band and then turn the cable tidy
to wind on the wire, This will avoid kmking the wire;
finally trap the othcr weight or insulator when vou
rcach the other end.

& Although intended as along wire aenal for use with
arn AMU, two such arrangements could easily be used
as a centre fod 80m dipole. Just tie the two centre
nsulaiors together and attach the coax inncr and outer
to each half. The block cormectors make connecting up
a simple matter and cxtra support can be provided in
the centre on the linked insulators if there is a suitable

-

‘o -l

CI '/u
a

S~ ORLE TY
G4A6VM

[:; f:}l‘}'\ﬂf(l.taf
ferafi

afe
potle Sude,

sky hook! Derck Alexander  G4GYVM
End fed half wave antenna for 20m

This antcrna can be rigeed as a sloper or
as an ordinary horizontal one; it uses a small
counterpoisc and a matching unit at the feed
pomt. Used as a sloper supported by a metal pole
nvpical reports with my Yeowil arg;-
[K6QRD 39 QK277 50
DIL3IKDH 389  4N7NN 57
UXOLT 57 VOINP 52-6 . o0
Stewart Sims  G3WOW ‘@N&"W CMJJ 5y

CARLERP

"Cirloop" and "Squoop” Antennhas -

Herewith two basically similar antcrinas \ Hudo L“% Sop 'l"
but with diffcrent physical shapes and mechanical vl R wAlt, Sanin

- CPMM SLLH' f"ﬂd. v
construction. Both are loaded loops for 30, 20 homs YA toduw dins
and 17m bands with inductrve coupling. The (s o ened fobencivele L)
main loop ‘tumng capacitor needs to _hzwc 'ri‘lde filI‘ L4 1T farsns % i 543G
spacing of the plates and is placed in scries with & L
the loading coil and the radiating loop. Qutputs Soof tds L2 T fans 8 f

. P vt AT o P

up to 25 W should be all right but do NOT place ‘LL?. M“‘tl:"*‘“‘j s, :
voursclf nearer than about 10 foct when actually ALl r
transmitting as therc is the possibility of |50 wex '15'0]": g =7
dangerous ficld strengths. Both these designs fonig: o condunsk
operate with a high Q and have a bandwidth of S@vook wAl. £5TR s 25"
about 180 Kilz on 20m, making retuning| = . pasce end % e | oyesrE
necessary if you wish to operate over the whole Fb50G oven covdnat Tin okt {-Eﬁi oy
band. GOCRZ & GIWQW Senivs bt SopFleoy. Qwﬁ 5% el
{(Tune the loop capacitor on reccive for max. |7 W{..‘ 55 dEnnind _ S_F“"A
signal and then adjust the coupling capacitor with ?hm “':' g w’f‘"""‘ Re i ,
a fow Watts for best match to 30R. G3PCI) G3WVESEM ‘j Sh ohat z‘,inﬁl-vw}b{m'hf_\,
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"The (central heatine} Radiator”

This porlable loop antenna had its origins in a At 7%
QRP Convention Consiruction  Challenge some years | To.uen 'EWM}’;E
back_ Part of the task was to make the most efficient 80m | cli Spocast ﬁ
antenna within a 0.5m cube. | now use 1t for Fore, ;-‘E‘ﬁm
demonstration purposcs and have used it for QRP QS0s % o SqinaiL
over a few tens of miles, Tt is made of soft or malleable 15 afa&?w_ —
mm copper tubg bent into an approximaic square. It can
be obtained in good plumbers merchants, Tis very effective -
becausc although the performance is dependent on  the d
loop arca. it 1s also dependent on the square of the number —— ‘:L;”/X’ Biited
of tums. 22 mm pipe would be cven better! The task was ik E e
to get on as many tums as possible, with sufficient| & 2 G’F%'fj Bﬁ?&
spacing to minimise self capacity, as can be made to| Gene o he B diodor CBPL':
resonatc on 80m with about 1-200 pF. In fact I ran out of L_"2" ' SELLS

pipe first! Mine 1s bolted onto a sheet of plvwood for stability and to keep the turns in place. Matching is simply
a question of adjusting the crop clip until your matchimg indicator indicates nothing reflected. Move the tap
ncarer to the capacitor -_f;—ma_ for low impedances and further away for higher Z outputs. Although not a
balanced or svmmetrical design, 1 have never found it to be sufficiently dircetional for thus to matter, G3PCJ

A single coil Mini Z match AMU for 80 - 15m

This AMU 1s mtended for QRP up to a max. 1k g
power of 15 Wats: being fully balanced it works well [50ces I e aadug
with 300R slotted foeder. Polvvaricon mini wvariable 'ﬁ’“‘j' el Ie B )
capacitors are used (from Birketts of Lincoln or from - [iso-2.

_ : _ a Yoretd. (R2d)
scrap domestic portables). T130-2 toroids arc available T f(: ]q_;, /
from Cirkit and copper wirc can be obtamed from cleetnoc o . e ! Mt R
motor repairers possibly - see Yellow Pages. It tuncs my jrwm - s'\-i | MaToH
delta loop on any frequency I choose and is hardly bigger ¢ it
than a packet of cigarettes! It poes very well with my .2{‘5* Hcf“—g —L'f. ‘ TE pue Hom-
Yeovil, Stewarl Sims  G3WQW PJIJVM"m 2 | P kfmt.:jl

) i & s
A Resistive Antenna Matching Bridge CELL e *

The circuit on the right is basically that usced in %&W L T aaR ST %ﬁj;&
the Yeovil's bridac but can be used on any frequency up | —32. =
to VHF with carcful layout and a small switch or relay. It
has the advantage that when it is in circuit, it will always
present a safe load to the transmitter, cven if there 13 a f0.F
short or open circuit on the acrial tcrminals. The three Six —
arms of the bndge need valucs of 50R for use in a 30R jon .
antenna line. A good compromisc iv to use two | Watt 1w/
100R nom-inductive resistors i parallel for each arm. ﬁwﬁtv’&'

This will enable safc use with a 5 Watt transmitter. The REIsTTR,

use of a 2 pole switch, or a relay if remote control is
desired, mecans that there is not another contact available

to alter the meter sensitivily between forward and reverse, + o

The reverse reading is not normally more than half full :‘13'1 Mk B “f’ 10 vilfs L Woon
i : o : aM & give o %

scalc nnless the ngs output impedance (not it's desired v T e Lot fo ke |

load impedance which is the usual 50R} is more than a _
few ohms. The presct is adjusted for full scale when the Ao eHM RESISTIVE

bridge is out, operating into a 30R dummy load. In use, MRToU NG BRIDGE Ga0eT
sice the anlenna matching controls are adjusted for the ?
lowest reading when the bridge is in circuit, the fact that the upper limit is only half scale doesn't matter too
much. When the bridec is out, the meter actually indicates output voltage but sinec the AMU 18 now known to
be presenting a 50R load, it can also be calibrated in oulput power (with a squarc law). G3PC}
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The Eleventh Yeovil QRP Convention

This vear the event has been put back a little 10 May 21st 1995 50 as to avord clashing with others, Doors open
at 1 amoand an even more diverse programme has boen devised; all the usual things are planned with 4 series of talks,
traders and demonstrations relaied 10 QRP constriclion and operation. The QRP Fun Run conlest, which takes place in
the preceding two weeks, has a slightly different format this vear 1o make it more diverse, There will be a display of pre
1930 cquipment and an advice clinic for anvone sccking lechmical assistance with their gear, Simple test equipment
will be on hand but if anybody has a particularly knotty problem it would be best to warn the orgamisers in advanee so
that extra brain power or special test gear can be organised! This vears Construction Challenge is to design and build an
audio CW filter, using nol more than 10 passive components, which will be cvaluated on ihe day Lo see whose has the
best interfcrence rejecting propertics. The event will be opened by the President of the RSGE . Clive I'otman
GW1YKL, who will be in attendance all day; it will an excellent opporturity for anyboedy to meet him and discuss any
amateur radio and RSGB matters. Full details of this and other aspecis of the event can be oblained from Peler
Burridge, GICQR who is QTHR or on 01935 §13054. It shoutd be a goad event - hope to sce vou there,  G3PC)
The Coker's Sidetone

Ome instance has come to light of the sidetone os¢illaior on the Coker transmittcr not keying on and off cleanly
of cven staying on continuously. 1t is due to component tolcrances around the transistor TRG, il vours exhibits this
symplom (he solution is vory ¢asy, just add a 1K resistor from TX test point 2 {(collector of TR25) to @ volts which
should (urn TR26 off when the key is up. I am not bothering to alicr the PCB becausc [ doubl whether morc than
another one or two arc likely to be cffectad: T have now put a warmning note in the transmitier instructions. G3PC)
Construction Club Membership

I recently found that not all members of the Club, were in miy curzent name and address file, I believe this is
now correct bul there is the faint possibility that some of vou mayv nol have received the last Hot Iron Issue number 6 - if
this is 50, [ apologise; pleasc let me know and I will send it. Tim Walford G3FCI
VEQ Design

During development of the Coker, and recently when doing long term testing of the Taunton's VFQ, T became
aware Lhat therc is much more (o this topic than mects the eye! The considerations for 3 WFO are complex:-
I. Nominal frequency - this is diclated by the rig's band structure for a superhet and will atiempt to avoid undesired
harmomgs and unwanted mixer products being within any working band. For DC rigs there is little choice except
perhaps that the VFO operate al 2 multiple of the outpul (requency,
2. Tuning range - oficn dictated by (he tig's band structurc leading 10 a typical 300 KHe swing; it 15 also influcnced by
the cost of differemt varactor diode tvpes; in a simple rig a compromuse is nceded between resolution and single knob
{uming which usnally lirits coverage to about 104 1o 150 KHz for a 2707 rotation pot.
3. Configyration - many different oscillator schemes are possible. They seldom dominate froquency stability
considerations because the effect of coil and capacitors is more significant. [ like Harlley VFOs as thev usc less parts.
Amplitude stabilisaiion is pecessary;, with FETs it 13 easily done by gate capacilive coupling and a diode which
decreases the FET bias as oscillation voltage increases. The gate coupling to the RF tank should be as low as permits
reliable starting of the oscillator in order to preserve tank . The FET supply voltage needs (o be stable and lowish to
minimise power dissipation and hence heating effects in the FET and in the RF tank,
4. Choice of Inductor - kit builders are: notoriously keen to avoid winding their own and there is little choice bul to usc
commercially made ones. | find the TOKO range admirable, there is 2 wide range of screcned ¢oils with many choices
of inductance, taps and cxtra windings for RF ransformers where commonality of parts is important, Generally their
temperature coeflicient is +130 parts per million per degree centigrade {ppm/°c).
3, Choice of capacitors - herewith (he Tun! To avoid long term drift, ideally the temperature coefficient of the RE tank
capacitors should be the opposite of the coil's ie. -130 ppm/c. Low K ceramic plate capacitors have this characteristic
for 22 pF Lo 150 pF. smaller oncs with a4 nominal zero tempeo are fine for the gate coupling capacitor. They arc both
oftcn nsed for the RF tank. The snag is thal sometimes thcy scem to cause significant short term wanderings in
frequency. Silver mica twpes uscd o have a bad reputation for

+5t, Jov HalnTisel

being inconsistent, but my ¢xperience 15 that modern ones do | Tkt 15apF

not exhibit wiis wandering effect. Their tempco of +39 ”;u;‘:j,:w loopF  Swfen

ppmtc fot typical values means thal drifl will remain unicss J ook ‘Pﬁjﬁiﬂ"'ﬁhﬂ Mes 44Pm‘?‘ %
someihing else is donc. My suggesiion is to then use __i |
polvsiyrene types with their -150 ppm/c characteristic for G211 !

coupling to the varacior diode. Pobvstryene capacitors do also Varadin r?§¢ feo \
have a slight tendency for this wandering effect but not as I6.F Wk
much as soime ceramics, Because the varactor G wle.
coupling cupacitor is usually smaller than the main tank C,

the slight wandering cffcct is reduced to an acceptable level ™ g - ' d ,

and drfl from the coil is partly compensaled. See circuit. = A hagsMHz /}J’"
Varaetor supply stability is also crucial! The problem free CoMPEEMisE  VES Lo Des 3T
cheap VFO contioues to clude ug! G3PCJ | Neaglgidd MM&?/:-
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Issue 8 "Journal of the Constructors Club” Summer 1995
N & Editorial
i In my last Editorial I asked whether anybody thought they would like some
P form of micro-controller or other type of computer in their rigs, perhaps to control
a synthesiser or DDS (Direct Digital Synthesiser) chip. I have to report that I have
had a nil response, from which I gather that all readers who do bother to write are
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® The Taunton

¢ Small boards & coils
¢ Fault finding in mixers
* Rock stable VFOs

|'* Low cost VFOs

* PCBs from magazincs
* Two tonc oscillator

Hot Iron i a

quarterly ncwsletter  for
radioc amateurs interested
in building equipment. It is
published by Tim Walford
G3PCI for members of the
Constructors Club.
Articles, suggested topics
and questions are always

wclcome.,  Please  send
correspondence and
membership inquiries 16:-
Upton Bridge Farm,

Long Sutton, Langport.
Somerset, TA10 9NT.

Tel & Fax 01458 241224
The Copyright of all
material published in Hot
Iron is retaincd by TRN
Walford. ©. Subscriptions
are £5 per vear for the UK
(£7 overseas) from Sept 1st
in each year. Jan 1st 1994

analogue people who would be uncomfortable with the digital world of micro
controllers. I have much sympathy with this viewpoint because 1 think the fun of
amateur radio building, is to do something over which vou have complete control
and hopefully a pretty good understanding of how the gadget works; sadly this is
generally not the case where computers arc concerned - no matter how simple their
design. Manv years ago [ used to design specialist computers for use on warships
but modern PCs are very different. We used to produce machines that had three
address fields so that the sum a+b=c could be done in one instruction with the data
being fetched from and sent to three different locations in memory. Modern
processors do not atlow this and the consequence 1s that programs are much longer
than they used to be! This is acceptable because memory has become very cheap!
The first machine 1 worked on, had the complcic program for the handling of air
traffic control flight data strips shochomed into 4096 words of 24 bit memory or
12 Kbytes in modem compuspeak! The point of alt this is that, although I
understand the general language of modern computing, I wouldn't have the faintest
idea of how to fault find on this 486 computer if it let me down: unfortunately the
same would be true of most devices that onc might use 1o a micro controller buned
in a radio. Fine if its works first time but useless to those who have made some
trivial mistake that prevents it ever doing anything useful. I shall trv to avoid using
them in my designs; however, future commercially built rigs are quite likely to be
direct conversion phasing rigs where most of the signal processing is done
digitally!
The Taunton

At long last, [ am able to tell
vou the Taunton is now available! Tt
has taken 18 months from serious
start to launch. If anyone wants full
details let me know; basically it is a
5 Watt TCVR capable of working
on any single HF band by means of
plug-in cards. All bands to 13m are
available now. Tt starts as a phonc
superhet, CW 1s added with either a
simple fixed or a very high spec.
variable CW filter. The PCB is drilled for a range of optional cxtras which can be
fitted initially or later. The phone rig. with optional extras, is all on one PCB 100
x 160 mm. The very full manual is available seperately at £5. The TCVR + any .
one HF band + membership of the Construction Club for 95/6 1s discounted to
£99_ Extra bands at £14, optional extras at £24, fixed CW kit £17 or variable CW
kit £37 and counter £47 if ordered together. P and P £1. Fantastic value! Tim
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Small Board Construction by Tony Measures G3WUC

I wanted to build a Yeovil VFO for use with a synthesiser. A piece of double sided PCB was to hand. |
put a good wad of blutak where I wished the Toko coil to be, and made a good footprint through the blutak. I
then, using my mini drill stand, drilled through all the pin prints made by the coil pins, but not those made by
the case lugs, and then removed the precious blutak to store! Carefully rule lines to run in between the drill
holes lengthways and breadthways so as to cover the whole of the board arca on which parts are to be mounted.
My picce happened to be 40 x 65 mm. Put the board in a vice so that the line to be cut is up against the outside
cdge of the vice jaws; saw gently with blade firmly against the jaw sides, acting as a guide, being careful to go
only sufficiently deep to cut through the copper ( and NOT right through the board!). Continue until all lincs
have been given this treatment. Clean all saw cuts carefully. Put board in mini drill stand and drill holes through
all the rectangular i1slands. The other intact sidc is a ground plane and holes have to be countersunk as required
to prevent leads touching the ground plane. I had plenty of room to fit regulator, VFO, buffer amp, controls for
coarse and fine tuning varactor tuning, and could have added RIT if wanted! Components for most parts can be
mounted either side of the PCB and surplus lead clippings are useful for make extra connections through the
board. A late strectwise suggestion is to leave a row of blank spaces all down onc edge for edgewise soldering
to, sav, the back of the front panel. {Note also that in TT of Radcom April 1995, there is a more sophisticated
version of this for multipin ICs etc. if you insist on having a nervous breakdown! I think mine is more KISS!)
Coil Construction for ATUs and QRP Use by Roy Boldock GOFFQ

Polystyrene cement suitable for sccuring coils can be made easily by obtaining a small jar, ex mustard
pot ctc. which is used as a vessel for dissolving polvstyrenc packaging or tiles into genuine turpentine. This can
be obtained from an art or paint shop. While dissolving the polystvrene small bubbles may appear - this is
normal. Add polvstvrene until the mix is sufficiently thick.

Coils can be made using small plastic bottles, or spice bottles. as formers. Keep a selection of sizes on
hand to suit different bands ctc. Many people leave these bottles inside to act as a permanent former but losses
will be lower if the plastic former can be removed! Having found a suitable former, wind on a tight tayer of thin
string all over the former. Cover this with two lavers of plastic film such as used for carrier bags and secure in
place at the cnds. Now wind the coil over the plastic film, either closewound or side by side with another piece
of string acting as spacer if the wire is bare. Tic the start and finish of the wire tightly so the turns cannot slip.
Carefully remove the string spacer tums if fitted. Apply the above cement, or Araldite, in thin strips across the
outside of the coil turns along the length of the former - put about 4 strips around the former circumference.
Wait 2 davs for the cement to harden fully, if OK | remove the string underneath the plastic fitm ontop of the
former. This will release the former which can now be slid out. Apply more cement in strips on the inside of the
now self supporting coil to increase its strength. You now have a low loss inductor. If vou need a coupling coil,
this can be made by the same technique with a smaller former so that the coupling coil will slide inside the main
winding. If left as an adjustable sliding coil this can be used to adjust coupling for best match conditions in an
ATU. Taps can easily be made on the outer coil for band changing: either by making doubled back "nibs”
(carcfully soldered) in the wirc as the coil is wound. If the turns were spaced without insulation, then taps can
be made with wire hooks which are carcfully soldered around the coil wire in suitable positions.

Mounting PCBs in Diecast Boxes

PCBs can be mounted inside boxes on suitable length bolts without the heads showing outside by gluing
the bolts to the inside of the box as follows. Before vou load the PCB with parts, find a suitable number of long
mounting bolts with two nuts for each bolt. Put one nut on each bolt and place through the PCB in its mounting
holes so that the bolt can be secured to the PCB by the second nut. Adjust the nuts on all mounting bolts so that
the board is level when placed with the bolt heads down on a flat surface - do the nuts up lightly. Place the
asscmbly mto the diecast box in the desired position so that the bolt head positions can be marked or noted.
Thoroughly clean the inside of the diecast box with emerv cloth to remove any tarnish on the surface. (It is
aluminium oxide which prevents good adhesion and is the reason it is practically impossible to ghuie to plain
aluminium since the oxide forms very quickly on plain sheet aluminium - Ed.) Apply a little Aralditc cement to
both the bolt heads and the intended positions of the bolts where you have cleaned the box. Offer up the PCB
with its sticky mounting bolts, wriggle it sideways to fuse the cement and settle it down. Leave for a couple of
days if ordinary Araldite or 12 hours if the quick setting version has been used. Undo the exposed nuts, remove
the PCB and load with parts. Properly tighten the nuts when finally fitting. You now have a neat job with no
external nuts or bolts! Intermal cables can also be secured to the nside of the box using Araldite to keep them
laid neatly in the folds of the box. This also gives a measure of screening. Again remember to clean the surfaces
before applving glue! Rov Boldock  GOFFQ
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Fault Finding on Active Mixer Chips

Followmg my gencral note on fault finding in Hot Iron Issue 6, I did promise to retum to the subject
with more definitive advice where the obvious things are OK. Active mixer chips of the NE602 or 612 type are
now very commen s¢ must be good candidates for failures in companson to other less common devices! (This is
not to imply that 612s are prone to failure - just that there are lots of them so many may get damaged etc.)
Other active mixer chips such as the older MC1496 and SL6440 have much in common with the 612 so thesc
notcs may also help with those devices. The 612 and 602 arc electncally interchangeable and have the same
internal circuit so I shall refer to the 612 as it is usually cheaper! All these tvpes have a Gilbert Cell as the
mixer element which I have sketched alongside.
Modern semiconductor processcs have very good
matching between devices on the same chip which
gives a high degree of balance between the two halves
of the chuip, which is why their external circuits scldom
have balance prescts to improve on the natural
matching of the two halves. With the 612 and 6440,
internal biasing resistors arc incorporatcd on chip but
not for the 1496, In addition the 612 also has a
separate scction that can be used as an oscillator or
buffer and which always feeds into one signal input of
the muxer. All threc types have balanced mputs and
outputs with provision for push-pull or anti-phase
connection; frequently only single ended drive (in or
out) 1s used with the other side being decoupled for

m+ [ ‘r

NELI2
(w;:“@ G38]

signal or ignored. The important thing is that under Protive &

normal conditions the DC voltage levels in the two h (+’M e,

halves should be the same. I have sketched in the 3*93 1, “_ SuPPLY BE(UPLUING
sccord box a typical circuit for a 612 when connected | P b 2ol {_é S1GN L

as a product detector linked with a CD4066 switching bv |7 NEBI2 " DELOUPLLMG)
chip to make it act as a balanced modulator during %—4*3 L 4 Sthv {mTusen)

transmit. I have listed typical DC voltages against the Wk Yoy o ex

612 pins; 1t is usual for the circuits connected to the . ———— Bovls STARES

612, either directly or through a 4066 switch, to be AC \%"r VA% Y .

coupled so that the 612's DC voltages are not altercd
by the external circuits. In the circuit on the night, the
4066 1s literally connecting alternative input and cutput
signals to the mixer chip in much the same way asa 2

b “owne.
Crobb Ay e

: E e cmzo‘\.)
b

pole changeover relay would work. Thus anv DC PooNIAT

voltages that are present on the 612 get transferred TnEEr e ¥
through the 4066 depending on which way its switches SNETELING [
are made. The DC voltages shown against the 4066 — '3’-_[“”’ e
pins are firstly those on receive when the control signal el roN)
RXC is high {or at the 4066 positive supply voltage)

and TXC low at 0 volts; thesc arc followed by the DC CIabL
voltages on transmit when TXC 1s high and RXC low. — g
The switch "contacts” are closed when the control VBN
signal 13 high and are open circuit when the control is S et
low. Signals can pass in either dircction through the :IJ
closed switch but their instantaneous voltage (DC plus

syperimposed AC) must be between 0 volts and the Sf"m‘ ?:A i

positive supply to the 4066. Normally this is no Q303
problem as the input and output levels to a 612 are’
seldom over a volt p-p ontop of the DC voltage of about 1.25 at the input or about 5 to 6 volts DC at the
outputs. To help explain the switch connections in the 4066 1 have drawn out its pin connections separately.
Each switch in a 4066 has a resistance of about 100 Ohms when on- suggesting that it should only be used
where the circuit impedances are significantly above this figure - hence its use with the 1K5 in and out

\loﬁ’/ >iotn
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impedances of the 612. When off, the switch resistance is thousands of MOhms! Thus if vou have a suspect
612, first check that pins 1 and 2 arc cqual and about 1.25 to 1.5 volts. Secondly, check these are properly
transferred through any 4066 switches. The DC output voltages are not always equal since the outputs can be
DC connected to the positive supply instead of relving solely on the internal 1K35 resistors between each output
and the supply pin. If there is no external DC connection, the two output pins 4 and 5 should be cqual and about
1 volt below the supply on pin 8; this is typically 6 to 7 volts leading to output voltages of 5 to 6 volts. If
comnected to a 4066 switch these should be transferred to the other side of the switch. 1f the voltages on pins 1
and 2 arc higher than on 4 and 5, 1t is definitely faulty. The 612's oscillator section has internal biasing se that
the base input pin 6 is usually at the device's supply voltage on pin 8. The DC voltage on the oscillator emitter,
pin 7, 1s one V, drop or 0.65 volts below that of the base input pin 6. So tvpical voltages would be 6 to 7 on
pin 6 and 3.35 to 6.33 volts on pin 7 - these are seldom connected to switching type circuits using 4066s and
are normally DC isolated by capacitors in the associated circuits. The conclusion of all of this is that a good
high impedancc DC voltmeter is all that is required to tell if your 612 and its associated 4066 is OK,

VFQ Building and Design

I ended the last issue 7 of Hot Iron with the comment that the chcap problem frec VFO continues to
elude us! I very pleased to have a contribution from Peter Barville G3XJS about building super stable VFOs
which fits necatly with further work of my own. Peter relayvs somc notes from Steven Wilson and Mike
Czuhajewski which | have combined. "The principles of building good stable VFOs have been known for many
years, however many amatcurs and some QRP equipment manufacturers seem to ignore them. (Duc to cost
compromises -Ed!). Stability is the usual problem; mechanically and electnically it must be built like a rock.
Herewith some tips which should make it possible to get drift down to 100 Hz or less 1n 24 hours!
1. Use double ball bearing capacitors. The more common types with just a single control shaft bearing will not
be as good. The sliding contact (if fitted) for the rotor should be carefully squirted with contact lubricant.
2. Once the coil is tuned, either by removing tums and/or squeezing or expanding, use Q-dope to secure it in
place. {Scc notes about cement previously.) Best to add extra turns, remove if necessarv later and finally
squeeze.
3. Use the white or vellow powdered iron toroids, thev have 2 or 3 times beiter temperature stability than red
ones. Yellow ones will work down to 3.5 MHz. Do NOT use Ferrite cores. If in doubt about a core do not use
it. Black cores maybe powdered iron or ferrite, so avoid them!
4, Fasten the ¢oil down. Hardware stores have cone shaped rubber washers for fixing dripping taps that work
well when you add a plastic nut and bolt. Do NOT use brass or steel bolts - they will alter the inductance,
5. Use 18, 20, or 24 gauge wire. Nylon coated types can be stripped with a really hot iron.
6. Use polystyrenc capacitors for best temperature stability. NPOs help to trim some of the core drift. I prefer
several caps in parallel rather than just one fixed tuning capacitor. Some silver mica types drift badlv. You can
also remove plates from the tuning capacitor if frequency is too low. (See later on capacitor types - Ed).
7. One sided PC boards are better for VFOs than double sided or multi-laver tvpes.
8. Use a Vackar circuit if vou can. Diffcrences in drift over those of the more common configurations will only
be noticeable when the mechanics and thermal characteristics of the tuning components arc already cxcellent,
9. Use a good FET such as the 2N5484 and make certain its output is buffered."
Problem Free Cheap VFOs

My quest for good performance and simplicity in a 4.0 - 4.5 MHz varactor controlled VFO for the
Taunton continued after the work mentioned it HI7, as the stability actually achieved with that circuit was not
good enough. None of the capacitors were reallv suitable and the orange tipped N150 ceramics were incosistent:
they were not dependable, some being good and others poor, (causing the VFO to wander quite quickly), rather
like the reputation of silver mica capacitors. Eventually I started again and ordered samples of every cheap
supposedly stable capacitor that I could obtain! My best compromise for the main tuning capacitor, is to usc
low K low voltage cement coated N130 disc ceramic types from RS which are made in Japan; these happen to
be coloured green and are 8 mm diameter. I suspect the similar ones sold by Famell are made by the same
source but they are coloured buff! For the couphng to the tuning diodes T recommend a monolithic ceramic
COG tvpe having a nominal zero tempco (from Maplin} which happens to be coloured blue! This combination
has removed all trace of short term wandering which was present with the orange tipped N150s. A further
improvement 1n short term stability was obtained by decoupling the varactor tuning voltage with a solid
tantalum electrolytic instead of an aluminium tvpe. Many hours later | am able to report that this VFO moves
less than 150 Hz {down) from cold after several hours when built with my open style of construction (on double
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sided PCB) in conjunction with a TOKO coil; [
rcclfon thl; is good enough for most people and ";‘3“‘ +2 Lmar7T
avoids having to spend several pounds on cach . - 1

quality fixed capacitor . I hatc to think what they ;l/; nf V‘—‘L&—’\N\F?

and a double bearing air variable would do to kit

prices! In use 1t is more than good enough; for I';::}T
example, immediately after turning on, I tuned to @ / 80T Pige
some long runming nct; one and a half hours later gﬁs 3 1l :‘;’J
when the net controller packed it in I had not had to 3819 APo pr

retune. (I know what you will be saying about his| P
VFQ!) 1 also investigated the cffect of power supply| 5[ ¥4

by

changes since varactor supply voltage stability 1s IN == 4 ; e

crucial. After trving many different regulators 1 A e 3 gp |t

recommend using the LM317T; although the current S sugf T

rating of this device was not needed, its rcgulation Jr’ Vo oul /EJ 1 lﬂqﬁal

and thermal properties were much beticr than others. o ° e 77,/“’0\1
An abrupt change from 12 to 18 volts produces a 2;%4

300 Hz change which falls to a 100 Hz differcnce Seb core for 4500 KHZ sel” Ik rruafj:v«
after several minutes, when the supply change was AoookH3

spread out over 2 minutes the change in frequencvy — _ ¢ £ 57

o : weep & STeBLE]
was nearer 60 Hz! This 1s appreciably better than my TN VFO ( il )
other designs so I have now ceascd VFO AoDs — ASno kHz Gi3PeT
development! The full circuit is on the right.  G3PCJ

PCB Production from Magazines by Simon Males GOEVZ

I often see projects in magazines that include a full size PCB lavout; these boards purchased from a

supplier can cost quite a bit; so I usually make my own using the following method:- '

1. Obtain a piece of good quality PCB (preferably glass-fibre) roughly the required size.

2. Obtain a photocopy of the PCB layout. Cut out and "sellotape" it onto the copper side of the PCB. Then
using a small centre punch {or even a hardened nail), centre pot as accurately as possible gach hole marked on
the track lavout. Check that no holes are missed and then remove the paper lavout. The board must be
thoroughly cleaned to ensure the copper 1s shiny and free from grease.

3. Now comes the "fun bit". Using a special etch resist pen (available from component suppliers etc), join up
the centre pot marks as in the track layout diagram. With care, even IC pads can be marked on to the copper.
Ensure that no copper shows through the resist where you wish to retain the copper. Allow vour board to dry
and check very thoroughly for mistakes, omissions, etc., if necessarv tidying up and scraping away any track
bridges, using a scalpel or modellers kmfe.

4. Obtain a supply of ferric chloride either as a liquid or granules, water having to be added to the latter. This is
used to etch the unwanted (uncovered) copper away by pouring some of the solution into a shallow plastic tray,
and immersing the board until all unwanted copper is etched away. Etching is speeded up if the tray is rocked
occasionally. Rinse the board thoroughly under water and then dry. Note. Ferric chlonde is corrosive and must
be kept clear of skin and eves. Do not allow the ferric chloride to get onto a stainless steel sink!

5. With the aid of drills of sizes to suit the component leads (generallv 0.8 to 1.2 mm) dnll out all the centre
poted holes. Finally, clean off the etch-resist with solvent and your board is ready to use.

6. The fertic chloride can be used many times so it should be stored in a sealed container in a safe place.

7. 1 have made many boards satisfactorily bv this techmique, including double sided ones.

A Caution!

Reg Pattinson GW3K VX warns that you should be careful to make tidy and small topside connections
when soldering earthy component leads to the ground plane of a double sided board. In a kit he recently
purchased ( 1 wonder where?) there was a missing hole; when he came to drill through the offending pad, the
other side had a large blob of solder on it as he had been too generous with an earth connection. The general
advice must be to have a good look at the PCB before vou start loading it; if there any missing holes which you
cannot drill out sensibly voursclf, then send it back to the supplier. It is no excuse, but I can tell you from hard
expericnee, that it is very difficult to be certain that you have drilled all holes in a dense board when doing it
without numerically controlled drilling machines - vour eyes get mesmerised by hotes! Ed!
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Two Tone Audio Oscillators for SSB rigs

Derek Alexander, G4GVM, asked me long
ago to produce a design to assist in the proper setting
up of a phonc SSB rig. The important thing is to have
two equal amplitude non harmonically related pretty
pure andio sinc wave oscillators; the outpuls from
these are added together and input into the mike input
of the rig being set up. The resulting RF waveform
output from the transmitter is a sincwave envelope
whose frequency is the difference of the two audio
frequencics. Normally this has to be obscrved with an
oscilloscope (see later though) and will appear as two
simewave envelopes, 180 degrees out of phase, filled
with RF in between. The test signal is used to check
firstly that the rig output (or earlier) stages are not
limiting with all the nasty splatier that this causes.
Limiting is apparent as a flattening of the top and
bottom of the RF enwvelope - it is usually caused by
some stage, invanably the output one, not being able
to generate any higher peak to peak RF voltage due to
a variety of possible reasons. The iransmitter's dnive
and modulation controls should be adjusted so that
under normal conditions, the maximum output is just
less than the level where flat topping begins. The
other use for a two tone oscillator, is to set the carrier
oscillator frequency to give the least residual carrier.
As before, modulation 1s applied and the RF envelope
observed on the 'scope. When the carrier oscillator is
correctly set, the cross over of the two sine envelopes | 1
near 0 volts will be clean and sharply defined. Hence |~
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you should adjust the carrier oscillator frequency for “s £ 3 2% i
the cleanest cross-over of thec two cnvelopes. R S 5§ .
Remember to do it for both sidebands if the rig has L o "ikt 2z R —g_ =
facilitics for both sidebands. I have put the circuit N e ::g i S Y
alongside for the two tone generator and resistive {}:&,“* © 54; od 3—@ o gﬁfg 3
adder - this 1s acceptable because the output needs to| o/ i i SIS 3 3 5-2’
be low level to feed into the rig's mike input. To set up \‘?_ “ fé" 8 3 o fg ;\'% < A&.‘?‘ = o &
the balance control, first measure the audio output X g;u-\— o 3 '.;.'“"‘I;\ E o é - <42
level with only onc audio oscillator working; then g 3 o § ¥ f N é ';E;LM E 2”3
measure the level of the other oscillator with the first | Q Q ?"“ g ﬁ 3 i—j__:é g ¢ gﬁ‘f_‘ 5 5 3
one stopped. Adjust the preset until they are equal. 1 al = §_ € ‘g {55 Y E g 3 P ,o o
shall be making this circuit available as a kit and I § o L:}?” z AN § (Y =8 E{_\__.
miend to add a simple detector circuit so that|[Z'-. :;(_“g gg 58 ‘j‘rtg 22 20 3 = é
measurements can be made with a DC voltmeter jé'] 5 S¥F e e &
instead of a 'scope. | will include rather fuller notes ‘-E_EEJ I l ! ! !

about how to usc these gadgets with the kit!  G3PCJ

SUBSCRIPTIONS !

Since this is the last issuc of our sccond year of Hot Iron, 1 am sorry to have to remind you to send me
your subs if you wish to continue receiving Hot Iron. The ratc remains unchanged at £5 for UK and £7 for
overseas members. [ regret that 1 shall NOT be sending out any reminders; this is the last warning you will get!
I suggest you send off now before vou forget. Many thanks for your continued support. Please don't forget that
I am always after material for Hot Iron - your tips will certainly be of interest to others. Tun Walford G3PCJ
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| Hot Iron

Issue 9 “Journal of the Constructors Club” Autumn 1995

\§ Editorial
As this 15 the start of our third year for the Constructors Club I thought we

ought to have a small facelift; | even maaaged to find and retncve from the depths of
the hard drive, the logo on the eft that my son Charles drew some months ago afier he
complained about the original builder being rather po-faced! 1 am always pleased to
have contributions and even thosc in pictorial form. We have a graphical progress
repoit from GW3COT1 on his Yeowil and a frequent question to! Thank vou John,

an te:n Is Kit developments

* Win a kitf Some of vou will know that | am a farmer, when not buried in my clectronics
* Rig updates bench! The splendid weaher in August has aflowed us to complete the harvest in
® Sprogs etc. record time and progress on new kats has been good. The high performance Tuneable
* Phase shift osc. CW Filter that I mentioned some while back is now out at £37. The low pass comer
* VEWR meters frequency, above which you will not hear interference, is tuneable by a pot or preset. [t
® FET RF amps also provides all the functions to convert a phone only SSB transceiver into a CW ng;

it can be used with most of the Somerset Range rigs or on its own with other makes. | .

have also decided to introduce a range of low cost siteple mstruments; the three items
mentioned below are available now and I hope also to bave a signal generator and simple counter in due coursc.
The Two Tone Audio Oscillator has a separate section with diode detectors. As | hinted i the last Hot Iron,
the detector part enables vou to set up a rig using its two tone audio signals but WITHOUT a scope. Apant
from this major advamtage, the diode detector part incorporates a low power dumimy load and acts as power
meter with your DC voitmeter! The scoond iem is a Marker Generator, which provides karmome markers
right up into the VHF region, with the spacing {or basc frequency} being set by a PCB mounted rotary switch
giving options of [0, 1 MHz, 100, 10, | KHz denved from a crystal. There are both wideband and rectangular
5 volt CMOS logic outputs with the facility for alternative outputs at 2 MHz, 200, 20, 2 KHz. The size is 50 x
& mm with mounting by the switch bush or nuts and bolts. The third item 15 a 5¢ Ohm Dummy Loead, rated at
30 Waits continuos. It is supplied as the two non-inductive reststors with a 1.6 “C/W hcatsink. The cost of all
three items is the same £16 for each or £45 for all three. Full details arc avaitable. Post and packing £1 pleasc.

To help me decide what to offer, all complete responses received by Dec st to the following questions
will go into a DRAW. The prize is any onc of the above three instrument kits, {(indicate which you would like) -
1. What bands and modes do your current homcbrew rigs cover?

2. What other bands and modes would you like to see kits available for?

3. What would vou consider a realistic price for such ngs?

4. What is the most soplusticated piece of test cquipment that you own or have access to?

3. Do you consider it important for the kit to have a box as an optional extra?

6. Do you ratc vourself as experienced, typical or beginner at clectronic construction?
Tim Walford G3PC)

Hot Iran is a quarlerly nevwsletter for radio amateurs interested in building equipment. It is published by
Tim Walford G3PC] for members of the Construction Club. Articles on simple theory, construchion,
testing, updates on kits, questions and suggested lopics are always wantsd. Please send correspondence and
membership iwiries to Uplon Bodge Farm, Leng Sutien, Langport, Somerset, TA10 9NI. Tel & Fax
01458 241224 The Copyright of all material published in Hot Iron 15 retained by TRN Wallord ©.
Subscriptions are £3 per vear for the UK (£7 overseas) from Sept 1st in each vear. Scpt 15t 1995,
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Updates on the Taunion

Band Cards. A number of suggestions have come in from GOHD), G3GC and G3IWUC. Firstly, it is
advisable to apply insulating tape to the back of the heatsink as there is a nisk that the band card can be bent
forward with the risk of a +12 volt short onto the heatsink. Partly to prevent this and to avoid possible damage
to the band card's edge conncetors, it is suggested that two guides be madc out of PCB material to keep the card
vertical - two rectangrular picees about 10 x 235 mm are cut out {perbaps from the front panel PCB side checks if
not required}. Into each of these, a slot is cut wide enough to accept the thickness of the band card. They arc
then soldered vertically in a front to back direction onto the top of the main PCB near the outside rear edges so
as to hold the band card vertical. Two more smaller triangular pieces of PCB matcenal arc then soldered at right
angles so as to bracc the new slotted guides. G3GC suggests “tac™ soldering the extra PCB matenal into
position with a band card fitted and then completing the soldering after removing the band card. The band card
edge connectors can also benefit from a very small dab of Araldite under their body to secure # to the band card
but do not allew it to get into the innards of the connector. Another suggestion is to glue two extra smal! blocks
of rectangular plastic cic. to the band card just inside both edge connectors. GOHDJ no longer has a complete
toothbrush as he found the handle of lus to be just the right size! Another possibility is the shaft off-cut from a
plastic pot shaft. Thesc blocks should prevent the band card boing inscrted left or right of the correct alignment
for the connector pins and thus avoiding potentsal damage to circuits. See the diagrams below.
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Parts List. Detek Perrey G3IWUE, has kendly notificd me of somc crrors which 1 had not picked up.
127 appears twice - it is 68 pF N150 and not 10 nF. R11&3 is 1K not 18GR. R1 1L, not on the list, is 180R.

Circuit diagram. I think 1 have notificd all buwlders about an crror on L103 - it should be showa with
the centre tap connected to pin 6 of the band card and the top high mmpedance end comnected to C113, C304
should be a 10 uF Tantalum type - evervonc building the TX should have had one from me, 1f not let me know.
Pat King G4GFY also points out that the meter 15 200 uAmp FSD not 26 uAmp.

Update on the Coker

Experience with some Cokers suggests that the regulator circuit 1s semetimes struggling to produce a
norminal stabihised 1} volts from an actual 12 volt supply. The cure 1s to reduce the 10 to abaout 9.5 volts by
adding a 15K m parallcl with R7. This will affect the tuning calibration but little ¢lse. The gencral frequency
stability and casc of setting the transmitter offset capacitor shoutd be improved if the rig was sensitive to fow
supply voltages. It has not effected all Cokers. Gerrard PA3SEKK had his on 160m from the Benclux QRP Club
Family day field event with a 40m wire, it causced quite a pue-up! It tock about 6 hours to build.

Update on the counter
Fred Maddison, VK6GE, found that when he fitted a counter to his mliiband phasing transceiver, the

G3TDZ design in Radcom 1993, there were some specific sprogs with the sound of a motor boat duc to the 3
Hz update rate of the displays. While not bemng able to replicate this offect directly, T suspect that the layout and
phyvsical arrangement of the control wiring is important. The two signals Cntl A and Cntl B arc rather smportant
and switch at the 5 Hz rate. They need to have as low a capacity as possiblc to maintain accuracy but from a
radiation viewpoint they arc best laid close on the ground plane. This recommendation is a general one and guite
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often can account for peculiar symptoms, instability etc. I don't think 1 have ever used screened wircs for
connections to front panels and around a PCB. T do however always lay wires tight agamst the ground plane or
back of the front panel. Laying them in lincs parallcl to the edges of the PCB will also look neat. Most of the
control signals in my designs are DC or low impedance audio, so the risk of cross-talk is small.

Sprogs and rig complexity!!
Simon Males, GOEVZ, reports finding very weak sprogs on his Yeovil at 14.29 MHz and the image of

3.71 MHz; those of you with Tauntons will also know that there one or two quiic strong oncs listed in the
Maral. Sadly it is almost impossible to avoid thems in simple rigs, particularly where there arc multiple
conversions. | don't have a ready explanation of the above sprogs but the usual source s 3 harmonic of the
VEQ, or some other oscillator, perhaps mixing with the harmomes of some other oscillator (either adding or
subtracting)} to producc the intended receive frequency or the IF. Getting rid of the harmonics 18 quite hard,
particularly where the rig is multiband with an oscillator whose frequency changes with band. Sinusoidal
oscillation is a jolly good starting point! The use of narrow band filtering wherever possible helps; this 15 why
the Taunton has double tuned circuits at the oscillator mixer output. Narrow band front end tuning to reject
signals outside the intended listening bands is a very good thing for many reasons; it helps with these unwanted
harmonics, broadband noise, and unwanted very strong broadcast stations that can often cause overload. I find
that double tuning in RF and mixer filters is usually the best compromise between complexity and cost. During
1994 and 1995, QST and Radcom have had some very interesting articles by Ulrich Rohde, KAZWEL, with
further cormments in Technical Topics, about the deficiencies of some black box front ends with diode switched
octave filters ete. Achieving a sumple and low cost multiband rig for kit builders almost certainly has to have
oscillators dotted in among the wanted R¥ bands with the mevitable consequence of sprogs! Double conversion,
high first IFs, Direct Dhgrtal Synthesizers with microprocessor for dual VFOs, multiple reed relay narrow band
switching with super strong front ends, adjustable IF pass band and digital audio signal processing arc not the
stuff of low cost value for money kets, much as I would like to destgn them {and have the time to do so}!

A Phase Shift Oscillator - by Derek Alexander G4AGVM
Here is a 808 Hz phase shift oscillator which —
could be used to add a CW capability to an 58B
phone nig through the mike circuit, or as I had hoped, .
as a sidetone oscillator. The advantape of this tvpe of 2
oscillator is that it {usually! - Ed) produces a pure
sincwave and therefore sounds good to the ear! 1
found the basic circutt in the QRP circuit handbook'; “
{page 58) when sceking a suitable sidetone oscillator | &2
but could not get it to work. Howcver after somc
advice, [ added the 1 uF capacitor in the emitter lead
- this increased the gain and it burst into life! Further
problems were encountered when | tried the suggested
keving circuit. Putfing a key in the emitter lead was
no good as it was very slow starting due to the time
taken for the DC levels to adjust to the running
values. Johi, G4TRN, suggested that the key be
paralleled by a small pot adjusted to just avoid
oscillation which would mamntain the DC conditions e 2T -
(nearly). This works well but I still have not 5 < o
satisfactonily sortcd out how to key it, dnve the TR NN Y,
controt circuit, and key the transmitter! Interaction
betveen these functions is the problem, Can anvbody |
come up with a simple solution plcase? (Replies via —_
the Editor please.}
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Technical comment. Derck has suffercd the classic problem of sidetone oscillators, that of stopping the
oscillation without disturbing the IXC conditions. The latter can cause the most obnoxious thumps, particularly
when headphones are used. The frequency of oscillation with this arrangement is depeadent on many actual
component values. Not even an audio oscillator is simple! G3PC)
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Voltage Standing Wave Ratio Meters The first of two related notes by Eric Godfrey, G3GC

From my experience as the "Doctor”™ at the last Yeowil ARC's QRP Convention, it was obvious that
there 1s widespread misunderstanding about Voltage Standing Wave Ratios, its measurement and meaning. (My
apologies to those of you who are also members of YARC since you will be sccing this note twice - Ed.) I do
not mtend to go tto the design or operatton of VSWR meters here but only to say that they are always designed
for a particular tmpedance, which for the amatcur s 50 Ohms. As such it measures the VSWR with respect to
that impedance and nothing elsc. The quality of the mcter depends on the accuracy of its internal coaxial line
and the ability of its coupler(s) to differentiate between forward and backward power.

TRANSHIVTEE] Cornt VS I Q @i?‘-":f.- 5 & Q
fa £ — Fa ! .
Needs |} Y1 METER Y Y| ResIST Ve
5o bed | €T e cce Lo O
G3¥ac

The above figure shows a transmitter, designed to work 1nto a resistive load of 50 OQhms, connected
through a coaxiai cable (CC1) to a VEWR meter designed for 50 Ohms which in turn is connected by another
coaxial cable {CC2) to a pure resistance of 50 Ohms. What VSWR will the meter show? Wcll it all depends
upon the impedance of CC2. If its impedance is 5% Ohms then the impedance at the input to CC2 where the
VSWR meter 13 connected will also be 58 Ohums and the meter will read 1:1. However supposing that length of
coax that you bought at some rally was not 50 Ohms as you thought but instead was actually video cable of 75
Ohms unpedance, what effect would this have on the VEWRY This will depend on the length of the cable. If it s
an electrical half wave long at the measuring frequency, then its input mmpedance will be the same as its
temunating impedance, namely 30 Ohms and the meter will still read 1:1. On the other hand, 1f CC2 15 a quarter
wave long, then it will behave Like a quarter wave impedance transformer, the input mmpedance bemg given by
the formula Z,, = 2. 7/Z . Thus the 56 Olun terminating impedance will be transformed into a 112.5 Ohm input
impedance to CC2! The VEWR at this pomt 15 still referred to 50 Ohms by the 30 Ohm VEWR meter which
will now indicate a VSWR of 2.25:1. Intermediate lengths will vary between a VEWR of 1:1 when the cable is
a number of half waves long to 2.25:1 when it is an odd number of quarter waves long. At low frequencies
cables are oaly likcly to be a small portion of a wavelength long and the mismatch will be small and
progressively less at the frequency is lowered. Howcever at 28 MHz, the physical length of an clectrical quarter
wavc i a solid polvthene cable i1s only just over five feet and at 144 MI{z cven less at around fourteen mches,
lengths which could well be used for interconnecting cables.

Now let us consider what happens if the cable CC2 15 the correct impedance of 530 Ohms and the 73
Ohm rogue cable is used instcad for CCl. The VSWR meter, since it is working into a 30 Olm cable
terminated in a 30 Ohlm load, will read 1:1 indicating that the mmpedance at the meter is 30 Ohms. However
since the cable CCL 18 now 75 Ohms, then if it is an clectnical quarter wave long it will again act as a quarter
wave transformer and its input unpedance will again be 112.5 Ohms which will be directly connected to the
transmitter. Thus the transmitter will be working tnto a system whose VEWR is now 2.25:1 with respect to the
50 Ohm mapedance it cxpects. It is most likely that the transmuttor will not like it, and if it has protection
circuits these will limit the power to a safc value, but without such circuits it ss possible that the final
transistor(s} may givc up thc ghost even though your VSWR mcter shows 1:1. Of course the actual input
inpedance at the transmitter depends upon the cffective electrical length of cable and again if it is a half wave
long themn its mput impedance will be 54 Ohms and there will be no problem. Somcthing that may intrigue you is
that if CC1 and CC2 are both 75 Ohm cable cach a quarter wave long, then the VEWR mcter will read 2.25:1
but the transnutter wall actuatly be working into a load with a VSWR of 1:1 with respect to its 50 Ohms, CC2
transforms the 30 Ohms resistive load up to 112 5 Ohms at the meter ¢hence the 2.25:1) and CC1 transforms it
back down again 1o 50 Ohms at the transmitter. So all is well despite the meter showing 2.25:1! Summing up:-
1. A VSWR meter measurcs the VEWR with respect to its own imternal impedance and nothing clse.

2, If the meter reads 1:1 then all cables on the transmitter side of the meter must be of the correct impedance.
Those on the terminating side maybe of any impedance provided that a VSWR of 111 is achicved. {Scc part 2.)
3. Keep all interconnecting cables as short as convenicntly possible.

Note. You can check the impedance of a coaxial cable by measuring its capacity per unit length. For solid
polythene cables it is 30 pF per foot for 50 Ohms and 20 pF per foot for 75 Ohms.

In the next part will discuss impedance matching units, their uses and kmitations.
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FET RF Power Amplifiers

Over the last fow months, 1 have been helping Joseph Bell, G3DIL with his experiments using power
FETs as RF amplificrs. Although he has been using VNSSAFDs, 1t has prompted this note which is rather more
general although expressed in terms of my favourite device, the Siliconex IRF510. This N type device has a
drain voltage rating of 100 volts allowing supplies up to potentially 50 volts but more importantly, its On
resistance is (.6 Ohms meamng that, at a typical peak operating current of | Amp, the On voltage is only 0.6
volts; this 15 a small proportion of a 12 volt supply and means it can be sensibly be used on this voltage or
higher. (The VNESAFD has an On resisitance of 4.5 Ohms which means that 12 volt operation is very
mnetficient hence its usual use on 25 to 35 volts) For any device, the maximum RF output power is given by
the formula P, = V_ */2R, where V,, is the maximum RY¥ voltage that can be gencrated. A working figure for
V., 15 the supply voltage less the On voltage at typical maximum current. A little mental arithmetic soon tclls
vou that a typical QRP rig intended to rin 5 Watis, needs a load on the device of 12.5 Ohms wath a norminal 12
volt supply. The peak curreni will be 12 volts dsivided by the 12.3 Obm load hence my Amp of curreat above
and assertion that the 0.6 volts for On voltage can be almost ignored! Although the IRF51¢ is rated at 20 Watts
dissipation, this is at a temperature of 25 “C which cannot usually be attained with practical heatsinks and a
measure of derating 15 desirable for reliability and wide operating bandwidth. Use on a supply significantly
below half the drain voltage rating will also markedly incrcasc its ability to withstand unintentional abuse such
as open or shott circuit loads. The drain load of 12.5 Ohms for 5 Watts can be matched to the nonmal 50 Ohm
feed line by two main technigues; firstly a broadband centre tapped toroidal transformer giving the desired 4:1
mmpedance ratio bat this must be followad by sustable low pass filters to remove the unwanted harmonics that
all output devices gencratc - particularly if it is working in class C condittons. The Yeovil emplovs this
broadband basis, with a push-pull pair of IRF510s which has thc advantage of reducing even harmonics and
potentially higher output power. The other techaique is to usc some form of tuned matcheng network such as in
Tiny Tim and the Taunton. This restricts the range of frequencies over which it can be used but has the
advantage of getting nid of harmonics at their source and 1s often preferred by builders since the inductors are
easier to wind! Such nctworks often work with a Q of about 10 to 12 meaning the rig output automatically falls
off just outsidc most amateur bands. There are many available matching networks but the L network has the
most practical component values for semiconductor amplifiers rurming on low voltage supplies. The capacitors
can sometimes be made variable for tumng and obtaining the best match but RF vottages are high. Issue 4 of
Hot Iron has some brief notes on these networks with formulas.

The mput side of FETs is a little morc distinctive! Their gates only require a DC bras of about 4 volts
{down to 2 volts for small low power MOSFETS) to tumn them or, and since they draw no DC current, it 1s very
easy 10 arrange a suitable bias supply based on a Zener diode with extra capacitors and diodes to turn them on
slowly and off quickly as the rig changes from receive to transmit and vice-versa. A convenient way is to power
a Zener from the TR relay. These timing aspects are to ensure that the device is off whenever the Joad 1s not
connected. It 1s customary to leave the main drain supply on the whole time and switch off the bias durig
rcecive so that their standing current (and dissipation) is reduced to zero. For class C service (CW and FM etc )
they can biased just below the point at which significant drain current begins to flow leaving the RF voltage to
drive them mto full conduction. For $SB phone, linear service (class A or AB} is necessary which implies at
least some standing current. Thers ts no magic figure but I find that about 0.5 Amp per device {for the IRF510)
is & reasonable compromise between gain and low harmonic cutput. The gam can be reduced by lowering the
standing current with a simple DC pot acting as a drive control. {The cxtremely high gatc resistance means any
unwanted charge on the gate does not feak away hence they are static sensitive devices.)

The AC aspects of the gate are much trickicr! It looks like a capacitor, roughly 150 pF for an IRF510.
This has to be charged up and down at the RF frequency which means an unusually low driving impedance.
Impedances of arcund 47 Ohms are adequate for 80m use but to get up to 30 MHz requires nearer B¢ Ohms.
Some designs use a plain resistor of these valucs m the gate RF circuit but this is a lossy arrangement since the
RF drive is wasted in these resistors. An alternative is 10 use a drving stage with a low output impedance and
reduce it even further with a transformer between stages, as used in the Taunton. Inevitably the gain s lower
with the low impedance drive but still useful, FETs of the IRF510 type are inherently very widcband devices
{(VHF) if you can get the gate to move that quickly but usually the dramn outpyt capacitance will become a
preblem at low VHFE . I suspect that 30 MHz is a good practical upper hnmit for IRF510s. 1 also kke to fit a little
ncgative feedback from drain to gate, not really to have much cffect on RF gain but | do find it helps to kecp
them alive under adverse condrtions (no load)! If this feedback increases at low frequency it can reduce the LF
2ain and help even it across a wide operating band. T have sketched out some circnit ideas overlcaf,
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He also draws our attention to a product call

that hardsetting Sunsilk Hawrspray, ar 99p
single copies of a track lavout to be made b

(471
draw

contest

The

s sponsoring & QRYP

announce that WE i

Contest. 1 am pleased 1o

Somerset Home Brew
March 30th 1996 speaifically for users of homebuilf pcar, Details in next

prize, for all entrants who complete a small gucs

Hot lron and SPRAT.

wtnalic, is a tuneable CW filter; first pnize 1s a Taunton RX.

Tim Walford G3PC)

+
L

And 1o end this issue, John Worthington's progress report. Happy building,
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'Hot Iron

Issue 10 "Journal of the Constructors Club" Winter 1995
{ Editorial
\}1 I thought 1 might have quite 2 lot of people wanting 10 win something in the

il draw which | announced in the last issue of Hot Iron - five of you sent in responscs
and I would like to thank you all for your most interesting answers. There were hardly
any common themes but this in iself is most interesting. It shows that radio amateurs
have very broad interests; some wanted only CW rigs while others wanted only SSB.
Bands of interest ranged from 160 to 2 metres! Some wanted cases as options and

Cont enits others thought this unimportant. Nearly all claimed to be inexperienced but [ think this
¢ Impedance matching  1s modesty! Slightly to my surprise, two respondecs implied that Somerset Range kits
® Adding RIT were the only complete rigs that they had built. I put the names into a hat and was
® Bespoke boxes about to ask my wife to pull one out, but by chance one of vur neighbouring farmers
* Hardware tips was here with some splendid locally produced real Cheddar cheese and he seemed to
* Ground planes be rather more impartial! Pat King G4GFY is the wianer. Well done Pat, a two tone
* Amps for phones oscillator is on the way to vou. I was tempted to offer some cheesc for a prize!

Tim Walford G3PCJ Editor

Kit Developments

I am pleased to announce that the Pitney 1s now available. It is a simple regenerative tuned radio
frequency receiver mtended as a first serious radio construction project for novice clectronic builders. It is able
to receive all the normal modes (AM. CW or SSB) used by broadcast and amateur stations in its basic
frequency coverage of 1 to 3 MHz. It uses five transistors and a voltage regulator for the varactor diode tuning,
without integrated circuits, so 1s very easy to understand and get working on the stiong stations in the medium
wavcband. It 1s able to run off 9 or 12 volt supplies and is intended for use with "walkman" type phones. A
small modification gives better coverage of the amateur 160 and 80m bands and adds 40m, No test gear 1s
required as there is nothing to set up! It is supplied complete with all hardwarc and detailed instructions so all
the builder needs is tools, a battery, phoncs and a moderate length of wiré for an antenna! It i1s an excellent
project to compliment Novice radio examination courses. See later note. The one off price s £27 plus £1 P&P.

The Bruton is also very nearly available, Geoff G4OWH is kindly building a pre-production mode!
now. There 1s a high confidence in the circurtry as much is common with other rigs: this project also has a smart
and comprehenstve manual. The Bruton 15 a superhet phone TCVR that can work on any single band between
20 and 160 metres. Band changes are done by fitting different cotl and capacitor packs so once fitted you
cannot change casily to another band! CW can be added with either CW kit. This project is not as complex or
dense as the Taunton. It also has provision for channelised operation which can also be on groups of
frequencies ocutside the normal amateur bands such as those used bv the Air Traming Corps. The Manual will
be available for £3, the RX will be £38, the TX £25 or £84 for the TCVR with Construction Club membership.

Meanwhile work continues on a two band plug-in card for the Taunton which | hope to try out shortly,
a 3 digit counter, a signal generator, and seperate simple DC RX and CW TXs to work with each other and the
Pitney. No shortage of projects and your 1deas are always very welcome!

Hot fron is a quarterly newsletter for radio amaleurs 1nterested in building equipment It is published by
Tim Walford G3PCJ for members of the Construction Clab. Articles on simple theory, construction,
testing, updates on kits, questions and suggested topics are always wanted. Please send correspondence and
membership inguiries to Upton Bridge Farm, l.ong Sulton, Langport, Somerser, TAL0 9NI. Tel & Fax
01458 241224 The Copvright of all material published in Hot Iron is retaned by TRN Waltord. €.
Subscriptions are £5 per year for the UK (£7 overseas) from Sept Lst in each vear, Sept Jst 1995,

Hot Iron - Winter 1995 - Page 1



Impedance Matching Unifs The second of two related noted by Eric Godfrey, G3GC

An impedance matchmg unit 18 a devicee for transforming an impedance of one valuc to that of another
vahie. The most common use by amateurs is for transforming the impedance at the input to the aerial feeders to
the 50 Ohms required by the transmitter. Amateurs, more often that not, quite incorrectly call it an "Aerial
Tuning Unit". One thing such a unit does not do is to tune the aenial. G5RV a few years ago commented on this
and suggested that it should be called an "Aerial Systems Matching Unit" {ASMU) which is descriptive of its
use although I prefer the simpler "Impedance Matching Unit" (IMU) since the impedance being transformed
does not pecessanily have to be an aenal system. There is no reason why, if you wanted to, vou should not
match vour transmitter to a bowl of goldfish but pity the poor goldfish. Matching units may take on many
different forms but the common configuration used by amateurs is the Z-Match so called because it matches the
impedances 1.¢. the "Z". There arc a number of commercial forms of this arrangement including the KW E-Zee
Match. Such units often also perform the change from a nominal balanced acrial system to the unbalanced
coaxial system required by the transmitter,

METER.
So3L. 505

T cc 4 VSR cc D (MU feF ’F\E

G36C

The above figure is similar to that on my previous article on VSWR meters in Hot Iron 9 but now the
50 Ohm termination has been replaced by an IMU connected to the acnial feeder (AcF) at the far end of which is
the aenal (AE). For the moment we will assume the aemal is a full wave dipole cut to resonance with a centre
impedance of 700 Ohms resistive and that AeF 15 a twin 300 Ohm feeder. There will be a VSWR of 2.33:1 on
the feeder due to the mismatch of the 700 Ohms to the feeder's 300 Ohm mpedance. Let us assume the foeder is
an odd number of quarter waves long when it will behave as a quarter wave transformer and its input -
impedance at the output of the Matching Unit will be 128.6 Ohms (3007 /700). The VSWR meter will now
indicate a VSWR, with respect to 50 Ohmns, at the mput to CC2 of the combined effects of the aenal, the aerial
feeder, the IMU and the cable CC2. Supposing that with some random setting of the IMU, this combination
gives a VESWR of 2:1. The Matching unit is now adjusted (some say tuned) to give a VSWR of 1:1 at the input
to CC2 with respect to 50 Ohms. This operation has not altered anvthing on the aerial side of the IMU with the
feeder AeF still 300 Ohms and the aerial impedance is still 700 Ohms; 1t has not been "tuned” as it was already
at resonance and therefore there is still a VSWR of 2.33:1 on the twin feeder. Thus it is quite clear that an IMU
does not effect the impedance or VSWR of anything beyond 1tself other than to allow all the power to be
transferred to the aerial rather than some power being reflected. What was said in the last article about
mnterconnecting feeders applies when going back from the VSWR meter towards the transmitter.

Theoretically it must be possible to get a VSWR of 1:1 with some combination of the values of the
IMU componcnts. However i practical units there are lmitations on the range of impedances which can be
matched duc to limited range of the variable components. An external capacity across the input to AcF may
help or an additional length of feeder between AcF and the IMU may move the impedance into an arca with
which the IMU can cope. Both of these have to be "suck it and see” operations since the VSWR itself does not
indicate what the actual impedance is. Howcever if you cannot get a VSWR of 1:1 and you are not running out
of the range of the controls, then this indicates that there 1s more than one frequency present in your transmitter
output. The most likely cause of this is harmontcs and a low pass filter in the transmitter output will usually
provide a solution. This effect is often noticed when having set up the IMU with a QRO commercial transmittcr
and then, on using a stmple QRP TX (probably homebrew), the IMU settings have to be changed. The fact is
that VSWR is not dcpendent on power. Summing up, the important points concerning IMUs are:-

1} The IMU does not tune the acrial.

2) The VSWR on the feeder connecting IMU to aerial remains unchanged with adjustment of the IMU.

3) If vou cannot obtain a 1:1 VSWR, without running out of contro! range, then your TX has an

mmpurc output which is probably due to harmonics.
4} VSWR is not dependent on power levels.
[ hope that thesc notes will have helped to clarify some of the often misunderstood aspects of

VSWR measurement and adjustment. Eric Godfrey  G3GC
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Mains Voltage Harmonisation

An intercsting diagram has rceently been - i
brought to my attention showing how the main;Uk 240npm
electricity supply voltages are scheduled to "change” | Pre. "'[‘f‘: E —( ; '
over the mext few years in Europe. Interestingly, the| . \ 4 ' 20

. Harn new
change which occurred on Jan Ist last was a non-event gw],a S—— | —
since in the UK our supply was already compliant with| Pee’ 1)1J45~ I ot
that required from 1995 and no actual change had to be | ¢ ! 1230 1w
made! The change was that of name only. The Dér e ') II‘IE Lo
difference is that equipment should eventually be able to Moiadannd ! 230 e l
take the much lower limits implied with a nominal 230 EM frown ' '
volts which can legallv go down to 207 volts (and up to e thas
the present 233 volts!). 1 guess that at some stage after | &k Ewnepe 230 Wva
2003, the actual nominal voltage in the UK will be| odfer 2003 5l 2By |
changed to 230 volts instead of just being called 230 - ' ' — '
volts! I am oot surc what this {iuoes forgccnvcntiona! 200 O ?_'_10 ;;30 240 _QQOJ
incandescent hght buibs! G3PC] EUROPEAN Volvhé LIMITS

100 Watt HF MOSFET Amplifier

Builders of the Ty Tim and the Taunton may not be aware of a RadCom construction article by
GOMRF (Feb/Mar 1993) which described a 100 Watt HF MOSFET amplifier suitable for use with low power
exciters. After several months of lost QSOs on 80m, about a vear ago ! decided to tackle the construction of an
amplifier to assist my Ty Tim.

1 have found the GOMRF design to be ideal. At the time [ construcied the amp, a reasonably priced kit
was available. The extra's required were a case and most difficult (for me) to source, a 48-50 volt 5 Amp peak
supply. The destgn is capable of 100 W RF output 1.8 to 14 Mhz with less up to 21 MHz. The feature was well
written and easily understood. My amplifier has now been in almost daily use on 80m and although my power
supply (unstabilised) is low on volts, | find that I can work around Europe and I've even had a couple of
contacts with W/VE_ Not bad for a Tiny Tim!

I am sure that anyone requiring details can find someone with appropriate RadComs or contact
GOMRF direct. Pat King G4GFY

Comment from G3PCJ! | am pleasantly surprised that Tiny Tim's recetver was good enough for the
real DX At some time in the future, [ hope to revisit my design of QRP Booster lincar amplifier so that a single
design ustng four IRF510 FETs will work over the 2 to 30 MHz on a nominal 12 volt supply producing 20 to
25 Watts. Having got themn up to 30 Mhz during development of the Taunton transmitter, | am quite hopeful.

Adding RIT to a varactor tuned rig .
Simpler rigs such as Tiny Tim and the Bruton,

not having Recciver Incremental Tuning , can easily 4R STB
have it added. Often a switch/transmit operated relay
is used to "disconncct” the RIT control when the small ‘“’:',lfrf’%é

ofsetting tuning voltage is not required. In this circuit,
a low power MOSFET is used instcad of the rclay and
the control rematns connected but inactive by placing a
short across it. When shorted, the voltage at the RIT
control slider.is half that of the stabilised tuning supply
irrespective of control position and is thus the same as
the mid-position value, The actual DC RIT voltage is
applied through a 1 MOhm resistor which must be
decoupled at the VFO. The MOSFET is switched off
only when the control voltage 1s near 0 volts with the
switch closed. Using a control voltage which is high at
12 volts during transmit gives RIT; using a control
voltage which is at 12 volts durtng receive will grve )
Transmitter Incremental Tuning. G3pPCJ 71;‘-, adarne 1T

R3PLI
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Bespoke Boxes

Butlding your own equipment often causes the constructor a problem to find a suitable box. "Standard”
boxes from the usual supphers are never the right size or don't have removable panels, etc. (Murphy's 4th Law
of inappropriate dimensions!) The answer is to make your own. Bending aluminium to make a tidy box is an art
form and a skilled task even with proper folding bars but without them almost impossible. For the "kitchen
tabhist” the following is offered as a suggestion and any size or shape is possible with the mimimum amount of
cutting and filing. Angle/comer pieces of aluminium can be cut and joined as shown. (Use counter sunk-head
nuts and bolts about 6 BA or metnc equivalent plus a drop of Rapid Araldite). Pancls can then be fixed
permanently with pop rivets or nuts and bolts. Sheet metal can be fixed with sclf tapping screws allowing the
parcls to be removed for access etc.

Additional sections of angle (equal or uncqual
sides} can then be added to provide the supports for the
PCB or whatever. If single or double sided PCB is used
for the panels, then brass corner picces (if you don't mind
the expense) can be cut and tack soldered to each other
and/or to thc boards. Screws arc then used for the
removable panels.

A variety of sizes (equal sides or unequal sides)
of aluminium comer picces and brass corner pieces arc
available in | mectre lengths from B & Q (£2.10 for
alumimum and £3.29 for brass or thereabouts).
Alumininm stockist and scrap metal merchants (Yellow
Pages) may have some offcuts but they may take a bit of
finding. The diagram shows how to make a corner.

Craig Douglas GOHDJ

Update on RE amp for Yeovil RX
Reg Proctor G4LAK failed to get his IF amp for %

the Yeovil working and reverted to a RF amp; he tried the 56_3_
circuit int the Spring 1994 Hot Iron but that did not work [[P H L\F
satisfactorily either so he altered it to that shown on the

right. This has made a marked improvement on 20m with
some benefit also on §0m. i

o) .

(Reg 1s now tackling a Taunton and we hope for e oo F
a satisfactory report in due course! - G3PCI) M&' é 'D'«‘?r .
Finding parts locations on PCBs vt RF AMP 77 GALAK

Nick Collis-Bird recently returmed his Taunton to
me for a "tweak®, (all it needed was removal of a misplaced solder blob}, but he had done something to it which
was far more interesting! To assist with finding the parts locations, he had lightly scribed a one centimetre gnd
onto the ground plane side to match up with the grid references given in the construction sequenice which are
counted off in centimetres. While not being any help on ngs already started, it is an excellent idea for those
PCBs about to be loaded which have instructions with gnd locations. I have put this suggestion in my fext for
the Bruton - thank you Nick.

Tony Measures G3WUC has some help for thosc!
trving to identify the correct pads on the nnderside when | P

RCls

| el

trving to desolder and remove some component. He finds | L ¥ ' fn]:{v\;
that a calliper biting on the board nght close to the] o _
component on the topside will remove all ambiguity aboutl Pod Tele veR
the underside pad as long as the calliper hinge is in thc]_ idn.uh}'dt AIWVC

plane of the PCB - see diagram.
Waterproofing

Joseph Bell G3DH thoroughly recommends Finnigan's Waxoyl for sealing and water repelling in all
sorts of cable junctions and antenna connectors. It can be used on wood, metal and plastic and protection can be
built up with several layers. It does not crack and is presumably flexible. It is made by the same firm that makes
the range of Hammcrife paint.
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Decoupling, ground planes and ground bounce!

This has nothing to do with earthquakes! Some builders may have noticed that my kits scem 1o have
rather more 10 nF disc ceramic decoupling capacitors than may really be necessary. They arc there as an
insurance policy because trying to climinate unwanted feedback due to poor bypassing is very tricky for most
people with limited test equipment. It is far safer to add these extra capacitors which cost about 4 pence cach on
all points that might be prone to pick up of unwanted signals than to attcmpt a pbone call cure of some
disgruntled customer's marginal rig. However 1t is important to use suitable capacitors connected to a really low
impedance point. Most types of capacitor have a limited frequency range over which thev perform best - quite
often: this will not be as large as the full operating range of the rig. When this occurs vou must fit something
clse in paralle] on the same point. In extreme cases vou may find that the designer has specified something along
the lines of a 10 microfarad electrolytic for LF, parralled by say a 100 aF polvester and 10 oF disc ceramic for
HF. This combination wifl have a low impedance over a much wider range than anv one in isolation provided
the ground point is rock solid. Sometimes a tantalum capacitor is used instead of the electrofvtic and polyester
but thev are more costly.

Surprisingly the ground planes that [ use on all my transmitter designs are not as “solid” as one would
expect. A 5 Watt transmitter operating with an output stage drain impedance of 12.5 Ohms has a peak current
of just under an amp so it does not take much impedance to generate a few millivolts. If these millivolts get in
the wrong place thev can cause all sorts of problems including unwarnted oscillation. Using ground planes is the
best that one can do cheaply but it still mcans that vou must lay out the functional blocks so that the high
currents do not flow in sensttive arcas. This 1s why the classic layout of a transmitter is a straight line with a
steady progression giving maximum scparation between the sensitive low power stages and the high current
output. It is notoriously difficult to make sensible measurements of signals in ground systems but it is not
unusual {o observe 100 mVolts across a ground plane. These observations emphasise that all high current
signals should have their retum lead taken to an earth point as close as possible to the device or circuit
{matching network) generating the current and not necessarily to the point of the PCB nearest the antenna
connector!

Ground bounce is another effect which is more often observed i digital svstems where a whole bus (8 -
or more signals) all change in the same direction very quickly. The sum of the currents discharging the capacity
of several bus signal lines flows through the driving IC's earth pin and its internal thin wires connecting to the
actual die. To a heavy current signal edge, wath sub-nanosecond fall times, these leads leok like inductors. Tt
can lead to the € volt point on the die actually departing by large fractions of a volt from the carth plane directly
underneath the chip! This cats iato the noise immunity of the digital signal and may eventually lcad to the signal
being misread at the receiving gate. It 1s extremely difficult to replicate and makes fault finding awful!
Similarily, rising edges can significantly reduce the supply voltage on the dic. Decoupling must be at the chip!

Here are some examples of earthing problems; I remember an early Yeovil that was showing signs of
RF instability. It transpired that RF was getting back from the output lowpass filters into the low level TX stage
via a heavily decoupled rclay control signal. The decoupling was not cffcctive because there was no series
impedance to form an attenuator with the lowish impedance of the decoupling capacitors; the answer was to
reroute the signal with a longer lead giving added senies RF impedance and taking the unwanted cutput RF
current m this lead away from the sensitive low Icvel stage. Owners of Cokers may have noted that the key
down frequency alters slightly as you adjust the antenna matching umt. This rig has a VFO operating at the
transmit frequency and only separated by about 73 mm from the TX output stage. There is a very small amount
of TX current flowing in the ground plane in the VFQ arca and when this alters, as the AMU is adjusted, it
changes the effective value of the VFO resonator components. This 1s what 15 actually happening when a rig
"chirps”. I had intended that the Coker work up to 20m but chirp gets worse with increasing frequency; and the
VFO was shifting 8 KHz on 20m which was obviously no good! This ts why the ng is only available for 160
and 80m where the actual shift is insignificant. When connecting measuring instruments, vou must be sure that
the retumn or earth lead 1s sensibly located. Generally a probe’s earth lead is best connected to O volts as near as
possible to the point being measured (unless vou are investigating ground plane signals!). You also must
consider what effect the capacitance of the measuring system will have on the circuit under test. If vou are
investigating an oscillator, it is hopeless connecting it to a counter with an ordinary screened lead such as
miniature coax. That has a capacity of at least tens of pF per foot which will pull it way off frequency. You
must use scope type divide by ten probes which have a capacity of about 2 to 3 pF max.! Admittedly they
atienuate the signal by a factor of ten but usually this is not important as the sensttivity of the test instrument
can be increased to compensate. Avoid coax test leads at all times! Tim Walford G3PC)
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Audio Amplifier for phones
When designing the Pitneyv's audio stages, 1

was keen to avord using integrated circuits so as to Vo
make the rig more understandable, unfortunately this| _ — 1 oor | __‘E ‘_:
makes drving a loud speaker impractical. Luckily é/“c
modern  "walkman" tvpe phomes are chcap (£3 . 68K ;];[ v
upwards} and have a higher nominal mmpedance of 100 /vfffw
around 30 Ohms for each carpicce which i1s much

easier 1f a transformer is to be avoided 1t makes a
class A output stage possible but since the phones are )
usually sold as sterco types, | had to think of driving , 160t by

both carpicces separately. This suggested a phase ‘ 4
splitter arrangement runping at high current to drive
each carpicce. Its vet another application for the
BS170 low power MOSFET where its maximum
dissipation of around 200 mW is the overriding
consideration - this limits ecither its standing ocurrent,

and hence audio output for the 30 Ohm load, or the o?/
overall supply voltage Using a MOSFET does not Gifl.
require high current drive so the preceding stage can PITNEY oudld amMP &R

have a high mpedance load to give gain. Since the " WALKMAN TYPE PHONES

output stage can look hike a capacitively loaded source| | 1 SN
> L - a1 Ko 10 Ie enig ?
foliower. a gate stopper resistor is necessary to prevent ° h /MF °p C”}t L .[.\

output stage oscillation. Interestingly, by grounding the output connccted to the source, the gain of the other
output is much incrcased as it becomes a common source amplifier. Even when driving both earpieces
connected in paralicl to the drain output, there 1s a gain increase by grounding the source output. The Input
stage can also be a BS170 in a common source configuration to provide most of the gain. The DC conditions in -
the two stages are easily controlled with a DC feedback loop which is dependent on the BS170 needing about 2
volts positive between gate and source to turn it on. The input impedance is about 100K and provides a voltage
gain of about 30 into sterco phones across both outputs or about 200 if connected with both earpieces in
parallel on the drain output with the other output grounded. Supply voltage is 9 to 15 volts. The maximum
output is more than enough for phones and it will drive a 15R speaker but don't expect to be deafened! G3PCJ

Dates for your diaries!

Firstlv, the Semerset Homebrew Contest, which is taking place on March 30/31st 1996, It is a
multiband QRP contest being organised by the G - QRP Club and is open to all operators using homebrew
equipment with sponsorship provided by Walford Electronics. Full defails arc m the Autumn 93 Sprat; first
prize is a Taunton receiver for the band of the entrant's choice. Al fully completed entrics will go into a draw
for a second prize which is a high performance Vanable CW filter - this can be used with Somerset Range kits
or on its own following some other brand of receiver.

The other date to note is that of the 1996 Yeovil ARC's twelfth QRP Convention on May 19th; 1t is
being held at a new location in the Digby Hall in Sherbome which 15 a few miles East of Ycovil and is easy to
find. There will also be an informal programme of events on the Saturday afternoon of the 18th with 2 dinner in
the evening which is open to all. Activities for spouses arc being planned so that those coming from afar can
mke it into an overnight break. Full details and assistance with bookings can be obtained from Peter Burridge
on 01935 813054,

The Construction Challenge, at thc QRP Convention, 1s to build a 80m antcnna and receiver within a
cube of ¢35 metre side. No more than 12 components are to be used and it bas to operate without any DC power
source, rebving solely on electromagnetic radiation. The winner is the receiver producing the highest DC voltage
into a 10 KOhm load when excited by a test transmitter putting 1 Watt CW into a short vertical antenna about
12 metres from the RX under test. Full details from Mike Smith on 01963 250594 in the evenings.

Finally, best wishes for Christmas and the New Year, and please do keep up your
contributions for this journal - thank you.  Tim Walford G3PCJ
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Hot Iron

Issue 11 "Journal of the Constructors Club" Spring 1996

Editorial

Earlier this afternoon, as I was pointing onc of our stone walls on the farm, 1

A was wondering what to put in this issue of Hot Iron as I didn't remember there being
very much in the file of contrtbutions. I am pleased to report that in fact the file
contamed scveral contributions and this issue should be somewhat more interesting
for not having been all my own material! It really is very important for vou to continue
with these offerings as [ already have to think uncomfortably hard for my own topics!

Contents It makes it so much more interesting if therc arc many contnibutors so please do
¢ Taunton Updates  continue sending me in your articlcs, snippets and questions ete.. It is intended to be
* Diary Dates your Club with me doing most of the work! For each issue, I trv to have a note on
® Twin VFOs some design tvpe topic and 1 would love some feedback on what aspects of

construction etc. you find troublesome and needing more explanation. I purposely trv

to avoid the maths of the subject since it is bonng and, anyway. I have forgotten that

little bit that I did know vears ago! By way of example, a later note describes some of

the trade-offs in the design of a signal generator - an itcm that has long been on mv

project list but which makes slow progress. I would love some comment on prioritics.
Tim Walford G3PCJ Editor

* Workshop practice
® Sig Gen Design

Kit Developments
I have already mentioned a Three Digit Counter which | am pleased to report 1s now available. It uses

the same counters and displays as the 5 digit one and can also count from DC to over 60 MHz with a typical
input sensitivity of about 54 mVolts RMS at 20 MHz. Depending on the setting of a link (or switch), the three
digits can either show the KiloHertz valuc of the input signal or the hundreds of KHz. The former mode is
intended for use with rigs where it would show the KHz part of the tuned frequency (the MHz part having
overflowed out of sight). This can be used with direct conversion rigs or with superhets having an IF which is a
wholc number of MHz. The other mode is intended for general use such as measuring a rig or signal generator
output frequency with a ‘display' upper limit of 99.9 MHz - the circuits are very unhikely to work that fast
though! In addition, when used with a superhet, the counter can count either up or down for additive or
subtractive mixers; also, a preset of + or - 1 can be applicd to approximate for the usual CIO offsct of 1.5 KHz
from the nominal IF. The 3 displays and segment resistors are all mounted with the logic on the 100 x 80 mm
PCB; the display section {23 x 80 mm) can also be cut off remote mounting if required. Price is £37 + £1 P&P.
Experience with the earlier variable CW filter kit showed that it was too semsitive to individual ng
lavout so I have redesigned it as the Adjustable CW filter kit. The good news is that it has the same very high
performance elliptic switched capacitor tuneable lowpass filter, with presets for CW and SSB bandwidth. The
response is down 79 dB at 1.5 times its sct -3 dB frequency corner frequency bandwidth - this makes it almost a
brick wall filter!! It now has a scparate preset for the frequency of the tone used to modulate the transmitter.
This considcrably simplifies both the circuits and its method of use. It has semi break-in operation and a Tune
facility. Size 1s down to 50 x 80 mm. It can dnve walkman tvpe phones. Price is down to £27 + £1 P&P.

Hot Iron is a quarterly newsletter for radio amateurs interested in building equipment. Tt is published by
Tim Walford G3PCJ for members of the Construction Club. Articles on simple theory, construction,
testing, updates on kits, questions and suggested topics are always wanted. Pleasc send correspondence and
membership inquiries to Upton Bridge Farm, Long Sutton, Langport, Somerset, TA10 9NJ. Tel & Fax
11458 241224 The Copyright of all material published in Hot Iron is retained by TRN Walferd. ©.
Subscriptions are £5 per year for the UK {(£7 overseas) from Sept 15t in each year. Sept 1st 1995,
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Taunton Updutes

Those of vou with Taunton receivers should already be aware that the CD4066 used for 1C105 had a
spare unused switch section which was originally connected to the positive supply in Issue 4 and earlier PCBs.
It transpires this was a bad design decision becausc it can lead to damaging supply currents at switch on which
in turn applicd an unwanted high voltage to the associated NE612 1C104 which then also expired! It is
advisablc to connect the pins 10, 11 and 12 of IC103 to the adjacent pin 13 (RXC) and lead the 12 volt track
around this group. Ray Donno G3YBK adviscs replacing the 4066 when doing this modification as his rig
produced some queer results after the mod duc to internal damage 1o the 4066 which was not showing up in
normal use. If any of you are having difficulty with this aspect please contact me.

There a couple of other errors in early Manuals; on page &, C101 needs moving into the table higher up
the page to join C}02 to make the oscillator work. On page 19, Figure 9, the 30m recetver bandpass filter coils
L.201 and 1.202 should be TOKQ types 3334 instead of 3335 - customers with thesc bands have been told. Also
C137 appears twice in some early RX parts lists - it should be 10 nF as in the circuit diagram and not 1 uF.

I am please to announce that the TWQ band plug-in card for the Taunton is now available. Tt can take
any two bands in the range 135 to 160m with selection by a front panel switch. I am grateful to Tonv G3WUC
for assistance with proving this design. He has also been experimenting (using his old single band cards) on
getting the ng runming on 12 and 10 metres. He has overcome the snag of needing unusual crystal frequencies
for 12m by extending the VFO coverage. More details on his progress in a futurc Hot Iron. The fully equipped
2 band card is £37 or, if you can salvage the parts from two single band cards, the PCB and five relays are £20.
Coker VFQ Capacitors

With a little nudging from G3WAL, I tried using the same tvpes of capacitors in the Coker VFO as 1
usc in the Taunton's VFO hoping that this would improve the stability. It did! It 1s worth changing the two sitver
mica types to the round ceramic type coloured green or buff and also changing the capacitor linking to the
varactor to a COG type. | can supply these three capacitors for £1 in stamps to include the postage.

Pitney experiences

As part of the Yeovil Club's activities to commemorate the 73th anniversary of the first amateur trans.
Atlantic experiments in Fcb. 1921 on 160m, Joe G3KSK, has heard several different US stations using his
Pitney and a relatively simple antenna. T had thought it pretty unlikely that one would hear US stations in the
UK with such a simplc rig but I am glad to be proved swrong! It is surprising what one regenerative tuned circuit
and an audio amp can achieve! Craig Douglas GOHDJ has also found that, when used with a nommal
transmittmg tvpe wire antenna, an antenna attenuator makes a great improvement to breakthrough problems
from broadcast stations when trying to sniff out weak amateur stations.

Dates for your diaries!

There is just time to brush off your homebrew gear and get ready for the Somerset Home-brew
Contest, which takes place on March 30/31st 1996, It is a multiband QRP contest being organised by the G -
QRP Club and 1s open to all operators using any brand of homebrew equipment. Full details are in the Autumn
95 Sprat; first prize is a Taunton receiver for the band of the entrant's choice. All fully completed entries will go
into a draw for a sccond prize which is a high performance Adjustable CW filter - this can be used with
Somecrsct Range kits or with some other brand of receiver.

Don't forget that the 1996 QRP Conavention is being held in the Digby Hall in Sherbome just a few
miles East of Yeovil. The date is May 19th. There is an informal programme of events on the Saturdav
afternoon of the 18th with a dinner in the evenming which is open to all. Activities for spouses are being planned
so that those coming from afar can make it into an overnight break. Full details and assistance with bookings
can be obtained from Peter Burridge on 01933 813054, Walford Electronics will be in attendance!

The Construction Challenge, at the QRP Convention, is always a jolly interesting event for anvbody
interested tn construction. Plenty of opportunity for ingenuitv! The task is to build a 80m antenna and recciver
within a cube of 0.5 metre side. No more than 12 components are to be used and it has to operate without anv
DC power source, retving solely on clectromagnetic radiation. The winner is the receiver producing the highest
DC voltage into a 10 KOhm load when excited by a test transmitter putting 1 Watt CW into a short vertical
antenna about 12 metres from the RX under test. Full details from Mike Smith on 01963 250594,

Computers!

[ read in a recent article in an IEE Journal that one third of households in the UK have a computer in
them already! It sugpests that there must be many amateurs having PCs who might be intercsted in usmg the
computer to control a rig or some item of test equipment. Anv comments or suggestions most welcome!
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"Twin VFOs'

Derck Alexander G4GVM has made a most
interesting suggestion about rigs with varactor diode
tuning. He says 'Of all the extra gimmicks (or what
have you!) on the modern commercial nig, 1 think the
second VFO 1s very useful. I usually use home brew
cquipment {more fun!) but when T do use my Icom
735 1 often use the facility to find a clear channel
whilst maintaining a QSO so that I can make a quick
return. All of the Somerset Range kits use varactor
tuning and it would seem to be an easy matter to
switch from onc set of tuning pots to another. 1 am
particularly thinking of my Yeovil and the circuit
tlustration refers to this rig. In mine, I have added a
6 pin DIN socket on the rig's rcar for conncction to
the second set of pots, with a control switch and
relay added behind the rig's front panel. You can add
LEDs to show which VFO is in use if you wish. The
extra leads should be kept as short as practical,
despite their onlv carrving DC, since small voltage
drops in the leads can occur.’
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In principle this approach can easily be applied to any rig with varactor tuning. The switching could
also be controlled with a bandswitch if desired enabling cross band working for multi band rigs such as the
Yeovil and Taunton! There is a small caveat to this in that the variable tuning voltage to the varactor usually
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Workshop Practice by G7SDD
{(This is a heavily 'Edited piece derived from notcs accompanying a very practical talk by Mike to YARC.)
Start with the tools you need!

Many people have the 1dea that to build anything, one needs a full blown workshop complete with every
imaginable tool. Wrong! As long as you have an old table, and a few basic tools, you should be abie to tackle
most things. (Some aspects of metal bashing may prove somewhat difficult under these conditions, though!).
So what is the minmimum neceded? The following list should enable construction of most kits or DIY
development.

ESSENTIAL ITEMS

Drill and dnill stand with bits 0.5 mm to 6.3 mm and a pin chuck

Soldering Iron, selection of bits, solder sucker, 60-40 solder,

Flush-cut wire cutters, fine point pliers, medium pliers,

Knifc (not razor sharp), scriber (or 'pointy’ tool), small ¢entre punch,

Misc. screwdrivers

Tuning tocls

Magnifier

Permanent marker pen

It 1s worth mentioning at this point, that it is false economy to buy cheap cutters, pliers and
dnill bits, so spend the most you can on these items. The reasons should be obvious. £4.00 cutters will last five
minutes! Also, there's no need to buy purpose built wire strippers.... Its not too difficult to develop the knack of
holding the wire cutters gently, and they will do the job just as well. Remember too, a very sharp knife, (such as
a Stanley knifc) will probably cut through more than vou bargain for! Particularly the braid of coax or audio
screened cable. Usc an ordinary pocket knife instead. Besides, this can also double up as a means of de-burring
holes you have drilled in boxes or panels.

USEFUL ITEMS (Particularly if DIY jobs intended to be done.)

Spot face cutter (easier to handle than a drill bit}
Smali G clamp {(holds laminate etc. to table whilst drilling and cutting)
Hacksaw {full size one has more control)
Small vice {drill bench vice best, but other options avail)
6" file (de-burrs edge of laminate or chassis)
Nut drivers (better than using pliers!)
Drilling.

Most DIY projects undertaken involve drilling holes in a die cast box or chassis and maybe in PCB’s.
The former usually presents few problems, as long as the drills are sharp and the drill position has been centre
punched. (Just see where a 4 mm holc ends up if you don't centre pop the alummium panel or die cast box first!)
When drnlling PCB’s why is it that many people think that its better to run the very small drill slowly and
carefully? Carcfully, YES. Slowly. NO! If the drill 1s running at 3000 rpm (preferably faster), it is reluctant to
bend, and zaps through the laminate without anv problem. Don't use the small battery portable drills, as they
tend to run slowly in order to increase the torque. As with any cutting operation, let the dnill bit do the work.
Don't force it to go through the board like a gimlet! Very few domestic drills will hold drill bits of the sizc used
for PCB work. So use a pin chuck, which in turn goes into the main drill chuck. Don't even contemplate drilling
whilst holding the drill freehand.... unless you have an unlimited stock of drills! A drill stand is essential, and
can usually be picked up second hand at rallies or car boot sales. Fmally, don't try dnliing a PCB in ncar
darkness. Steal the bedside lamp, or similar device, and get as much illumination on the work as possible.
Assembly

This may seem a somewhat obvious process, i.€. stick components in the holes and solder it all up.
Well, its more or less done like that, but there are a few uscful tips that mayv be considered worthwhile.
Resistors and diodes are the easiest componcnts to insert ... once the leads have been preformed to the
appropnate pitch to suit the PCB holes. (Typically 0.4" or 0.57). Once inserted, there's no need to bend the
leads back along the track. A few degrees of bend will hold it in place whilst soldering, then once soldered, crop
the excess wire at the limit of the solder fillet. Cropping AFTER soldering is good practice, as it minimises the
shock on the component imparted by the cutters. This s particularly important when cutting transistor, diode or
crystal leads. Capacitors are more of a problem, in that they vary so much in lead-out style. Axial lead
capacitors can be treated like resistors, but radial lcad types usually have to be lead-formed with more care to
avoid stressing the lead-to-ceramic junction, or to avoid shorts to the ground planc. Lead-forming is simple
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enough, but DOES require a good pair of finc point pliers ... and a bit of care. But once you've developed the
knack, vou'll wonder why building equipment ever seemed difficult. Finally, If the equipment is intended to be
portable, e.g. RDF RX, where it may be bashed around a bit, it is worth anchoring larger components to the
PCB with a small amount of contact adhesive.
De-soldering
Another black art. ... so it secms. But one that can save manv pennies by reclaiming components. Don't waste
time trving to carcfully melt the component-to-circuit board joint whilst trying to pull thc component out of the
board! All that happens is that the component overheats, the leads break, or vou get burnt fingers! Some
pundits advocate the use of Solder Wick, which soaks up the excess solder from the meited joint. T favour the
fast attack approach, using a Solder Sucker. With a medium or finc point nozzle, this will suck up virtually all
of the melted solder from the joint, leaving clear holes in the PCB. The component then drops out! (Assuming it
hasn't had the leads bent over during assembly, of course. Again, plenty of heat and the right shaped bit,
(particularly one that will hold a pool of solder), and the appropriate fast response on the trigger, is nccessary,
otherwisc overheating will occur and negate your outlay for the solder sucker! Mike Smith G7SDD
An Assembly Station

Pete Norman, GOPKS, finds that the gadget sketched below to be very useful for holding and turming a
PCB while it 1s being assembled. Old curtain track and old pots arc the essential ingredients! The mounting
board serves as a removable work bench with a soldering iron stand and a peg to restrain the solder reel. Prior
to starting assembly, he recommends laving out capacitors, which are perhaps not so easily identified as
resistors on a sheet of paper marked with their values; the capacitors are then held next to their 'label' with
Sellotape or masking tape - it makes finding them agamn much easier and enables you to check that the kit
supplier has sent all the parts required! (He had not! My apologics Pete. G3PCJ)
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Smart Panels

Peter Barville G3XJS passcs on his experience that a very good finish can be obtained on front panels
bv the use of 'Scotch 3M Spray Fix'. After sprayv painting the dnlled control pancl, and allowing 1t to dry
thoroughly, he carcfully applies the rub down lettering of the 'lettraset’ type. He then sprays the whole panel
with a couple of coats of the above product which gives a high degrec of protection all over. Its available in
artist shops.

He has also recently taken up sailboarding and has rcalised that the sailboard masts, being made of
fibreglass, would make very nice aerial supports. He docs recommend buying a new one, but his local club had
somc old (and out of fashion) one piece masts about 4.5 metres long at a nominal price. Most people now use a
two picee mast. You might cven operate maritime mobile at the same time!

My Bench!

I would add a pair of surgical tweezers to Mike's cssentral list above. Apart from these, the tools
always on mv bench are side cutters, two small screwdrivers, scalpel, smooth faced thin nosed pliers, small
round and flat files, an indelible marker pen, a soldcr sucker and various plastic component trimming tools. As |
do a fair amount of circutt building without any PCB, 1 keep scveral picces of copper clad PCB on rubber feet
with permanently connected supply and decoupling components. I build up circuits by soldering the earthy ends
of grounded components direct to the PCB, with plenty of extra 10 nF decoupling capacitors for supply line
anchorage points and other parts strung in free air between the carthed parts! Its simple & eftecttve! G3PCI
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Evolution of a Signal Generator Design

The original brief was to design a simple signal generator covering about 1 to 30 MHz having a
sinusoidal output and being easy to set up. Target price was under £50 since commercially made instruments
are available for about £150. T had already decided that it was not to be cased and would not have a
complicated mechanical dial assembly; the 3 digit counter is sufficiently cheap at £37 for this to be more
attractive for those needing an accurate indicatton of frequency. Thus far it was easy going! Achieving stability,
and adequate resolution without toe many frequency ranges are where it becomes tricky! Within any one tuning
range of a conventional oscillator, it 1s hard to achieve more than a 3:1 frequency coverage so conventional
oscillators would nced four ranges involving a lot of switching and probably markedly different output levels.
Not attractrve. Scheme two is a mixing scheme between a VFQ running 10 to 20 MHz and a 10 MHz crvstal
oscillator providing three bands 10 MHz wide. Needs two fairly sharp filters and suffers badly from unwanted
mixer high order products. Scheme three is for a VFQ covering sav 40 to 70 MHz and a 40 MHz crystal source
to avoid the high order mixer products; only one filter needed but awful stability unless a phase locked loop
with a low frequency variable master oscillator 1s used to stabilise the high frequency VFQ. This needsto have
the main range broken up into sections, using a variable division ratio but then the coverage on cach frequency
range would alter with changes in the division ratio . Scheme four is similar to three but with the HF VFO
gomng in say 5 MHz steps and the 40 MHz signal being varied over 3 MHz to obtain the contmuous coverage -
again poor stability unless a sccond low frequency oscillator is used and multiplied up - getting awfully
complex! Scheme five 1s solution three with a 'fractional N' variable divider - getting reallv verv complex and
might need a micro controlter! Clearly it has got out of hand!

Start afresh with the thought that a sinusoidal output i1s not cssential. Qutput signals from a digital
VFO would probably have a 5 volt amplitude but this can casilv be attenuated and the harmonics which make
the fundamental into a square wave would all be at lcast twice the fundamental's frequency. Only if it was being
used with a really wide band ng would the second and higher harmonics be within the receiver (or other band
limating circuit) passband. At first sight then this is not a problem and quite often low frequency audio amp tests
arc now done with square wave test signals anvway! It is also useful to have a source of squarc wave digital
signals. The output frequency ranges can now easily be obtained with digital dividers, probably a mix of decade .
stages and smaller steps being easy. The HF digital VFO is easily made, operating to 40+ MHz, but can only
easily achicve 2:1 frequency range so the output dividers need to be in 2:1 steps - this is very easv! If the HF
VFO is locked to a low frequency digital VFO (actually a square wave vanable clock source) using decade
dividers in the feedback path to the phase locked loop's phase comparator, then these same dividers provide a
convenient pick off point for further output range dividers. Output frequency coverage can now be down to very
low frequencies limited only by how many decade dividers it is sensible to mstall for most people's needs and
would actually be determined by what comes in standard ICs. The general block diagram then looks something
like that shown below. This is about scheme number ten! The only snag that I can see, is that the vanable dial
calibration would be in terms of a multiplying factor from the bottom edge rather than an actual frequency or
decade range ete. I think this is outweighed by the circuit simplicity and easy of sctting up. I would love to have

vour thoughts please. Tim Walford G3PC)
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Hot Iron

Issue 12 "Journal of the Constructors Club" Summer 1996
Editorial

{ Many of vou who know that farming is my main activity, might expect me to

sav somcthing about those three dreaded letters standing for Blame Someone Else. In

sad order to leave just a little space for clectronic topics, the only sensible comment I can

make is 'if vou have not done so already, fill your deep frecze now because it will
never be so cheap again’. I must say I am glad to have amateur radio as a diversion!

I was pleased to see many of you at the Yeovil ARC's QRP Convention which
was held this year in a new location in Sherborne. The Digbv Hall had a much morc

C(mtents friendly atmosphere and there was a good attendance by amatcurs and their traders
¢ Power Measurement which led to a jollv good event. As usual there was keen mterest in how the entrics for
* Book Review this vear's Construction Challenge performed. The task was to make a 80m antenna

e Taunton 10 & 12m  and RX with only 12 components and no active devices. Excited by | Watt into a
® Voltage Regulators  whip about 50 feet away, the highest DC output signals were in the order of 40
® Tcst leads & probes mVolts. Most were tuned loops with diode voltage multipliers. The Convention was
¢ Common emit amp  one of the best that YARC has orgamised and most of that is duc to the hard work of
G3CQR. I hope that more of you in Southern England will be attending next vear.

Products News

I pleased to receive several favourable comments from those building Brutons and Pitneys. After having
two for evaluation, British Telecom ordered a large quantitv of Pitneys for a Novice course which they are
sponsoring in East Anglia. I was initially somewhat nervous about their reasons for wanting them since at that
time, the good news about kits intended for amateur radio builders not needing CE certification for EMC, had
not been announced. Luckily my concerns were ill founded! To go with the Pitney, I have designed a simple
broadband CW crvstal controlled 1.5 Watt TX called the Drayton. It can also be used with any other brand of
RX. It is supplied with a ceramic resonator for 3.58 MHz; the on board trimmer allows about + or - 20 KHz
swing. Simply by changing the crystal you can use it anvwhere in the range 1.5 to 10 MHz. Since it is
broadband, it musi bc used with low pass filters or a resonant antenna matching unit. It has a sidetone oscillator
and control can be semi or full break-in and it has a netting facilitv. Price is £24 plus £1 P and P.

Progress on the Frome, which 1s the any-band CW nig, is a little slow due to pressure of other things.
This will have a crystal mixing VFO scheme to give stability and avoid chirp. It will also have a verv sharp
adjustable switched capacitor low pass audio filter and some other frills not vet fit for announcing! 1 do also
wonder if there 1s a demand for a crystal controlled receiver to go with the Drayvion. Another job for the bath!
Last time I wrote about the development of a signal generator and some of you kindly cxpressed an interest.
Sadly this has proved to be a lot more difficult to get right than | imagined! Digital oscillators are nothing like
sufficiently noise free and I have had to add a switched capacitor filter for the audio outputs since their third
harmonic would unfortunaiely be in band. Although I was able to make the HF VFO give the desired coverage
with a dead-bug version, when implemented with copper tracks there was too much stray capacity! The tuning
diode voltage had to be raised to 30 volts needing an extra voltage boosting circuit. It has required several
revisions and more proving which is not yet complete. My apologics! Tim Walford G3PCJ

Hot Iron is a quarterly newsletter for radio amateurs interested in building equipment. Tt is published by
Tim Walford G3PCJ for mcmbers of the Construction Club. Articles on simple theory, construction,
testing. updates on kits, questions and sugpested topics are always wanted. Please send correspondence and
mentbership inquirtes to Upton Bridge Farm. Long Sutton, Langport. Somersel, TAI0 9NJ. Tl & Fax
0145% 241224 The Commight of all malerial published in Hot Iron is retamed by TRN Waltord. €.
Subscriplions are £6 per vear for the UK (£8 overseas) from Sept 1st in cuch year. June 1st 1996,
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Peak Envelope Power

{This notc follows a question from Stephen Melling GOWAF about the measurement of power; and for
various reasons I thought I had better get Eric to cxplain!)

Peak Envelope Power (PEP) and its measurement always scems to causc some confusion among
amateurs. According to the licence, PEP is the average power supplied to the load during ore RI¥ cycle at the
crest of the modulation envelope. The lefthand diagram below shows a transmitter with a constant output (CW)
and the righthand shows a typical modulation envelope from a S8B transmitter with the same peak output. In
the left diagram, since the peak voltage is constant, the crest of the envelope is constant and the average power
of each RF cycle is the same and equal to the square of the RMS voltage divided by the load resistance. Since
the envelope contains a constant amplitude sinc wave, the RMS voltage is the peak voltage multiplicd by 0.707
(the squarc root of 2). The peak voltage can be measured with a peak reading voltmeter or an oscilloscope
having a bandwidth well in exccss of the signal frequency. (With a scope it is actually easier to measure the
peak to peak voltage which is twice the peak voltage.)

When we come to an SSB TX output portrayed in the nghthand diagram, the envelope is no longer
constant but follows the modulation in both ampiitude and frequency. This means that although the two
example waveforms have the same maximum peak voltage, and therefore the same PEP because PEP
measurement is defined as being averaged as over only one RF cycle; the actual average power dissipated in the
load {considered over many cycles of the modulation envelope) i1s very much less and will be heavily dependent
on the actual modulation. Any normal power meter will average the reading over several cycles of the envelope
due to its mechanical inertia and thus give a reading much lower than is the case for the constant CW conditions
despite the PEP of both waveforms being the same. It is for this reason that speech compressors are often used
which, whilst not increasing the PEP, do increase the average power (sometimes loosely referred to as the 'talk’
power) giving better readability at the receiver. A specch compressor usually reduces the peaks of the
modulation envelope which allows the average modulation level to be increased to bring the peaks back to the
same peak power level as beforc, thus uplifting the average power.

The formulac for the calculation of the powcers associated with a load resistor R for the two waveforms
arc shown below them. Eric Godfrey  G3GC
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The "times two' confusion! People often mistakenly think that the PEP figure for an SSB TX is twice
the CW maximum power output figure - it is not! In fact they arc usually the same! The origin of this
misunderstanding is that the proper way to adjust an SSB transmitter is to use two audio oscillators having
equal amplitude outputs feeding together in place of the microphone. (This gadget is called a two tone
oscillator). A single steady audio input tonc onlv produces a steady CW output in an SSB TX making it harder
to detect output limiting. The two tone input produces an RF output whose envelope is defined by two antiphase
sing waves of the same frequency: this waveform allows easy observation of limiting effects, usually in the
output stage, with a scope. Provided the TX is operating linearily, on the peaks of this modulating envelope,
the power (averaged over one RF cycle as above) is twice the power that the TX produces from either of the
toncs on their own. The transmitter output is then increased so that the peaks of this modulation envelope arc
just beginning to limit or clip. Then cither tonc is switched off and the RF power meter is used to measure the
power in what is now a steady carrier due to the remaining single tone. The PEP figure is then twice this single
tonc figure and the PEP figure represents the maximum power that the rig can produce averaged over one RF
cvcle. 1 expect this is as clear as mud by now! It all lcads up to a sales plug for thc Walford Electronics two
tone oscillator kit. This has a special diode detector section enabling proper ClO frequency adjustment without
the need for a scope! It senses clean cross-overs in the modulation cnvelope with a DC voltmeter.  G3PCJ
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Introduction to Radio Frequency Design by Wes Haywood W7ZOI1
A review by Mike Smith G7SDD who asks 'Is this a new Radio Designers Biblc?'

The first time 1 saw Wes Haywood's book, Introduction to Radio Frequency Design, 1 knew [ had to
get a copy if [ was going to do any scrious radio design work. For the majority of us Radio Amateurs who
construct equipment that can be considered as conventional, rather tham pursuing the fronticrs of radio
technology, this book is an absolute MUST.

At first sight, it may appear a bit daunting, as it covers the fundamental theory of many aspects of radio
design, and 1s liberally spread with attendant equations. Don't be put off by this if you are not mathematically
minded, as there arc plenty of practical examples which stimulates one into thinking more about the underlving
principles rather than just copying the circuit. Even for those amongst the amateur fraternity who are at home
with a bit of mathcmatics, the treatment of fundamental methods and models does not usc any hcavy maths, but
keeps everything as simple as possible. (It does show how rusty we can get, though!)

Of particular value in my opinion, is Wes Haywood's treatment of oscillator design, filter design and
nctwork matching. These topics are absolutcly fundamental to everything we do in RF design, and the way in
which the subjects are presented is excellent. Even topics that we carc not to think about, such as noise, noisc
models and noise matching, are all superbly covered. The book does not stop at models and simple treatment of
the basic building blocks, but goes on to present an analysis of an overall receiver, covering front end and IF
design, together with ways in which performance can be measured and evaluated,-—- without recourse to
sophisticated laboratory equipment.

Naturally, it would be almost impossible to cover every possible topic and application in radio
frequency design, and one area that is not covered in depth is large signal analysis, as would be applied to
power amplifiers and driver stages But there are plenty of references made to other literature that covers thesc
spectfic topics. For those fortunate enough to have an IBM compatible computer, the book also comes with a
3.5 mnch disk which has a host of extremely useful design tools, enabling onc to devise filters, matching
networks, atienuators, ¢oils ---—-- and morc. And what's morc, the computer generated designs when translated
mto real hardware, work EXACTLY as designed. Magic!

The book is an ARRL publication and is available from the RSGB for £20.74 for members and £24 .40
non-members. ISBN:(-87258-492-0 The disk alone 1s worth every penny! Mike Smith G7SDD

Phase Shift Oscillator Update
Referring back to Hot Iron Issuc 9, further

. . . +
work has shown that keying the positive supply line €eaiz Nl&'
with a p-n-p transistor 1s the simplest and lcast costly | g
0K oK

solution to the problem of how to key the oscillator.
The circuit shown nght still allows 'negative’ keving
which parallcls up nigely with controlling the delay
and changeover relay. This circuit avoids the need for 1% l
anv trimmers.  Derek Alexander GAGVM ‘—IIM olP
(Given the 3M3 in the output, it docs need
cither a high impedance load and/or to be fed into an
audio stage with significant gain such as a LM386
etc. G3PCI)
Snippeis
Nick Collis-Bird reports on thc wonders of Hot Glue Guns available for about £8 from DIY shops.
Thev arc apparently perfect for tacking wires to chassis and it even sticks to alummium which is notoriously
unwilling to take glue. They are also uscful for mounting S meters. The joints can be undone again if necessary.
Ray Donno reports a sad experience at the hands of a DTI radio inspector who called on a newly
licensed amateur in the West Country. The poor fellow was put off the air, and his log suitably incised, for:-
a) having a TX that could operate outside the relevant amateur bands,
b) having a TCVR with a faulty display that read 3 KHz off frequency,
¢) incorrect recording in his log, noting the band and not actual operating frequency,
d) not having any frequency counter or means of monitoring spurious radiation.
This all sounds pretty draconian and possibly debatable. It is importamt to be able to demonstrate that
vour rig does not produce spurious transmissions and to know vour actual frequency - get your counters now!!

SIDETONE  osSclLLpioR G 4GVH
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Ten and Twelve metres with the Taunton

Tony Measures G3WUC has spent a great deal of time working on these bands and assisting me with
the development of circuits to provide the last two 'missing’ bands in the Taunton’s armoury. Originally 1 did not
include 10 and 12m becausc they needed what appeared to be obscure crystals to obtain the correct local
oscillator frequencies. With a 4 - 4.5 MHz VFO & 6 MHz IF, integer MHz crystals are needed to retain the
same common VFQ calibration for each 500 KHz segment as usced on other bands. The casicst implementation
requires 23 MHz for 12m and 10m needs 18, 27, 19, 28 MHz crystals. A 14.5 MHz crystal can be uscd for
12m but the band will start at 24.5 MHz at the VFO dial position where the normal bands start at X 00 MHz;
simularly 18.5 and 19.5 MHz crystals would give the 28.5 - 29 and 29.5 - 30 MHz segments all tuning the same
way as the other two scgments of 10m. Subsequently 1 have located a source of 18 MHz crystals and Tony
realised that 12m could be done with a 14 91 MHz crystal if the VFO calibration was completely different from
other bands. This docs not matter to lum as he has a digital readout and could therefore use non integer crystals.

Having already changed all his single band plug-in cards for two band cards he had plenty of single
band PCBs to experiment with! It did not take him long to get some action on 12m but only with rather reduced
power. Feeding in signals from a signal gencrator had shown that the transmitter strip would work up to 10m
provided there was enough dnive. | was somewhat relieved to obtain this confirmation of my early development
work which had 30 MHz as the intended upper limit for the IRF510 output stage. It was clear that an extra
amplifier was needed in the transmit path; other ¢xperiments had shown that when the IF amp 1s fitted no extra
receive gain was desirable so the challenge is to find a way of bringing this amplifier into circuit only on
transmit for these higher bands and without needing any extra connector pins! His suggestion so far is to use the
sparc pin, normally used for controlling the choice of band A or B, as a means of getting +12T onto the band
card when not being uscd with two band cards. The +12T then controls a relay and the extra amplifier.

Despite being a bit of a rat's nest, Tony has already managed several DLs and FSRRS near Geneva on
12m phone with the basic 5 Wait output of his Taunton from Warrington. As soon as this work is complete, 1
shall inform readers. I am verv nervous of requiring expensive non standard crystals and do ponder about a
special card with a phase locked loop to get the full coverage of 10m. The pragmatic alternative maybe non
integer crvstals and mandatory digital readouts ~ particularly in view of the expenence reported on the previous
page! Both Tony and I would welcome any comments. Tim  G3PCJ

The 1996 Somerset Homebrew Contest

This was kindly organised by the G-QRP Club during March and I am pleased to be able to report the
overail winner as VU2ZNGB; he operated only on 40m with an AM transmitter! The draw prize, avatlable for all
properly completed entries was won by our own Construction Club member Keith Edwards G3XUQ using his
Yeovil to good effect. Construction Club member Peter Burridge G3CQR also did well. 1 am discussing with
Gerald Stancey G3MCK how we can ease the rules to encourage more entries next ycar. Star prizes in 1997}

The Pitney's Veoltage Regulator

Just n case 1 have failed to notify all builders likelv to be effected, the last batch of voltage regulators
used in the Pitney proved to be rather more susceptible to msufficient capacity on their output compared to
carlier batches. The LM2930T8 low drop out regulator actually needs 10 uF on its output to stop it oscillating.
With insufficient capacity the output tends to apparently follow about a volt below the input when measured
with a voltmeter. A scope shows a most unsteady output voltage instead of the desired straight line!
Unfortunately the tolerance on many types of clectrolvtic capacitors can be -20% to perhaps +50% or more!
For a few actual specimens C11 was wmsufficient to prevent oscillation. The cure is to replace C11 with a 22 uF
part. If any body with a Pitney is suffering this problem and needs a capacitor let me know, G3PC]

Comparison of voltage regulators

The standard 78XX regulators (where XX = output voltage) | Req PoU waivsy Vaniakl Qeq
have linc regulation of about 0.1%Vout against input voltage| +9q.Ly LM3T 2z
changes. The vanable types based on the LM317 chip (suffix L is a| -3 - Nﬁ‘:‘
100 mAmp part, suffix T is 1.5 Amp) are much better with line Lov i om
regulation of about 0.01%Vout. Load regulaiion is also better at 174 owf
0.1%Vout. This is why they are used for varactor diode tuning —A\A—t -=
voltages. Low Drop Out (LDO) regulators arc worse, The circuit for({ [0 :’___‘ 2R % Ra
the vanable types is shown vight with the equation for output voltage. |  Jbv i800@

The values shown give 9.6 volt out - the practical maximum for a low w-qs{ - oY
nominal 12 volt input. Use plenty of output decoupling. G3PCJ Vo= 125 ( I+ 22/21) L3PLT
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Test 1. eads and Probes

Quitc ofien kit builders who are experiencing setting up problems with oscillators, ring me up saying
that it doesn't oscillate or that it scems to be way off the intended frequency. Invariably these troubles are due to
the leads to the fest equipment! Questioning often reveals that the builder is using a plain piece of coax to
connect between the oscillaior and the instrument; perhaps a counter, RF voltmeter or sometimes a scope. At
low frequencies, perhaps to a few KHz, this is all right but from 100 KHz upwards it causes severe problems.
The reasons are that the picee of coax looks just like a capacitor, see left below. (A different situation exists if it
is terminated 1n its characteristic impedance but this is scldom the case.) A typical test lead length of coax might
have a capacity of 150 pF with a reactance of just over ] KOhm at 1 MHz. Put across a 4 MHz VFO, the
effect is even worse! Put thus across some sensitive part of an oscillator, or almost any other RF circuit and it
will cause havoc! It does not matter that the instrument may have a 1 MOhm input since when connected
together, they arc in parallel and still look like 150 pF or 1 K! It may sound odd, but it is actually better to
connect the circuit to the instrument with the shortest possible single insulated wire. Do the same for both the
signal and ground lcads while keeping them apart; this will mimmise the capacity and 1t might just work or give
a rcading!

A better solution is to use what are known as ‘divide by 10’ scope type probes. Here the probe is
actually made up of a resistive attenuator arranged to divide the input signal by ten and provide a much higher
DC load impedance than the basic 1 MOhm of the instrument. This 15 donc with a 9 MOhm resistor in series
with the probe tip - because this resistor is at the probe tip it 1solates the cable capacity from the circuit under
test. However the cable capacity 1s still there, and with the tip resistor, will act as an attenuvaior as frequency is
increased. This effect is partially overcome by placing a small capacitor across the high value series resistor as
shown In the middlc below. In the ideal situation when C1R1 = C2R2 where C2 is the cable capacity and R2 is
the instrument's input resistance, the range of frequencies over which the factor of 10 division applies is very
much increased. As a guide C1 will be roughly one tenth of the cable capacity but to allow for manufacturing
tolerances, it is usually made as a trimmer in the probe tip. (This trimmer 1s adjusted for the flattest top and
bottom of a square wave signal applied to the probe tip and viewed with the probe attached to a scope. A
suitable square wave is often available on the scope front panel.} To the circuit under test, the probe now looks
like a few pF in parallel with several MOhms which is a great improvement and will be good cnough for most
HF applications. Occasionally the trimmer is fitted at the scope end of the probe cable.

At even higher frequencics, or where impedances arc high, it is nccessary o go to an ‘active' probe to
fully isolatc the cable capacity from the circuit under test. A very high speed op-amp is placed night at the probe
tip and drives the cable as a transmission linc terminated at both ends. The op-amp is usually an FET type with
a gain bandwidth product near 1 GHz and an input that looks like a couple of pF in parallel with many
MOhms; it is arranged to have a voltage gain of 2 to allow for the signal loss across the driving end
termination. The arrangement is sketched on the nght below. Thas could be a kit if anyone is interested. G3PCJ

) ey _
— : . on Wjﬁw T
) i) [ ] G_;'rigt’j\ ff_ lNQ‘
qj Y_}IH e‘[ _
SCOPE TYPE 10
PLAIN CoRX G VOEE oke | = |
LooKs LIKE -~ .d_umhj LIKE ~— Lotk — |MPEDBNCE ZD
& .
* — { " —
- % INST TopF | % INST & INST
- - TF | %
JS?JFF M Top (M Gomon el
Low BaNDWIDH &1 | EXTENDED BenNDWIDTH | VERY HiaH BendWIDIH

G3PC3

Lightning Protection It is crashing awav outside! Grounding the antenna system during a storm is
reckoned to significantly decrease the chance of a strike on the antenna. I have a large 240 volt relay switch the
feeders away from the AMU to a good RF ground (NOT mains carth) whenever the main shack 50 Hz supply is
switched OFF. However. if it docs strike the antenna. vou will certainly suffer badl¢y damaged gear!
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The Commaon_Emitter Amplifier

The box below shows a typical circuit. Given the lack of space, this asscssment has to be rather
stmplified and without any feedback to make things easy! For convenience, it is assumed that the output is
feeding a load impedance which s at least 10 times R3_ (If not, substitute the value of R3 in parallel with the
load for R3.) In thus circuit, the purpose of R1 and R2 is to set the DC conditions in conjunction with R4. As
the emitter current is almost cqual to the collector current, the DC voltage across R4 needs to be a fraction of
the supply voltage so that the available voltage swing at the collector is as large as possible. One quarter of the
supply 1s a good starting point, which will mean that R3 is 3 times R4. If the supply is 12 volts then the cmitter
voltage needs to be 3 volts, and remembering that the base voltage will be 0.65 volts above emitter for a
common bipolar type of transistor, gives a desired DC base voltage of 3.65 volts. R1 and R2 act as a potential
divider to give this. The small signal voltage gain of the stage (collector AC voltage divided by base AC
voltage) will be roughly R3 divided by the effective cmitter resistance R, If C4 were absent, R, would be nearly
equal to R4 and the voltage gain would be R3 divided by R4 or a gain of 3 for the DC conditions suggested.
[f C4 15 fully effective and decouples the emitter at the signal frequency then the cffective emitter resistance in
Ohms 1s approximately 25 divided by the emitter current in mAmps and the gain is much higher. The input
capacitor Cl needs to be sufficiently large so that its reactance at the lowest frequency of interest is smaller
than the paraliel combination of R1, R2 and (20 times the effective emitter resistance as derived above). The
output capacitor C3 needs fo have a reactance smaller than the load impedance at the lowest frequency. The DC
collector current needs to be at least a bit larger than the peak output signal current, (desired peak voltage
divided by load impedance}. Since this DC current also flows in the emitter, that allows R4 to be denived from
the suggested 3 volts at the emitter. Output signal fevel will be limited by the lower of a) maximum available
collector voltage swing, b) inadequate DC current for the collector swing and ¢) voltage gain times about 0.1
volts {duc to non-lincanty at the emltte)i). The upper frequency at which gain begins to decrease, will be
determined either by the transistor running out of gain as its gain bandwidth product is approached or when the
reactance of the capacity at the collector (stravs and device) is less than R3. This simple tvpe of analvsis is a
useful guide for most small signal bipolar transistors of either n-p-n or p-n-p type. In selecting a transistor you
must also make certain it has a sufficientlv high collector voltage rating (at least -5 the supply voltage).
sufficient maximum power dissipation for the collector current times voltage between collector and emutter, and
adequate gain bandwidth product (known as F; ) for the application. A current gam or h, above 20 also is
desirable. Since this is rather heavy stuff. a cartoon is in order! G3PCJ

I i

SIMPLE ceMMoN EMITIER AMP
a»c]

Subscriptions

Sadly, it is that time of the vear again! Unfortunately, the increase in the cost of postage and copying
mean that 1 have to raise the subscription - it is however the first increasc since we started the Construction
Club three years ago and I trust that vou find it good value. Feedback and articles are always very welcome.

From Sept. Ist 1996 I shall have to charge £6 but as a discount to existing members, I shall be
pleased to renew pour membership for the next vear at £5 for UK members (£7 overseas) provided payment
reaches my by Sept. Ist. Where membership was included with a rig, paviment will be needed for next year.
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Hot Iron

Issue 13 "Journal of the Constructors Club" Autumn 1996

Editorial

As the weather 15 doing its usual best to distupt my harvesting activitics, 1
think 1 had better make a start on this issue of Hot Iron! Much as one would like to be
M able to think up suitable electronic topics whilc driving the combine, the best [ can do,
15 to wonder if there is some sort of smoke detector that will react to burning rubber
from slipping belts and buming chaff on the exhaust manifold! it took much of
vesterday to change onc belt! Access for repairs was not a high design priority!
Just reeently I have sent follow-up questionnaires to those inquiring about kits

Contents who have not actuallv ordered anvthing; onc answer was noteworthy as the author
* Pitney Tuning said he never bought kits where he thought the kit price was higher than the sum of the
® Ceramic Res VF() cost of the individual parts. In my experience, this is nearlv always the casc because
¢ TX Controller the economies of scale are not great and overheads have to be recovered. A supplier of
o RF Filters quality kits has to buy his parts from reputable and repeatable suppliers so that the

vagaries of customer's demands can be met without huge unsold stocks of parts
costing 8% per annum. While an individual can go to a rally and buy air vanable
capacitors for 30 pence and a slow motion drive with knob for a £1, thev will cost me
over £10 even at the 235 off rate. (This 1s why | stick to varactor diodes and pots!)
Costing most parts at the 25 off rate and adding the PCB matenal, etching and drilling charges, instructions and
then those dreaded overheads, means that the kit price 1s significantly higher than the 'rally’ part's costs. What
overheads? Advertising (1/16th page in Radcom £753), sales leaflets, phone, stationary and postage not paid by
customers. photos of new products, development parts for new product circuit design, PCBs and at least onc
prototype model, share of capital item costs, (test gear. computer, reference books) ete..! My time - free for fun!
Product News

Readers mayv recall my mentioning the Dravton CW transmitter as a companion to the Pitnev RX; now
the Martock RX 1s available for thosc wanting a dedicated amateur band RX to go with the Dravton.
Expcnience has shown that the Dravton will work up to 15 MHz simply by changing the ‘crystal’ - it is actually
supplicd with a ceramic resonator for 80m which allows a far wider pulling range (40 KHz) than can be
obtained with a crvstal. It is almost a VFO!! The Martock 1s a direct conversion RX for any single band 20 to
160m by selection of coil/capacitor combinations at ordering. {t is equipped with double tuned RF filters. a
sharp SSB audio filter and a narrow humped low pass filter for CW centred on 750 Hz. The output stage drives
walkman tvpe phones or a small speaker. The VFO has special temperature compensating capacitors to cnsurc
adequate stability at up to 20m but since it is operating at the received frequency, if 1t were to be used for
driving a CW transmitter, there would be severe chirp problems! This is why the companion TX to the Martock
is the crvstal controlled Drayton TX. For CW on the higher bands with a VFO, vou need the Frome!

Design work on the Frome 1s progressing wecll; it is multi-band by single or two band plug-in cards like
the Taunton for up to 15m with full VFO coverage on all bands. 5 Watts RF output on CW. Double tuned RF
filters and sharp audio filters like those in the Martock. This nig will complete the lme of HF TCVRs. The
signal gencrator kit makes slow progress as it has proved very difficult to climinate the close-in harmonics. 1
thank this is now solved and it only needs the PCB to be laid out again! Tim Walford  G3PCJ

¢ Taunton 10/12m
* Supply Protection

Het fron is a quatterly newsletter for radio amateurs interesied in building cquipment. It is published by
Tim Walford G3PCT for members of the Construction Club. Aricles on simple theory, copstruction,
testing, updates on kats, questions and suggested Lopics are always wanied. Please send correspondence and
membership inquiries to Upton Bridge Farm, Long Sutton, Langporl, Somcrsel, TAIO 9N Tel & Fax
01438 241224 "Lhe Copyright of all material published in 1ot Iron 1s retained by TRN Walford. ©.
Subscriptions are £6 per year for the UK (£8 overseas) from Sept st in each vear. Junc 1st 1996,
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Pitney Tuning and RF Gain Control

Here are a few optional modifications which make the Pitney more suitable for dedicated amateur band
use. The Pitney's frequency coverage can be reduced so that your chosen band(s) fills a larger part of the coarse
tuning knob swing, possibly making the fine control unnecessary so that it can be re-used as an RF gain control.
Because the Pitney has very little provision for tuning presets, the following alternative capacitor values must
be taken as guidance only and may need some adjustment for vour particular rig. Obtain these parts at rallies
etc.. You may find that switching L2 in and out of circuit, enables you to retain coverage of some parts of 80
and 160m with the same setting for L1 - but generally L1, and maybe C20, will need adjusting for each band if
coverage 1s to be spread over the full pot rotation. If you wish to retain it as a three band rig covering specific
segments, vou will defimtely have to have extra trimmers and switching which are beyond these notes! Extra
RX capacitor(s) C20/21 are required for each band to provided the fixed part of the tuning capacity. These are
nstalled on the underside of the PCB between the track leading to RX pad B and the nearest suitable ground
track having a chassis symbol, so as to connect them across the main coil of L1 of the RX . The Pitney's original
C5 (10 oF disc} should be removed and the RX pad A should be linked to the ground plane.

Band New approx tuning Links to replace original New €20 New €21 New C5 New C6
range - KHz switch connections
160m 1810 - 1860 100 pF 100 pF 100 pF 56 pF
80m 3540 -3630 RXpadsBto C - 100 pF 100 pF 100 pF 36 pF
perhaps via switch.
40m 7000 - 7150 RXpadsBto C. 22 pF trimmer [00pF 15pF

After making these changes, decide if the fine tuning control is really nceded. If not, remove the wires to
RV3 and reconncet the slider of RV2 to the RX point TV. The RX track between C2B and the hot end of L3
should be cut in its middle so that the RF gamn control can be connected between C2B and L3. The anti
clockwise end of RV3 should be connected to the ground plane. The clockwise end of RV3 should be connected
to L3. The shider of RV3 should be connected to C2B. RV3 should now act as an RF gain control and will
allow the Regeneration control to be left just cither side of the point of oscillation for maximum selectivity.
Using RV3 as an RF gain control will also help reduce cross modulation from strong unwanted signals. G3PCJ

Coker Modifications
David Proctor. GOUTF, found the following uscful:-
1. Add a low pass filter (circuit right) on the output to reduce
TV1 when using his unbalanced antcnna svstem. ek &Bﬂ H
: ) : : . — TN Y B —
2. Redueed VFO drift by using a silver mica cap for C1.

(I have a set of altemative capacitor types which cure the —_ —_—
drifi tendency - please send £1 in stamps if wanted. G3PCI) leoopf
3. Add 1K pot 1n serics with the tuning pot for bandspread.

4, Optional SSB audio response by switching 1K across L3.
5. Use relay contacts to switch in RI'1 control voltage on receive.
Ceramic Resonator VFO for 80m

The circuit right 1s that in the Drayton. It 15 a

1St
%
L a

:-00 FF

E0w Lol pans INION aduie

would swing a crvstal ncarer 0.053%! Although 10 MHz v
ceramic resonators arc available, 1 could not make mine
G3PClJ

. . . . -2y
Collpits oscillator with the resonator instead of a crvstal /) i ——s
or parallel coil/capacitor combination. The ceramic ;l N l lowF
resonator requires a nominal 30 pF capacity in parallel ZS 4142 oo N
but by making part of this vaniable, the frequency can be (2 219
vanied appreciably. A trimmer or air variable can be used X I\ ot
(or even a varactor and pot!). The relatively high Q of! (onamnc _L Gl’]Sw___?_
ceramic resonators means that chirp, duc to RF feedback Resmweler 33 Fl P
from the transmitter output is unlikely to be so large as to T— _1 f
be troublesome. The commonly available 3.58 MHz |2 gg / i 1
ceramic resonators can be swung over 40 KHz with a 22| My 2%? 33 T
pE trimmer which is just over 1%. The same technique| 4 pF by

7

Conammre. Repmadov VFD

reach the 30m amateur band! Gl
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Transmitter Controller by Eric Godfrey G3GC
This device has two main uses with a CW transmitter and saves a lot of hand kcy operation!
l. Keving the TX with varying duty cycles for soak testing, etc.
2. Generating continuous dots for assessing unwanted effects.

The circuit can be butlt in a small plastic or metal box using veroboard etc. with its own internal 9 volt
batterv. The output lead has a jack suited to the key socket of the transmitter under test. The transmitter must
be of the type wherc the key normally switches only low currents with low open circuit voltages. The
transmitter RF output should of course be connected to a dummy load or antenna system depending on what is

being investigated.

The circuit shown right simplv comprises an
astable NAND Schmitt trigger connected to an output
switching transistor, The jack plug output is taken
from the transistor's open collector and 0 volts. The
transmitter's kev control linc should have an open
circuit voltage below about i35 volts positive. The
repetition frequency (RPF) of the astable is dependent
upon the position of S2 which selects one of three
capacitors, The position labelled TST gives a tow
RPF, about 15 Hz, suited to prolonged duty cycle soak
testing; the nuddle position labelled CK gives a high
RPF (100 Hz) suited to scopc obscrvation of keving
characteristics while DTS 1s used to provide dots at
about 17 wpm for identifying transmitter harmonics,
infcrmodulation products and other nastics. The
selected capacitor 1s charged through the 10K resistor
and that part of dutv ¢ycle pot VR connected by D1,
It is discharged by the 10K and the other part of the
pot connected by D2, When the pot is in mid-position,
the charge and discharge times are the same giving a
1:1 mark to spacc ratio or a 56% duty cvele. The pot
alters the charge and discharge times to give duty
cveles of up to 3/93% in either direction. The output of
the NAND gate {pin 11) is a squarc cdged wave, of
amplitude equal to the supply voltage and repetition
rate dependent on the setting of S2. with a duty cycle
controlled by VR1. This output, which can be used to
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trigger a scope. drives the output switching transistor
which can be practically any n-p-n type. The switch 83
has positions for OFF (no keying action), VARiable
with key 'down' duration set by the pot VRI, and ON
where the transmitter is producing continuous RF.

Part Location and Screen Printing

Potential builders often express caution about being able to find the correct holes in a PCB, particularly
if their evesight is not as good as thev would wish. 1 have to admut that I now use a magnifving glass far morc
often than I would like! | find the markings on ceriain types of capacitor particularlv hard to read. The very
large illuminated bench mounted magnifying lenscs are highly recommended; with care, one of these lenscs
should cnable most builders to find the correct holes for parts. I do not include sereen printing on the PCBs
because it is another process that would add to PCB cost and would reduce design flexibilitv notably on densc
boards where often it is essential to mount resistors vertically,. While this may require more care by the builder,
that is in vour time which is free to vou! Studying the track layout, checking as parts are inserted, followed bv
testing in stages greatly helps circuit understanding. The alternative approach of inserting all items from a parts
list, applving power and praving it will work is not suited to moderately complex circuits! | try to siart
construction with the larger parts that can only be put in one way and whose location should be obvious, such
as presets and TOKO coils. Another approach 1s to scribe the top ground plane with fine lines on a I cm square
grid. On morc complex projects I now include a grid reference for all parts bascd on such a gnd. G3PCl
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Transmitter Controller by Eric Godfrey G3GC

This device has two main uses with a CW transmittcr and saves a lot of hand kev operation!

1. Keving the TX with varying duty cycles for soak testing, etc.
2_Gencerating continuous dots for assessing unwanted effects.

The circuit can be built in a small plastic or metal box using veroboard etc. with its own intermal 9 volt
battery. The output lead has a jack suited to the key socket of the transmitter under test. The transmitter must
be of the type where the key normally switches only low currents with low open circuit voltages. The
transmutter RF output should of course be connected to a dummy load or antenna system depending on what is
being investigated.

The circuit shown right simply comprises an ) 1) ﬁ
astable NAND Schmitt trigger connected to an output ‘9
switching transistor. The jack plug output is taken
from the transistor's open collector and 0 volts. The
transmitter's kev control line should have an open
circuit voltage below about 15 volts positive. The
repetition frequency {RPF) of the astable is dependent \

49y

G3GC

upon the position of 82 which selects one of three

capacitors. The position labelled TST gives a low

RPF, about 15 Hz. suited to prolonged duty cyele soak —AAA—

testing; the middle position labelled CK gives a high A

RPF (100 Hz) suited to scopc observation of keving o 23\
N
>
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characteristics while DTS is used to provide dots at )
about 17 wpm for identifying transmitter harmonics,
intcrmodulation products and other nastics. The
selected capacitor is charged through the 10K resistor
and that part of duty cvcle pot VRI connected by DI
It is discharged by the 10K and the other part of the
pot connected by D2, When the pot 15 in mid-position,
the charge and discharge times are the same giving a
1:1 mark to space ratio or a 50% duty cvele. The pot
alters the charge and discharge times to give duty
cvcles of up to 3/93% in either direction. The output of - P
the NAND gate (pin 11) is a square edged wave, of
amplitude equal to the supply voltage and repetition
rate dependent on the setting of S2. with a duty cvele
controlled by VR, This output, which can be used to
trigger a scope. dnives the output switching transistor
which can be practically any n-p-n type. The switch $3
has positions for OFF (no keving action), VARiable
with kev 'down' duration set by the pot VR1, and ON
where the transmitter 15 producing continuous RF.

Part Location and Screen Printing

Potential builders often express caution about being able to find the correct holes in a PCB, particularly
if their cvesight 1s not as good as they would wish. I have to admit that 1 now use a magnifving glass far more
often than I would like! I find the markings on certain types of capacitor particularlv hard to read. The very
large illuminated bench mounted magnifying lenses are highly rccommended; with care, onc of these lenses
should enable most builders to find the correct holes for parts. I do not include screen printing on the PCBs
because it is another process that would add to PCB cost and would reduce design flextbility notably on dense
boards where often it 1s essential 10 mount resistors vertically. While this mayv require more care by the builder,
that 1s in vour time which is free to vou! Studving the track layout, checking as parts are mnserted, followed by
testing in stages greatly helps circuit understanding, The alternative approach of inserting all items from a parts
list. applving power and praying it will work is not suited to moderatcly complex circuits! I try to start
construction with the larger parts that can only be put in one way and whose location should be obvious, such
as prescts and TOKO coils. Another approach is to scribe the top ground planc with fine lines on a 1 cm square
grid. On morc complex prajects I now include a grid reference for all parts based on such a grid. G3PCJ
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RF Bandpass Filters

The more common filters are based on parallel tuncd
circuits, either 'single’ tuned with one resonant circuit or
'double’ tuned with two coupled resonant circuits. Coupling in
and out mavbe by transformer coupled link windings or by
capacitors. Since people don't like winding any coils, invariably
design starts by selection of a standard coil from the TOKO
range whose more common parts are shown right. Knowing its
inductance, the desired resonating capacitor C; 1s calculated

from:- 50{, %
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This capacity maybe anv combination of fixed and
variable tvpes. The parallel part of the circuit operates at high
impedance and () will be reduced if low or mediom mmpedance
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loads arc connccted directly across the main 1. and C. In

practical terms, only the high impedance of FET gates should be connected directly across the main rcsonant
windings. Where link windings arc used for input/output, the load impedance 1s multiplied up by the square of
the turns ratio between primary and secondary. Generally i1t is unwise to load the resonant circuit with less than
a few KOhms due to these multiplied up in and cut impedances. Quitc ofien 50 R in/out impedances, typical of

antenna feeders or some interstage couplings, can be connected
direct to the link winding. Where capacitive coupling is used to
link to the 'hot' end of the resonant circuit, then small capacitors
being a fraction of the resonating capacitor C, are needed. It is ai
complex calculation! As a very rough guide. use 10% of C, for
linking to 30 R, about 25 to 33% C, for linking to 300 R and
perhaps up to 30 % C, for 1K. The actual capacitor required for
the main resonating capacitor will have to be reduced by thej
linking capacitor value. 1t is unwise to use capacitive coupling
for both input and output coupling as this degenerates into a high!
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pass circuit tather than the desired bandpass response.

Where two (or more} resonant circuits are coupled
topether with the objective of giving higher attenuation away from
the passband. then cither a small capacitor between the rop hot'

ends of the resonant circuits, or small inductors at the botrom of

the main inductors can be used. Sce right. The small top coupling
capacitors should be about 6% of C, for a tvpical overall Q of 10
which 15 commonly needed. This value will also have to be
deducted from the main resonating capacitors of both inductors.
Reducing the linking capacitor will raise @, while increasing it
will lead to a double humped response and a dip at the passband

centre frequency. Where the coupling is done by small inductors, |
the coupling inductor should be about 6% of the main resonating !
inductance. In an ideal world bottom coupling 1s preferred since
the coupling inductance looks like a short at low frequency which |

helps prescrve the desired bandpass characteristic. However, in

practice, top coupling is far more convenient and is the most]

common technique. The same methods can be used for adding a
third resonant circuit for ¢ven better stop band rejection. The
guidance here is necessarily very approximate; for serious work
the best treatise that 1 have found is in the ARRL Circuit
Designers Handbook G3PCI
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Taunton TCVR on 10 and 12 metres by Rev Tony Measures, G3WUC

Having changed my single band cards to double ones, I have been able to experiment with the singles
for 12m and the first section of 10m to 28 5 MHz. The table shows the bandcard parts required - note the
change of TOKO coil type for 10m RF BPF and the use of yellow T68-6 cores for the TX matching coil. With
the crystals that 1 had available (14.910 for 12m and 18.0 MHz for 10m), the VIFO had to go down to 3.98
MHz and 1 raised the upper end to 4.315 MHz for extra coverage with my single crystal on 10m. The wider
VFO range only needed adjustment of L102 and RT101]; although this upsets the normal tuning calibration, it is
immatenial if you have a digital readout. (Sce earlier notes in Hot Iron Issue 12 about crystals for these bands )
Later I hope to fit an cxtra slide switch and an 18.5 MHz crvstal to obtain all of 28.0 to 29.0 MHz. These two
cards tunc pretty well but more dnve 1s needed to obtain full output, especially on 10m; nevertheless [4KDR did
give me 5 &3 when | was onlv up to ] Watt! My earlier efforts with an on-card RFF ampiifier became
unnccessary with Tim's suggestion of an extra transmit only amplificr between Mixer and switch (IC102 and
IC103). The circuit 15 essentially a broadband common source amplifier with a gain of 5 followed by an emitter
follower to isolate the amplifier drain load from high the capacitance of the following 4066 and longish tracks
to the RF filter. The main drain load is the 560R resistor but the 2.7 uH & 20 pF trimmer can be peaked for a
little extra output on 10m. The 220 pF bypassing the source resistor also lifts the gain at the HF end. Since it is
in the transnut path it does not have to be controlled. It should be installed with short leads etc. on the underside
of the main board with the track between pin 5 [C102 and pin 4 IC103 being cut at each end. Because it is in
circuit for all bands, it will require a reduction in the drive preset for all existing bands and possibly a tweak to
the RF BPFs for the higher frequency bands. As part of my earlier efforts, I had already changed TR303 to a
2N2369A but this may not be necessary and if a 2N2222A is not available for the extra amphfier, it is well
worth trying a BC182, BC108 or BC109. After adding these circuits I was able te attain 5 Watts on 12m & 4 4
Watts on 10m using a 13.8 volt supply with a standing current of 0.9 Amps in TR301. Raising the supply to 13
volts produced the target 3 Watts on |0m! {Well done Tonv! 1 hesitate to offer this as a formal kit
because [ suspect the actual performance may varyv appreciably from rig to rig, however it is indicative of what
should be possible; if anybody wants assistance with parts etc. please let me know. G3PCJ)

Part No 12m 10m

RF freqg  21.94 MHz 27825 MHy <+ 9 f3
L201 3335 4613 L _[2 =
— . 7
1.202 3335 4613 a« B 25|
= (‘\i L] \J
C201B  10nF 10 nt o3 o SlE
i o
C202 18 pF 6p% + « R 2[5
2 & _ ;
C203 4p7 1p8 Y < A
€204 22 pF op¥ !
C205B 10 0F 10 nF o £
LO fr 18.94 MH» 2225 MHz > O < |
L.203 3335 3335 +J oL
L204 3335 3333 | s
C206A  15pF 15 pF ! g
207 33 pF 33 pF
1_..
C208 2p7 Ip8 =
C209 33 pF 33,pF W
-
C2i0B 10 nF 10nF &
LOxtal 1491 MH~ 18 MHz ff
C251 65 pftom 65 pF trim &
C232 65 pF tnm 65 pF (rim C,_‘é
L251 12 t - T68-6 11 t-T68G ﬁ
Link 202 Yes -add Yes -add
C201A, C205A, C206B & C210A not required.

Hot Iron - Autumn 1996 - Page 5



Power Supply Protection
One of our members recently had a cheap CB type commercial PSU fail, resulting 1n high DC volts on
his Taunton plus counter, which burnt out some of the chips supplied dircet from the 12 volt line. Hence these
notes! These are not complete circuits since you may be able to use what 1s alrcady in your junk box. It is
necessary to keep protection circuits simple so that their reliability will be appreciably higher than the item
which nught fail, causing damage. However simple circuits often have poorly defined operating ponts so 1t is
vital to try them out with care on dummy loads first!
Reverse polarity - protects against operator failure! 5
The casicst is a series watty diode, better is a| 4+ :

!
serics fuse followed by watty diode across the supply. (_Kl_ !
Notc that a correctly connected RF output stage FET :
such as an IRF310 acts just like this power diode Losd. Su”)j

(assuming its drain is always connected to the supply).
Thi_S has saved myv Yeovil on.ce‘with the supply \x_-ircs -y ot = Cmf Ned
acting as fuse! Even better still is a relay with a diode Dok Dyod L 3¢
in scrics with the coil - see right. «_
Over-current sensing - protects against foad failure!
‘The load current is sensed and, when above
some threshold, shuts down the regulator by removing
the control voltage. Most schemes depend on the load
current flowing through a resistor which turns on a
transistor, hence there is ncarly ahways a voltage drop
of about 9.7 volts The 'switch' scheme outlined right
can be added to an existing supply but will have a
variable loss across it up to about 1 volt. This can be
avoided if it 18 placed in the raw DC linc feeding the

w04 ‘o [ RV 4

regulator. The current through R, needs to be about —_— . -
10% of 1, max. - also consider R;, dissipation. The: OVER CJRRENT ‘SusiTeH’
sense resistor should be about 0.63 volts divided by 1, @3

max. Use a watty transistor + heatsink for the output.
Over-voltage sensing - protects against PSU failurc!

Here a fast acting circuit is nceded to avoid
damage to the load. Usuallv the excessive voltage Fose i
triggers a 'crow-bar' across the supply - often done| ¥ T |
with an SCR which stays on till the PSU is shut down. | lesd % \ b / "{ »
The scheme on the right is a compromisc between erxj(’, C fo wx
simplicity and precise trip voltage. Again usc a watty T, Lm.ja
transistor with heatsink and also a rclatively watty Med T B w-p -
zener. Don't forget the fuse or vou may loose the|I5v by 12¢ Ao R\él + Heafeinke
protection devices as well! It 1s well worth trving this c,v.rw - <"
out first with a vanable power supply to assess the OVER. VOLTAGE cLAMP
actual voltage at which the transistor turns on hard. G3PL]
Metalwork!

Yet another casc recentlv of imadequate metalwork acting as heatsink in a PSU: this time with a
LM317T regulater which warmed up after a few miunuics and began to shutdown by reducing the supply
voltage. The consequence was a slow change in VFO frequency as the PSU warmed up. If the regulating device
feels hot to touch add more metal! It may be able to handle a high current but only if 1t 18 kept coolt G3PCI

A PLEA!

Help! T am running out of ideas. Plcasc let me know what vou want to have covered in Hot Iron. Even
better still, write me a few notes. Do not worry about the style etc. as I am quite happy to put it into shape. |
can scan in a photo of something interesting if vou have one. You won't want my rumblings for ever!

As implied elsewhere, the HF line of rigs in the Somerset Range is nearly complete, so | am thinking
about further construction projects; if vou do drop me a ling, tell me what you would like to build next. Would
vou like something for 30 or 70 MHz or morc test gear, grid-dippers, Hi Z Hi freq probes cte.???  G3PC)
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Issue 14 "Journal of the Constructors Club" Winter 1996

Editorial

I am a little later than usual compiling this issue of Hot Iron (Dec. 7th),
so it is quite timely to wish you all a very Happy Christmas and prosperous
New Year! May you also enjoy good health and an excellent year in your radio
activities. Looking back over this year, it has been about the busiest that T can
remember, both around the farm and in the 'Laboratory'. One of the pleasures
of living in an old farmhouse, apart from not having to worry too much about

Contents damage_ to MOS devices from static electricity, is that I can sit in front of a log
. fire typing away in the half of the room that is my farm office. (Incidentally,
* Wide range GDO . . .

o CW filter the wood is fallen willow trees which have to be cleared up and so benefits
e RF attenuator everybody!) It feels very 'Christmassy' and, given the freezing fog outside,
¢ Soldering topics thfare is little to draw me away! The ot_her half of the room 15 'The Laboratory’,
* Component Tester LS 15 instantly recognisable as a typical radio amateurs shack piled high in
® Antenna Matching  liferature, components, wire and home-made bits and pieces. Under
considerable pressure from Madam, who also has a desk somewhere in here I
understand, I rearranged the computer table so that it now faces the Laboratory - in consequence ]
find it much harder to concentrate on the text when some half finished project is in view on the bench
opposite! Soon, I expect there will be pressures from my daughters to erect some Christmas
decorations, the snag is what to attach them to! Everything is always in constant use and/or fragile! (It
sounds like a scene for our cartoonist member GW3COL.) I am sure that you all have impeccable
shacks - at least modern equipment is much more spouse friendly than the 19" racks of yesteryear!

Whatever your domestic arrangements, have a very good year in 1997.

1im Walford G3PCJ Editor

Kit developments

The Frome CW TCVR is now available. It is a 5 Watt anv single, or any pair of bands, by plug-in
cards for 15 to 160m. It has a DC rceciver with switch selectable sharp phone or CW filters. Double tuned RF
filters and a varactor tuned VFO with crystal mixing scheme to give stability and avoid chirp. The Manual (£5)
1s available scparatcly if vou wish to asscss the project first. Single band TCVR £835, or any two band TCVR
£115 + £1 P&P. There is also the possibility of double sideband suppressed carricr phone operation.

By the time you read this, the Januarv 1997 Practical Wircless will be out, with an article by Rob
Manion G3XFD about the PW CADET. This is a collaborative project between us for a beginners project
which should be quite within the abilitics of 10 year colds upwards. It is an AM broadcast station receiver for the
medium wave band, and short wave from about 3 to 6.5 MHz. It has three stages using only FETs for
simplicity, ease of understanding and building. You only necd a 9 volt PP3, walkman typc phones, solder,
soldering iron and cutters. £24 + | P&P from PW or WE. The CADET PLUS will add a BFO and RF amp.

The re-designed Signal Generator should be available soon; if you are interested and vou havn't heard
from me recently - give me a ¢all. The revised 12 volt 10/15m to 160m 25 Watt Beoster 1s also imminent!

Hot Iron is a anarterly newsletter for radio amatenrs interested in building equipment. It 1s published by
Tim Walford G3PCI for members of the Construction Club. Articles on simmple theory, construction,
testing, updates on Kits, questions and suggested topics are always wanted. Please send correspondence and
membership inquiries to Upton Bridge Farm, Long Sutton, Langport, Somersef, TA10 9NJ. Tel & Fax
01458 241224 'The Copyright of all material published in Hot Iron is retained by TRN Walford, €.
Subscriptions are £6 per vear for the TJK (£8 overseas) from Sept st in each year. June 15t 1996.
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Wide Range Grid Dip Oscillator by G3DII

Joseph Bell, who is a frequent correspondent
about FET amplificrs and has an IRF510 operating
on 10m, has sent along some notes about his search
for a gadget that would allow him to measure the
resonant frequency of parallel tuncd circuits down
into the kiloHertz region. "I tried driving digital
dividers from an ordinarv HF GDO but without much
success. Following on-air discussions with GD3FXN,
I was introduced to the circuit shown alongside. Tt is
based on our old friengd the multivibrator; 1 had to use
extra decoupling for the low frequencies and
increased fecdback. Now vou can place a parallel
tuned circuit between the 'test' points and it will
oscillate from low LF up to VHF! For instance, 1
stuck 2200 nF across a pot core and the counter
indicated 2 KHz. If you have a counter, it is easy to
calculate the inductance of any coil with the aid of a
tolerably close tolerance capacitor (silver mica for
instance). The formula for L or C unknowns, is that
the LC product (L in microHenries, C in picoFards)
15 cqual to 235330 divided by the square of the
resonant frequency in MHz, so work out the LC
product and then divide it by the value of the known
L or C. T used a vanable feedback capacity so that
its valuc could be kept to the minimum for a
reasonable waveform, A 9 volt supply is sufficient.”

CW audio filter

Dircct conversion reccivers necd to have
narrow audio bandwidths since it is the audio filter
characteristics which determine the selectivity of the
recciver. Quite often the audio filter 1s sufficiently
wide (about 2.5 KHz) to pass phone signals without
degrading voice quality but this means that several
different CW stations can be copied at the same time!
Hence the need for a much narrower audio filter for
CW _ Ideally this would be a bandpass filter so as to
reject signals both above and below the desired beat
tone. Since most people use a beat tone near 800 Hz
there is more scope for unwanted signals coming
through within the 800 1o 25300 Hz range, hence the
common simple solution to usc a low pass filter
which is 3 dB down at about 800 Hz with increasing
attenuation above 800 Hz. This stll allows lower
tones through between the RX's low frequency pass
band (tvpically 300 Hz) and 800 Hz. Hence the ideal
1s a bandpass filter centred on 800 Hz. They are not
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often provided because they are complex if the filter slope is to be reasonable. The circuit above is a reasonable
compromise though and can make a great improvement if the audio passband is wide. It is basically a humped
low pass filter with much better attenuation on the HF side wherc it is most needed. The 22 nF feedback
capacitor is larger than normal giving a slight (but controlled) tendency towards oscillation - it does not actualty
oscillate but the filter sharpness is mach increased. The circuit consumes only a few milliAmps and can be fed
from a hum frec 9 or 12 volt supply. In the Martack receiver, the filter output feeds the 4K7 AF gain control
s0 using a 68 nF output coupling capacitor gives attenuation to signals below 500 Hz: hence the overall effect is
a bandpass filter with sharper attenuation on the all important HF side. G3PCJ
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Soldering Extractor Fan by Dick Turpin GOBFU

A recent isit to my surgery, where there was
a notice saving "Fresh air is not free", made me think
others might be interested in my fume extractor. I have

long been aware of the dangers of breathing soldering il ,:;F’"
fumes. particularly from the ‘enamel’ on modem C- — _ e
. - . - = = *
copper inductor wirc. Many amateurs do their 1 J*" @i
bStes

construction in small rooms, or in wooden sheds, and
in cold weather with closed doors and windows. Good
ventilation, without getting cold, is however essential.
I use a small 5 volt fan (sold cheaply at rallics) which
is permancntly connected to the incoming mains
supply of my soldering station. The fan needs DC so q- =

a small bridge rectifier fod from the 6 volt heater \

HININ

Al

E

7

winding of an old receiver mains transformer 1s all Rrecdefe d?f Fwn | abide
that is needed to keep it going whenever the soldenng ( w@) iy - ‘
station 1s tumed on. The fan exhausts through a metal Jﬁ et

b tep o Lifom § Hon fide

tunnel out through the shack wall. An empty cat food
tin, less top and bottom makes a tube to bring the fan
intake nearer the source of fumes. A grill is desirable on the outside of the wall to prevent draughts when not in
use; if the 'wall' is wooden as in a shed, then drilling multiplc holes 1s an alternative. The holes or grill should be
covered with a metal shade or cover to shed water and add to draught prevention. Sealing of the various joints
can be done with bluetack, mastic or putty. If necessary, a longer tubc can be made with wood or 3 inch sewer
PVC ventilation pipe. In Summer, it can alse boost air flow through a hot shack!

Switched Antenna Attenuator by Derek Alexander G4GVM

Anyone operating a Direct Conversion receiver
in the evening will know that an RF/Aerial attenuator
is @ must. I had no room on the front pancl of myv
transceiver for the usual potentiometer controt so an
alternative had to be found. The three position
miniaturc ON - OFF - ON toggle switches came to
mund. This switch and associated resistors take up very -

Prdeanac t'u_?..v{’

230k fu 9(3.\.\

Fy=t"

[

little room and fit easilv onto an already crowded front e Q:‘( Sh'ap dowhn
panel. The resistor values shown give two steps of nh_?wr_' 220K ? SeLa-d,
attennation satisfactory to my needs but would form a sf’c], SOLN
good starting point from which to experiment if

different levels of a signal reduction are required. The Q’“ﬁm\d— LRZ
fact that impedances in and out arc no longer a nominal -

50 Ohms 1s less of a problem than the breakthrough M ('-——}M

without the attenuator!

Soldering coaxial leads

Peter Barville, G3XJS, has sent me some notes gleaned from the Internet about soldering jumpers on
PCBs wherc the cable has to be bent sharply adjacent to the PCB for it to look smart. However the methods
suggested have more general applicability. The kev 15 to prepare the braid before making any connection to the
coaxial cable inner conductor. After stripping back the outside cover perhaps 3/4 of an inch, the braid can be
carefully unwoven with the aid of a small spike. The mass of single strands of the screen can then be twisted
into a single ‘core’ on one side of the coax. Cut off the surplus leaving a tail of about 3/8th of an inch long into
which a stiff wire can be inserted. The offcuts of some component having fairly thick leads 1s best. This single
wirc is then soldered into the middie of the bundle being quick with the soldering iron in order to avoid heating
the insulation between inncr and the braid. Make certain there 1s no mechanical strain on the coaxial cable or
inner when doing this. Before making the screen connection to the PCB, prepare the inner conductor by
stripping the insulation and tinming. The screen connection is made to the PCB by inserting the single
ex-component lead into the PCB screen hole and soldering. Finally make the inner connection. (An alternative
approach with small flexible cables, is to pull the inner out through a hole in the screen without unravelling it.)
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PCB Artwork

Craig Douglas, GOHDIJ, writes that he experiences frequent problems with bairline fractures in his own
sclf laid out PCBs. I can assure Craig that he is not the only one! In the case where the tracks are being laid on
transparent film, such that multiple copies can be made by exposure with ultra-violet light onto photo-resist
coated PCBs, the answer is to examine the artwork very closely with a magnifying glass after it is complete.
This is often helped by doing it over a light box with an ordinary white light source. You may even be able to fit
an extra ordinary bulb inside the same light box that is used for ultra-violet exposure. For single projects where
the artwork forms the ctching resist, it is much harder to see the breaks as thev are against the darkish
background of the copper. My only suggestion is to do the whole layout twice over because the chance of two
breaks occurring night ontop of one another is extremely remote. This may seem like a waste of effort but it is
often trivial compared to the time spent hunting for faults, or supposed design errors, only to find a broken lead!
Many home 'etchers’ will be aware that the gap on the copper arising from a hairline crack is much wider than
the break in the artwork because the ferric chloride tends to etch away the copper just under the edge of the
resist material. Craig asks about shelf life and materials. In my experience, the special rab-on transfers intended
for PCB work do have a finite shelf life, after which they are prone to cracking or failing to peel cleanly from
the backing paper after being rubbed down. [ suspect this is measured in terms of a small number of months.
For ultra-violet work, a very dense black matenal is necessary to stop penetration of the light rays. The special
rub-on transfers are made of suitably dark material but often it is difficult to obtain all the line widths and
shapes, or leiter sizes that you require. 'Lettraset’ tvpe transfers can be used with care, 1 use a range made by a
firm called Graffik I have not used them as an etch resist though. I have also tried copving a pattern with a
photo copier but it is a complete waste of time! The deepest shade of black that any of my local machines wall
print 1s still slightly transparent! At one stage I required an image inversion for a track patterned ground plane
and the only satisfactory method that { found was to have it done photographically; this was terribly expensive
and inflexible since every hole change required the ground plane artwork to be re-photographed! That is why
my circuit board ground planes do not have any etching on them atall. 1 have not had much joy finding pens
with very fine points with a very black ink either; if they are really black, they seldom dry on transparent film
which 1s non absorbent. Occasionally 1 have to touch up the resist on a UV exposed board, 1 use a Dalo pen
which produces a blue thickish varnish - it works very well provided you let it dry before putiing the PCB in the
ferric chloride. 1 am told that nail varnish and vanous brands of hair spray are also very effective but I am not
quite sure how one gets a track pattern with a spray on lacquer. [ have also considered exposing the output
from my HP deskjet printer with ultra-violet light; even aficr two passes through the printer {which did align
very well) on ordinary paper, the image was still not dense enough for the ultra-violet. Do any members have
experience of using CAD programs with low cost printing techniques to make PCB artwork? G3PCl]

Taunton matters

Gernit ten Veen PA3FOY has sent me some photos of his splendid Taunton; unfortunately the
photocopicr does not do justice to his handiwork (like the PCB artwork!} but 1 was able to note the use of
Meccano (I still have the remnants of my childhood sets!) and also a piece of folded alumumium as a temporary
front panel with the PCB sitting on a small cardboard box prior to ultimate boxing. This had kept lead lengths
reasonable and still allowed access to the underside. Poor Gernit suffered a heart attack and now has more time
for radio as he is off work - we all wish vou
well for 1997 and bevond. He mentions
unwanted markers at 300 KHz intervals,
these are free calibration markers which are
a by-product of filtering compromises! They
anse from the VFO having a 500 KHz swing
with crvstals which are a whole number of
MHz. Ray Donno also reports that he has
had his Taunton going on 10m producing .5
Watts without the extra transmut amplifier
mentioned by Touy Measures. He used
TOKOQ 4612s instead of 4613 without ill
effects. He wonders if 10 and 12m would
work on the same two band card; 1 have my
doubts owing to the extra lead lengths and
resulting capacitance.  G3PCJ
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Measuring Components

David Proctor, GOUTF, suggests we should |
all have instruments to measure parts bought at rallies
cte. and points out that for most purposcs a 10%
tolerance 1s quifc close enough. He suggests the
schemc indicated right for mcasuring capacitance, or
alternatively, a bridge circuit comparing unknowns
against standard components. I supposc that I am
spoilt in that [ have to buy new parts from repeatable
sources for kits and 1 thercforc use these for
development work. However many years ago I made .

up an instrument which was a combincd AC volimeter
and RLC meter. The basis 15 a sensitive AC voltmeter
able to read from 5 mVolts to 30 volts RMS FSD.
Components are measured by using them to determine
the gain of an op-amp, to which is applied a known
constant 50 mVolts and then mecasuring the output
voltage. ‘The voltmeter part of the circuit actually
responds to the average value of the waveform but for
sinusoidal signals this is of no consequence provided it
1s calibrated with a sine wave signal. The voltage. or
component value, is read off the meter scale direetly
(when set to a suitable range). The V and C scales
work forward but the R and L scales read backwards |
which 1s not quite so casv but as they arc used less
often it hardly matters. The usc of the following
frequencies allows the component values to be read oft”
the same scalc as is used for voltage/resistance,
Capacitance s measured with a frequency of 3.18
KHz while mductance is measured with a frequency of
159 KHz. The following table gives the impedances
and FSDs. R, is the switch selected fecdback resistor.

R,V Ror Xp  Crgp 318K L, 159K
IM  5mV 1M 50 pF 10 H

100K 50mV 100K  500pF  IH

10K 500 mV 10K 5 nF 100 mH
1K 1K 50 nF 10 mH
LO0R 100R  500nF  1mH

The table is based on a R, for voltage of 100K and a
reference voltage of 50 mVolts. ] used a 1 pole 12 way !
switch which made it possible to use the intermediate §
values with a FSD based on 15 for voltage. The meter
part of the circuit 1s shown it the middle right. The
meter movement 1s within a full wave bridge rectifier
inside the op-amps feedback path so that the diodes
cffectively become perfect! 1 used 741 op-amps but
more modem types such as the TLO7L or dual 072s
could be used. 9 volt supplics (of both polanties) are
the minimum but up to + or - 13 volts is allright. The
circuit that I uscd to provide the 50 mVolt reference is
shown in the lower box. I used OAl0 diodes but
probabaly 1N4148s will be OK. Plcase write if this 1s
not clear enough for building vourself. G3PCJ

n F5

3 volts

30 volts
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Antenna Matching Units and other matters

Stephen Melling writes that he still has difficulties with power mcasurcment and the words in our
licences. He points out that power is normally measured in terms of the RMS heating effect whereas the licence
taiks about thc mean power and there is a small but significant difference. I passed this onte my teehnical
consultant Eric G3GC but he apologiscs as he has been heavily occupicd producing the newsletter for the
Yeovil ARC: he intends to cover this as part of an article that [ have asked him to write on decibels. Like
several others, Stephen suggested 50/70 MHz rig kits and an antenna matching unit. These have been on my
mind for a while, but neither 1s easy. The rig would be a single band phone superhet (with the standard optional
CW kit) but doing the TR switching around the IF strip is not possible with 4066 switches so an alternative
way has to be found to keep the price reasonable. The "VFO' will have to be an overtone crystal mixed with a
low frequency actual VEQ for stability. 1 hope to use NE612 mixers with a dual gate MOSFET IF amp as
standard. For the RF output, it will not be possible to use the IRF510 on 30 or 70 MHz so, on cost grounds, 1
think the output stage is likely to be a 2N3866 producing about 1 Watt. I have an open mind as to whether it
should have extras like AGC, S meter etc.. Any thoughts would be most welcome.

The circuits for AMUSs arc casy but [ have
failed so far to come up with what | regard as a r m olil
cost effective kit owing to the difficultics with
inductors and variable capacitors suited to up 0]
25 Watts. | have not vet scen small roller
inductors, so it has to be cqual spacing tapped
inductors with a rotary switch perhaps in a coarse
and fine arrangement: the altemative is multiple
inductors ncreasing 1n binary steps and a switch
for cach. Neither is elegant! T had hoped to usc
small binary coded rotary switches but the switch
elements are commoncd which 1s a snag. Air
variables arc terribly expensive, particularly for
large values with adequate plate spacing for about
300 volts which might be generated into a high
impedance feeder. I plan to incorporate a resistive
matching bridge which will also ndicate output
power. This is the easv part. The intended circuit
15 shown right but for the prescnt vou will have to
go part hunting at rallies (with the component
checker)! Another interesting point concerns the
mechanical style; I envisage a Pitney style unit but
it hardly needs an etched PCB as most of the parts
are likely to bc mounted on the back of the
switches etc.. | hesitate to put any particular styvle
of inputfoutput connectors on it because so many '-E
different types are i use - screw terminal PCB
blocks again I think!  G3PCJ -
New projects!

In the light of a customer's request, I spent much of last Sunday doodling new designs. Several
interesting ideas arc beginning to germinate! A 5 Watt 80m CW TCVR using just a coupie of chips and a few
FETs with a ceramic resonator which seems to give 60 KHz coverage in the top half of the CW section. The
next item was a simple regencrative TREF RX for 20, 40 and 80m having tuning limited to just wider than the
bands. The last item is a 5 Watt CW crystal mixing transmitter for any singlc band 20 (inaybe 15m) to 160m to
go with the Martock. This would use much of the Frome's circuitry. [ will let you know how these develop.
The Somerset Contest

Don't forget to have your rigs ready for this contest organiscd by the G-QRP Club over any four hours
of March 27th 1997 on the 80m band onlv. Full details in the Autumn 1996 SPRAT lss number 88. First prize
is a Frome receiver for the band of your choice; all properly completed entries also go into a draw for a Pitney.

Happy Christmas to you all from Tim G3PCJ

G3Pe]

UNIT

MOTLHING

D

BRIDGE
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Editorial

We have a slight change i format as I am now preparing this

N on the toy which 1 obtained earlier this year. Just at the moment I am stiil
fuming since it has taken me over an hour to gef the headings efc. correct
for this new format. [ do wish that everything didn’'t change so much from
one product of a familv to another! But where would we be without them!
I know it is really a case of lack of practice and one could easily spend
many hours a day at one just learning how to use the latest gimmick! My

C son is constanfly urging me to make an Internet connection and many
onlenis I . : e B . 2 b )

: etters contamn their author’s E-mail address. 1 just can’t bring mvself to
G DO_C’be[S spend more time cvery day on it and to increase BTs bill. (No cable out
i Using scopes here In the sticks vet!) Many of vou readers have expericnee in this field
o Rig Updates and T would love to have some comment from vou - am I being old
Simple AMU fashioned, lazv, or missing out on a splendid opportuaity? For publication
Power ‘values’ or not as vou wish.
4 Ceramic Resonators The onset of Spring, at long last, reminds me that the Yeovil
M Snippets ARC 15 activelv prepaning for the QRP Convention on May [8th: to be

held in Sherbome at the Digby Hall The festivities start with an open

Dinner on Saturday night (booking cssential} attended by this vear’'s VIP
who is fIan Keyser G3ROO and his wifc. Sunday has a full program of lectures, competitions and
demonstrations etc., together with on-demand morse tests for those equipped with photos etc.. The
Construction Challenge is open to anyone and the task is to produce a ‘useful picce of gear’. This gives
a very wide scope! For serious catries, 1 suggest vou contact Peter G3CQR (whose 1s QTHR) about the
actual rules and other Convention details. The judges will certainly have a difficult task comparing
vasily different entries but their decision will be tinalf A must for keen constructors.

Kit Developments

it has been a busy quarter, these are now available! The Wedmore is a specialist 5 Watt CW
DC TCVR for 80m using a pullable ceramic resonator VFQ; it has 9th order bandpass filtering and can
be used on either RX sideband at will. It is especially easy to sct up? Just £49. The Lopen s a [.5 Watt
CW TX to go with the Martock; it can be used on anv of the Martock’s bands and gives VF( coverage
over the whole CW scction - again either RX sideband at will. Alternatively 1t can be used with another
RX, either on 80m wath the ceramic resonator supplied, or vour own crvstal up to 15 MHz, £29 The
Coxley 15 a regenerative TRF RX for 20, 40 and 80m derived trom the Pitney but with tuning fimited to
the amateur bands. The companion CW TX is the 1.5 Watt Godney; this can work on any 3 frequencies
to 15 MHz. A pullable 80m ccramic resonator is supphed for one with space for your crystals for the
others - normally for 20 and 40m, but all 3 can be in any band. Coxlev & Godney £29 ¢ach or £35 for
both. The signal generator design is now much simpler. 400 Khz to 30 MHz approximatcely for £29. Do
not forget the Somerset Homebrew Contest on Mar 28th - sce Sprat issues 89 & 88 for details.

Hat fran s a quarterly newsletter {or radio amateurs interested in building equipment. W is
published by Tim Waltord GIPCT for menmbers of the Construction Club. Articles on
simple theorv, construction. testing, updates on Kits, questons and suggested {opies are
always wimted. Please send correspondence and membership inquines o Upten Dridge
Farm. Long Sution, Langport, Somerset, TALO UNI Tel & Fax 01438 241224 ‘The
Copyright of all material published m Hot Iren 15 retained by TRN Waltord, €.
Subscriptions are £6 per vear for the UK (£8 overseas) from Sept 15t in each vear. 1/9/96.
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Decibels - by Eric Godfrev G3GC

a power gain of 100 times.

The one thing that seems to cause more confusion to Amatcurs than anvthing else (s the
decibel. This has no doubt been made worse by the indiscriminate use by the media of decibels when
tatking about the loudness of sound. Who has not sccn or heard a remark such as “The noise from the
aircraft was (40 dB(s)”. This is quite meaningless as the decibel is a ratio expressed in a loganthrmic
form and ratios do not have any dimensions of their own. When cxpressing a quantity it 1s essential
that the value in decibels is always expressed relative to some specific value of the unit to which the
decibels apply. For instance to sav that a transnufter has an output power of 20 dB is quite
mcaningfess. However 1t couid have a power gain of 20 dB which would be meaningful being equal to

However if the output powcer is stated to be 20 dBW, then this 1s

meaningful since the “W™ means rclative to 1 Watt. Since positive dBs represent gains, and ncgative
figures represent losses, the 20 dBW is a gain of 100 and the output power is 100 x 1 = 100 Watts. A
power of 20 dBmW would be with respect to 1 mulliwatt and equal to a power of 100 mW . (20 dBmW
may be written just as 20 dBm as the “W*' is mmplied in the use of power. The same applies when
referring to voltages, the V™ of dBmV may be dropped when referring to voltages with respect to 1

milfivolt). Before going any further perhaps we should state the formuta for calculating dBs:-

POWER GAIN dBs = 10xlog{P\/P:)

convenient as will be illustrated by the following cxample.

VOLTAGE GAIN dBs=20xlog{V,/ V)

The calculation for power and voltage differ because P is proportional to V(P =V-/R) and
to squarc a logarithm one multiplies the value bv 2. i.e. 10log(x”) = 2 = 10log {x} = 20log(x). Why do
we bother to use dBs, why not just use the ratios? Well the answer is that dBs are much more

RF AMP MIXER IF AMP FILTER DET AF AMP
Ve x=259 x=13 x=104 x=0.5 (+2) » Xx=36 o x=963
+28.27dB +2 28 dB +40.34 dB -6.02 dB +11.13dB| |+39.649 dB

This represents the block diagram of the signal path in a receiver but the values given for the
voltage gain (x) of each block are for illustration purposes cnly and may not be those that would pertain
in a practical receiver. The third fing are the gains / losses converted to dBs. A pain factor iess than one,
or negative dBs, indicate a loss m the block.

Overall voltage gain {using gain figures) =239x 1.3 x 104 +2x 3.6 x 96.5 = 6082418
Overall voltage gain (using dB figurcs) = 28.27 + 228 + 4034 -6.02 + [1.13 + 3969 = 1157 dB

The first calculation mvolves multiplication and division finishing up with a very large number
whercas the use of dBs only involves addition and subtraction and uses figures which are easier to
handle. The gain figure above of 608,241.8 to 1 when converied to dBs is, as expected, also 115.7 dB,
a less clumsy figure.

An amplifier with a power input of 3 Watts and an output of 12 Watts has a power gain of
12/3 =4:1. Expressed in decibels this, in common parlance. is 6 dB but more precisely 6.0206 dB.
If both the input and output impedances of this amplificr are the same at say 30 Q2 then:-

The input voltage (3 Watts) Vm  =/Pp x R =3 x 50 = [2.23 Volts
The output voltage (12 Waits) Vor —JPor » R=/12 % 30 = 24 49 Volts
Ratio of output voltage to input voltage is 24.49/12.25 = 2:1,

Expressed in dBs this is 20log 2 = 6 dB or to be more precise 6.0206 dB.

Provided that the mput and output impedances are the same then this voltage ratio will be
maintained irrespective of the value “R”. From this it can be seen that a four to one increase in power
lcads to onlv a two to one increase in the output voltage. This is why that an increase of four to one in
transmitter power is required to get an increase of one “S” point (6dB - 2 x Volts) at the receiving end.

For an amplificr, power and voltage gains, expressed in dBs, are only the same if the input and
output impedances are the same. However, even in a passive circuit, voltage gain is possible without
there being a power gain. This is illustated in Figs 2 and 3 which show two ideal lossless transformers.

jau!

w fooy
0 %“% 7 v V- = 160XV,
V Za ez Yy~ v, ;%Il o002 VOUT =100 Vi
! g & taf Ny I[ )
te. 2. Fig>
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in Fig 2 the transformer has cqual turns on the primany and secondary and therefore both the
output voltage and mmpedance must be the samc as the input voltage and impedance. Since the
transformier is lossless the mnput power must be cqual to the output power. Thercfore both the power
and voltage gains arc equal at unity. Since the logarithm of { 18 zero both [0kogl (power) and 20log]
(voltage) arc zero. 1.¢. 0dB. In Fig 3 howgver the lossless transtormer now has one hundred times as
many turns on the secondary as on the primary. This means that the output voltage will also be 100
times the input voltage and the voltage gain is 40 dBs (20log100). However since the transformer is a
passive component the output power nwst still be equal to the input powcer. This accounted for by the
fact that the output impedance has also increased but by the turns ratio squared (T2 / T1) which in this
case 1s 100° = 10,000. Therefore the output impedance across which the output voltage is developed is
ten thousand times the input impedance. Expressing this mathematically in Fig 2. P = VY/Z. In Fig 3,

P = (100V)/10,000Z = 10,000V%/10.000Z = V*/Z . which is the same power as in the onc 1o one
transformer of Fig 2. Therefore the voltage gain in Fig 3 18 40 dB whereas the power gain is 0 dB.

Thus when one is dealing with dBs one must be very clear about what the impedance is and
whether the dB values used arc for powcer or voltage.

Using an Oscillescepe by Dick Turpin GOBFU - Part |

The oscilloscope is one of the most mteresting instruments available to the radio
amateur/constructor but its real valuc is only determined by the operator’s skill. Most amateurs fail to
obtain this skill duc to a lack of understanding in its mode of operation and controls. So, if you have
one but have not vet used the instrument:-

L. Check that 1t is sct to the correct line voltage and frequency to suit vour supply.

2. Before switching “on’ be sure you have made vourself familiar with the positions of all controls, cven
to the extent of drawing a copy of the control pancl with all controls clearly marked, then test vour
knowledge.

3. Turn the ‘Intensifier” or ‘Brilliance’ controf fully anitclockwisc so as to prevent a trace or spot from
burning the fluorcscent screen inside the tube facc. Develop a good habit of doing this after each
observation.

4. Before making any observations, aflow it to rcach normal operating temperature; this is more
important for older scopes whosc circuitry is more prone to temperaturc c¢ffects.

5. To make “observations” on any item. a “probe’ will be necessary, plugged mto the input.

6. Advance the ‘brilliance” control to about halfway (hopefully), when a spot {or line if the timebase is
working) should appcar near the screen centre. If the spot is badly focused or fuzzy, try adjusting the
“focus” control. It may need resetting for different brightness scttings. Make certain that you can centre
the spot using the X shift” and °Y shift’ controls- sometimes called *X and Y position’” controls.

Now one must revicw the basic operation of the scope to enable the operator to make primary
observations. The spot is formed by a beam of electrons which pass between two pairs of detlector
plates - one pair are vertical and these are the X plates. [f either plate is charged positively by a positive
voltage, the negatively charged electron beam will be attracted towards it. [f the other plate is made
negative, it will repel the electron beam. So the spot will move from its central position to a position
which will depend upon the applicd voltage on the plates. Sec diagrams below.,
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Similarly, if the two Y plates arc charged instcad of the X plates, the spot will either move up along the
Y axis or, on a change of polarity. down the Y axis. Now onc has a simile with a centre-zero meter,
single range and ne calibration but useable with its needle moving cither sideways or up and down. If
an alternating voltage is applied to the Y plates, then at very low frequencies (say 1 Hz), the spot will
move up and down the Y axis cquidisiant from the X axis. As the frequency s Increases, the spot will
plot out a luminous vertical trace. or line, cqual in length above and below the centre of the X and Y
axes. How the signal is applied to the piates is the subject for another time, so do not forget the diagram
and to zcro the brilliance control before vou switch off. Oh. don’t lock away the multimeter vet, vou
mught need it again!

Kit Updates

Adjustable CW filter. Gerrit PAOFCY and Ed EI7DV, both observed that the CW sidetone was just
audible all the time when the kit was added to their Tauntons. The causc of this is failure of the
switching or keying transistor (TR4, a BS170) to act as a perfect switch! When off, its eftective
impedance was sutficiently low for there to be still some signal passed to the output filter and buffer
TR3. The cure is to lower the impedance afier the switch so as to increase the attcnuation when the
switch 1s off. This is done by reducing R21 and R22 to 22K. The on resistance of TR4 is a few Ohms
when the key is dowr, so reducing these resistors will cause a slight decrease in output level but there is
plenty of signal available and only RT3 and RT#6 should nced resctting aftcrwards. More significantly,
they also noted that the first burst of RF in a CW scquence, after going to transmit, had a very slow nise
time. This was duc to a slow rise in the standing current of the TX's output stage IRF310; Gerrit
tracked this down ta excessive decoupding of the FET bias line. This cure is to replace the vellow bead
[0 aF tantalum capacitors in the Taunton {(C304) and in the Bruton (C302) with 100 nF disc ceramics.
Thesc components are now included in the Adjustable filter kit. My thanks. gentlemen!

Taunton - unused scction of 4066. Ed EI7DV also had another strange symptom. Afier switching on,
the RX worked fine but after going to transmit, it failed to fuliy revert to receive with the TR relays still
Just held on. It was eventually traced to a damaged 4066 FCI05 which was holding the RXC line to 8
volts after transmitting, this was sufficient to partly tum on TR303 and hence hold the relays. The
damage appeared to be associated with the unused section of the 4066, so if vou have problems, it is
best to connect all pins of this unused transmission gate to 0 volts. Cut the RXC track between pins {2
and 13 of [C105 and put a wire link trom the track linking pins 10, 11 & 12 to 0 voits.

Bruton and Taunton. Dave, GTBTX/2E0AMS. expenenced a nuisance hunting of the AGC in his
Bruton between two widely scparated received levels when the actual signal was somewhere in between,
The data shect tor the SL6270 suggests that when it is used with a single ended input, the ‘unused’
input (of pins 4 or 3) should be connected to (¢ volts by 22K and heavilv decoupled at audio. This is to
stop a nasty control type oscillation at about .5 Hz. My experiencce is that ofien a lower resistance is
needed hence these two rigs have 10K/10 wF specified for this. Dave found that his worked best
without any resistance. 1 presume that it didn’t oscillate either. Let me know what your does!

White Rose/Taunton. Fred Maddison, from Australia, mentions that he tned making hus White Rose rig
into a switched multi-band version and fitted one of my 3 digit counters. There was breakthrough
problems from BC stations and other sources s he eventually abandoned the idea. Ray Donno also
tricd it with his Taunton using a bank of interiocking push button switches. It was too complicated and
subject to breakthrough. As thc wires to the parts that change on each band get longer, all thesc
problems becomcs increasingly severe. Switched multi-banding has to be designed in right from the
start and not added afterwards! G3PCJ.

Simple and effective AMU by Derek Alexander G4GVM

For a couple of years now, I have been using G4LDY's design, as illustrated in the G-QRP
Club Circuit Book, when /P with my Yeovil rig. The design is a simpie T circuit using two transistor
radio type tuning capacitors and an inductance. varied by the position of a ferrite rod within it. It is this
last item that makes it somewhat clumsy and so 1 was delighted to note G4UEL’s idea in Sprat No 89
which madc usc of a used lipstick holder to move the rod in or out of the coil. Many lipstick holders arc
madc of metal but fortunately whilst on holiday, 1 discovered a ‘lip-salve stick™ which is identical but
made entirelv of plastic. This meant the coil could be wound on the holder thus reducing the total depth
and obviating the nced for a separately mounted coil and former. The tricky bit was how to fix the
whole set-up to the panel so that the control is presented as just another knob. After some thought, 1
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decided on the method itlustrated. Helpful tips - use the bracket as a template to cut the panel holes as
thus will make it sit true. Use nuts and washers as distance picees 1o place the bracket on the edge of the
_ holder static picce. wind the coil on a slightly smaller diameter former so that it hold tight when
transferred to the holder; use nail varnish to hold coil in place.
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More about Power Measurement vy Eric Godfrey G3GC
This note is n response to a letter sent to Tim G3PCJ by Stephen Melling, GBFUH. The
fundamental defimition of power is related to the heat dissipated in a resistive load when a certain
voltage is applied across it. The power dissipated in a circuit is given by P = E x 1 or E¥R. This
presents no problem at DC where the voltage is constant. However with AC. independent of the
frequency, the voltage is varying through the cycle but for the same nominal power the heating cffcct
over the pertod of each cvcle must be the same as for DC. The fundamental alternating voltage is a sine
wave as shown in the diagram. The different voltages, 1.e. peak, peak to peak, average and RMS,
applicable to a sine wave are also indicated on
4Ve 4 . . . .
V., a |the diagram. Since the voltage is varying
Volie /\ M P : 7 .
Ve durmg the cycle the power dissipated in the
hVe —7 '\\ Vems load will alsa be varying during the cycle. Tt is

b

To-63 0'_["7”? thercfore necessary to sum up all the varying
powers during the cycle which in turn requires
knowing what the voltages are which are
directly related to the sine of the angle in the
sine wave, This can be done mathematically
or by taking samples at regular intervals
throughout the cvcle. If one does this every §
PP ) degrees from 0 to 180 degrees, then summing
—~e ¥ these and then finding the average or mean by
wits 63GC - poov st by 6303 dividing by the number of samples then onc
gets that the average voltage is 0.63 times the
peak voltage. However using this in the V7/R formula vields an incorrect result since the average power
is the sum of all the individual powers. What has to be donc is to take each of the sample voltages,
squarc it, add them altogether, average them and then tind the square root. This is what RMS voltage is
compared to average voltage, 1.e. the root of the mean (average) of all the voltages squared. This results
in the familiar valuc that Vews = 0.707 x Veeax . Using average voltage insiead of RMS voltage to
calculate power will result in a differcnce of 1.002 dB. Some of the confusion around this has [ believe
been brought about by the usc of the expression “RMS™ power, meaning the powcr calculated by using
RMS voliages but which in fact is the average power. The use of the term “RMS™ power is in my
opinion quite incorrect and one should always usc average power. Our licences use the term average
power and defines the peak cnvelope power as the powcer averaged over one cycle at the peak of the
cenvelope, Thus the P = 0.707 x {Verak)/R.

Ov

i
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More on Ceramic Resonator VFQOs

Since I last wrotc about these last Autunu, [ have devised more useful cirenits. As their Q is
roughly midway between a crystal and a good inductance, they tend to have the advantages of both! |
havc alrcady mentioned the commonly available 3.582 MHz types which can be pulled down to cover
most of the CW section of 80m. I have been developing various varactor diode tuned versions of the
Collpits oscillator configuration. The usual analogue circuit (left) suffers from having fixed “Colpits’
capacitors so reducing the pulling range, but the middle diagram below shows how thev can be made
variable with twin varactor diodes; the right diagram shows the conventional digital ‘Colpits” oscillator
modified for varactor control. In both circuits, the Iabelled 100Ks are to apply DC bias to the varactor
diodes only; their value is not critical. Although the digital circuit is biased into its linear region, the
output is digital. A word of warning! Any digital oscillator (without a very high ( resonator like a
ceramic resonator/crystal) is quite likely to suffer from phase noise due to jitter on the switching action
of the gate. This 15 why vou don’t find a digital VFO oscillator directly driving a RX mixer.

v _Valul vt Ve :
e, Ny Tanivg e 1ouF 74;.%3 .
Woxf A f‘OK /
INALAG
+ oK §gq feoK IOP ? _ﬂfiz:
| “{ 7 = '
he If, Brosb ¥y — JeoK T
= 2;;" §g X L < Gm&s £t
i i =" S
SNUEIS SN T ﬂb | s
pr—— K I 7~ 0 |
G v
2n % _Fl-:wf ? 1BEK.
Pullade Gn \0266 D(ﬁiﬁpw[m‘ G IPeT

Most ceramic resonators have a tolerance of 0.3% which can be significant. For fixed
frequency usc, their nominal foad capacitance should be 30 pF reducing to nearer 20 pF over 15 MHz
or so. The load C is made up from the series value of the two Colpits capacitors which are usually
equal. If the Colpits Cs are varactor diodes, then stravs will mean that it is unlikely to be possible to get
it operating at a frequency higher than the nominal value, so they should always be considered as going
down only. With care, it 1s possible to go down up to about 2% of their nominal frequency. They arc
available in quite a wide range of standard frequencies, but so far 80/160m are the only bands where
they are within the band; the others arc on the LF edge and hence not directly useful. Frequencies can
be mixed with a2 612, cg. a fixed 20 MHz less a pulled 6 MHz for 20m. The 5.6 MHz value might also
be useful when doubled to 11 MHz. I have found sources for the following MHz frequencies:- 0.433,
0.5,0.56,1,2.2.45,3.58,3.69,4,4.19,491.5,55,5.6,6,7.3728.8,10,11,12,16,20,32,33.86,40! G3PCJ

Progress on the Minehead

This is the new rig for 10, 6 and 4m. The major problem to overcome is VFQO stability, so a
mixing scheme is inevitabie. In the interests of overall simplicity, it will be a double sideband phonc or
CW rig with a DC RX. [ want it to do any single band by changing the coils/capacitors/ceramic
resonator(!}; the oscillator plan will also do any of the major HF bands but I am not sure that I can
obtain all the inductances for 153m to 160m in the same TOKO can size required for a common
footprint! No problems with the three above bands though. I hope to have a lash up working soon!

Free Yeovil 40m Converter!

Jim Gearv, GW8HKY, has returned his bwlt 40m converter becausc he decided against
altering the main rig. He has asked that [ offer it free to anyonc who has a good home tor it. If anyene
who has a Yeovil without 40m and would like it_ please get in touch with me. He has also made up his
signal generator, with a threc digit counter, into a smart instrument using a Maplin box type PC25.
Cleaning PCBs

When I had Ed, EI7DV’s, Taunton back for investigation_ its PCB was tmmaculatc! Aficer a
little prodding, he told me the secret. After loading the PCB. the flux residue can be scrubbed of with a
toothbrush and cellulose paint thinners - obtainable at vour local paint spraying garage or paint shop.
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Hot Iron

Issue 16 “Journal of the Constructors Club” Summer 1997

Editorial

Firstly, I regret being a little late in the production of this
issue of Hot Iron - my only defence is that I have been very busy in
work and domestic matters - my apologies.

This time of the year tends to be a little less hectic for radio
activities; things like gardens assume a higher priority for most
people! 1 wish there was an electronic equivalent of grass; cut it and
all it does is produce even more! (Thank goodness I say with the
farming hat firmly in place!) I suppose the nearest equivalent is noise -
electronic that is. No matter what one does, it’s always there and you

Contents cannot avoid it; from a design viewpoint it is usually a nuisance and
> Using a scope - part 2 you ignore ﬁt at you peril- - at best you can use it to help evaluate your
» Two band mixing antenna! It is a w1-dely rmsunde?rstood subject and I am very pleased to
> Noise have a con’Fnjb}mon from Enf; G3QC on the subjfect. The lull in
» SWR Indicator (some!) activities allows a little time for pondering over future

N products. After the Street is finished (see later), my HF range is fairly
> Measulfmg inductors comprehensive apart from rigs for FM. This mode will assume more
» Subscriptions importance on the higher HF bands as the sun-spot cycle develops

and I am beginning the doodlings to address 10 and 6m FM. I have a
part finished project for a new version of my QRP Booster aimed at /P operation with less than ideal
aerials; the power amplifier has a target of 25 Watts output on 12 volt supplies to 30 MHz with a 10
dB receive RF amplifier. Aside from a few items of test gear, my list of future projects is small - so
any suggestions for projects not already covered will be glad received.

The Street

After many hours going round in circles, I have changed the name for the 6m rig to get away
from earlier DC or transverter designs! The problem, with any rig operating above a few MHz, is
frequency stability - both on receive and transmit (chirp and unwanted FM). So clearly this has to be a
crystal mixing design. The direct conversion approach has many attractiens, but most builders tackling
a fairly advanced rig, would much prefer a superhet. Luckily the Taunton’s 6 MHz IF system lends
itself to the higher bands provided the crystal oscillator will also work as an overtone oscillator. A 40
MHz crystal mixed with a 4 MHz VFO produces a 44 MHz LO which is then added to the 6 MHz IF
to produce 50 MHz. Other standard value crystals can be used to give all the other HF bands except
12m/25MHz; this needs an awkward crystal frequency and sideband inversion - so no 12m I regret! A
rig of this complexity needs to be different from the Taunton so it will have CW and SSB facilities as
standard. Furthermore, an idea for two band mixing (see later article) means that it can do any two
bands without much difficulty. Hence it is a single/twin any band phone and CW superhet for up to
6m. For frequency reasons, the TX output stage has to be a VN66AFD with a power output of about
1.5 Watts on 12 volts, perhaps SW on 22v. It will have an IF amplifier for extra HF sensitivity and TX
output low pass filters but other frills have been omitted to keep the cost and size down; it is still too
large for one PCB so it has to be on separate RX and TX PCBs. I am starting the PCB layouts now - to
those who have expressed an interest, thank you for your patience. Tim Walford G3PCJ Editor

Hot Iron is a quarterly newsletter for radio amateurs interested in building equipment. It is published by Tim Walford
G3PCJ for members of the Construction Club. Articles on simple theory, construction, testing, updates on kits, questions
and suggested topics are always wanted. Please send correspondence and membership inquiries to Upton Bridge Farm, Long
Sutton, Langport, Somerset, TA10 9NJ. Tel 01458 241224 The Copyright of all material published in Hot Iron is retained
by TRN Walford. ©. Subscriptions are £6 per year for the UK (£8 overseas) from Sept st in each year. 1/9/96.
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Using an oscilloscope by Dick Turpin GOBFU

Usually the first item in the input signal path from the input probe to the Y plates, is a switch
which allows for AC or DC coupling; the latter allows applied DC signals to deflect the spot (together
with any AC component) whereas the AC setting has coupling via a capacitor which rejects the DC
component. This switch sometimes also has a ‘ground’ position which applies 0 volts direct to the X
amplifiers so that the spot’s vertical position (or line) can be set to a convenient vertical point or
graticule line with the Y shift controls. The following stage is an attenuator/amplifier with a control
marked AMPL/DIV starting with attenuation in the first three stages of X100, X10 and X1, followed
by three stages of amplification of X1, X2 and XS5; thus a suitable setting or sensitivity can be found to
deal with a wide variation of signal strengths. In older scopes, these stages were separated or
non-existent; instead individual Ypc and Yac terminals were provided. Some controls were marked as
‘Amplifier Selector Control’ for use when signals under observation required extra amplification. In
modern scopes, extra sensitivity is often provided with a pull switch but beware that usually the signal
bandwidth is reduced when this extra gain is used. Some scopes also have a continuously variable
sensitivity control - useful for making a waveform fit exactly to two calibration points or lines - do
remember to return this control to full sensitivity after the test has been done or your subsequent
measurements will be wrong! It is following these input stages that in more modern scopes, the signal
passes into a buffer stage where it can be routed (by the Channel Switch) to the final Y amplifier; the
latter being connected to the Y deflection plates (or routed to the final X amp and plates). The
following partial block diagram helps explain the sequence. In a similar manner to the X plates, the Y
plates will produce a vertical spot displacement for a DC voltage or a vertical line for an AC voltage
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with the spot moving up and down at a speed depending on the applied frequency. The height of the
vertical line or band representing the peak to peak voltage.

The scope’s Y deflection system can be used as a voltmeter for gain or attenuation
measurement, or alignment or as a null indicator such as might be used in an AC bridge for measuring
resistance, capacitance and inductance. For DC measurements, it is often easier to have the timebase
on (free running) with a moderately fast sweep speed as it is easier to measure vertical displacement
between lines rather than the movement of a single spot. When used in this manner the actual timebase
speed is immaterial. Even with high input frequencies, it is not essential to have the actual waveform
displayed with a synchronised timebase; the height of the signal’s horizontal band can still be assessed.

If the scope has two Y channels, the above input coupling and sensitivity controls are present
for both channels. The display of the second channel is achieved by an electronic switch prior to the
final Y amplifier which can take signals from either Y input amplifier. When both Y channels are to be
displayed, this switch changes between the channels at a sufficiently high speed so that the screen’s
persistence gives the impression that there are two sets of Y deflection plates. For scopes where the
switching mode is automatically selected when both channels are in use, the switching mode is usually
dependent on the selected timebase speed; at high sweep speeds, the channel switch gives ‘alternate’
operation where each input channel is connected in turn to the Y amplifier for a complete timebase
sweep or cycle. For lower sweep speeds, the switch ‘chops’ between both input channels many times
within a single timebase sweep or cycle.

Most scopes are provided with a facility to test scope probes (and hence allow their
adjustment), this maybe a terminal or a metal loop marked ‘probe test’ or just ‘cal’. In older scopes
this provides a 50 Hz signal derived from the mains supply via a special winding on the mains
transformer. This is protected by a series resistor so that if accidentally shorted, the transformer will
not be damaged. The voltage available on the terminal will be marked (usually as a peak to peak
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figure) so that the probe maybe calibrated. On modern scopes, the signal is often a 1 KHz square wave
of 0.5 volts (pk to pk); this can also be used to adjust the trimmer of the probe so as to obtain the
flattest overall frequency response. This is done by viewing a complete cycle of the square wave (with
the timebase on) using the most sensitive Y input attenuator setting that fills the screen; the probe’s
trimmer is then adjusted for least overshoot and sharp right angled corners where the vertical section of
the trace changes to horizontal (for both rising and falling edges). Once a probe has been adjusted, it
should be kept on that input channel as swapping to another will need readjustment for a possibly
different amplifier/attenuator input capacitance.

Now for a word of warning! Most scopes have the chassis (and sometimes one of the vertical
Y deflecting plates) connected to earth via the mains supply cable. This is done for safety reasons and
to prevent unwanted SO Hz hum signals being mixed with wanted signals thus confusing the picture.
When the circuit under test also has its 0 volts connected to mains earth, connection of the scope probe
earth lead (which is connected directly to the scope’s chassis and mains earth) will complete a mains
earth loop. Unwanted, uncontrolled and unknown earth loop currents, caused by poor mains
transformers and RFT filters etc., can inject significant currents, and hence voltages, in series with the
signals being measured. Often this can be overcome by using a mains isolating transformer to power
either the scope or the equipment under test. When doing a measurement, if the scope shows a vertical
deflection when you would not expect any signal (perhaps because all the gain controls are right back
etc.) then be suspicious of your 0 volt connections or that there is an unwanted mains earth loop. The
practice of disconnecting the scope’s mains earth lead in the supply plug is definitely not
recommended! With modern scopes having the ability to subtract one input Y channel from the other
Y channel, this problem can be overcome for low/moderate speed signals by connecting the tip of the
second probe to the chassis of the item under test and connecting the probe earth leads to each other
and nothing else - use the same sensitivity on both channels.

The final article about using scopes, will deal with timebases and triggering.
(Since writing this note, Dick has suffered a stroke - we all wish you a speedy recovery. G3PCJ)

Snippets!

Cleaning PCBs. Following the advice in the last Hot Iron, that cellulose thinners is a good soldering
flux remover, Jim Geary G3HKY, warns that it is also very good at removing the identification
markings from components! Take care to keep the thinners on the underside of the PCB.

40m converter for the Yeovil. I still have the assembled 40m converter kit that Jim Geary kindly
offered to anyone who wants one. Its free!!!

Cases. Ken Shaddick GOTDS recommends the Maplin line of ‘Blue Cases’ which come in various
sizes. Ken has built his splendid Taunton complete with digital readout in the 233 model.

Bruton on 40m. Mike Connolly GONKC has pointed out a small error in the Bruton Manual
concerning the parts for the CIO. In order that the correct sideband is received, the CIO has to be on
6001.5 KHz for 40m not 5998.5 KHz; this means that the inductor 1.202 should not be fitted.

Yeovil readout on 40m. When Derek Alexander G4AGVM fitted the digital readout to his rig, he
noticed the 3 KHz error between actual frequency and the readout. He tried the modifications
advocated by Jim Chick G4ANWIJ in Hot Iron 7 but found that it moved the crystal the wrong way
going up in frequency producing an error of 6 KHz! Being unable to move the frequency down more
than about 1 KHz with the 22 pF trimmer he took the expensive solution and ordered a special crystal
for 10997 KHz. It now reads correctly and Derek hopes that Jim could re-explain his method!
Change of FAX number. Due to telephonic congestion, Walford Electronics now has a dedicated
FAX line whose number is 01458 241186. The old number 01458 241224 remains for voice.

Reverse supply protection.
John Worthington GW3COI had
an unfortunate incident with his
Yeovil. I am sure that he does not
actually look like his cartoon!
Since the IRF510s act as diodes
to a reversed supply, the PCB
tracks then act as fuses. I now
have the cautionary tale from his
own pen; I shall keep it for
another HOT IRON for those
interested in what happens to a
Yeovil! Thank you John.
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Two band mixing with NE612s

While pondering how to give the Street an ecconomical two band capability, I realised that the
balanced outputs of the NE612 (also NE602 and MC1496) provide the possibility of driving separate
RF bandpass filters tuned for different frequencies. In consequence only a single pole switch or relay
1s required to select the wanted filter with no contribution from the other filter. Such filtering on mixer
outputs is need for crystal mixing local oscillator schemes and for final transmit mixers in a superhet.
There is usually adequate rejection when the filters are selecting mixer images, eg 20 and 80m in a
superhet with 9 MHz IF and a 5 to 5.5 MHz VFO, but further rejection is often present because the
mixer inputs will alter for the chosen band meaning that only one filter will be presented with a valid
sum or difference signal. The following diagram shows a typical circuit. (On researching the literature,
I find there is nothing new about this idea!)
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It would be very nice to be able to do a similar bandpass filter selection with a single
switch/relay at the input of a mixer, such as at the front end of a receiver. The NE612 (and 1496) also
has balanced inputs for one of the input signals, often used for the RF signal. The other mixer input,
usually the local oscillator, is single ended and applied intemnally in the 612. When these mixers are
driven by a single ended RF input signal, the other one of the balanced inputs has to be bypassed at RF
to ground by a blocking capacitor. (A direct to connection to ground is not possible because it will
upset the internal DC bias conditions.) The 612 mixer input impedance is 1KS5 so it is seldom possible
to connect the inputs to the ‘hot’ end of an input tuned circuit; it would reduce the tuned circuit's Q too
much. In consequence the matching has to be done by ‘tapping down’ the tuned circuit either
capacitively or inductively. If inductive matching is used, then, both above and below the parallel
tuned circuit’s resonant frequeny, the impedance looking back from the input will decrease
substantially meeting the requirement to bypass the other one of the balanced inputs. Ideally, the
frequency of the rejecting filter would be at least an octave different from the wanted frequency
present at the other input. The DC blocking capacitors between filter inductive taps and the device
inputs must have a low impedance (less than 150 Ohms) for all frequencies that might be wanted from
the filter on the other input. Capacitive ‘tapping down’ cannot be used. See below for typical circuit:-
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In both the above circuits, the filter selection is done at the opposite end of the filter from the
mixer; here the impedance is often 50 Ohm and stray capacitance is not a problem. A drawback of the
high input and output impedance (1K5) of the 612 is that high stray capacitance can reduce the
available bandwidth; this is particularly so where signal routing to the inputs and outputs of the mixer
are done with CDD4066 electronic switches or relays. The solution used in the Street is to directly
connect the filters to the mixers using the above circuits, and to provide separate mixers for the first
one in the receiver and another for the final mixer in the transmitter. In this way, the CD4066 has only
to route signals at the IF of 6 MHz or audio, and the mixers will work happily with 50 MHz filters at
input or output. Luckily the NE612 is not too expensive! Tim Walford G3PCJ
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Noise by Eric Godfrey G3GC

The noise in a receiver comes from two sources, one is the internal noise generated in the
receiver and the other is external noise from the aerial.
INTERNAL NOISE

Thermal Noise This_is due to the random movement of electrons in any device such as a resistor,
valve, transistor etc. These random movements of electrons collide with the relative immobile ions
that make up the bulk material. The final effect is that there is no net current in any particular direction
on a long term average but rather a series of pulses. These pulses are what produce the thermal noise
(Johnson noise).
The noise power may be expressed as:- p=kTB
Where p is the thermal noise power

k is Boltzmanns Constant (1.38x10 joules per °Kelvin)

T is the absolute temperature in degrees Kelvin

B is the bandwidth in Hz

As can be seen the noise generated is dependant upon both the temperature and the bandwidth
of the device. The first of these accounts for why the input stages of very sensitive radio telescopes
etc. have their front ends cooled in liquid nitrogen. (approximately -200 degrees C or 73 degrees K).
The noise due to the second of these factors is reducible by using filters. Listen to the difference
between the noise in a receiver with an SSB filter compared with the same receiver with a 250 Hz CW
filter. There is a very large reduction of noise with the narrow band filter.

Care in the design of the receiver front end is most important and it should use good quality
components and in the case of active devices (transistors etc.) they should be low noise devices. The
soldering must be beyond reproach and any connectors should be of good quality..

The total thermal noise in the receiver should be less than the external noise from the aerial. This
may be checked by seeing if you can hear an increase in noise when the aerial is connected at an HF
frequency, say 7 MHz. If you can hear the noise increase then your receiver has adequate sensitivity.
EXTERNAL NOISE
Atmospherics This noise is due to lightning flashes in electrical storms which may be hundreds of
miles away. These are most noticeable on the LF bands and a noise blanker will usually help to reduce
their effect.

Cosmic Noise This is the background radiation in our galaxy and tends to be more apparent at VHF
and higher frequencies. We just have to live with this.

Man-made Noise This is more apparent at HF than VHF and is generated by the electrical equipment
used by man such as motors, thermostats, computers etc. Careful attention to detail by the
manufacturer in the design stage and the use of suppression filers in the receiver can keep this to a
minimum but moving to the middle of a wilderness is the best solution. A vertical aerial tends to pick
up more interference than a horizontal one but both types should be as far away from the sources of
noise as possible.

Hum etc. Whilst strictly this is not noise it can contribute to the ultimate sensitivity of the receiver. It
may be due to earth loops or the proximity of heater wiring in the case of valve circuits. Re-routing
the wiring will usually solve the problem.

OTHER INFORMATION

It sometimes happens that although a receiver passes the “connect aerial” test above, there is a lot
of noise in the output. This must be due to noise being generated after the first stage of the receiver.
This is probably a fundamental design fault.

A common way of specifying the noise associated with an amplifier or receiver is by stating its
“Noise Factor”. This is a very convenient way of evaluating the overall noise performance of a system
but there is no room to discuss it here. This could be the subject for another note in a future issue of
“Hot Iron” subject to the Editor’s approval. (Yes please - Editor!)

VSWR Indicator by Mike Connolly GONKC

This device is intended for VHF use (30 - 150 MHz approx.) to give an indication of forward
(FWD) and reflected (REF) power from about 100 mW up to about 20 Watts. It is made from a 100
mm length of 75 Ohm semi-air spaced coaxial cable. The typical low loss TV cable has a 1 mm centre
conductor with five spacing holes and a capacitance of about 56 pF per metre. Two 22 gauge 1 mm
pick up conductors, about 110 mm long stripped from the centre of more of the same coax, are
carefully slid right through two air spacing ‘holes’ on opposite sides of the centre conductor so that
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both ends of both extra wires can be connected up as shown in the diagram. When soldering the diodes
and resistors to these wires, be careful not to melt the insulation. A matched pair of OA91s is best but
not essential and a 100 ,uAmp meter is adequate. The whole thing can be contained within a small
metal box having suitable RF connectors and all leads should be kept as short as possible. In use, the
pot is adjusted for full scale reading of the meter when the transmitter is giving maximum output into a
dummy load with the switch set to FWD. The meter scale can be calibrated for known transmitter
output powers (after the pot has been set) or marked with a simple linear scale for relative indication.
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Measuring unknown inductances by Joseph Bell G3DII

Often it is necessary to measure the inductance of a coil taken from the junk box, or when
building filters or tuned circuits, to ensure that the coils in use are suitably matched. An indication of
‘Q’ is also usefiil. The circuits are easily built and give sufficient accuracy for most purposes. The left
circuit is a parallel tuned system, where the resonance of the unknown inductance, and one of the
switched capacitors is indicated by a peak reading of the meter. The RF source maybe a signal
generator, or GDO with a fixed pick up coil, tuned to achieve resonance as shown by the meter.
Always start at a high frequency so that false readings are not obtained from harmonics of the RF
source. When resonance has been found, the value of inductance is calculated using the ABAC in the
RSGB Handbook knowing the frequency and capacitor value. Alternatively work it out from:-

L (Henries) = 1/(6.28xF)*C where F is in cycles and C in Farads.

Measurement of the Q factor for this tuned circuit is done by noting the two frequencies,
above and below the resonant frequency, at which the meter reading is down to 70% of the value at
resonance.  Q is calculated from Q= Fres/(Fu - FL).

For lower frequency work on iron cored chokes etc. the left circuit can be used with an audio
signal generator. The circuit on the right is a series tuned system, where indication of resonance is
indicated by a dip on the meter when the variable capacitor is adjusted. It is most useful for matching
hand wound coils to a standard inductance.
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Subscriptions!

This is the last issue of the current year. In order to ensure you continue to receive Hot Iron
during next year, you need to send £6 to Walford Electronics by Sept. 1st 1997. (£8 for overseas
members.) No reminders will be sent! Take the opportunity to tell me what articles you want and,
even better, send me a written contribution! Items on disc are even better still. G3PCJ
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Hot Iron

Issue 17 “Journal of the Constructors Club” Autumn 1997

Editorial

Welcome to the start of a new year of construction activity

' and a sincere thank you to all subscribers; it is very pleasing to see that
quite a large proportion of you have been members since we started

back in 1993. I well remember one particular founder member (and

subsequent contributor) who expressed some reservations about the

ability to keep material flowing, recounting his expenence in another

Contents field, that the main difficulties came in year two or three when all the
» Scope timebases easy topics had been written about! It is a relief to be passed that stage
SCR tester and my file of maternial awaiting publication goes up and down like

. most people’s keys - far too quickly for my liking! I am always
More on Noise pleased to have contributions and suggested topics, so thank you to
Filter response tests those who responded when renewing their subscriptions.
RF Low pass filters It is sad to see the passing of a national journal but the
Yeovil supply reversal  announcement in the September Radcom that DIY Radio would not
be published any more is hardly surprising with a readership of under
2000. The effort involved in putting together a high class colour magazine is daunting - particularly if
advertisers are reluctant to take space. One of my best customers remarked the other day on the phone
that amateurs are a tight fisted lot! Tt continues to surprise me how some worry about the cost of
individual parts and then loose all the price advantage on postage charges. With DIY Radio aimed
primarily at young people, and many articles explaining how to do things for one’s spare change, there
was not much hope of advertisements paying their way. | advertise regularly in Radcom because over
the years I have found that RSGB members have the highest conversion rate from inquiries into kit
orders - but it is not easy to deduce whether inquiries anse from adverts or from news items following
press releases. Advertising is one of those irritating overheads - it has to be done because if you don’t
tell people about vour products they can’t know of its existence and don’t order!

Kit developments

I am pleased to report that my prototype Street TCVR has now been working on 80m for
some weeks. [ equipped it for 80 and 6 metres because the former allows easy testing etc. of the basic
rig and 6m should show up the problems of the higher frequency bands - and it has! It is not yet ready
for release owing to a couple of problems which took time to cure during my harvesting activities. The
TX strip had insufficient gain at 50 MHz requiring an extra IC with partial relayout of the transmitter
PCB. Thank you to those who are waiting having expressed an interest, particularly for 6m. About half
of the manual is written. Obtaining an electrically robust 50 MHz design is proving quite challenging!

In the bath, | ponder the merits of a band changing phasing CW receiver! The scheme would
use crystallised converters in front of a narrow band VFO phasing RX. Any interest? Tim G3PCiJ

YV VYVYY

Hot Iron is a quarterly newsletter for radio amateurs interested in building equipment. It is
published by Tim Wallord G3PCJ for members of the Construction Club. Articles on
simple theory, comstruclion, lesting, updates on kits, questions and suggested topics are
always wanted Pleasc scnd correspondence and membersbhip inquiries to Upton Bridge
Farm, Long Sutton, Langport, Somerset, TA10 9NI. Tel 01458 241224 The Copyright of
all material published in Hot Iron is retained by TRN Wallord. ©. Subscriptions are £6 per
vear lor the UK {(£8 overseas) from Sept 1st in each ycar. Junc 1st 1996.
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Oscilloscope timebases & triggering

{ This note was to have been wrilien by Dick GOBFLU but sadly he is not vet fully recovered from his stroke.)

The first article in this series explained how you could measure the peak to peak amplitude of
an applied signal; the purpose of the timebase is to display the shape of the waveform as well as its
amplitude. In a conventional scope, the waveform is drawn out in ‘real time’ as the signal is applied
just as you would draw a graph on paper of some signal. {A sampling scope does not work in real time
because it ‘sarples’ the signal repetitively and builds up the picture over many cycles of the applied
signal - this allows a higher effective bandwidth.) In the conventional scope, the spot is moved
sideways along the X axis of the tube at a constanit rate irrespective of what is going on in the vertical
or Y direction - hence each centimetre of the X axis represents a given time. At the end of each sweep,
usually to the right, the spot is returned quickly to the left of the screen to repeat the linear sweep to the
right. The spot is usually blanked off during this flyback period. The speed of the linear progression to
the right is known as the timebase speed or sweep rate and is measured in time per distance - a modern
scope will have a large rotary switch enabling sweep speeds from about 1 second/centimetre to around
200 nS/cm. The voltage which generates this spot motion has a sawtooth shape and it is important {for
the making of accurate measurements) that it be linear and welt calibrated. In the example shown
below, an HF sine wave is being displayed with a sweep speed of 500 nS/cm or 0.5 uS/cm. By
measuring the distance {using the scope’s graticule} between successive crossings of the some chosen
instantaneous voltage level (often O volts for convenience), the time interval between those points
(period) can be measured and hence the frequency worked out. (Frequency is 1 divided by the period
of the waveform.) In the example, the period is 4 cm on the tube or 4 x 0.5 = 2 uS giving a frequency
of 1 divided by 2uS which 500 KHz. This drawing out process allows you to sce the shape of the
waveform from which you can deduce if it is a single sinusoidal signal or whether it is “distorted’ by
the presence of harmonics of itself. Digital signals can be displayed showing the sharp transition from
ong digital level to the other and vice-versa. With such signals, often the rise (or fall) time between the
two digital levels is what is of interest.
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To produce repeated sweeps across the tube face in exactly the same position, which is
necessary to avoid a totally confused picture when sweeping faster than about 0.5 S/cm, the sweep
voltage must start its excursion across the face at the same mstantaneous voltage of the applied signal.
The sweep thus needs to be ‘locked” or triggered by the applied signal on the Y plates. (Old scopes did
not always have this facility, or even if provided, it was very poor on the high speed ranges making
waveform observation very difficult.) The modem scope usually has controls to select the coupling,
slope and level of the trigger point. AC coupling allows shifts in the DC level of the applied signal to
be ignored whereas with DC coupling, triggering will always be at the same actual voltage level. The
choice of slope allows triggering on the rising or falling slopes of the applied signal and level adjusts
the trigger point on the applied signal. Sometimes there will also be a hofd-off control which prevents
re-triggering occurring too quickly after the end of the sweep - this is useful where many cycles of a
signal are displayed during one sweep. As described above, if there is no input signal on the Y plates
with nothing to trigger the sweep or if the trigger controls are poorly adjusted, then the timebase is
inactive with no spot excursion along the X axis and probably a blank screen! Hence the modern scope
has an auto sweep facility allowing the timebase to run freely in the absence of a suitable Y triggering
signal - this at least gives a horizontal line all the ime which will be at 0 volts in the absence of 3 Y
input signal. If there is a signal, and the triggering controls are properly adjusted, then triggering occurs
correctly, otherwise with signals below a few Hz auto-sweeping will occur. Usually when making very
slow speed observations it 1s best to turn off the auto facility. More expensive scopes may also have
facilities for delayed triggering which will allow closer examination of part of a waveform or events
some adjustable (delay) time after the trigger point - this is very useful in complex logic circuits.
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For general analogue use, the normal sweep speed control 1s adjusted to show about 2 to 5
cycies of the applied waveform. If most of the waveform is clear but other parts are fuzzy, it implies
the presence of more than one signal, this maybe unwanted harmonics which will often appear as fuzz
at the top and bottom of the wanted signal. With careful adjustment of the trigger point to be in these
fuzzy regions, you maybe able to display the harmonic content; however if the unwanted signal is not
harmonically related (e.g. additional 50 Hz hum) then the fuzz can not be properly resolved.

The bandwidth of the Y channels will limit the ability of the scope to display signals
irrespective of timebase speed. A typical modern scope might have a ¥ channel bandwidth of 20 MHz
suggesting that actual displayed spot excursions will be 3 dB less or reduced to 70.7% of what they
should be at 20 MHz and will be even less as frequency is increased. The bandwidth figures are often
worst case and the scope will often actually perform correctly to a higher frequency - even so, the
scope can sttll be used above this region by making relative (instead of absolute) measurements as
some component etc. is altered. However, at these high frequencies the scope’s ability to tnigger
properly will be severely tested making observations increasingly difficult. The same Y channel
bandwidth limitation will also limit the smallest signal rise or fall time that can be displayed - in
consequence if a 5 MHz digital signal from a generator with very short (say 1 nS) actual rise and fall
time edges were displayed, then the apparent rise and fall time would be those of the scope Y channel
(around 10 a8 for a 20 MHz scope) instead of the 1 nS of the signal generator.

If the scope has two input Y channels, then usually the timebase can be triggered from either
Y input {or from an external signal). This is valuable for looking at the inputs and output of some
circuit block, perhaps being driven from a signal generator - here the timebase would be triggered
from the signal generator say applied to the scope’s Y1 channel with the circuit’s output applied to Y2.
Used like this there would always be a display and the triggering controls would not need altering as
the Y2 probe is applied on different circuit points to hunt for the signal. A two channel scope can also
be used to measure the time difference between waveforms, for sinusoidal signals this will indicate
their relative phase; where they are digital signals, time differences between voltage transitions may be
caused by propagation delays through gates or excessive capacitive loading etc.. It is usually
necessary, with a two channel scope viewing different frequencies, to trigger from the channel having
the slower or lowest frequency signal otherwise the timebase will not be able to show all of that slower
waveform. Another frill on modern scopes is a delay line in the Y channel(s); this allows the triggering
action to start from a particular point on the waveform before that point is actually reached in the
delayed version of the signal displayed by the sweep voltage - hence you can see the start or change of
some signal before it is large enough to trigger the scope. G3PCJ

SCR tester by Joseph Bell G3DII
If a conmstructor contemplates building a power supply unit for a fransceiver or power
amplifier, then the addition of a crowbar circuit to the unit is a ‘must’: otherwise Murphy’s law
dictates that at some time the pass transistor in the PSU will fail and so will the attached piece of gear!
The simple circuit below will give an instant indication of a faulty device before it is installed in a PSU
to perform the crowbar function. .,
Tort Flaing Rads s 5CR.
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When AC is applied, some 20 v AC will be applied across the SCR but because it should not
be conducting, there will be no voltage across R2, hence neither LED should light. When the push
button is pressed, SCR gate current will flow and the device should turn on when the anode is positive
with respect to the cathode. Thus for half of each cycle, current will flow through R2 so that LED1
(green) will light. If both LEDs light up, the SCR is conducting on both halves of the AC cycle and is
internally short circuited. If neither LED lights when the button is pressed, the SCR is open circuit.
The unit maybe built in any convenient form with flying test leads for the SCR connections. Apphied
AC voltage is not critical; an old 6.3 volt valve heater transformer can be used if nothing slightly
higher is available. The unit can also be used to test trtacs.
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Noise temperature, figures and factors vy Eric Godfrey G3GC

[n the last issue of Hot Iron [ discussed noise and 1 said at the end that a common way of
specifying noise associated with an amplifier or receiver was by stating its "Noise Factor" but that
could be the subject of another note. T have now been lent upon by Tim to do such a note and I hope
that readers will find this informative. The three parts of the above heading are so interrelated that all
three are discussed here rather than just "Noise Factor".

You will recall that in my fast note I stated that the noise power was given by the formula

Py = kKTB®. Thus the noise is directly proportional to the temperature "T" measured in degrees
Kelvin. Absolute zero is 0° K or - 273° C and at this temperature all electron flow ceases and no noise
is generated. A resistor at room temperature (approx. 290° K) would generate, into a matched load, a
noise power of Py = 1.38 x 10 x 290 x B i.e. 4 x 10" W for every Hertz of Bandwidth over the
entire spectrum. Note that the noise power is independent of the value of the resistor but that it is
directly proportional to the bandwidth. Consider an amplifier between a resistor and a noise free
receiver. The noise at the output of the receiver comprises two components, the noise generated by the
amplifier and the noise generated by the resistor amplified by the gain of the amplifier. The noise
contribution of the amplifier may be considered as an imaginary increase in the temperature of the
input resistor. This is known as the equivalent noise temperature or more usually just the noise
temperature of the amplifier. It is wortlt noting that the noise temperature is not necessarily the same
as the physical temperature and in fact in most cases they are different. Amateurs usually talk of the
noise factor or noise figure rather than the noise temperature. The noise factor Fy is related to the
noise temperature by the formula Fy =1 + T / 290. In the equation the 290 is the normal room
temperature of 290°C i.e. 290 - 273 = 17°C or 62.6°F. From this formula it can be seen that when the
noise temperature is 0° K then the noise factor is 1 and for all other temperatures it must exceed 1.
More often than noise factor the term noise figure Ny is used by amateurs which is merely the noise
factor ratio expressed in decibels i.e. Nr = 10logie(1 + T /290) or simply 10 logioFn.

The above discussion deals with the fundamental side of noise which is very relevant when
designing systems™® but in amateur circles the noise temperature is not usually considered but only the
Noise Factor or Noise Figure. The Noise Factor and Noise Figure when defined without reference to
noise temperature are given by the following two formulae:-

Noise Factor Fx = lnput $/N + Qutput S/N, where S/N is the signal to noise ratio
Noise Figure N = 10logFy = 10log(Input $/N + Output S/N)

What does all this mean? Well it clearly shows that in a perfect amplifier, generating no noise
in its own right, the Noise Factor will be unity and the Noise Figure will be 0 dB. If any noise is
generated then the Noise Figure be greater than 0 dB. So when making or buying an amplifier such as
a head-amp or pre-amp one should try to get the lowest Noise Figure possible. It is worth noting that
an amplifier set up for maximum gain will usually have a higher Noise Figure than if it is adjusted for
minimum Noise Figure. A typical 23 cms pre-amplifier, using a GaAsFET such as the MGF 1024,
has near the band centre frequency of 1295 GHz a gain of 14.8 dB and a Noise Figure of 0.55 dB.
This is an excellent Noise Figure and is typical of what can be achieved today using modern
transistors, It is not so long ago that a typical 144 MHz pre-amplifier using a 6CW4 valve {low noise
valve) would have a Noise Figure of about 3 dB.

There should be the minimum of loss between the aenal of any system and the pre-amplifier
since any loss will attenuate the signal reducing the signal to noise ratio at its input. Thus a
pre-amplifier should be right at the aenal and not at the other end of the feeder. With it at the aerial
both signal and noise at the receiver are reduced equally by the loss in the feeder but if it is at the other
end then only the signal is reduced.

In conclusion when buying a pre-amp or head-amp always choose the one with the lowest
Noise Figure rather than the one with maximurn gain.

References
(1) Hot Iron Issue No, 16. Noise, G3GC
(2) RadCom April, May, June and July 1985 Modem VHF/UHF Front-End Design, G3SEK.
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Measuring filter responses

This note follows similar requests from David Proctor GOUTF and Jim Geary GW3HKY
about using signal generators and RF voltmeters. Apart from a signal source and the filter {which
might actually be a more complex circuit like an amplifier etc.), the measuring instrument, or detector,
is usunally the most important and difficult item! In order to take sensible measurements, the detector
has to a) either not load the circuit under test or apply a known load, b) have adequate frequency range
for the circuit being tested and c¢) have adequate dynamic range. This last point is often the hardest
because the signal source will probably not be able to generate more than a few volts at best (and an
amplifier under test wouldn't either), if the circuit is passive with a small voltage loss then a simple
detector can be used, but away from the pass band where the output drops off rapidly, a simple
detector will not be able to read the signals due to lack of sensitivity. Hence a wide band amplifier
with known gain, which can be switched in between the circuit under test and detector is a very useful
adjunct -see later. Loading of the circuit under test is a bit complicated because, filters for example,
are designed to operate from and into specified load impedances (see the example below) whereas an
amplifier stage would have its source and load impedances presented by other parts of the circuit so
that the “detector’ must not load the circuit under test - hence the detector needed for this has to have
an input impedance many times the circuit impedances. For RF work, say on the band pass filters that
might be used in the front end of a RX, or following a mixer, often the circuit design impedances will
be a nominal 50 Ohms - 1n this case the correct load for the filter can be the input inspedance of the
detector or any amplifier used to increase semsitivity provided they are known to be S0R over the
frequency range of interest. Often signal generators will have a nominal 50R output impedance so they
can directly feed into a filter designed to operate with S0R source impedance. The test set up is:-
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For RF work the detector shown on the right below can be used; in fact it makes a very
convenient TX 50R dummy load and power output meter with three ranges in 10 dB (power)
increments up to 5 Watts. Calibration is easy with a DC voltage - see Hot Iron 3, The circuit on the left
provides a gain of 10 dB power with nominal 50R input and output impedances. With BC108,
BC182s etc. the bandwidth will be up to 30 MHz, changing to a 2N5179 will extend this into the VHF
region. For extra sensitivity, two or more amplifiers can be put in senes,
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The actual measurement technique should be to sweep the expected frequency range roughly
and check that the detector is able to make sensible readings at the extremes; this will also show where
the response changes rapidly, where to start/finish and where you might wish to take more readings.
Then carefully take about 10 readings, initially equally spaced in frequency increments of say 500
KHz and note the output for each. Plotting these on ordinary ‘squared’ paper will be adequate for most
purposes - for really wide ranges, use ‘log-log’ paper. Non loading detectors next time! G3PCJ
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Class C power amplifiers and filters

Some people are puzzled when they get very little cutput from a simnple CW TX until they add
some form of filter prior to the antenna matching unit. Often the reason is that the output stage is
operating in class C, without any standing DC current, so that the amplifying transistor is driven into
conduction for only part of the whole RF cycle. {f the rig does not have any form of ‘tuned’ load then
these pulses of current will produce pulse waveforms full of useless harmonics which often mask the
useful carrier. With a tuned load, the pulses of current when the device conducts, make the tuned
circuit ‘ring” at its resonant frequency so that, when the load is tuned to the same frequency as the
driving signal, useful power is produced at the fundamental which can be extracted to the antenna and
the harmonics are severely attenuated. This is how the traditional pi matching network of a valved RF
amplifier could be used on CW. A Q of 12 used to be recommended to give sufficient harmonic
attenuation but nowadays a low pass filter is often suggested to provide extra harmonic attenuation.
The ‘half wave’ low pass filter is easy to remember because the circuit element impedances are made
to be equal to the line impedance at the corner frequency where the response is to be 3 dB down.
These filters have three elements and two such sections in series will get rid of most harmonics!.
Different values are required for each band. The design frequency for the comer frequency should be
about 1.2 times the upper band edge so as to not attenuate the wanted signals - they will pass all lower
frequencies. The table gives values for the common bands in a 50 Ohm system. The capacitors need to
have a voltage ratire sufficient for the AC voltage implied by the power through the filter, G3PC)

Band | f: -MHz [ C-pF | L - aH | Tums | Core L L
160 | 2.4 1,300 | 3.3 24 | T63-2
80 | 4.6 700 | 1.7 17 | T68-2 | | I ‘
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These low pass filters can also be used after a class C amplifier without any internal tuning.

Reversed supply Yeovil! vy John Worthington GW3COI

Some folk never learn! Having built a Yeovil and eventually corrected all my errors I had a
happy vear using it almost daily on 80m. It even went to VK7 with me as with poor DX conditions, T
reckoned 80 m QSOs would suit me well enough during my six week stay. Not only that, it is a very
light rig and would keep my hand luggage inside the limit etc.. [ was lazy about diode protection from
wrong connection to PSUs and having boobed some years ago with another rig I was always very
careful. We get a lot of power cuts in Gwynedd and a recent one lasted 12 hours far into the night. T
always keep a car battery in the house to operate a light or two etc.; after the fourth hour of no mains I
decided to go on air. In the dim light of an oil lamp [ fitted the croc clips from the rig carefully on the
lugs and heard that dreaded slight frving noise. Realising the truth quicker than the speed of light I
started to swear. It was a month before I had recovered sufficiently to tackle the job of repair.
Following the designer’s advice, T confirmed that two tracks had acted like fuses. I then found that two
BC182s had gone o/c. After fitting new ones, 1 was delighted to find it was working again but only
with RIT switched in. As I hardly use this, I disconnected it but found the VFO was jumping 40 Hz or
so in a random fashion, especially on CW. Fitting a new CD4093 cured this enough to complete most
QSOs but the occasional ‘fusspot’
would mention it. T found this rather \_ﬂ_
puzzling but Tim’s advice was squirt 1
switch cleaner/lubricant on the tuning '
pots. By the way, the first thing I did
before starting on the repair job was to
fit a diode in the 12 volt input! My

language has now retumed to normal! g
1) .
: 5]

John, we have all done it! } = Gt
Some are rather keener to keep it to 3 S S L
themselves. In such situations a sense o *‘\“\f‘gﬁ“\ﬁ K\ 53 %ﬁ\ >
of humour is essential. So in tribute, I vt D FoR NN R
must publish one of your inventions! ‘
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Hot Iron

Issue 18 “Journal of the Constructors Club” Winter 1997

Editorial

How 1 love and hate this computer! | have just spent a good
15 minutes trying to import my normal ‘season’ picture on the bottom
of the page. I know it is somewhere in the machine or on my Publisher
CD, but can I find it! I have given up in disgust. Please, one of you,
send me something to liven things up a bit! The trouble is that T don’t
use these slightly unusual features sufficiently often to remember how

Contents to do it. At least amateur ra(_iio does not have these problems, not at
Tattcry Charging least for most of us using simpler rigs. I suspect those people using
- ; packet may feel the same, judging by the long QSOs that one
r AANICd charger overhears and undoubtedly modemn black box rigs do suffer from
» Rig Updates multiple uses of each control. Thinking of networked computers, |
> Versatile AMU Bridge have just linked to the Internet so shall be very pleased to have any
> Acrial impedance tests  future contributions by e mail. T had expected my son to spend all his
» High Z RF voltmeters  time surfing at my expense but in fact it is my daughters that use it
» Testing Zeners most for writing to friends etc. 1 am only just getting used to it and

still have some ‘local’ procedural difficulties but clearly it will

become very useful and helpfol to all. My address is
walfor@globalnet.co.uk. (The missing d is intentional.} My file of articles written by others is a little
thin at the moment, so please, when you need some distraction after the festivities of Christmas and
the New Year, get your pens out and jot something down. Don’t worry about polishing it up etc. for
publication - I can alter things easily! (I hesitate to use the word polish as 1 am conscious of the
somewhat informal nature of Hot Iron.) Anyway, all the best of festive greetings for Christmas and the
New Year, and may you enjoy good health throughout 1998 and beyond. Tim

Kit Developments
The Street, any single or two band CW and SSB TCVR, is now available. A few are out and

no troubles to date - I keep my fingers crossed because 6 metres is a challenge! I have also produced
an Optional Extras kit for the Street and other rigs that have some of the embellishments left out of
the basic rig - e.g. AGC, RIT, S meter/output power with matching bridge. There have also been a few
inquiries over the months for low pass filters - particularly for the simple broadband CW rigs. I now
have available a single kit that contains two relay switched dual half wave low pass filters for any pair
of bands 6 to 160m. Two of these units can also be used for a three band rig like the Godney. I have
also completed the kit for a QRP Antenna Unit. This contains a matching unit, based on the low pass
L network with variable L and C, together with an optional resistive matching bridge and output meter.
L and C switching uses switches as well as a polyvaricon to keep the cost down. For mobile use, it has
been squeezed into the small kit format 100x100x65mm high. T have laid out the PCB for the Midney
which is a simple any single band 20 to 160m superhet phone/CW receiver - writing the instructions is
the next task after this! The matching CW TX and any two band CW phasing RX are not far behind! [
am looking for some prototype builders so let me know if you are interested in any of these. G3PCJ

Hot Iron is a quarterly newsletier for radio amateurs interested in building equipment. It is published by Tim Walford
G3PCJ for members of the Construction Club. Articles on simple theory, construction, testing, updates on kits, questions
and suggested topics arc always wanted. Please send correspondence and membership inquiries to Upton Bridge Farm, Long
Sutton, Langport, Somerset, TA10 9NJ. Tel 01458 241224 The Copyripht of all material published in Hot Iron is retained
bv TRN Walford ©. Subscrintions arc £6 per vear for the UK {£8 overseas) from Sent st in each vear. June st 1996.
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Battery types and Charging

Recently scveral members have had questions about batteries: being not too confident about
this topic [ was pleased to receive a couple of articles from which much of the following has been
culled. There are many different cell chemistries with a wide variety of battery or mmltiple cell stack
voltages; it is not often appreciated just how big the difference actually is between lowest useful cell
voltage and that at the end of charging. The chant below shows this for various cells chemistries.
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Crucial to charging properly, is knowledge of the cell or battery stack capacity C, measured in
ampere-hours. This is literally the product of current and time that the battery can ‘normally’ supply
after being fully charged - a figure which 1s not dependent on battery voltage. The suggested charging
current is often expressed as some fraction or multiple of C; this allows you to estimate the time that it
should be on charge - divide the cell capacity by the fraction of C used for charging. (e.g. Charging at
half C will need two hours theoretically.) The following table shows some example capacities (in
amp-hrs) for typical cell sizes and chemistries. The ordinary carbon-zinc cells are not supposed to be
rechargeable but | have seen it suggested that some charge can put back in again shortly after partial
discharge - particularly if the DC charge current has a small additional AC component produced by a
capacitor across the charger’s rectifier. Chargers are commercially available for alkaline cells, I think
using the same technique. I have no data, or experience with either, so cannot recommend it!

CAPPCITY Primary - Alkaline - Lithium - Standard - Nickel metal
Size -AHvs | Carbon zinc Copper top Ni-Cads hydride
AA 1.5 2.5 2.3 0.6 1.1
C 4 7.2 8 2 2.6
D 10 17.5 19 4 5
PP3 0.3 0.5 0.15 1.1

There is some debate about the need to discharge cells before recharging - most experts reckon
that discharging down to 1 volt per cell (for practically all chemistries!) will reduce dendritic
formations which are responsible for the so-called memory effect. Fast discharging, in less than an
hour, is not generally recommended unless the cell is specifically designed for such hard work;
however it is suggested that any preconditioning discharge take less than 10 hours. Fast charging (as
opposed to trickle charging) for NiCd and NibMH cells is sumilar; it can be done at up to twice the one
hour rate but it is more usual to use the two hour rate or half the rated ampere-hour figure. A constant
current scheme should be used for these two chemistries until the cell voltage ceases to rise any more.
For ordinary NiCds a little more charge (5 - 10%) can be put in till the voltage just begins to decline
past its peak value. (You will need to measure the cell voltage very carefully to observe this effect so
is not done by most amateurs!) Once fully charged the cell temperature will begin to rise more quickly
as all the energy is now converted to heat rather than being stored. Lithizm cells are usually charged
with a constant voltage, with initial current limiting to prevent damage, just like the simple chargers for
lead acid batteries. Eventually the lithium cell voltage rises to a float voltage of 4.2 volts per cell when
charging is complete, so this should be the charging ‘voltage’. For lead-acid batteries the charging
voltage is not quite so critical, again a current limited supply of about 2.45 volts per cell should be
used but the ‘float charge’ voltage should be lower at 2.2 volts per cell. For Lithium and lead-acid
charging, the current limit should be set to about 4C but actual current will fall below this soon after
charging is started. After the ‘fast’ charging as above is complete, an indefinite trickle charge (mainly
to counter self discharge) can take over. Self discharge is worst with lead-acid and the articles infer a
trickle rate of around 0.1C, that for NiCds should be less at about 0.05C. Trickle charging is not
necessary or suggested for NIMH or Lithium cells. With all cells, err on the side of caution by using a
low charging current if you don’t have any data. If in doubt, use the 5 or 10 hour rate for the cell size
and chemistry from the above table. Whatever you do use, it is always sensible to feel the cells a few
minutes after starting to charge, then again 15 minutes later, to make sure they are only warm. G3PCJ
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Charger for 4 AA NiCd cells deol
This circuit was destgned for use off a car IN t " L
battery (or 12 volt AC) in the dark so had to have i 0
polarity protection! It depends on the green LED
acting as a 1.4 volt zener diode to define the voltage
between the transistor’s base and bottom of the
emitter resistor, hence defining the constant
charging current through the cell string. As each cell
becomes charged, the cell voltage approaches the
1.4 volt ‘on’ voltage of the red LED across it
causing the LLED to light up because it is now
passing the current instead of the cell. This also
allows charging without having to have a full string
of cells, I used to use this on holiday for the kid’s
Walkman batteries with the charger under the
bonnet - T found out the hard way that it is advisable
to do the charging while driving with the wunit

visible when leaving the car! ~ G3PC) . n TN A X
Rig Updates 6303 \Zhwspr AR nicd e
Bruton and Taunton AGC A few builders, have reported difficulties with the audio AGC system
of the SL6270 VOGAD chip oscillating at about 1 Hz or less having the effect that sensitivity pumps
up and down at this slow rate. I used to think that it was associated with too high DC resistance to
ground on the unused audio input. (The chip is designed for a balanced input from a mike transformer
etc..) However I now think that this instability is caused by a too high supply voltage impedance -
over 10 Ohms or so leading to possible problems. Both rigs have precautionary supply voltage
dropping resistors with decoupling to prevent audio feedback from the output stage to the VOGAD
chip. The chip can take the full 8 volt supply voltage so the easiest modification is to short out these
resistors, R112 in the Bruton and R121 in the Taunton, 1f your rig is affected.

Wedmore While the ceramic resonator VFO has many benefits, it does have a reputation for not
being quite as stable as one would like! With helpful experiments by a number of builders, it now
appears that part of the blame can be attributed to using plain ceramic coupling capacitors to the
varactor diode(s). The ordinary 10 nF ceramic disc capacitors have a large positive temperature
coefficient which I thought would not be important in their role as a coupling capacitor; however
changing one to a 4n7 COG type (with nominally zero tempco) has made a marked improvement in
most of those rigs which were suffering drift. Changing both €27 and C28 in my own Wedmore
overcorrected the drift so I suggest you only change one (either) of them. Not all Wedmores drift and
in one case changing the ceramic resonator effected a cure. Send me a stamp with a stamped envelope
if you wish to try a 4n7 COG capacitor or another ceramic resonator. G3PC]

Versatile Resistive Matching Bridge

The circuit shown below is an extension of the simple resistive matching bridge which
normally uses a DPCO switch to insert the bridge in circuit and to make the meter show either full
output when the bridge is out, or reflected voltage when the bridge is in circuit. A minor irritation is
that, with the simple circuit, the meter will never show more than half-scale on the reflected position.
If the bridge is used with an antenna matching unit that has a 2:1 input transformer, having a centre
tap, then the meter can show full scale on all switch positions including the extra dummy load
position. You have probably guessed correctly that the CT is available in my new Antenna Unit kit!
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Measuring Your Aerial Impedance by Enc Godfrey G3GC

Many of us at some time or other have wanted to resonate our aerial system for use on the
particular band on which we wished to operate. It is not uncommon for this to be atternpted nsing a
grid dip oscillator (GDO) or using a noise bridge. However neither of these in my opinion is
particularly satisfactory and the object of this note is to put forward another method which is not only
capable of indicating resonance, or lack of it, but also able to measure both the resistive and reactive
components of the impedance of the system.

The method is to make use of the fact that an acrial which is resonant at a particular frequency has
no reactive component but behaves like a pure resistance. If such an aerial is connected across a circuit
tuned to resonance then, since its impedance of the acrial has no reactive component, there will not be
any change in the tuning of the tuned circuit which will still be at resonance but will now be loaded by
the resistive component of the agrial impedance. It is possible, by substitution, to be able to measure
this resistive component of the aerial impedance. Figs 1 and 2 show such a system connected to a low

impedance source such as an oscillator, -
"

+—o T,

RF A SIZ §£
T3C T

i

L s
Fig, 1 Balanced G4c Fig 2 Unbalanced = )

Preferably the source of RF should be at a low impedance and this has to be connected to the
tuned circuit by loop coupling which should be at the centre of the coil to maintain balance assuming
that one is going to measure a balanced system such as a dipole (Fig 1). If some form of monopole
aerial, such as a vertical quarter wave, is to be measured then the loop should be at the earthy end of
the coil. Tn fact if one wished the coil could have taps at its earthy end thus avoiding the need of loop
coupling (Fig 2). It does not matter which method is used and is simply a matter of personal
convenience. The diagrams show a peak voltmeter across the coil and resonance will be indicated by
the maximum voltage across the coil. This peak voltmeter does not have to be calibrated since it is
only used as an indicator but it is worth having as sensitive a meter as possible with a nicely calibrated
scale. 1t does not matter in what the scale is calibrated, it is simply for re-setting purposes. A variable
resistor is included in the meter circuit to adjust the sensitivity as required.

The method of operation is to first set the RF source to the frequency required and then to adjust
the tuned circuit to resonance, indicated by a maximum reading on the meter. It should be noted that
some modern transmitters on high power may not like this and tum the power output down. The meter
reading may be set with the variable resistor for full scale deflection on the meter (FSD). Then attach
the aerial to the terminals T; and T which more than likely will reduce the meter reading. This can be
re-adjusted to FSD by the variable resistor (it is possible, depending on the amount of power and
meter sensitivity, that you may not get FSD but adjust for a maximum). If the aerial is resonant then
there will be no change required to the setting of the tuning capacitor for a maximum reading. If more
capacity is required the aerial must have some inductive reactance and is therefore too long. If less
capacity is required then the aerial is capacitive and is too short. Reduce or increase (much more
difficult) the length of the aerial as required until there is no change to the tuning of the tuned circuit
when your aerial is connected and Eurcka you will have an aerial resonant at the measuring frequency.
You may calibrate your variable capacitor by connecting different known values across the terminals
without an aerial connected and refuning the capacitor. The RF source frequency for this operation
should be adjusted so that resonance is achieved when the vanes are fully meshed. A calibration chart
of capacity against capacitor rotation can then be drawn and from this, the capacitive or inductive
(negative capacitance) component of the aerial impedance may be deduced. You will have noticed that
the meter reading tends to be less with the aerial connected which is due to the resistive loading on the
tuned circuit. However this gives a way of finding the resistive component of the aerial impedance. All
one has to do is to make a note of the meter reading, remove the aerial and replace it with a suitable
non-inductive resistance until one is found that gives the same meter reading as there was when the
aerial was connected. It is worth keeping a series of resistors specifically for this purpose.

The problem of using this gear is how do you get it, and for that matter yourself, up some 30 ft in
the air or do you lower the aerial which will then affect the impedance and give false readings. Well
the answer is you do neither. You measure the aerial through a length of twin feeder connected to the
centre of the aerial which is any number of electrical half waves long at the desired frequency (the
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smaller the number of half waves the better). The input impedance to a half wave feeder 1s the same as
its terminating inpedance irrespective of its own impedance (Fig 3) and therefore the aenal impedance
is transferred to the input which can be connected to the measuring gear situated on the ground with
the acrial still at its operational height. It is essential that a balanced aerial is measured through
balanced feeders. 'I'he monopole should use unbalanced coaxial feeders.

a Np —

O 0 10 = H’U\(
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Fig 3 G360

It may be that you do not know the velocity ratio of the measuring feeder but this is no problem
since all one does 1s to cut a piece of feeder about a half wave long in air (velocity ratio of 1) and then
connect it across the terminals of the tuned circuit. It will then exhibit an inductive reactance and the
tuning capacity would have to be increased for resonance. However what one does is to reduce the
feeder length until there is no defuning on connection. This length divided by the length in air is the
velocity ratio of that feeder expressed as a decimal, This technique may be applied to any feeder
whose velocity factor is unknown. (The tuned circuits can be home brew using plug-in coils which
should be of such an inductance so as to require the tuning capacitor to be set around mid-capacity.)

High Impedance RF voltmeters

Assuming that a DC multimeter is the indicating instrument, some form of rectification has to
take place. Silicon diodes (IN914, 1N4148 etc) should not be used in simple circuits as the input
voltage has to exceed 0.65 before they begin to conduct, instead germanium (OA90, OA91 etc)
conducts over about 0.1v but they are too slow for HF circuits; the best are Schottky silicon diodes
like the BAT85 which conduct over about 0.35 volts and are good to VHF. For the simple circuit
shown below, the input impedance is of the order of 47K and the series 4M7 should make a 10 MOhm
DC voltmeter read the RMS value. Be careful not to apply too much RF voltage (from a transmitter)
as the PIV rating of the BAT85 is only 35 volts! The next step up in complexity is to add an active
buffer stage to further increase the input impedance by mainly raising the input resistance, to 1 MOhm
in the Le,j'i:‘ circuit. Note there is no increase in sensitivity and there is still a few pF of input
capacity. With both of these circuits, they need to be very close to the point being measured and must
not be connected by screened lead - its capacity will heavily load the circuit under test. However the
nominal ! MOhm input impedance of the active buffer does allow a 10:1 scope type probe to be used.
This will attenuate the signal by a factor of ten, but it does allow the cable (of the probe) to connect to
the buffer amplifier. Finally, the operational amplifier circuit will allow the scope probe to be used and
regain the full sensitivity of the detector. This circuit has the 1 MOhm input impedance required for a
scope probe and should be useable to at least 30 MHz when a good layout and short lead lengths are
employed. Tt should feed the detector direct. The circuit gain can be increased but bandwidth will
suffer. The chip is a current mode op-amp with a limited range of feedback resistors; gain alterations
are made by changing the other gain deﬁning resistor between negative input and earth.  G3PC)
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Testing Zener diodes by Joseph Bell G3DII

Zener diodes are often used in ham radio equipment and can commonly be obtained with
voltages in the range 2.7 to 200 volts. Typical maximum dissipation is in the range 300/500 mW for
the smallest glass bead type, 1.3 W for more solid black “slugs’ and 5 Watt for the top hat shape. In
circuit, the actual dissipation is easily worked out as the product of zener voltage multiplied by the
current through the zener.

Many hams have a bench variable PSU covering 0 to 20 lok %.Wc;
or 30 volts; if such a DC source is available then all we need to & pe ol

test the zener is a 10K resistor and a DC voltmeter, preferably VarioMy
high impedance. The 10K resistor is placed in positive leg of the Powen
PSU as shown alongside with the zener placed between the other | | § mﬂ»\b
end of the resistor and the PSU negative terminal. Start by setting i
the PSU to some convenient value near 15 volts and measare the G3pis
voltage across the zener. If the zener voltage is under 15 volts
this will be shown; if the voltage is 0.6 volts the zener is connected the wrong way round and is
showing the voltage drop of an ordinary silicon diode. This is also a way of testing whether you have
selected a zener or an ordinary diode from the junk box. If it is an ordinary diode it will show about
0.65 volts when connected on¢ way and the supply voltage when connected the other way. If you have
a short circuited zener or diode it will show zero when comnected both ways; if open circuit, it will
show supply voltage both ways unless it is zener with a voltage higher than your supply voltage. In this
case slowly increase the supply voltage and see if the meter reading fails to increase with the supply
voltage - in which case you have now found the zener voltage.

You may have a zener whose voltage is a
bit high or low for your need but all right on &+ +
probable power rating, You can increase the zener
voltage by connecting two, or more, zeners in
series (the same way round) or by adding ordinary

G3IIL

silicone diodes between anode of the zemer and VA Ve Ve

earth. They need to be able to handle the maximum '—Pl—#

zener current. If you need to reduce the voltage, 2 - 7 S

add silicon diodes between the junction of the| ™* two .

resistor/ zener diode and the load. In both cases, Tmens & 2; Zernen

each silicon diode will add or subtract about 0.6 [ 7 __/g SF

volts from the zener voltage. As a rough guide, for

circuit design purposes, the zener voltage should be _J___,__ —3 . - >

limited to not more than about % of the lowest - - -
21*21 Z+ 05 Z—-0b8S

available supply voltage. If the load current is
fixed, then the current through the series resistor
should be about 1.25 times the load current so that % goes through the zener. If the load current varies,
then use the maximum load current so that 1.25 times it flows through the resistor BUT remember all
that current will go through the zener when the load current is zero, so do check that the zener power
rating s adequate! The series resistor value is (supply voltage less zener voltage) divided by 1.25 load
current. Do also check the resistor’s dissipation. The slope impedance of small zeners is around 5
Ohms so changes in load current will have a small but definite effect on voltage (SR x change in load
current.). (If you need better stability use a fixed voltage regulator of the 78XX series - XX is voltage -
05, 08, 09, 12 & 15v are available; the TO220 devices have a 1 Amp rating. The 78LXX has a 100
mAmp rating. Neither is good enough for varactor tuning diode voltages - use a 317 series regulator.)
There are many other diode tricks - do a little experimenting - send the results in to Tim!

14th Yeovil QRP Convention

The date is earlier next year, April I9th at Sherbome as before. Star attraction is the Rev
George Dobbs G3RJIV. All the usual attractions - traders, bring and buy, food, talks, demonstrations
and Construction Challenge. This is to produce the most power efficient 20m QRP transmitter. Details
from Peter Burnidge G3CQR, QTHR or Tel 01935 813054,

Signal Generator Tuning Label 126-55MHz 7 2.6~ 5.1 MHz
Craig Douglas GOHDJ found that printing a small (2 {7-38MHz 8. 1.7-3.3 MHz
adhesive label, fitted beside the tuning knob, with the adjacent |3, 12-26 MHz 9 1.1-2.1 MHz
signal penerator coverage table saved getting out the instructions | 4. 8.5 - 17.9 MHz 10. 807 - 1900 KHz
each time. The 3 digit counter is even better! 5.57-11.5MHz 11. 543 - 944 KHz
Happy constructing in 1998! Tim G3PCJ |638-75MHz 12.395-616 KHz
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Hot Iron

Issue 19 “Journal of the Constructors Club” Spring 1998
Editorial

The cold wet weather of early January stopped much outside
farm work leading ultimately to the several new projects mentioned
below; however the recent spell of unusually dry and warm weather
stimulates the brain. Flicking through the component catalogues, T
recently stumbled on a new style of resistive preset capable of taking a
shaft {and knob). This costs only a fraction of a normal potentiometer,
and through mounting directly on the component PCB, it can reduce
the need for extra PCB matenal for a front panel. With most control
Contents wining as DC or low impedance audio, it makes it easy for the kit
#» Rig Updates builder to add his own full size controls if he wishes, having bought
» G3DII circuit tips them more cheaply than I can at a rally! This is all good news because
» Sparkford development it keeps kit prices static or maybe reducing. The new price of
>
>
»

Surface mount thoughts ‘mechanical’ type electronic parts (e.g. pots, knobs and sockets etc.)
is out of propoition to their contribution to circuits - compare a pot
costing 70 pence at the 100 off rate with a typical digital counter chip
having dozens of transistors at 25 pence. Viewed in a stmplistic way
(ignoring material costs and production run aspects), the cost of the
chip making plant is a great many thousands of times that for the
mechanical part so it should be the other way round! Nowadys several low cost parts can sometimes
replace a single IC at a lower overall kit price but with more work (and slightly increased risk) for the
kit builder whose time the kit supplier does not value. I think most builders would favour using several
parts if the IC approach doubled the price for that task. What do you think - letters please!

Kit Developments

The Sparkford is an 80m CW TCVR using several new ideas which 1 shall explain in more
detail later in this issue. Tts low cost, small size and minimum 9 volt supply should appeal for those
wanting /P gear. Just £34! The Midney which I mentioned last time, is now available; it is a single
band superhet receiver with phone and CW filters. Any band from 20 to 160m for £49. The Antenna
Unit , also mentioned last time, is now available. Designed for QRP purposes, it comprises a anrenna
matching unit using switched inductors with a polyvaricon variable capacitor plus an optional
matching Aridge for adjusting the match conditions. The bridge meter indicates reflected or output
voltage, which after matching adjustment for 50 Ohms load to the TX, can be calibrated for power. It
suits the more common antenna types and feeders covering 10m to 160m. Price £39. The latest project
is a versatile Andio filter/oscillator kit using an exceptionally sharp cut off clock tuneable low pass
filter, A typical filter application would be for CW after a phone bandwidth receiver. The kit can also
generate either a single high purity audio sine wave in the range 260 to 4300 Hz or two audio tones
suitable for SSB fransmitter testing. Price £22. Hope to see you at the QRP Convention. Tim G3P(CJ

Linear LDO regulator
QRP Convention

Hot Iron is a quarterly newsletter for radio amateurs inlerested 1n building equipment. It is
published by Tim Walford G3PCJ for members of the Construction Club. Articles on simple
theory, construction, testing, updates on kits, questions and suggested topics are always
wanted. Please send correspondence and membership inquiries to Upton Bridge Farm, Long
Sutton, Langport, Somerset, TA10 9NJ. Tel 01458 241224 E mail walforiiglobalnet.¢co.uk
The Copyright of all material published in Hot Iron is retained by TRN Walford. ©.
Subscriptions are £6 per vear for the UK (£8 overseas) from Sept 1st in cach vear.
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Rig Updates

Taunton and Bruton AGC  Further work on this aspect mentioned last time confirms the wisdom
of running the SL.6270 VOGAD chip directly off the 8 volt supply in these rigs. It is also evident that
the extra input bias resistors which were originally 10K should be increased to 22K, accordingly | have
now changed the instructions and parts lists for both rigs. For those experiencing AGC troubles, in the
Bruton, R112 should be replaced by a wire link and R114 should be increased to 22K. For the
Taunton, R121 should be replaced by a wire link and R123 increased to 22K. Unless you have
problems, 1 doubt if these modifications will unprove any other aspects, so cnly do them if necessary.

Bruton VFO on 20m Hans Puhringer OE3HPU had already sent me an e mail explaining
his modifications to the VFO to improve stability so I was pleased to be able to try them out on
another Bruton for myself. He had recommended changing the original TOKO 3335 coil, which has a
high a1 core for the more stable powdered iron type. Without changing anything else, I found that 12
turns of 24 gauge wire, with a tap at 3 turns for the 2N3819 source connection, on a T50-2 core
worked very well. Since there is no mmming device to set the VFO high frequency limit, this had to
be done by adjusting the turns on the 150-2. The low frequency VFO limit is set as before using the
preset setting the most negative varactor diode voltage. Using 12 turns set the HF limit to just over 8.4
MHz (cotresponding to 14.4 MHz RF) - from cold it shifted less than 200 Hz in half an hour.

Hans also commented on the problems of IF breakthrough in central Europe where there are

several very high powered AM transmitters operating near to 6 MHz. He suffered quite significant
problems until he applied screening to all of the IF section, 1.e. both NE612 mixers with their 4066
switches and all of the 1F crystal filter. In the UK, T have never had this problem when using open
construction however these stations can be a very useful source of signals for checking that the IF
onwards of the rig is working. Just put your screwdriver, with finger applied, to any hot point in the IF
filter - if you get mushy signals, the subsequent stages are working! After these modifications, Hans
had some excellent DX contacts using 4 watts into W, VE and VO land. Having found a source of
cheap Bulgarian 9 MHz IF filters, he has a new multiband rig in development using ideas out of the
Bruton with a Lopen TX. We look forward to hearing about it in the future.
Power Supplies Gerrit ten Veen PA3FOY tells me about his experience with various supplies
used with his Taunton. It all started when other stations complained of chirp which Gerrit found to be
caused by RF getting into the PSU’s regulator circuit leading to an unstable supply to the rig. Plenty of
10 nF ceramic disc capacitors are the cure for this - put them on all supply lines wherever a longish
lead enters or leaves a PCB. The wire used for supply leads should err on the large side - the 1 to 2
Amp peak currents on speech peaks can cause significant drops in small wires. Although Gerrit did not
tell me his antenna matching unit arrangements, I have a suspicion that poor separation of RF and
mains or 0 volt wiring does often lead to problems. I strongly advocate using a link coupled form of
resonant antenna matching unit so that the real RF earth is isolated from the rig’s 0 volts. Quite often
mains earth is connected to the PSU 0 volt line, so without the preferred link coupling, some of the
relatively high antenna system RF currents are quite likely to flow into domestic supply earth system
and hence the PSU. End fed antennas worked against mains earth are notoricus for trouble! If your
normal 50 Hz supply uses PME (protective multiple earthing), which depends upon continuity of the
electricity supply company’s neutral conductor to provide easth fault protection, you must not join
mains earth to RF earth and also ensure it is not possible to touch real carth and mains carth at the
same time. [ do not like PME and much prefer the alternative of using a RCD earth leakage trip.

Tips from Joseph Bell G3DII

Zener diodes 1f you are stuck for a Zener diode in the middle of a project don’t forget that most
bi-polar transistors exhibit the zener effect between base and emitter with the collector open circuit.
Obviously they have to be biased backwards compared to the normal way. Connect the base of p-n-p
device to the positive side, with emitter negative. Alternatively, connect the emitter of a n-p-n device
to the positive and the base to negative. The hefiier the transistor, the greater will be the dissipation
that it can handle. Try audio devices like BD139 which shows a zener voltage of between 8 and 12
volts typically. Measure the device’s actual zener voltage using the circuit in Hot fron 17.

LED polarity The lead polarity of LEDs varies between manufacturers and errors can be fatal to the
device! There is a simple way to identify the leads. Hold the device up to a strong light. You will sce
through the package that one lead is directly attached to a largish cup, the other lead having a fine wire
going to the cup. The cup is always attached to the cathode lead which should connect to the negative
side of the circuit. You may not be able to see the fine wire but the cup is always visible, sometimes
with a different shape, but the cathode is always connected to the larger of the internal structures.
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Development of the Sparkford

This design started life as my version of the typical simple 80m CW TCVR. Ingenious as
many are, often performance is compromised by using a device for at least two purposes so that it fails
to do either or both jobs properly. Some designs also lack essential functions hike a VFO, automatic
TR changeover or sidetone. Having been brought up on digital devices, [ knew a hex CMOS inverter
gate package can provide six very cheap ‘op amps’. With the output biased to mid supply, the slope of
their transfer characteristic shows a voltage gain of times 10. Their cheapness, which allows several to
be used, can compensate for low voltage gam. When digital gates are used in this unofficial linear
manner, stability can be a problem when negative feedback is used to bias them at the midpoint of the
digital transfer curve. The solution is to use the simple unbuffered form of these gates type CD4069
which can work over the wide supply range of about 3 to 18 volts. These inverting gates can be easily
arranged as bandpass filters with a gain of 10. The rig actually has two such stages centred on 750 Hz
arranged either side of the AF gain control with further audio amplification, and more filtering, both
before and after the bandpass filters. On 8 volts, the chip is also fast enough to work as an RF
amplifier on 80m. I have previously used a ‘digital’ signal type VFO in the Wedmore so was confident
that they could be used with a 3.58 MHz ceramic resonator tuned by varactor diodes for the main
tuning and transmitter frequency offset. Already it looked as though one device type might do several
tasks so reducing the number of different types of parts - always a desirable factor. Audio output
stages are a problem in a low cost rigs; I do not like the LM 386 which 1s frequently used because it has
a narrow recommended supply range. Output for phones would be adequate but not many people have
high impedance versions. The common cheap walkman types phones present 60 Ohms when
connected in series but even this is too low for the CMOS hex inverter so some form of discrete output
device is essential. The BS170 MOSFETs is now cheaper than BC182 etc. and is also more versatile.
They are also quite fast so 1 was happy to add them to the parts list! Further BS170 FETs are actually
used for muting and the sidetone oscillator which manages to stop and start with the minimum of
thumps! Using these ideas, the main AF circuit that evolved, is shown below.
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The RX had to be a simple direct conversion type but the choice of detector was not obvious. [
wanted to avoid a NE612 because of cost and, to some extent, complexity. A simple diode detector
was tried initially but at night it was awful! Wanted 80m signals were swamped by the broadcast
stations near 4 MHz even with multiple stages of RF filtering. A doubly balanced form of detector is
essential to reject this AM breakthrough. After searching the hiterature for ideas, I eventually stumbled
on an article about switching or synchronous detectors using a quad of special MOSFETs in place of
the diodes in a conventional doubly balanced diode mixer. The decision to use BS170’s instead didn’t
take long but avoiding the trifilar wound toroidal transformers was harder! Avoiding that associated
with the VFO was easy - use another digital inverter gate, after the VFO oscillator stage, to provide
normal and opposite phase signals for the MOSFET switches. How to provide normal and opposite
phase RF signals for the MOSFET switches? Solution - use another inverter gate adjusted for a gain of
one which is easily arranged! The result is a fairly simple and cheap doubly balanced mixer (see over)
which does reject the unwanted AM and which avoids the dreaded coil winding! Using another
inverter gate as an RF amplifier lifts the overall gain without risking too much AF gain and possible
instability. Further spare gates are used to provide ofset tuning T/R voltage control.
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The TX had to have ‘automatic’ TR facilities but avoiding a relay would be good for the cost
and might allow full break-in operation. Some form of TX harmonic suppression 1s necessary; | prefer
a tuned output stage rather than extra low pass filters. The TX output device was to be a FET so it is
easy for it to be swilched off completely when recerving, thus not loading the RX tuned cireuit to
which 1t 1s connected. By using th{é\ antenna matching unit 50 Ohm Joad impedance (when properly
adjusted) as the TX FET drain load, will define the device drain load, hence power output on a given
supply voltage. By directly coupling this to the first stage of the RX bandpass filter, as required for
receiving, the receive filter is active on transmit and provides harmonic attenuation. These RX
bandpass filters actually use cheap 10 uH TOKO chokes, in order to have the current handling ability
needed by the '1X, with tuning by preset capacitors. RX front end protection has to be included
because the combined RX/TX tuned circuit multiplies up the RF swing way above the safe limit of the
RX inverter supply voltage - hence silicon diodes across the second RF bandpass filter coil. They
conduct during transmission, with current being lLimited by the small filter coupling capacitor. On
reception, signals are too small for the diodes to conduct. Originally T was going to use an TRF510 as
the 'I'X output device but [ soon realised that two more BS170s directly in parallel {without heatsinks)
could handle the 1.5 Watts output on a 13.8 volt supply iniplied by the 50 Ohm transmission line toad.
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The final uncertainty was supplies. The varactor diodes controlling the actual frequency of
operation of the nominal 3.58 MHz ceramic resonator, nced a very stable voltage. The TX output stage
1s run off the incoming supply to avoid pumping of the internal varactor supply and this also allows
higher RF outputs on higher supply voltages. 8 volts is needed for the varactor supply to get adequate
capacitance change and frequency range (50+ Khz). © volt operation is destrable for /P. LM317
regulators need a minimum of 2 volt headroom so would not do, so T gave in to the more expensive
LM2930-T8 low drop out regulator. 1 was not able to devise an alternative circuit using only N
channel BS170s! It needs a P channel device (see later) and was looking complex compared to the rest
of the rig. On 9 volts, the TX produces about 0.75 Watts, or without modification, about 4 watts for
short QSOs on 20 volts - above this cutput does not increase due to lack of RF drive. Finally, 1 show
the complete rig in its working minimalist form below. Remember, that you can easily change the
board mounted preset controls and switch for normal ones very easily and more cheaply than I can
supply them!

] plan a Sparkford derivative with
phasing receiver for single sideband CW
reception, audio output for a normal LS or
phones, with TX output power of 5 watts
on 13.8 volis - T suspect it may have to use
the IRF510 or more BS170s! The
mechanical style is undecided yet - PCB
mounted shafted presets or the normal
PCB front panel open style? With preseis it
will need a 100 x 160 mm PCB but with
separate pots it might fit onto 100 x B0
. Another low cost derivative might be
a double sideband suppressed carrier phone
rig. Comments please - Tim. I
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Surface mounting (and the future!)

One of our regular contributors thought we ought to have something on this very important
development but declined my request to write the article! Having very little experience myself, T am
somewhat hesitant but here goes! There are two main factors which are leading to the use of
increasingly (or is it decreasingly?) small components. The first is that normal through printed circuit
board mounting technology just will not work as operating frequency is pushed higher and higher. This
is because the leads of components and their connecting tracks have significant inductance at
frequencies above low UHF - say over 300 MHz. Even at this frequency, an unwanted extra quarter of
an inch or 3 mm can be the difference between success or failure of a circuit. Obviously actual circuit
impedance levels are relevant but as frequency is pushed up, devices are increasingly designed to have
50 Ohm in and out impedances. Most commercial development effort is directed towards mobile
phone uses, or other exotic military or satellite applications where operating frequencies are frequently
over 1 GHz with many new devices aimed at 20 GHz plus applications! It makes 80m look like DC!
(But you would be surprised how often people come unstuck on 20m when home designing/building!)
There are many new ‘chips’ being developed for these applications such as complete phase locked
loops to provide stable oscillators, or complete receiving sub-systemns capable of complex modes. The
minimum operating frequency of these devices is still many hundreds of MHz so they are practically
useless for most home constructors. The commercial need for similar devices to work in the HF or low
VHF region is practically zero as ordinary point to point HF radio links are superseded by satellite
links or fibre-optic cables. In addition, the newer very high frequency applications tend to use
increasingly complex forms of modulation, often digitally based, so that the signals have to be
processed by some form of microprocessor to make them useful. The linear functions within these
chips are often controlled by some form of digital bus driven by a microprocessor. This trend is
demonstrated by the modern mobile phone whose properties are far more dependent on the ingenuity
of the programmer, and the user services perceived to be needed, than the underlying feat of wireless
communication. The cellar structure of the network, where frequencies are reused and allocated
dynamically, would be impossible without very significant base (and mobile) station computing.
Commercial radios, even for broadcast domestic use, are now hugely complex in comparison to the
typical amateur home built rig!

The other factor is cost! Size of parts dictates the area of PCB required, and even in my kits,
the PCB is a major part of the kit cost so size reduction is important commercially but slightly less so
for horne building where extra space reduces the risk of errors. Apart from PCB area, having to drill
holes for leads is a significant cost as 1 know! Not only is there the actual dnlling time, but it
complicates the PCB manufacture through needing more stages and increased chance for errors.
Obviously, commercial designs are done with computer controlled drilling jigs but unless the whole
process and layout is computerised, it can be very costly for small production runs. Nowadays, most
commercial electronic sub-assembly is done with pick and place robotic machines; provided sufficient
different parts stocks can be accessed by a particular assembly station, they can be easily
reprogrammed to handled multiple product lines. Despite the unit cost of surface mount parts being
slightly higher, even in quantity, the cost reductions through PCB area reduction, avoidance of drilling
and automated assembly, are well worthwhile.

So what do these devices look like
and can they be handled at home? The
dimensioned sketch right shows a typical 8
lead firsl gemenationn surface mount device
with these alongside being actual size!
(Assuming it will print properly.) There are
many standards and packages with various P
numbers of pins and different plan shapes. 3W‘;}f;m
How are they soldered? The pick and place SMb M’;P;ﬁj"ﬂmx---
machines use a special paste to stick and “
solder the pads on the underside to matching
patterns of the copper tracks. Soldering is 20-pi
done by many different ways automatically Wi -Pin ﬁ

- ide SO
but they tend to depend on the whole device % RS
being able to  withstand  soldering Of'
temperatures for a short while. The good
news is that all modern devices are much GoPd
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more robust than they used to be, hence there is no need for any form of heatsinking when soldering
leads provided you make the joint quickly. Completing the joint within about 3 seconds (about three
times longer than usually necessary) is very unlikely to damage modern devices of any package style.
If you are going to attempt to build circuits using surface mount devices, you must use a copper track
pattern to suit the particular footprint of the device. There are a few specialist development patterns on
pre-etched PCBs but these are seldom suited to high frequencies. If you etch your own PCBs, the track
pattern is no problem providing the line width of your technique is small enough and dependable.
Soldering is best done with a very fine tipped hot iron using the normal 60:40 tin:lead solder. As the
devices are so small and light, it is essential to hold them down in the correct place with a third hand
while you apply soldering iron and solder to the lead/pad joint area. The use of a large illuminated
magnifying glass, on its own mounting arm, is highly recommended. Removing and re-using a
multi-pad surface mount device from a PCB is always very difficult (worse than dual in line chips);
often it is easiest to cut it in half and accept the loss! 1 would love to hear about any member’s
experience and whether builders would like a surface mount project - if so what? Something simple
like a wide band active scope probe maybe? Tim

Discrete Low Drop Out linear regulator

Low drop out (LDO) refers to the
minimum difference between input and output | Kaw S“ﬂ\j - 75y hrloh 135
voltage which permits proper operation; this is - : oaT7|174 el
often quoted as 2 volts minimum for bi-polar [ +ve 0 d,f,,w" 5 @
device designs like the 1 Amp fixed voltage ‘ I—‘ Q <
78XX series or the variable LM317T. Using a (ook. Q e >
P channel MOSFET for the main pass device T I; hedswk G r_"""r
gets this down to fractions of a volt! This is w0Vt
. . .. . SUR% '
important when a wide variation in load current . (135)
is expected with the typical poorly regulated 8LoS
raw supply from bridge rectifier plus resevoir ¢ 10 wF
capacitor. High output current makes the |
incoming supply sag so a regulator which
reduces the need for more input voltage will | _, o
make it possible to use a lower transformer >,
secondary voltage, lower voltage capacitors, : _
less heatsink etc. (Or lower raw battery supply). Dim %KM 303
The circuit shown right can be used with any
size of P channel MOSFET pass transistor. The minimum drop out voltage is output current times the
device On resistance. For the 75 Watt 237174 costing under £4, the on resistance of aboutd+i3R gives
a drop out voltage of 1 volt at 1.5Amps. Max current is20Amp continuous! Smaller devices like the
0.65 watt BSS110 @ 50 pence can handle up to 0.2 Amps with an Rpse of 10R. Both devices can
withstand 50 volts between drain and source. The circuit works by using the BC182 transistor in a
comumon base mode so that changes in emitter voltage (denived from the output voltage) cause its
collector, and hence the output device gate, to move in the same direction. Thus when the output
droops, the MOSFET gate goes more negative tuming the MOSFET on harder and so correcting the
output droop. The output resistive potential divider R2/R3 is arranged to have a mid point voltage
which 1s normally about 0.65 volts below the BC182 base voltage derived from the fixed voltage
regulator. Using a fixed 5 volt regulator enables the common output voltages to be achieved easily -
the values shown should provide about 13.5 volts output. The loss of gain through using a resistive
potential divider 1s easily made up by the high collector load Rl for the BC182; since the pass
transistor gate looks like a capacitor it does not matenally load R1 - only affecting the response to load
or line voltage changes. High frequency load regulation is provided by the output capacitors. G3PCJ

a4

Ov

Finally, do not forget the

14th Yeovil QRP Convention

The date is earlier this year, April 19th at the Digby Hall in Sherborme as before. Star
attraction is the Rev George Dobbs G3RJV. All the usual attractions - traders, bring and buy, food,
talks, demonstrations and Construction Challenge. This is to produce the most power efficient 20m
QRP transmitter. Details from Peter Burridge G3CQR, QTHR or Tel 01935 813054. Hope to see you
there. Best wishes, Tim Walford G3PCJ
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Hot Iron

Issue 20 “Journal of the Constructors Club” Summer 1998

Editorial

Gorgeous weather makes it rather hard to come inside and sit
at the computing beast but this time | am pleased to have contributions
from several members so [ don’t have to exercise the grey cells quite
so hard! Thank you to those who have contributed. To those who have
not yet done so, please do not think you have nothing to offer - 1 am
quite certain that most builders have some tips or experiences that
others would love to share. Do not be modest! There is one particular
subject that should concern most future kit builders - namely the

Contents contirued supply of chips sunitable for home construction.
» Kit Developments Increasingly, new designs are surface mount devices and, judging by
» Propagation the deafening silence following my note last time about these
» Audio system techniques, none of you fancy building with them. There is a
» Dual supplies particular problem over mixer chips suitable for HF work to replace
> Changing TIT to RIT the well love:d workholrse NEGOZ or 612 which form the backbone of
> Impedance levels many QRP rigs including mine; manufacture has stopped and they are
) . no longer available at reasonable prices. While I have stocks to last
» Miscellany

for «ome while, [ hesitate ip incorporate them inte maior new designs.
The alternatives that T have considered so far all have some significant
problem, either needing more space and/or supplementary parts, or more LO power, or higher cost or
are in surface mount format or a combination of all these points! Get your thinking caps on because
this is a real problem especially for low noise and wide bandwidth operation.

Kit Developments

First the good news; early reports on the Sparkford are very encouraging and [ shall be doing
a special offer for members of the GQRP Club soon - ask me if you particularily interested in this rig.
I mentioned last time that 1 had in mind a phasing CW version of the Sparkford - after ugly style bench
trials, I did a full design but sadly the performance was not good enough for the complexity and it has
been consigned to the shelf of interesting ideas! Realizing that I needed a wider range of CW rigs, |
have put the Frome scheme on to a single PCB, with the option for any 1 or two bands 10 to 160m,
and called it the Wellington. This is considerable improvement brought about by a new Thompson
chip which can drive an JRF510 to 5 Watts on 10m using a 13.8 volt supply. The scheme uses a 6 to
6.1 MHz VFQO with crystals for each band allowing all bands to tune the same way with nominally 100
KHz coverage from the lower frequency band edge. This crystal mixing VFO scheme avoids chirp and
gives good frequency stability. The single band TCVR looks like costing about £60-65. 1 could do
with some early model builders please! The prototype is now working on 10 and 160m - the last few
nights there has been a stmilar amount of {reasonable) activity on both these bands!

T continue to search for a cheap enfry to 6m, including converters to 3.5, 7 or 14 MHz but
given that most activity is FM, maybe that is the way to go. Any comments? Tim G3PCJ

Hot Iron is a quarterly newsletter for radio amateurs interested in building equipment. It is
publistied by Tim Walford G3PCJ for members of the Construction Club. Articles on simple
theory, construction, testing, updates on kits, questions and suggested topics are always
wanied. Please send correspondence and membership inquiries to Upton Bridge Farm, Long
Sutton, Langport, Somerset, TA10 9NJ. Tel 01458 241224 E mail walfori@globainet.co.uk
The Copyright of all material published in Hol Iron is retained by TRN Walford. ©.
Subscriptions are £6 per year for the UK (£8 overscas} from Sept Ist in cach year.

Hot Iron - Summer 1998 - Page 1



Non-lonospheric Propagation

David Rowlands asks about the relative signal strengths, ignoring ionospheric reflection, that
would be received for any band (KHz to GHz) over a distance of a few miles using a constant radiated
power in the direction of the receiving site. The answer is not simple and depends on many factors.

Firstly, the method of propagation will depend upon the frequency. At the lowest frequencies
it will be by surface {(ground) wave and at the highest frequencies by the direct wave. Tabulated below
ts the commonly accepted propagation method for different frequencies used by professionals.

Frequency Main mearny of propagation
Below 500 KHz Surface wave (Ground wave)

500 KHz to 1.5 MHz | Surface wave for short distances and lonospheric wave for longer distances
1.5 MHz to 30 MHz | lonospheric wave
Above 30 MHz Space wave (Direct wave) within line of sight

Obviously, the changes in the method of propagation are not discrete as the table suggests but
tend to gradually change from one category to the next. This is quite obvious to us as amateurs as we
will use many bands in the range of 1.5 to 30 MHz for local communication although admittedly this
becomes more and more difficult the higher the frequency that is used.

The surface wave is the wave that travels just over and partly within the ground - hence its
other name of ground wave. The wave front gets tilted downwards thus allowing the wave to follow
the curvature of the earth. An example of this form of propagation is the BBC's long wave transmitter
at Droitwich on 198 KHz. This, as you all know, covers most if not all of the UK without any of the
fading problems that are experienced by the medium wave (0.5 MHz to 1.5 MHz) transmissions due
to ionospheric reflection and propagation. Even lower frequencies than this are used for secure long
distance communication. The depth of penetration of surface wave into the earth varies depending on
the ground's characteristics and the frequency in use. This can be as much as fifteen metres at
broadcast frequencies but only one or two metres at shortwave frequencies. This penetration means
that some of the power is dissipated in the carth's surface, thus reducing the signal strength as the
distance to the receiving station increases. These ground losses depend upon two main factors namely
the "Relative Permitivity” and the "Conductivity " of the ground. The higher both these are, then the
lower are the losses. Tabulated below are the values for different types of surface.

Type of grosnd Relative Permitivity Conductivity tmho/m}
Sea water 80 5

Fresh water 80 0.005

Moist sail 15-30 0.005 -0.01

Rocky ground 7 0.001

Dry soil 4 0.001 - 0.01

Theory shows that at low frequencies the surface wave is dependent mainly on the
conductivity and is strongest for high conductivity. At higher frequencies a high permitivity is the
important factor in giving a strong surface wave. Thus for all frequencies surface wave propagation is
best over a sea path and worst over dry ground.

If one uses a short ground based vertical aerial radiating a constant power then for the same
received field strength the distance increases as the frequency decreases. The graph below is the curve
of constant field strength plotted for frequency against distance.

30
Constant Field Strength
20
Freq. MHz
10
Vi " Qa36C
0
0 20 40 60 80 80 100 120  Distance Miles

From this graph it can be seen that with ground wave propagatioun the same field strength is
obtained at 3 miles on 30 MHz as would be obtained at 20 miles on 3 MHz or [ 10 miles on 0.5 MHz.
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Abov. 30 MHz, the ground wave as we understand 1t, does not exist and the main method of
propagation 13 oy the direct wave. If there are no reflected waves from the ground, buildings or other
objects, then the received signal will approach the free space propagation law:-

Eq (dB, 1V/m, one KW) = 102 8 - 20logD where D is the distance i mniles,

This simply means that if the power radiated in the direction of the receiving site is 1KW then
E, is the field strength in uV/m cxpressed in dBs. If the power is not 1KW but 100W then this
reduction expressed in dBs i1s 10 and Es would be reduced by this amount. An amateur station on two
metres with a high gain aerial and using full power can easily have an effective radiated power of
IKW. For the formula o apply with any degree of accuracy, then the aerials must be elevated above
ground to ensure there is a "line of sight". The radio horizon from an elevated position is further than
the figure obtained by calculation using the physical diameter of the earth. The reason is that, due to
refraction in the atmosphere, the radio waves are bent downwards and therefore they can "see” further
than would be expected. This is the same as saying that the earth is a bit flatter or has a larger diameter
than it actually has. The factor taken for normal atmospheric conditions is that the earth's diameter is
effectively increased by some 30% or that its diameter is four thirds the physical diameter, The
formula for calculating the "radio horizon" for a four thirds earth is given as D = ¥1.414 x H, Under
abnormal weather conditions, the refraction becomes greater and the 4/3s factor will increase
considerably with consequent increase in the distance to the radio horizon. This is what we call a "lift".

The effect of using a low aerial will not only be to reduce the distance to the radio horizon but
it will also reduce this field strength due to losses from objects in the line of path. This is commonly
called clutter loss. A further effect that will affect the signal strength at gigahertz frequencies is the
amount of water in the atmosphere either as droplets or as rain.

Propagation is never a precise discipline but I hope the above helps. Eric Godfrey, G3GC

Zinc-air cells and Battery Technology

Following the note in Hot Iron 18 about rechargeable batteries, I spied the following note in a
trade magazine:- “The battery industry uses three measures to compare battery technology. They are:
energy per pound weight, energy per volume and cost per unit of energy. Rechargeable Zinc-air cells
have 1) almost twice the energy per pound weight as Li-ion; 2) slightly more energy per volume than
Li-ion and 3} cost just one third of Li-ion per unit energy.”  Watch out for them i future!

A Versatile Audio System

The circuit alongside has become my
standard audio system for DC rigs etc. because it
uses few components, is stable and compact. An
mput port for a sidetone oscillator is available at
pin 2 of the IC and muting at pin 3 is easily
achieved when used with a transmitter.

For general use it is made up as a separate
unit with the input switchable to include the
pre-amp for very weak signals such as from a
crystal set, or mixer, or for signal tracing, or as the
power amplifier to drive a loud speaker for stronger
input signals.

Derek Alexander G4GVM

(Note that Derek has set the capacitors for CW, so
if used for phone, the starred input capacitor would
need to be reduced and the output coupling
capacitor might need increasing depending on LS
impedance. G3PCJ)

Taunton Tips

When tuning up two band cards, David Rowlands G6UEB suggests that after you have set the
first band’s inductor cores, that you cover them up with some form of tape to prevent inadvertant
adjustment while setting those for the second band. Alternatively, mark the cans with the band’s
wavelength! He has also done away with the fine tuning comtrol by using a slow motion drive on the
main tuning pot. Other builders advocate glueing the ends of the band card connectors with araldite.

GAGVM — Vensatile Pradio Syslan
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Simple Dual Power Supply

A glance through the list of operational
aruplifiers available will show that only a few | Ly | y
are designed for use with a single supply. This ¢ ' » —'g
can be a nuisance to the constructor when, for
instance, he wants to build in say a 741 into a 15 ii
circuit using a common supply. 1t is well known o T
that it is sometimes possible to bias pin 3 of a
741 and the like to work from a single supply M \ &
but this dodge cannot always be used. Lin LMo = ¢
The circuit alongside offers a cheap and Vapls 7 N
simple way of obtaining a split supply using a 3 iF—
ILM380 audio power amp IC. The device is| _ W J[\F; .-\_fﬁ;
mternally biased so that with no input, the output —e " —*
voltage is held mid-way between the supply Sivple Dunal C“‘ff'h ~GR3DIT

rails, The 1M pot should be intially set to
mid-travel and is used to nullify any unbalance in the output. The regulation of V.. depends on the
regulation of the source supply but positive and negative outputs will track accurately irrespective of
input regulation and unbalanced loads. The maximum free air dissipation is a little over 1 Watt so
extra cooling in the form an aluminium fin stuck to the top of the package maybe required. The device
15 fully protected and will go into thermal shut-down if dissipation is exceeded. Current limiting
occurs if the output current exceeds 1.3 Amps. The input voltage should not exceed 22 volts. The
details given are for the 14 pin version, the 8 pin can be used with less dissipation. Joseph Bell G3DII

Changing TIT to RIT

David Proctor GOUTF told me how he had changed the Frome’s frequency offset
arrangements from a Transmit offset, set with a netling control, to provide Receive Incremental
Tuning. To make this change, the signal driving the offset gating transistor needs to have its sense
reversed. Usually the tuning offset is inhibited when the controlling transistor FET gate is high at 8 or
more voits - thus we need to arrange for this gate voliage to be high (8 voits or more) dunng
transmission or when the RIT is switched off. For the Frome this is easily achieved by disconnecting
the gate of TR307 from R316 and the output at pin 10 of IC301C and reconnecting the gate of TR307
to pin 11 of IC310D. In simaple rigs, TIT control is often provided since it can be driven from the TR
relay without further transistors - this is the scheme in the Wedmore sketched on the left below. It is
easily changed to RIT control by adding a second BS170 inverting stage and re-arranging the resistor.
In fact, using a centre-off toggle switch allows you to have RIT or TIT as you prefer! Remember the
tuning procedure changes; for TIT you tune initially for either sideband with the TIT off and then, with
the TIT on, adjust the TIT control for zero beat. For RIT, you tune for zero beat with the RIT off, then
switch it on and select whichever sideband you want with the RIT control. With care, provided you
always tune in the same direction (to always use the same sideband) you do not need to keep switching
the RIT on and off as you tune around; but you do need to always tune for the same pitch that you
earlier set the RIT control to achieve when the main tuning without RIT gave zerobeat. G3PC)

- ol -, AT
g T v s erfrir 1t
TET !
- Jner
C(,Ej’iﬂ ’Tm:'j
TR
F:I_Wr‘f
4 p A e

Boxes
Jim Geary advocates the JS19 from JAB which is 202x204x75 for 2 PCB rigs. It costs £6.25 + | P&P
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Interstage Coupling and Impedance

Constructors often lift circuits from different sources and couple them together only to find
that they do not perform as expected - frequently the culprit is mismatched impedances. All real
circuits have an input and output impedance and knowledge of these, or at least their rough magnitude,
is essential to transferring encrgy satisfactonly from one to the other. Take the simple example of a
small zinc-carbon primary cell, Tt is said to have an output voltage of 1.5 volts but in reality you can
only draw a fraction of an Amp out of 1t (for a moderate sized cell) because it has internal resistance.
This is its output impedance. The term impedance is rather more general, since it also covers AC
situations, but for this note I apologise for being slightly loose with the terms impedance and
resistance/reactance, The equivalent circuit of the above cell can be represented by an ideal voltage
source or generator in series with a resistance - see the left diagram below. The actual values can be
easily measured; the voltage of the ideal generator is measured with a voltmeter (having a high input
impedance which draws a negligible current hence no volt-drop in the internal resistance) , the internal
resistance or output impedance is assessed by measuring the current through a short circuit across the
output. Then the internal resistance is worked out by Ohm’s law (R = V/I) using the previously
measured voltage. Another less damaging method is to use a resistor across the output, whose value is
adjusted till the voltage across it is half the open circuit voltage. The value of the external resistor is
then the same as the internal impedance. (If doing this at HF remember to not introduce extra capacity

from the resistor or voltmeter.)
OJ\,WT' :ng In a similar way, the input of a circuit can be
& tepresented by an impedance across the input
N /—/ termunals with some sort of ideal generator

fdaod Rasf

creating an output depending on the applied
Gewanedw ;mM'*Wg

voltage - see the right hand diagram. The actual
value of the input impedance can be measured
by seeing what current a known applied voltage
creates and then use Ohm’s law. You can also
use a variable resistance in series and adjust it till
. the voltage across the unknown input is half that
| Qg from the source. The resisiunce ihen has the
same value as the input resistance.

When two such circuits are connected together, the actual current that flows between them is
dependent on generator voltage and both output and input resistances - see below. The problems arise
when one of the resistances is very much larger than the other so that it massively restricts the current
that would flow into the load circuit. Try putting 2 high wattage torch bulb across the single cell - it
doesn’t even glow because the cell’s output resistance is much higher than the load resistance! Note
that either of them maybe the culpnt limiting the desired current flow. Generally, the desire is to
transfer maximum energy from the driving circuit

C"‘*-PL“‘ Civennts to the load circuit and theory shows this occurs

le‘i: T when input and output impedance have the same
~—y > value. For example, 50 Ohm intersiage

L T e impedances in the front end of a RX. In the later

v @ Loao(h’::? stages of a RX, when noise is less important, the
IN infen rule can change to ensure that the load impedance

. - evenATS. s somewhat larger than the output impedance so

v . that there is negligible voltage drop across the
output impedance. In all cases, the important thing
G3Ped | is to make certain that the load impedance is
equal to or higher than the source impedance.

In many practical situations, the exact impedances are not known but their approximate value
can be assessed or guessed from experience. Series tuned circuits have very low impedances, while
parallel tuned circuit have very high values - but the impedance presented to other circuits can be
altered by inductive or capacitive ‘tapping down’. Active circuits tend to have ‘nuddhng’ impedances
but feedback can modify them up or down - this is a widely used and powerful technique beyond this
note. Components directly in parallel with the input or output, in a signal sense; set a maximum for the
impedance; similarly components in series with the signal line will set a minimum value. Modern
op-amps have very low output impedances which are further reduced by feedback. A derivative of the
impedance rule is “don’t mix impedances unless you have an idea of their values’t Tim G3PCJ

T=
Rov + &ing
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Wide Range Crystal Control for 80m

Walter Farrar G3ESP sent in the circuit -

on the right which generates a wide frequency

range for the 80m band by pulling a high ’W\/—‘»\% X
frequency crystal and mixing with another. s 100R ovey
Frequency stability is excellent. He happened to | _1 wF

have two crystals which enabled an output from | [ 17642 ko BCIZZ b
3509 to 3587 KHz with the values shown. The Il-_‘ WNR2LA el
circuit works by oscillating on both frequencies 2%0 106 pf B

at the same time and mixing them together all in 9 Meoto | PF== .__.IH lo
one transistor, The detail of the output filter is /"H "Hz'_ 35M4e
not shown becanse it will depend on what it is T filkea
driving. The 9 uH inductor can be 44 turns on a 3 =? % Sbor.

T68-6 toroid ¢ a 10 uH small choke. pF :‘3 . O
{Make the 14.060 MHz crystal the variable one " <« ¢

and it might do 20m as well! G3PCJ) HRESP — Wide Eu«»ﬁc *aseilader’

Somerset Homebrew Contest

The full details will appear in Spratt but Stan Laing G4MQC has been declared the overall
winner this year. He was using a Taunton! There was a larger entry with some overseas operators
which is good. Get your rigs ready for next year! Thanks go to Peter Barville G3XJS for orpanising it.

Web sites!

There is a wealth of fascinating information available on the World Wide Web. For example,
the ability to down load the full data sheets of any device you fancy using is worth a lot time and
money. There are also some very interesting home pages from many radio amateurs including that
from Frank Lee G3YCC who has some sroart colour pictures of his Taunton. His home page address is
http://www homeusers.prestel.co.uk/g3ycc and of course there are others for the GQRP Club etc. My
son is supposed to be working on mine!

Christmas Tree Lights!

its a bii early yet bui finding the faiied
bulb in a long series connected string is very
tedious! The circuit right appeared in a US
journal and should save many hours of
frustration and broken bulbs due to screwing
them in and out! Wave the two capacitive probes
slowly all around the string when it is connected
to the live mains. At the failed bulb, the voltage
difference is high which, when coupled to the —
probes, causes the LED to light. Nifty! G3PCJ GAPCT — Brask duloctiev

Various PCBs
I have surplus to my needs:-
One pair of new Yeovil RX and TX PCBs plus another TX PCB.
A Coxley PCB with minor track defect. The associated 20, 40, 80 Regen TRF RX kit
is available. There is also the matching Godney 3 band CW TX.
Slightly damaged vartable CW filter PCB - rest of kit is also available.
A number of Issue 4 Taunton PCBs which need only minor alteration to update them
to the latest Issue 5 state - rest of the kit also available.
Please contact me if you want to build these kits or use any of the PCBs.

Subscriptions!

I am afraid it is that time of year again! If you wish to continue receiving Hot Iron, 1 need to
have your subscription by the next issue, due out in early September 1998. £6 please for UK members
and £8 for overseas. [ shall not be sending any reminders. Back issues for complete years are available
for £5. Thank you for your support during the last year and [ hope for articles for the next. Tim G3PCJ
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Hot Iron

Issue 21 “Journal of the Constructors Club” Autumn 1998
Editorial

Welcome to the start of a new Construction Club year which
is now our fifth - without the active support and encouragement of
you | could not have kept it going this far - thank you and please keep

id sending in vour contributions. For those who have hesitated to
contribute so far, please don’t be worry about writing/drawing tidily -
1 can ‘adjust’ most contributions without too muach difficulty. I should
love to have some new contributors and many members would find it
interesting to hear about other member’s rigs, test equipment and
Contents homebrew projects, including those that are not too successful!
# Kit developments We had a weeks holiday in Comwall just before the harvest
#» Effective Rad Power on a farm (where else!) where all the old buildings had been
» Tips & comments converted into holiday accommodation, T took the prototype Langport
¥ 15m CW transceiver (see below), AMU and a reel of wire with me. With plenty of space
5 BC Interference here for amtennas, T nommally use a 160m dipole fed by open wire
5 Audio millivoltmeter feeders and a versatile matching unit, whlch 0bta1n§ a good ‘grip’ on
) . the aether and performs well. When on holiday, being close to others
» High Power Linears

and not wishing to intrude too much, T started by erecting my end fed
wire along the plastic guttering of the old barn; despite a total length
of ngarly 50 ft which produced quite adequate reception, I failed to even raise the locals on 80m!
Messing around with alternative RF ‘earths’” made no difference so [ eventually strung the same wire
across the yard (out in the open) at about 15 fi minimom height. T called the first person who 1 heard
calling CQ - it turned out to be Rob Mannion G3XFD in Hampshire who 1s Editor of PW - neither of
us recognised each other despite many conversations by other means! All of which goes to show that
when operating QRP, you have to have an efficient antenna m reasonably clear surroundings.

Kit Developments

Last time 1 mentioned the Wellington TCVR, CW for any 1 or 2 bands to 10m; this is now
available afier helpful trials by early builders. The mark 3 Beoster is now out incorporating several
improvements aimed at portable operation where antenna efficiency is often poor - I could have used it
on holiday! On transmit it produces 20 W on a 13.8 volt supply from about 1 to 1.5 Watts drive over
the frequency range 1.8 to 15 MHz. For reception there is a 10 dB RF amplifier. Control is direct or
by RF sensing with the option to separately control the receive and transmit amplifiers.

The Langport 1s a 5 Watt CW & phone SSB superhet TCVR for 20 and 80m. It 1s a Yeowvil
derivative with an IF amp, better RF and AF filtering and many simplifications. [ have managed to
squeeze it onto a single 100 x 160 mm PCB so it is pretty full! The VFO runs at 2 to 2.5 MHz for
80m, for 20m this is mixed with an 18 MHz crystal so stability is excellent. Price will be about £115 -
a couple of early builders are needed - please let me know if you are interested. The same PCB could
do 20 and 160m phone & CW OR 160m CW plus any other band phone & CW to 10m! A £10
discount for the first correct explanation received for this odd set of possibilities! Tim Walford G3P(J

Hot Iron is a quarterly newsletter for radio amateurs interested in buildiag equipment. 1t is published by Tim Walford
G3PCJ for members of the Construction Club. Articles on simple theory, construction, testing, updates on kits, questions
and suggested topics arc always wanted. Please send correspondence and membership tnquinies to Upton Badge Farm, Long
Sutton, Langport, Somerset, TATQ 9NJ. Tel 01458 241224 E mail walfort@globalnct.co.uk The Copyright of all material
published in Hot Iron is retained by TRN Walford. €2 Subscriptions are £6 per year for the UK {£8 overseas) from Sepl 1sL.

Hot Iron - Autumn 1998 - Page 1



Effective Radiated Power
Jim Geary GW8HKY asked about erp and our licenses - Enc Godfrey G3GC kindly came to
niy rescue:-

‘The Amateur Radio Booklet BR68 which accompanies the Amateur Radio Licence {A) and (B)
contains a schedule of the maxtmum powers that may be used for different bands. It specifies the
power which may be supplied to the aerial in dBW except in the case of the band 431.0 to 432.0 MHz.
where the specification is in dBW erp. This specification of erp power also applies to the licence
variation order for 73 KHz. So what are the implications of these two different specifications?

In the majority of bands where the power is specified as so many dBW to the aerial this is the
power at the aenal terminals. This means that if there is any loss in the feeder then the power from the
transmitter into the feeder may be higher so as to give the specified power at the actual aerial
terminals. It is of no consequence as to what type of aenal is used. This means that if a beam with a
power gain of say 10 dB over a dipole in the direction of maximum radiation is used then the power
actually radiated in this direction will be 10 dB greater. 10 dB is a power gain of 10 and therefore, if
the power at the aerial terminals is 100 W, then in the direction of the main beam the remote field
strength and therefore received signal strength (compared with a dipole) will be as though the power
was 10 x 100 Watts or 1 KW. This is the effective radiated power normally abbreviated to erp. So
when the power is specified in absolute terms it is possible to effectively radiate, in a particular
dircction, power far in excess of the transmitter power,

When the power is specified as an erp then this implics that this is the maximum power that may
be radiated in any direction. Therefore the acrial gain has to be taken into consideration and the
transmitter power, after allowing for any feeder losses, adjusted accordingly so as not to exceed the
specified erp. This means that if one is using a beam with a gain over a dipole then in the 431 to 432
MHz band the transmitter power will be less than the erp power so as to not exceed the specified 16
dBW erp (39.8 W). In the case of 73 KHz where the erp is specified at 0 dBW (1 Watt) the opposite
will usually apply since most acrials are unlikely to be anything approaching a half wave long which is
2055 metres. Since the aerial is likely to be considerably shorter than a half wave dipole the resultant
effective gam will be less than unity i.e. a loss with respect to the dipole (indicated by negative dBs)
and therefore a larger transmitter power than 0 dBW will be required to achieve the 0 dBW erp. If the
aerial shows a loss of 10 to 1 {-10 dB) over a half wave dipole then the transmitter power wili have to
be increased by the same factor of 10 to 10 dBW or 10 Watts.” Eric Godfrey G3GC

Tips and comments

Norman Hixson MOALB suggests that taking reverse tracings of parts layout diagrams by
photocopying greatly eases finding the position of individual parts - 1f you want, the magnification can
also be adjusted on the photocopier. Norman also comments that using preset controls as normal front
panel controls (as in the Sparkford) may lead to premature failure as they were never intended for such
extensive use. True if heavily used but in defence I would point out that yor can go to a rally and buy
full size replacement pots’/knobs for far lower prices than I can supply them new and it avoids the
initial cost/mechanical complexity of a front panel as part of the kit while allowing you to get it on air
quicker! [ think it also adds distinction to the rig but do appreciate that point is debatable!!!!

Austin Muir {ex Z585KH) also comments on controls, preferning a large wooden (for cost/ease
of building} front panel, with protective wire mesh, so that the circuit PCB can also be mounted on it.
He hankers after designs with more options for experiment, particularly by changing inductors for
coverage of other bands. I hope he will forgive any implied comment but his experience derives from
a much earlier age when all coils had to be home wound and were large by modern standards;
nowadays builders are much more weary of inductors and small size is highly valued - which is why [
squeezed the Langport onto one PCB. Superhet rigs usually contain many more inductors than a
siraple regenerative RX so band changing is also impossible if not designed in from the start.

Cases! | normally include a blank single sided 100 x 160 mm PCB in the more complex kits for
builders to use as a front panel. For my own purposes, I hardly ever box anything because it does not
allow demonstration so easily; furthermore it aggravates fault finding or testing during construction
because a box invariably prevents access to the PCB underside. Iiﬁvare of at least one person who
builds like me but would love to have some wider feedback. Nearly every rig that gets returned here
has been cased. Do builders want PCB front panels? Omutting them would save about £3. | have
considered offering a U shaped aluminium cover to match the PCB panels, attaching directly to the
main PCB. They would cost about £6 extra with a rear blank PCB panel. Any interest? G3PC]J
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I15m CW transceiver

Craig Douglas GOHIJ has been developing this little rig over the last 18 months and now
reports good success. He wanted a small rig for portable use using a 12 volt battery. It produces 1.5
Watts and is a classic of fitness for purpose. It incorporates circuit ideas from a nunber of difterent
contributors. When 1 first saw this rig, it was laid out over quitc a large area with undesirable long
signal leads darting back and forth but Craig now reports that the final tidy version performs well and
is stable 1n an oscillatory and drift sense. Craig has sent it in for Sprat but T have taken the liberty of
altering the control circuit very slightly so that a single pole antenna relay can be used. I would also
comment that all three RF chokes in the transmitter could have any value from about 5 to 20 .uH.
Apart from using the specified inductors in the RF amp, audio filter and RF low pass filter, there is
very little that is eritical. It should be laid out in the normal sequential manner to minimise the chance
of unwanted feedback. Why not try building it ‘ugly’ style on a sheet of copper clad board? The
scheme can be used on other bands near 21 MHz quite easily. In the RX, only the RF amp Toko
coils/trimmers and crystal have to be changed. Tn the TX, only the RF low pass filter needs altering.
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Broadcast Station Interference

David Proctor GOUTF and Mark Worsfold have both had problems with BCI which is more
likely to affect direct conversion receivers than superhets. The root of the trouble is that the mixer.
which in a DC rig coverts the RF down to audio directly, is unable to reject the very larpe RF signals
emanating from broadcast stations close in frequency (and maybe physically); this overloading of the
mixer causes it to act as a poor envelope detector (not as the desired product detector) hence partially
recovering the broadcast station’s modulating audio. The real solution is to use a ‘strong’ mixer,
meaning, one which can handle large signals without overloading; most of us however, are stuck with
NE602 or 612 mixers which cannot easily be changed - their replacement s another story! Because the
mixer of a DC rig is followed by audio amplification stages, these “noises’ are passed to the output -
typical symptoms are weakish mushy sounding audio which 1s independent of the rig’s tunming. Quite
often, a small reduction in the BC signal will cure the problem. In a superhet, the first mixer, which is
the one prone to BC1 overload, is followed by the IF strip which does not pass the BC station’s audio
so superhets seldom exhibit this particular trouble. {Superhets can still suffer overload from other
in-band signals but this is a different problem which seldom lasts for more than one operating session.)

Some amateur bands are more likely to suffer BCI than others due to the proximity of
broadcast stations; the worst offenders are 40m, with the BC stations only a few KHz away from the
top end of the band making it a stiff test for any rg, and 30m which can be nearly as bad. In principle
any desired band can be affected by any strong RF source but due to the rig’s RF filtering, trouble is
most likely to come from BC stations who frequency is near to the wanted signals. People also have
trouble with [60m but the cause is usually slightly different; this is because 160m antennas are often
long wires {giving large BC signals) and matched to the rig with an L network matching unit. The
160m antenna is high impedance so the [. network has a low pass response which fails to attenuate the
lower frequency signals from the powerful BC stations in the HF end of the medium wave band.

There are two main approaches to overcoming BCI, the first is better RF filtering to allow
only the wanted signals into the receiver. If this does not effect a cure, then attenuation specifically of
the unwanted signat is necessary. Do not do anything which increases RF gain, this will only aggravate
it! Filtering to allow in only wanted signals should start with the antenna matching unit; link coupling
and a parallel tuned circuit will provide the best out of band rejection on both the high and low
frequency side of the wanted signal. Changing to this siyle of AMU is often sufficient to cure
problems on [60m where the interference is not that close in a frequency sense, which allows the low
Q found in AMUs to be effective in attemuating the unwanted. The next step is to reduce the
bandwidth of the rig’s RF filter - if it uses a double (or triple) tuned circuits with capacitive top
coupling, try reducing the small coupling capacitor until sensitivity begins to fall noticeably. A typical
value of top coupling capacitor might be one fifteenth of the resonating capacitance but reducing it
towards one fiftieth may help. (This is all right for narrow HF bands but may not be sensible for the
wide LF bands where the whole band has to be received - these will require more resonant circuits.
The maths of such filters is beyond most of us!) Make certamn that the coupling mnto and out of the
resonant circuits is sufficiently light to not degrade the Q of the individual circuits. This is especially
important if there is only a single tuned circuit. Use a small number of turns, on the low impedance
antenna RF input primary, compared to the main resonant winding to give a high furns ratio. Unless
the tuned circuit feeds directly into the high impedance gate of an FET, make certain that the next
stage is either inductively or capacitively coupled down the main resonant winding. Qccasionally BCI
can enter the rig afier the RF filters, so see if it is present while shorting out the RF bandpass filter, this
is a clue to look elsewhere. Longish RF leads (e.g. to plug n band cards) can pick unwanted signals
which is why the Taunton has provision for a trap to suck out BC interference near to the 6 MHz IF. It
is also worth remembering that overall screening may help.

If improved RF filtering fails to effect a cure then the unwanted signals have to be directly
attenuated. Broadband resistive attenuation certainly works well (this is why many rigs have an RF
attenuator control), but it affects all signals equally so will also reduce sensitivity to wanted signals. A
better solution is to use an extra selective tuned circuit to suck out the interfering signal(s). A series
tuned resonant circuit is connected across the low impedance antenna input to the RF bandpass filters.
Assuming the offending station is near to the wanted band, this trap should be designed to resonate on
the wanted band. Use a “fixed’ inductor wound on a powdered iron T50-2 toroid with sufficient turns
to resonate at roughly half mesh of a 90 pF trimmer. Tuning of the trap is checked by using it to first
attenuate the wanted signals and then tuning off on whichever side best reduces the interference while
causing least wanted signal reduction. The trap should have as high Q as possible (high L to C ratio) so
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that the steep slope of its response causes least reduction in wanted signal away from its actual
resonant frequency. Experiment with the tuning of the trap. on the opposite side of the offending
station to the wanted band, so that it provides just sufficient attenuation of the unwanted signal to cure
the problem and hence least reduction in wanted signal.

David Proctor found that with his Frome, there was sotne improvement {rom adding a single
resonant circuit with a buffering FET RF amplifier prior to the existing RF filters; but the best solution
came from an extra double tuned RF filter with the buffering RF amplifier and an input attenuator to
reduce the gain back to what it was previously! His solution 1s really the first approach of keeping out
the unwanted without attenuating the wanted. He is actually using four resonant circuits in his ‘RF’
filter. [ have sketched it below left. For Mike’s rig, reducing the top coupling capacitors of the existing
double tuned RF filters helped on both 30 and 40m but fitting a series trap for each band was most
effective. This approach also allows some adjustment to cater for use with different antennas which
might have alternative BCI consequences. The diagram right shows values for both bands. G3PCJ
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Replacements for the NE602/612

Although these are not being made in pinned dual in line format any more, the surface mount
version SA612AD is definitely available. Poor Craig GGHIDJ ordered some and could barley see them!
With patience, you could mount one on an 8 pin header by wire extensions from the surface mount
pads. Soon we will have to build like this as new devices are made in only in surface mount format.
The hunt for a replacement continues, perhaps with a better strong signal performance!

Cirkit Electronics
Several people have asked if they are still trading. The answer is yes. I ordered bits last week
without any difficulty but possibly they are concentrating on account or non-retail customers.

An audio milliVoltmeter vy Joseph Bell G3DII

Not a device that 15 used every day but nevertheless very useful for audio projects. The circuit
shown below is simple, cheap and accurate over not less than 8 Hz to 50 KHz on all ranges covering
10 mV to 10 volts FSD. It can use any DC supply between 12 and 30 volts drawing about 2 mAmps in
the quiescent state. The input resistors bias the op-amp input and hence output normally to mid supply;
when a signal 1s applied to the input capacitor, the output AC load current flowing through the scale
resistor selected by the range switch, is full wave rectified by the diode bridge to show on the meter.
The two diodes across and in series with the meter are for protection purposes. Zi. is 1 MOhm.
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High Power Linears

Peter Thus from Oslo wrote to me regarding his experiments with watty MOSFETs of the
BUK445-200A type. Using a 24 to 30v supply he obtained about 100 Watts on 80m from a 3 Watt
QRP driving rig. He had all four FETs in a single ended parallel arrangement with suitable maiching
input and output transformers. [ have not included any circnit because the deitails he gave me were
incomplete and his experiments on other bands were continuing. However, his remarks set me thinking
about high output devices. MOSFETs specifically intended for RF radio service are still very
expensive (£20+ whatever the power!) but there are now many (hundreds) of different types of watty
MOSFETs intended for low frequency use; their price is low and they arc inherently high speed
devices but with significant drawbacks! The worst aspect is the high input capacitance but modern
designs are umproving with several application notes describing fixed frequency (non radio) uses up to
50+ MHz with powers of 2-300 Watts. I spent one afternoon searching the data sheets, on CD and the
web, to find the best performing low cost device that might produce about 100 Watts of RF. Supply
voltage is crucial - while nominal 12 volts has many advantages for amateurs, not many suitable
devices have low input capacitance, so I then wondered if something working off 100 to perhaps 250
volts might be feasible. A single ended device directly coupled to a 50 Ohm load and using a 125 volt
supply would have the potential to generate around 100 Watts easily. No nasty output matching
transformers and plenty of devices able to take the voltage and power - looks interesting! Double the
supply to 250 volts and 400 Watts looks possible! Achicving a sufficiently low harmonic output
would suggest that a push pull arrangement might be better - still quite promising. Typical devices
have an input capacity of around 1 nF and might cost a pound or two. Using input step down
transformers to match gate resistors of 10 Ohms or less would need a few watts of driving RF on 80m
for a few volts of gate swing. Going up to 20m would need lower impedance at the gate and hence
more input power for the same gate AC voltage. Not impossible! I was about to order some devices to
play with when I remembered the power supply!

Experiments years ago using VN8SAFDs on a 35 volt supply had highlighted the problems of
higher voltage ampy supplies; poor regulation of the mains input with simple transformer, rectifier,
smoothing capacitor circuits can lead to large output voltage variations over time, and with load,
making a linear regulated PSU design quite difficult. There are also new EC regulations to worry about
concemning cirrent harmonics on the mains caused by stinple rectifier & reservoir capacitor circuits. A
simple half wave choke input filter direct off the mains would solve this aspect and produce around
125 volts but where does one buy ampy ‘Henry” sized chokes nowadays? This arrangement would not
be safe without a mains isclating transformer - these are available but cost at least £30 plus VAT new!
Add a smoothing capacitor at say £5 - £10 and allow £10 for the choke and it is quickly apparent that
the PSU will cost at least £65. An altemative approach might be to modify the cheap computer switch
mode PSUs but this also has its drawbacks.

Even allowing for the extra costs of heatsinks, RF transformers, decoupling and bias parts etc.,
it is clear that the amplifier cost will be well below half that of the PSU. Conclusion - concentrate on
the design of the PSU and not the amplifier!! What a disappointment that we cannot get away from 50
Hz! The situation has not changed from years ago when the PSU powering early computers cost more
than the calculating bit! (As a footnote, the first computer that I helped design back in the sixties used
so much power that it had to have a chilled water supply for each cabinet to keep it coolt) GIPCJ

After all that heavy text, we nced a little humour:-

LAGHEL 1D A Rk AND FaaEL ENTLEC ST
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Hot Iron

Issue 22 “Journal of the Constructors Club” Winter 1998
Editorial - The role of Morse?

There has been much written in recent months about the need
for a Morse Test as one of the conditions for obtaining an amateur
radio licence but it seems to me that it really has little to do with radio
technology as we enter the next century. It has been evident for a
couple of decades that, for commercial purposes, the use of morse as
a method of communication would soon decline to the point of
extinction. The improvements in all aspects of technology have driven
down the cost of using alternative methods to the point where the

M . advantages of (usnally) simple equipment are no longer important. Of
»Logic F amlhfjls ' course, for those of us wishing to build our owan equipment, this
> TR Control circuit advantage is very important. What has this to do with entry conditions
»More tips from G3DI1 for the hobby? We enjoy the privileges of being able to use a mass of
#L.C Measuring bridge different frequencies and modes because we are willing to
»Windom antenna on 6m  demonstrate commitment by undertaking courses and self training.
»Wide Range AGC Viewed from Government’s position, there is little reason to allow

unrestricted access without some form of payoff because there are
many other erganicotions who are prepared to pay ccasiderable sums
to do what we are allowed to do. The real question is what is the best
form of demonstrating that commitment. 1 doubt that being able to do X words per minute is really
relevant - historically interesting, yes, but not suitable. We don’t want something that is perceived to
be a hurdle but something that demonstrates a willingness to “stick with it”. Certainly, encouraging new
entrants to start with the V/UHF bands will do nothing to improve knowledge of how a rig works and
absolutely nothing to encourage home construction and experimentation with the electromics. Morse,
thankfully, will definitely remain one of the many excellent alternative aspects of the hobby which is
eminently suitable for those wanting to experiment. Change is needed! What do you think?

Kit Developments
Early reports on the Langport (SSB and CW on 20 and 80m) are very encouraging; to quote

Jim Geary GW8HKY “..._ Lexington North Carolina at 89 +20 and many other similarily on 20 &
80m - nocks spots off my 101E - 1t is the best kit yet!”. Reports on the latest QRP Booster are also
very encouraging - thank you to those who have let me know how you have got on. Over the last
couple of months I have been looking for a way to get on 6m with a few watts of RF - the solution
came last week. The rest of the household are now tired of me crowing about obtaining 5 Watts from
an IRF510 on 13.8 volts at 50 MHz! When [ started using IRF510s more than a decade ago, [ would
never have guessed at the potential of these low cost devices. Transverting from 20m i1s my solution
because it is easy to obtain the necessary 36 MHz LO for the mixer. Many home constructors will
have 20m TCVRs available whereas 10m rigs are less common. 1 am just completing the text etc. for
this kit which I have called the Porlock to reflect the uphill struggle to higher frequencies! It is all on a
80 x 100 mm PCB and will cost £44. Any volunteers for early builders? There is also a 10m version.
New Competition!

I have been reviewing my product line of late and would welcome your suggestions for new
projects hence the draw quiz detailed on the last page. Don’t miss out on your chance to win a £25
voucher!

Happy Christmas and have a good building year in 1999! Tim Walford G3PCJ

»Digital Signal Porcessing
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Logic Families

Digital devices are the backbone of all modern consumer electronic products including radios;
despite operating in an analogue real world environment. | can confidently say all recent black box
radios will at least have a digitally controlled frequency synthesiser within them and very probably at
least one microprocessor. The numerical readouts are always digitally driven and over the last 35+
years several families of digital logic devices have been developed, starting with DTL (diode transistor
logic) and the once common TTL (transistor transistor logic). More recently CMOS (complementary
metal oxide semiconductor) devices have dominated because of their much lower power consnmption
and circuit simplicity leading to low cost. With most individual CMOS devices, speed increases (or
propagation delays rednce) as the supply voltage is increased - there 1s a rough guide that for ordinary
4000 series devices the maximum speed in MHz is roughly equal to the supply voltage. Modern TTL
and ECL (emitter coupled logic) are still used for very high speed tasks. There are literally hundreds of
devices made by many firms in many physical formats so one should be a bit cautious about using an
apparently similar device to that specified - one different letter in the part number can make a big
difference. The smallest device might be just one gate - so called pico-logic; the largest might contain
a whole microcomputer. As higher speed has been demanded, new ranges with lower operating
voltages (which usually defines the logic voltage swing) have been designed because it is quicker to
charge/discharge the circuit capacitors if the signal swing is small. 1f noise immunity is important
because there are strong interfering signals around (e.g. transmitters), you have to use the higher
voltage devices because their ability to withstand interference is often about 30 to 45% of supply
voltage. The following is a very brief resume of the main families and characteristics.

4000 Series CMOS Very wide range of parts, 3 to 18 volt supply, low power, slow, 20 nS delays.
HCMOS High speed, 2 to 6 volt, low power widely used, T version for compatibility with TTL.
AHCMOS Advanced, faster than HC, 4 nS delays, 3.3 volt, few mA drive capability.

LVYCMOS Low voltage, 1.2 to 3.6 volt, low speed, 4 nS delays and -24/4+24 mA drive capability.
ALVCMOS Advanced LV, 2 nS delays, -24/+24 mAmp drive, fastest CMOS currently.

TTL - Bipolar technology, origon of 54/74 series numbers, slow and power hungry, 5 volt.
LSTTL Low power Schotky TTL, faster and less power, 5 voit, similar performance to HCMOS.
ALSTTI. Advanced LS series, 4 nS delays, half the power of LS, 5 volt.

LYT Low voltage TTL, 2.7 - 3.6 volt, very high speed 2 nS delays and high dnive, -32/4+64 mA.
ALVT Advanced LVT, ultra fast bipolar technology, 1.5 nS delays and -32/+64 mA drive.

CBT Crossbar switch family. Near zero delays! Is inore hike an electronically controlled relay.
FBL. Future Bus Logic, 3.3 volt version of standard $ volt, uses BiICMOS technology, 100 mA drive.

I would suggest that for most purposes, you nowadays consider using only CMOS devices
selected from the wide range of 4000 or HC series. They have low power and the HC family can be
used to 50+ MHz; they are cheap and available with pins (or in surface mount!) with many sortsof
gates, inverters, counters and flip-flops. In some rigs like the Sparkford, CMOS devices are used as
linear amplifiers but only a few types can be used this way since the more advanced devices have
many stages internaltly and thus tend to oscillate when feedback is applied. You should be aware of the
potential for damage to any MOS device from high electrostatic voltages on their very high impedance
input terminals (10"°R); if you live in a modern dry house you will need to be more careful than me in
an old damp farmhouse! Get used to having all your equipment earthed and consider using a wrist
strap connected through a 1M resistor to earth. Most devices are based on the simple inverter sketched
in the box beiow.

Inverting gates consist of a pair of complementary MOS
v+ transistors connected between 0 volts and the supply. Only one of
them is normally on so that the transistor’s main task is to
: charge/discharge the capacitance of the next stage during output
t* voltage transitions. As the input changes from 0 volts to the high
nput | Outedt | Jevel (— V+), and vice-versa, both devices are temporally on so
there 1s a small spike of current through both transistors. 4000 series
t devices can drive a 10K load to either 0 volts or V+; HC devices
can drive a 1K load to either rail. Both series have the very high
0w mput impedance allowing slightly clever arrangements at the input
ofts . .. L .
for such things as timing circuits etc. A simple gate such as one of
the six inverter devices in the CD4069 can be biased for linear
operation with a 100K resistor from output to input. Voltage gain is about 10 to 20. G3PCJ
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CW TR control circuit - by Derek Alexander GAGVM
Here is another circuit that has becoime a “standard’ for me. Tt gives positive keying of the TX
while keeping the actual key at negative potential, and provides adjustable delayed return to reception.
It uses a mimmum of components and fits into a very small space on a PCB. BC212s will
serve for most low power needs but use BC327s if you need more output current - up to 800 mAmp.
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More simple tips from Joseph Bell G3DIT

Aluminium foil (1) Ordinary kitchen alt foil can be used effectively to seal up cracks or holes which
must be covered in the interests of good shielding. Cut a piece of foil large enough to cover the
aperture plus an overlap then seal the overlap with masking tape preferably using the sort with a fabric
base. If the aperture is small, cover the whole area with masking tape.

(2) Soldering irons. With many soldering irons, particularly of the cheaper variety, after some use, the
base of the tip ceases to fit snugly in its socket. A layer of oxide forms on the base of the tip inside the
socket and heat conduction is greatly impaired. Scrape the base of the tip until bright copper shows
and then scrape the inside of the socket to remove the oxide scale. Then wrap the base of the tip with
ali foil using enough to shim the base of the tip to a snug fit within the socket. This little tip wail
usually restore the ron to its original efficiency.

Drilling aluminium When dniling ali, apply a drop or two of alcohol (meths will do). This not
only makes the work easier but results in a2 much cleaner cut.

Checking crystals for overtone activity To check a crystal for overtone activity merely wind a few
turns tightly over the grid dip meter coil and connect to the crystal pins. If the crystal has overtone
possibilities, the GDO will dip as the oscillator is tuned through the odd harmonic frequencies of the
crystal’s fundamental. Some crystals exhibit surprising results!

Checking junk crystals At rallies etc., at one time or another, most of us tend to pick up a crystal in
case it might be useful at some time. The little circuit below can be built into a very small case and tell
you there and then whether the crystat is active - if the less LED does not light up it is duff. The circuit
will work with most crystals from 100 KHz upwards although some of the old crystals might struggle
a bit if they are low frequency. A small plastic box makes a good housing for the checker. If used at
home, a small capacitor connected to the side of C3 adjacent to D1 and D2 will drive your counter, the
more sensiive the counter, the less the capacity needed. A minor problem when using the counter is
that it may read low because of the crystal is loaded by C1 and C2. For instance, the readout might be
1 KHz low on 7 MHz and up to 3 KHz at 20 MHz.

Coplel Claden
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A Basic LC Bridge - by David Proctor GOUTF

The bridge has ranges for 10 uH to 1 Henry, and 100 pF to 1 .uF; using the scaled balance
control, you can resolve 2 uH - 5 and 20 pF to 5 wF. It consists of a 20 KHz oscillator feeding a
bridge via a balancing transformer. The bridge balance is effected by a 1K calibrated linear pot and the
balance is verified by a simple millivoltmeter.

The accaracy of the instrument is governed only by:-

1. The linearity of the pot
2. The calibration of the pot
3. The onboard inductors and capacitors for the bndge.

Because the bridge circuit uses the null method of measurement, the accuracy of the oscillator
frequency is not important, neither is the meter sensitivity. For the transformer, 1 went to the junk box
and found an 18:1 step down (ex Coker!)! (1 have some still if wanted - G3PCJ.} You could even
make a small step down transformer yourself with a 3:1 furns ration - at 20 Khz you don’t need much
core. Calibration of the 1K pot is as follows:-

Dial reading Percentage rotation | Dial reading Percentage rotation
0.2 10% 1 50%
03 18% 2 70%
0.4 24% 3 80%
0.5 30% 4 86%
0.7 39% 5 90%

Setting up is simple:-
- Adjust the 10K feedback pot of the sinusoidal Wien bridge oscillator so that it
starts/runs reliably with clipping,.
- Set the 5K pot for about 3 volts RMS output from the EM380.
- Tweak the 100R for sensitivity as necessary for the meter - about 0. mAmp FSD.
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Windom Antenna on 6m etc.

Andy Howgate GTWHM based his expenments on the FD4 design published in the G-QRP
Club Antenna Handbook. Instead of using a section of ferrite rod, he salvaged a toroid from the filter
of an old switched mode PSU. The fernte material, although not intended for use at 50 MHz, might
help and it certainly does provide a convenient former for the 8 turn windings of the matching
transformer. The electrical arrangement is shown below without any supporting mechanics which are
needed to prevent the wires pulling the turns out of shape. The wire was hard drawn plastic coated.

As shown it gave a maximum VSWR of
bwr Batown 1.5:1 across the band. He also tried the same antenna
3 founs on 144 MHz with considerable success; the balun
showed no signs of distress after passing 25 Watts
for 15 minutes. 50 Watts from his TS60 happily
accessed the Norwich repeater 50 miles away -
normally he has to use a collingar to achieve this.

By way of comment, he changed the
standard carbon pots in his Street for wire wound
multi-turn types and féels this is a mod worth
considering. He says sound quality is now almost
like FM when adjusting the Fine control!

HTL5HM

Modern carbon pots

Jin Gearey GW8HKY notes that modern pots have crimped tags instead of the older design
which used rivets to hold the solder tags in place. If the tags are bent madvertently, in the post etc. or
to make the wiring arrangement neater, it tends to loosen the crimping so that in use there are
intermittent connections resulting in erratic tuning. The solution is to re-tighten the ‘crimps’ with a pair
of snipe nosed pliers before fitting to the control panel. In time the lubrication of these pots does dry
up which can also make tuning irregular, again the cure is easy - a squirt of switch cleaning fluid
through the holes in the protective cover followed by vigorous end to end rotation!
Wide ranging Audio AGC

I found this circuit in an American Journal; it might be useful to replace the Plessey SL.6.70
circuit when that becomes unobtainable. A 50 dB dynamic range is claimed, with an output level of 0
to 1.2 volts p-p (300 to 30 KHz) while operating from a S volt supply and drawing less than 1 mAmp
supply current. Signal input range is 40 mV to 20 volts p-p. It works by altering the attenuation offered
by the 120K input resistor working in conjunction with the variable “resistance’ of the p channel JFET
under the control of the positive output peaks as DC detected by the 2N3904. The op-amp is set to Tun
with a gain of about 67. With no, or a very low signal, insufficient to operate the detector, the FET is
turned off completely by the 100K resistor to the positive supply. Higher output voltages are detected
by the 2N3904 which begins to turn on drawing the gate of the FET towards 0 volts which also turns
on the FET and increase the attenuation at the circunit’s input. This is a negative feedback control loop.
It will probably work with most modern op-amps having the ability to drive LK or so and can use a 12
volt supply if the FET is changed to a type with a higher pinch-off voltage such as a 2N3993. The
2N3819 is not suitable - its the wrong sort being n channel! (I spent somq&onde;mg how the FET was
controlled without noticing the “polarity’!) G3PCJ
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Digital Signal Processing

Tony Measures has asked whether this might be the subject of a starter kit. The advantage of
handling a signal in digital format, where a sequence of binary words (groups of binary digits) is used
to represent instantaneous signal amplitude at frequent sampling intervals, is that filtering can be easily
applied in mathematical processes executed by the software within the signal processing chip or
microprocessor. By altering the software control parameters, it is easy to change say the cut off
frequency of a low pass filter used to reject unwanted audio signals. With slight extra complication
you can change the software filter from say a low pass to band pass form or include a band reject filter
to get rid of an unwanted heterodyne. For a full understanding of the possibilities you need advanced
mathematics with all sorts of obscure names! It is definitely not something that most of us could have
a dabble with! The hardware is also quite complex, requiring an analogue to digital converter sampling
at several imes the highest input frequency, memory for the data samples, processor with control
software in its own memory, timers and an output digital to analogue converter. All this lot can be
fitted on one chip but there are very few opportunities to experiment because you have no means of
control without a keyboard. Designs are already available for a complete HF receiver using digital
signal processing, including all the mixing and filtening. The phasing form of single sideband receiver
is easier to implement than the filter type. Watch how the technology develops! G3PCJ.

Audio loops
Quite often I see rather unsatisfactory audio wiring on rigs returned for twealang up or repair.

The most common fault is ‘shared’ earth returns for the LS socket and the audio gain control. Thisisa
recipe for trouble since the relatively high currents flowing in the loud speaker are sufficiently large to
cause a small audio voltage to be developed across the wire (often thin) linking the socket’s 0
volis/earth contact to the main O volt ground plane. If the same wire is also used for earthing the audio
gain control, by connecting the earthy end of the pot to the LS socket earth tag, then these small andio
signals (caused by the loud speaker currents) are injected into the input of the audio amplifier and
hence form a feedback loop. At some frequency within the audio band, this is quite likely to be
positive so that instability is likely. Howling does not always occur, but a tendency for the audio to be
rather harsh or grating at high gain control settings, is a warning sign of near oscillation. The
symptoms will only be present when a low impedance LS is connected. The cure is simple. If the front
panel is PCB matenal, make certain that it is soldered to the main PCR every inch or so and bend the
tags of the socket and the pot backwards so they can be soldered direct to the back of the front panel.
Alternatively use separate leads for gain control and LS socket and connect them to the ground plane a
few inches apart. Use thickish wire for the LS leads. G3PCJ

Fifteenth QRP Convention

Make a note! It will take place on April 18th 1999 at Sherborne as last year. There will be the
usual attractions of pre-event fim run CW competition, talks, trade stands, demonstrations, food, and a
CONSTRUCTION CHALLENGE. The task is make a stable free running VFO settable within the
range 5 to 5.5 MHz. No more than 15 parts; the winner is the one with least drift (after a 30 second
warm up period) from a frequency specified on the day somewhere in the range. Full details from
Peter Burnidge G3CQR.

Win a £25 voucher - help me to design the kit you want!

The authors of all reascnable responses (post or € mail - see below) to the five questions
below will be put into a hat just prior to the issue of the next Hot Iron. The draw will be made by a
visitor. The voucher can be used against any future purchase of Somerset Range kits.
1. Describe the rig you would most like to build indicating what you think would be a realistic price.
. What is the most complex piece of equipment that you have built previously?
. What other topics or material should be ncluded in Hot Iron?
. What 1s the best aspect (any sort) of your preferred Somerset Range rig?
. What is the least attractive aspect of Somerset Range kits, its importance, & suggestions for curing?

Lh L b2

Hot Iron is a quarterly newsletier for radic amateurs interested in building equipment. It is published by Tim Walford
G3PCJS for members of the Construction Club. Articles on simple theory, construction, testing, updates on kits,
questions and suggested topics are always wanled Please send correspondence and membership inquaries 1o Upton
Bridge Farm, Long Suiton, Langport, Somerset, TA10 9NJ. Tel 01458 241224 E mail walfor@globalnet.co.uk The
Copyright of ail material published i Hot Iron 1s retained by TRN Walford, ©2. Subscriptions are £6 per vear for the UK
(£8 overscas) from Sept st in cach vear.
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Hot Iron

Issue 23 “Journal of the Constructors Club” Spring 1999

Editorial - The role of Morse - part 2

I am pleased to say that my comments last time did produce
some reaction! Many accepted that morse as a method commercial
communication has had its day but that it is still highly sensible for
amateur communication. There are many reasons for keeping it as a
fundamental part of our hobby - it adds to the variety of modes etc.
which are available to wus, hence attracting potentially wider
participation in the hobby, it can be done with simple equipment,
often permitting home building and better understanding of how it

QMS_‘ . works, possibly leading to construction of more complex gear,
d AMU thcxcncy probably helps to promote good operating practice, provides further
# Designing traps contest opportunities, and is historically very important. 1t is actually
»Cabling still used {(and likely to remain so) for certain commercial purposes
> Aerial Matching Circuits  such as the identification of radio beacons. As a method of conirolling
#Diary dates access to any particular part of the spectrum, T doubt it has much

>Pulse generator stability ~relevance. Some correspondents made the point that none of the
current exams or tests, assess whether the new cntrant has been taught
how to use his gear to best effect without upsetting others who have
an equal entitlement to use their facilities - in short how to behave
sensibly in a crowded spectrum. is this any different from doing a test to check that you can drive
without upsetting others? It has little to do with operating on any particular part of the spectrum and
not much with the self education, and technical experimentation, that is assessed initially by the
various exams, and which differentiate this hobby from other forms of radio usage. Maybe it would be
sensible to make afl new entrants operate QRP for a pertod!? The extra sales of relatively simple gear
would drive down production costs, reducing the cost of entry to the hobby, encouraging more home
coustruction and hence understanding of the innards. Of course it would be good for kit suppliers!!

Kit Developments

The Porlock 6m transverter, from 20m, has now been built by several builders with good
results. It produces 5 Watts from a 1 to 5 Watt 20m driving rig. Cost is £44 plus £1 P&P. | fancy this
is a cheaper way to get on 6m (with CW or S8B), than via the FM route as suggested by Emma’s
challenge for a two channel FM TCVR kit, with a target price of under £40. That is a tough target!
Most of my development time has been devoted to the Radstock. This is an any two band to 10m CW
TCVR; on receive it is arranged as a crystal converter ahead of a 6 MHz phasing DC receiver with
special narrow audio filters to give sharp single sideband reception. The low frequency VFO gives
good stability, with all bands having (very nearly) the same incremental frequency calibration from the
fower band edge. On transmit, the receiver mixers become crystal converters so avoiding chirp. Full
break-in TR control with sidetone is provided. Available shortly for £79.

Five Questions draw - worth £25 - see back page of last issue of Hot Iron
So few responded that I have decided to extend the closing date to May 17th 1999. Tell me:-
1. What rig you would most like to build and what you think is a realistic price?
2. What is the most complex thing you have built previously?
3. What other topics or material should go into Hot lron? Tim Walford G3PCJ
4. What is the best aspect of (your?) Somerset Range rigs?
5. What is the least attractive aspect of Somerset Range rigs? (Don’t be too coy!)
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Antenna Matching Unit efficiency by Paul Tufon

I’ve built quite a few QRP / physically small transmitters and receivers over the years, and it’s
always an smritation when the only ATU that seems to tune them effectively is the size of a large
cormflakes box. It’s also a pretty effective deterrent to /P working if you have to lug it around. So Tim
Walford’s miniature Antenna Unit and Matching Bridge looked particularly attractive. But would it be
efficient? 1 suspect most of us have fallen into the SWR ftrap at some time - the ATU that shows a
perfect 1:1 match, but somehow, results are disappointing. The fact is, that ATUs both home built and
commercial, vary between excellent and dreadful, and a 1:1 SWR is no guarantee of good
performance. The question is, how can you measure the efficiency of various ATUs, and even
different configurations of the same ATUJ?

There is one sure measurement of how much RF is going up your antenna, and that’s the
current flowing in the feeder. Regardless of anything clse, given a constant transmitter output power
and frequency, more current up the spout means more signal is radiating. [n the valve PA days most of
us had never heard of SWR - today, we need to be concerned mainly because of 50 ohin output solid
state PA stages, but RF current 1s still the ultimate measurement of the power in the antenna. RF
ammeters are hard to come by these days, but there’s a simple alternative that can be made in a few
minutes - a current transformer wound on a toroid and slipped over the feeder:
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The components are totally non-critical and I claim no originality for this circuit - 1’ve seen
similar ones in many places over the years. It works well with open wire or ladder line feeders, slipped
over one leg. if your output from the ATU is coax, you should wangle some way to slip the toroid
over the centre conductor at the outlet of the ATU. | use an AVO and 2 or 3 watts output is enough to
give a 3 or 4 volt reading though this will vary with the band you tune on, and your own particular
antenna. The point is, you don’t need much power to show a reading. Connect up the TX and set it to
the band you want to tune up on. Find a clear frequency and transmit 2 or 3 watts of carrier. Adjust the
power and multimeter range to give a reading around mid-scale. Now the interesting part, adjusting the
ATU. I could write pages but I'll sunmarise the key points to keep it brief:

- You might find several settings of the ATU’s capacitors and inductors that show a 1:1 SWR,
but there could be large variations in the antenna cwrrent. Find the setting that gives a low SWR and
MaxItmun Current.

- If you can configure yowr ATU in different ways eg. T or L format, try different
combinations and observe the result on the antenna corrent.

- If you are using a doublet type antenna, try "floating” the ATU on a current balun - typically
a sizeable handful of ferrite rods with 30 / 40 turns of coax wound on them, between the TX and ATU
(ATU side of SWR bridge). Don’t connect the ATU to earth! 1f the ATU has a metal case, it will be at
RF potential so beware - keep to QRP. I've known this to produce spectacular results - particularly on
160 and 80 metres. This whole subject actually needs imore explanation - maybe in a future Hot Tron.

- Many of the popular commercial ATUs in neat metal cases appear to be very effective
dummy loads, showing a 1:1 SWR but expending most of the RF energy in heating up the innards. [
had one where part of the case got too hot to touch with 20 watts continuous for about 2 minutes.

- Metal cases are generally not good news - particularly when inductors are mounted close to

them.
- Baluns (usually toroidal) on the OUTPUT of the ATU are a great way to choke off your RF

before it reaches the feeder, and at higher power levels, to start exciting fires in your shack. This is not
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Cabling - some suggestions for you {o consider!
Audio stages  Probably the most common deficiency that | see on returned nigs, concemns the 0 volt
or ground connections to the loudspeaker socket and the AF gain control. These should NOT share the
same thin common wire because there is a fair chance it will make the AF output stage will actually
oscillate (at AF) or scream, or with a tendency to oscillate, leading to a rather harsh sound quality. The
LS socket O volt/earth lead should be either directly connected to the front panel ground plane, which
itself should be connected electrically to the main PCB ground plane at several points, or the LS socket
earth tag should be connected by a thick wire to the main PCB ground plane close to the audio output
stage. The earth lead of the AF gain control should be either connected directly to the ground plane of
a PCB front panel or, by a separate wire (as short as reasonably possible) to the main PCB ground
plane midway between the audio pre-amplifier feeding the AF pot and the input to the output AF
stage. The LM380 series of audio power amplifiers do have a tendency to self oscillate at near 2 MHz
which may well be aggravated by failure to obscrve these precautions. The T Ohm in series with a few
hundred nanofarad across the output are essential to stop this mode of oscillation.

Supplies Another frequently seen weakness is thin supply leads. Do make certain that your
incoming leads, and those within the rig, are not causing the loss of say 0.5 volts when the rig is
drawing maxtmum current. This can lead to the internal regulator not having sufficient supply voltage
headroom to function properly with again the possibility of instability. Often it causes a sort of
squeeging RF instability as the bias voltage to the RF output stage falls when the supply droops, TX
output falls, volts recover, bias recovers, output rises and volts collapse again. The 1.M317 series of
regulators need at least 2 volts between the regulated output and the incoming supply. The LM2930T8
is a LDO type (low drop out) regulator which will work with around 0.2 to 0.4 volt difference but they
are more sensitive to the decoupling capacitance on the regulated line - they must have at least 10.4F -
use 22,uF because the tolerance on ¢lectrolytics is huge. Without this capacitance, they will oscillate!
Controls etc.  For other wiring, which is often DC tuning or control signals, one should generally
route them away from sensitive areas such as RF oscillators which might have their stability impaired,
from the input stages of (receiver or transmitter) RF amplifiers, and away from the transmitfer output
networks. It 1s also important to make certain that, for example, a relay control signal does not loop
from a relay selecting the receiver RF band pass filter onto a transmitter relay selecting the output
matching network, because in a bi-directional superhet , this can be an RF feedback path - boih relays
should be fed separately from the control switch to increase the RF impedance between the two
sensitive areas. | prefer to see wires laid in a rectangular grid across the main PCB (and behind the
control panel) with them pressed down tight against the ground plane - threading or routing them
through the gaps between components, Where a wire connects to the PCB, you can fit pins in the PCB
to form httle vertical tag posts or solder the wire in directly. When fitting wires direct to the PCB,
always make the PCB joint first before the control panel end. Tin the pad first (without blocking the
hole) and keep the wire at right angles to the board while applying the iron and gently pushing the wire
against the board tll the insulation is just within the hole’s countersinking. Hold the wire until the
solder has solidified and allow the insulating plastic to cool fully before bending the wire to shape to
reach the other attachment point. Cut off any excess wire which is projecting below the solder joint of
the PCB. If extra anchoring points are needed, solder small bare wire hoops (before threading the
wires through) to the ground plane in suitable places.
This style of wiring imparts a tidy look and keeps the
leads secure. Another approach is to lift them off the
PCB and route them in. a bundle (with branches) down
the centre of the rig about an inch above the parts. The
wires are then laced together to keep them rigid. Special
lacing ‘string’ is available - it has a central core with an
outside cover which collapses slightly when tied tightly
so that it jams and keeps the knots tight. Use the “around

and under’ style of lacing knot so that it stays tight as

you progress along the bundle of wires - see alongside. If avdwrndtn. bm?
you feel that screened wire is advisable for RF or audio

signals, generally it is best to connect the screen to 0 P N P ZFW [&M‘\,\ﬂ
volts/gound plane at both ends near to the signal - -
connection points. For test points, use pins or short stiff CLM;’*S GaPs

wires - do not fit wires with long dangling tails! G3PCJ
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always the case - it depends on whether or not the feed impedance of the antenna falls within the limits
of the balun on the chosen frequency. In my experience, it rarely does. (Note that Tim’s ATU has the
toroidal transfoomer BEFORE the tuned circuits which is a totally different matter. It always sees an
impedance in its design range).

My favourite main station ATU is an elderly Capco Transmatch in a plastic case, fed via a
large choke balun, A couple of years ago, 1 spent several weeks of evenings experimenting with
different settings, configurations and balun types until I could get no further improvement. In that
time, [ doubled the current on top band - and as power is proportional to the current squared, that was
effectively a 4 times power increase. My antenna’s only a 2x50° doublet, but it now works well around
the UK on top band. So how does Tim’s ATU compare? My cumrent meter shows identical
performance on 160 and 80, and better performance on 40. ’ve not yet compared it carefully on the
higher bands, but quick comparisons suggest it will be at least as good as the Capco. It works on 6
metres as well. Not bad for something small enough to sit in the palm of your hand. Power handling?
Well, 10 watts SSB or CW seems fine with no discernible heating. But 5 Watts is probably more
sensible. When’s Spring coming? Time for some /P working.

Designing series resonant RF traps

Jim Gearey asked me to suggest some values for a 100 MHz trap because he had a local
transmitter that was causing interference which might be cured by placing 2 trap across the receiver
input. The technique can be used for any band but it is necessary to know the frequency of the
offending transmitter. At VHF, it is easier to use capacitors for the variable element necessary to adjust
for best attenuation, Start by using a capacitor value of say 20 pF; this might actually be a part “closed’
65 pF trimmer and would be appropriate for say 30 to 100 MHz. You then need to work out the
required inductance to achieve series resonance using the well known formula:-
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Inductors wound on powdered iron toroidal cores are easiest to make. The first number is the
core diameter in hundredths of an inch; the second number indicates the core material mix which have
recommended frequency ranges. You need to know how much inductance each turn contributes, which
is indicated by their A; value. The values for common cores are given in the next box together with the
formula for working out the number of turns required. For the 30 to 100 MHz range, a green/white
(number 10 mix) or yellow (number 6 mix) core is required, so that a T50-10 would need § turns.

Core. (slova %i'ge Ss\:rgt F\L.(/”H/mb) No .g fivans = !ooj%%ﬁﬁ)
T69-2 |Red |68 i 1-30 | 5] . -

— = =, T - |5 - 12 -

T2 Red [l i 130 [aq P 0Bl (SO0
= c@w"h i“i:: ’q?i —‘{}‘: F n = /ooj_—%%g‘bz 337 fuans
T - oo 0-Zbo

150 ~10 1‘::1”:7,\/& !'2. nths Mz GyPc3

For HF offending transmitters, use a fixed capacitor and a TOKQ variable coil. First select a
coil, with the higher inductance ones for LEF work, and then use the formula to work out the required
capacitor. Use the nearest available value. Note that if the offending signal is near to a wanted
frequency, then tune the trap on far side (in frequency sense) of the offending transmitter, so that it just
gives sufficient attenuation to cure the BCI etc. with the minimum attenuation of the wanted signal.
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Aerial Impedance Matching Networks - Part | - by Eric Godfrey G3GC

lmpedance matching (transforming) networks are used for matching devices or circuits of
differing impedances together to ensure their correct and most efficient operation. Probably the most
common use in amateur radio is for matching an aerial to the transmitter, commonly but incorrectly
called an aerial tuning unit. The one thing the unit does not do is to alter the tuning of the aerial, this is
determined by its physical configuration, but it does ensure that the transmitter is presented with the
correct load impedance, usually 50 Ohms. This note covers various matching circuits for balanced
aerial systems with a variety of impedances. Part 2 will cover unbalanced systems.

The two main categories of matching networks are 1) Resonant and 2) Non-resonant, both of
which may be a balanced or a non-balanced arrangement. Although it may not be possible or
convenient to use the resonant network, it is always preferable, since it will reduce any possible
break-through from broadcast stations and also reduce the radiation of any harmonics that may be
generated in the transmitter. This is particularly important if simple equipment is being used.
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The diagrams above show examples of a balanced aerial system connected to a resonant circuit
which may be either parallel or series tuned depending on the impedances to be matched. The
inductance of the tuned circuit is in turn coupled to the receiver by link coupling. The advantage of this
circuit is that by changing the configuration of the coil and condensers for either parallel or series
tuning, virtually any impedance at the input to the feeder can be matched to the transmitter’s low
impedance. However there are a number of practical disadvantages with this arrangement: 1) The need
iv be abie io switch from a parallel tuned circuit f{or high feeder input impedances, to a series one for
low feeder input impedances by either the use of a switch or with “Banana” type plugs and sockets: 2)
If a number of bands are to be covered with one matching unit then this will require a tapped coil
which again will require either a switch or “Banana” plugs and sockets; 3) The link coupling should be
located at the centre of the main inductance thus precluding the use of a “Roller Coaster Coil™ instead
of a tapped coil, unless arrangements are made to move the link coupling as well. Remember that all
parts must be suitable for the power being used.

A more convenient arrangement using two tuned circuits is the Z Match or “E-ZEE Match”
circuit which is very popular and available commercially. Two balanced outputs are provided from the
matching unit; one is nommally used for 3.5 and 7 MHz and the other for the HF bands 14 to 30 MHz,
On the LF bands it operates as shown on the left below, the split stator capacitor working with both
sections in parallel with L3, except that the small inductance of L1 slightly reduces the effectiveness of
one section. On the HF bands the unit operates as shown right. Here the inductance L1 is tuned by the
split stator capacitor working normally but there is the large inductance L3 in parallel with L1 which
will slightly reduce the effective value of L1. C1 has to be fully insulated from the chassis.
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There may be occasions when, due to an unusual feeder input impedance, a match may only be
achieved using the “wrong” output. If this is necessary there is nothing wrong with doing this to
provide a match. If 2 match cannot be obtained then another trick is to increase the length of the feeder
to change the impedance presented to the matching circuit, the length being found experimentally. My
own aerial is a half wave on 80 Metres, which is low impedance at the centre, fed with about 60 feet of
600 Ohm twin feeder. In order to be able to get a 1:1 SWR on 80 Metres using my E-ZEE Match 1
have to switch in (using “Banana” plugs and sockets) about an additional 50 feet of twin 300 Ohm
ribbon feeder strung back and forth along the ceiling of my shack. On all other bands, where the
impedance at the centre of the aerial is high, the unit is used without any extra feeder.

Another problem which amateurs encounter, is using of unbalanced feeder to feed a balanced
aerial, such as a coaxial feeder connected directly to a dipole. This is bad engineering practice but is
commonly done although a balun of some form should be used. We now have a coaxial feeder to
connect to the balanced output of the E-ZEE Match. The solution, although not sound engineering, is
to connect the coax screen side of the E-ZEE Match output to the chassis.

Somerset Homebrew Contest
Don’t forget this event on March 27th from 1700z onwards. Either, or both, the TX or RX must
be home made. Any mode - 80m only. First prize is a £50 voucher - full details in Winter 98/9 Spratt!

Yeavil ORP Convention
Make a note of the date, April 18th in the Digby Hall in Sherborme. A must for homebrewers!

Tips from Joseph Bell G3DII

Coaxial Switch A very useful piece of equipment to have in the shack! Commercial switches are not
cheap but there is a method of constructing one at minimum cost and do the same job. The
components needed are die-cast box, a rugged ceramic wafer switch and as many sockets as you
require, SO239 or BNC or whatever, Mount the switch on the lid of the box and position each socket
so that its central comnection is immediately next door to the switch tags. A short piece of 16 gauge
wire can then be used to bridge the gap between centre pin of the socket and the switch wafer tag. If
this type of construction is used it will be found that there is negligible effect on the SWR when
inserted in a coaxial line operating at its nominal impedance. The more robust the switch the better,
even if vou are using QRP, as such a component will stand up well to continuous use.

Dental tools For many vears T have used these useful tools in and around the shack. The ones
with a hook on the end, which the dentist uses to clean cavities after dnilling, are the most versatile.
Even if the end of the hook has snapped off, it can be reground. Other ‘unhooked’ tools can be made
into fine centre punches. Hooked tools can be used to retrieve inaccessible spots of solder or to check
the number of turns of fine wire on a coil. Next time you visit the dentist, ask him if he has any broken
or unserviceable instruments. Modern ones are made of stainless steel which does not take solder.
Emergency coax connectors Recently T wanted to join two PL259 plugs together using the threaded
barrel double ended type of double socket. The junk box let me down and [ hit on the idea of using
two SO239 sockets. | had two of the bulkhead mounting four bolt type. [ put the two back to back and
soldered the central pins together with a short wire. To join the bodies together, | used some copper
flashing (brass or tin plate would do) formed into a cylinder to enclose the central part of the sockets
Just inside the bolt holes of their flanges. 1 then soldered along the cylinder tong joint and around each
flange where it abutted the cylinder. Perfectly satisfactory and much cheaper than buying one!

Preserving the stability of pulse generators
The 555 timer 1C has excelient frequency : - S
stability against supply and temperature Ax INGKS v vy

variations for square wave outputs. If two __.k'._‘_lq._m\ A /E’/\,_._ Ca
diodes are added to permii separate resistors e m‘
controlling the charge & discharge of the | @_ ~—I>|—>—[>-I-—’VVW‘-*‘ &s‘;h\r.s J‘

timing capacitor, then the stability is badly ! =0 . ®p

spoilt. Adding two more diodes as shown right a;:u 2, - ’__%\4' er
will restore the stability without upsetting the LML
timing. The circuut is drawn for the general case Thaes vl b2 .

of a bistable with set and clear thresholds at one RT e- Sc;‘

third and two thirds of the supply voltage. (Eg. > enealolds

Schmit trigger circuit.) It can also be arranged arlfz )z Ve, 4

to give independent pulse repetition rate & v ® ov
width controls. G3PCJ 77 Ionproved Pudse Gowgralv . 63003
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[ssue 24 “Journal of the Constructors Club” Summer 1999

Editorial

Feeling rather lazy yesterday afternoon, | decided to reread
the Apnl 1999 edition of Electronics and Communication, published
by the Institution of Electrical Engineers for their members. [ had put

= it aside previously because the issue is devoted to futuristic radio
techniques. Of particular interest was an article about ‘Software

Radio’ which I touched on briefly in a previous Hot Iron. Nearly all

future development in radio matters is being devoted to ‘mobile’ or

C similar highly portable uses. The basic principle of a software radio is
M‘S . to use digital signal processing techniques for as much as possible of
" Unbalanced matching the radio transmitter and receiver. The performance of very high
# Active antenna speed analogue to digital converters (& D/A} is such that practically
»Matching untt losses everything of a UHF receiver, apart from the very first low noise
»Single knob tuning amplifier, can be done in a programmable general purpose computer
> Absorption wave meters  like block following the A to D converters. This makes it possible to
#Five question draw change the modulation formats, and other pretty fundamenta] aspects,
5 Snippets! purely by changing the software of the processor. This would be a

very major advantage because ihe same hardware unit could be used
in many different parts of the world (where formats are not yet
standardised) and would lead to rmuch larger production runs and lower prices. Even the ‘RF’ filtering
would be done in software and so band changing no longer requires different circuits tuned to the
working frequencies! Most of these techniques are equally applicable to the transmitter. Interestingly,
because full duplex operation is essential, the TR switch becomes one of the most challenging items. 1f
you are interested in where radio is progressing, this article is well worth obtaining. Needles to say, |
shan’t be offering software radio kits! While I used to do some programming, I don’t enjoy it much
and 1 don’t think most current kit builders are too keen on any techmique which is not readily
understoed. Hence my avoidance of microprocessor controlled gizmos etc.. Tell me if I am wrong!

Kit Developments

The Radstock is at last available after considerable help by several early builders for which I
most grateful. Any two bands 5 Watt CW TCVR but with a phasing receiver for single sideband
reception. Full break-in, £79. Recent attention has been devoted to updating and improving my rigs at
the lower and middle part of the range. Shortly the Radio Today Chedzoy will be launched in that
magazine; this is a regenerative TRF RX for first time builders covering MW and a short wave band
near either 80m or the 4 MHz broadcast band. Very detailed instructions and costing £19. Next up the
revised range comes the Priddy as a suggested first serious construction project, it is a DC receiver
covering 20, 40 and 80m wath filtering for CW and SSB. 1t can be wsed with the three band ‘crystal’
controlled Godney 1.5 Watt CW TX. Price £39 or £64 with the Godney. The last new rig is the
Minehead, this is a 5 Watt CW transceiver for any band up to 20m. Again not too dense and easy to
set up. It has a crystal mixing VFO scheme covering the whole of the CW section of each band and
costs £49. [ could do with some early builders for these rigs to help prove the instructions, so drop me
a line if they are of interest. I have also re-jigged my catalogue if you wish to see the whole range.

This is the end of our sixth year of Hot Iron so it is time to ask you to renew subscriptions
before Sept. 1st 1999 if you wish to carry on. There will be no reminders! Tim Walford G3PCJ Editor

Send £6 now to secure Hot Iron for next year please!
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Aerial Impedance Matching Networks - part 2 by Eric Godfrey G3GC

In the last 1ssue of Hot [ron [ dealt with matching units for balanced aenial systems. In this issue
[ shall be considering unbalanced systems which includes aerials such as end fed quarter waves, end
fed half waves and wires of random length. The last category of aerials are often nustakenly referred
to as long wires but this is only really true if they are more than a wavelength or so long. Consider
100 feet of wire on 10 metres, it is about 3 wavelengths long and therefore may be called a long wire
(with respect to wavelength) but on top band it is only about 0.2 of a wavelength and thus is no longer
a long wire but is often referred to as such. All these aerials come under the general heading of end
fed wires that may or may not be of resonant length.

If the length of the wire is such that the aerial is resonant then the input impedance will look like
a pure resistance, either low (say 25 to 75 Ohms) or high (thousands of Ohms) depending upon
whether the aerial is an odd or even number of quarter waves long. Ifit is odd, then the impedance is
low and if it is even it is high, However if the aerial is not resonant then by definition there must also
be some reactance which, depending upon the length of the aenal, will be capacitive if the aerial 1s
shorter than a quarter wave and inductive and if it is longer. If on the other hand the aenal is nearer a
half wave long then the inductive and capacitive reactances will be reversed.

One way to match different impedances is by using an inductance and capacitance connected in
the form of an “L” as shown in Figs. 1 and 2.

— WY TGP — for Ry <R
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Fig. 1 Fig. 2

The formulae for calculating the values of inductance and capacitance assume that “R” is a pure
resistance. In practice it is more than likely that there will be some reaciance associated with it wiiich
will modify the values of inductance and capacitance required. This is accommodated for by making
them variable, using a variable capacitor and either a tapped coil or a “roller coaster” for the
inductance. These arrangements are shown in Figs, 3 and 4.
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Fig. 3 Fig. 4 Fig. 5 Fig. 6

The simple LC circuit is a series resonant circuit and has the frequency response of a low pass
filter. 1f the L and C components are transposed, as is permissible, then the circuit becomies a high
pass filter. A better arrangement is to use parallel resonant circuits such as those shown in Fig. 5 and
Fig. 6. The frequency response is now that of a band pass filter and as such attenuates frequencies
both above and below the resonant frequency. For best results the circuit shown in Fig. 5 requires a
tapped coil for both the input and output connections. However the input connection, instead of using
taps, may be linked coupled to the coil by a small number of turns depending upon the frequency as
shown in Fig. 6.

An important point with unbalanced systems is the RF earth connection. It is unsatisfactory to
rely on the earth wire of the AC mains. 1t is not uncommon for shacks to be in the spare bedroom or
the loft area, in which case it the earth wire will be very long, meandening around the house before
being taken to ground. It is far better to create your own virtual earth by connecting a counterpoise,
preferably an odd nvmber of quarter waves long (usually one) at the operating frequency, to the

GLGC
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matching circuit’s earth connection. A number of different lengths will be required to cover all bands
but a quarter wave cut for 7 MHz will be satisfactory on 21 MHz where 1t is three quarters of a
wavelength long which is an odd number of quarter waves.

These two articles only touch on the surface of the subject of impedance matching and the
circuits described are only of use up to about 30 MHz or possibly 50 Mz The use of lumped circuit
components is not feasible at VHF / UHF and therefore impedance matching techmiques at these
frequencies usually employ coaxial lines in some form or another.

Hints and tips from Derek Alexander G4GVM

[ purchased a couple of large silver plated capacitors and a roller coaster at last year's Longleat
rally. They were black! I tried dipping them in “silver dip’ for about 30 seconds, agitating them in the
solution. I then quickly ran them under the tap to remove all trace of surplus dip solution. (Beware of
stainless steel sinks!) 1 was very pleased with the result for not only were the plates cleaned but so
were the ceramic ends and frame. I have also sinularly cleaned all my Jackson 804 type capacitors.

Speaking of these, they are about £10 new (and the rest! - G3PCJ) or about £2 50 second hand.
However, the trimmer type 804 can be had at rallies for as little as 50p. They can be modified by
aralditing a length of ¥4 inch brass tubing - obtainable at any good model shop. Some have a 1/8 inch
stub of spindle with a screwdriver slot in the end, others a nut formation with the slot. The latter type
will need filing down. The brass rod can be cut to the desired length when fixed.

An old potentiometer can provide a bush for mounting on a panel to steady the extended spindle
of a capacitor, switch or potentiometer.

Active Antennas

The common problem with relatively simple active antennas is overload of the internal amplifier
and or the receiver front end from high power broadcast signals in the medium wave band. A recent
article suggested using an op amp whose gain is reduced at the lower frequencies of the medium wave
band. The original article had several extra features and complications which are incidental so 1 have
altered it slightly as something to experiment with! I have not tried this out but am fairly confident it
should provide quite useful results for a receive only portable antenna. Tt is a balanced design with two
rods for the anienna - ii was suggested these be 24 inches long but their actual length is not critical as
long as they are equal. The centre-off toggle switch provides three gain settings; in the middle position
with it open circuit (the low gain setting), the response is flat from 200 KHz to over 30 MHz with a
stated gain of 9 dB. [n the high gain position, the response is nominally flat over the same frequency
range but with about 19 dB gain. In the frequency selective position, the gain slopes from about ¢ dB
below 1.6 MHz to 19 dB at 25 MHz so you get the high short wave gain without strong MW signals.
Being an electrically short balanced dipole, the radiation pattern allows you to rotate it to further null
out unwanted signals. The circuit also shows power being fed up the antenna coax. G3P(CJ.
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Aerial Matching Unit Losses by John Teague G3GT

The losses in matching units should be of particular interest to QRP operators. Frank Witt.
AllH, in the original highly recommended April/May 1955 QST articles found some surprisingly
lossy conunercial units which were also able to match open and short circuited outputs! His technique
is potentially capable of 0.5 dB accuracy. The underlying principle is that the indicated SWR
measured between a transmitter and AMU, when the latter is matched, will depend on the degree of
mismatch of the load and any losses present in the AMU. Thus if the mismatch is known, the AMU
losses can be found. You need a source of RF for the chosen operating frequency (vour QRP rig
adjusted low so as to not burn out the resistors), a matching indicator which shows the SWR with
respect to 530 Ohms and a ‘resistor box’ going up by a factor of 2 in value from say 6.25R 10 1600R
(see later). Connect them up thus:-

SotRcE o] % A u Lo
or > SWR 7 lein RES|3702)]
R¥ Meken @ red B0 %

The procedure is to select a typical load resistance which you think your antenna/feeder presents
to the AMU, say 200R and adjust the AMU for 1:1 SWR. Without altering the AMU settings, the load
resistor 1s changed to Aaff the previous value (100R) and the new SWR noted. If there are no losses in
the AMU the SWR should now be 2:1. You can repeat the test by doubling the load resistor to 400R,
again the new SWR should be 2:1 if the AMU has no losses. The original article has a complex
formula to calculate losses from the indicated SWR following a 2:1 lead change but a small
simplification leads to quite useful results (with slightly less accuracy) from the following table:-

SWR 2 1.9 1.8 1.7 1.6 1.5 1.4
Loss,dB | 0 0.3 0.7 1.1 1.6 2.2 3.0

This illustrates the well known fact that once aerial coupler losses are more than a 8 to 9 dB
such a systemn will always present negligible SWR 1o a transmitter. These methods can provide useful
insights into the factors underlying a successful - or unsatisfactory - AMU design and reveal
immediately which of a range of AMU settings is optimum. In my own case, [ abandoned my pi
coupler in favour of a Z-match, finding, incidentally that:-

- Losses, load matching and balance over the HF range are largely independent of the number of
tuns used for coupling links over the range 2 to 12 turns,

- Coils (not toroids) can be mounted very close to metalwork or in small screening cans without
causes losses,

- The Z-match provides excellent balance on all bands. (See last Hot Tron!)

A simple load box can be made using '4 watt resistors so that a wide range of loads can be
selected by a multi-turn switch. Each load resistor in the chain should be in the ratio 2:1 in adjacent
switch positions as below. Non standard values can be made by paralleling standard values. All leads
should be kept as short as possible. If your AMU output is balanced, then a balanced load box can be

made with the midpoint connection brought out to a terminal/switch for ba]ance checks,
2 fle -::M*'bk plvas

(725 12.$ 1§§ S'c%!oo%?.oo 4 S 00 Q h_Ln-m.z
a3

E,),{%llb 1;% % Kook
STW.\M’lU Jlmiauua{

Checking balance is very simple. Load the balanced output of the AMU with a load of two
equal resistors in series (balance switch open). Adjust the AMU for 1:1 SWR at the AMU input and
then connect the mid point to ground by closing the balance switch. Any change in SWR will indicate
unbalance within the AMU. Baluns can also be checked this way and their losses established using the
AMU test procedure.
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Single Knob Tuning

Those of you lucky enough to have air vanable tuning capacitors driven by slow motion drives
need not read this! The rest of us stuck with varactor diodes probably have a coarse and fine tuning
controls where the tuning range 1s more than 100 KHz or so. While doodling one day about how to
improve tuning arrangements with ‘huff and puff” stabilisers or synthesisers, I hit on the idea of
deriving the normal varactor tuning voltage from that stored on a capacitor and injecting/exiracting
charge to change the tuning voltage. The first snag is how to ‘buffer’ the capacitor voltage so that it
can drive the varactor diode without altering the capacitor’s charge - this 1s fairly easy using a low
leakage tantalum electrolytic capacitor feeding a FET input op-amp like the TL.O71. The major
advantage of this scheme is that you do NOT need a stable supply any longer! The op-amp’s supply
voltage can change quite dramatically if it has typical supply change rejection figures.

To inject or extract charge from the capacitor some form of rotary control is desirable; hence
the idea of a pot whose central position corresponds to no change, and where movements on either
side control the rate of frequency change up or down. I very quickly found that minute currents are
required in or out of the capacitor to change its voltage so a driving circuil without any current gain is
essential! This all boils down to two current mirfor circuits for each polarity driven by a pair of
‘common emitter’ transistor biased at the control potentiometer’s mid voltage. Only when their bases
depart from the mid supply voltage does one of them inject current into the associated mirror and
hence into or out of the capacitor. The finite turn-on base to emitter voltage of the two ‘common
emitter transistors means there is a small (wanted) dead band at the central position of the pot. The size
of this dead band can be varied by altering the pot supply voltage and it does not affect the tuning
either! I tried this scheme out on my Fangport and it worked quite well - you might find other charging
resistor values better for your rig! 30M is pretty large so a pulsing scheme might be indicated but this
adds complication. It takes a little while to get used to a tuning control which alters rate of change of
frequency {and you do need a digital readout) but one control and being able to change the supply
voltage from 8 to 30 without affecting the tuning 1s quite something! G3PCJ
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Absorption Wave meters
Prompted by a note from David Roper who
asked about 6m wave meters, [ reproduce alongside
the general circuit of such gadgets. The tap on the Shals
inductor is to avoid the diode detector from spoiling I
the Q of the tuned circuit. It should be about % to %% L 1o
of the turns up from the ground end. The whip ffft“"‘:;‘s‘?'r; oo G o
antenna, made from a couple of feet of stiff brazing o o '\ “’%Ek oy
rod, can be connected direct to the hot end of the Gl )
coil. The more sensitive the meter, the more ], L Oﬁw)i@ﬁ"_‘g; L7
sensitive will be the whole instrument. The 1, and C 50 160 wF J, No//vpl
need obviously to resonate over the bands of S0 7 " 1At
interest, the L can be made plug-in for scveral c 7T l_‘
bands. Calibrate the tuning dial by connecting the
¥

whip input and earth in series with your RX antenna; _
it should attenuate off-air signals when tuned to the g * '
same frequency as the RX. G3PCJ Q3T
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Five Questions Prize Draw!

Several members eventually answered my questions: [ am most grateful to them because it 1s
very difficult to obtain market research data of a positive nature. Here is a synopsis of the answers:-

1. Desired rig. Large variety - tubed rigs to 2m multitnode {(phew!), high spec CW, no drift VFO, etc.!!
2. Experience. Taunton, Street, Oscilloscopes, 23 cm transverter, 40 Watt 6 to 160m CW/SSB TCVR.
3 Other topics. More practical things, simple test gear, /P antennas, humour, more feedback (please!!)
4. Strengths. Value for money, interesting solutions, step by step tests/instructions, they work!

5. Weaknesses. Range too extensive, none, lack of enclosures, 612s, transistor lead/holes.

I have already made good use of a number of these points but the one that haunts me is
enclosures! 1 have been searching for what ! think is a good value solution for two years or more
without success. You can obtain good quality cases where you can remove any single side or end
without it collapsing (for tests etc.) but they are expensive at around £25 each and then they need
drilling and some sort of labelling scheme. Another problem is that of accommodating options like
digital readouts, plug-in cards and other extras etc. without having a large inventory of expensive cases
waiting in stock for customers. 1 wounld very much welcome some suggestions on how to solve this.

My son Charles, who some of you have met at the QRP Convention, is open to influence but
on this occasion claims to be acting independently, has chosen G3YCC at random as the winner of the
£25 voucher - well done Frank. Tts on its way separately. My thanks to all of you for your help. G3PCJ

Top Band AM
Paul Tuton wanted an AM TX but T can’t
find the circuit that I used inany years ago. It Jout
used gate modulation of the TX output stage RE o}ha?ue 1]
o

\3.%v

JomHt
R,

IRF510 FET. Try this: design the drain load to H 23 of
produce a maximum of say 5 Watts on 13.8 volts Doduis AF 4K P
which actually needs a drain load of 12.5 Ghms l { »—-I lﬁ
easily obtained by a LCC network. Apply gate| Dicve To _
bias/RF drive to obtain % of this (1.5 Watts) as efsio AV
carrier with no modulation, then apply audio to ) —

the pate to just achieve 100 % modulation. Since 9‘5""?’ B%PF
the gate circuit is very high impedance for DC ““f‘f’ﬁ i _|

and audio signals it can be driven from a speech gﬁﬁ,‘

amplifier, [ certainly had several contacts using v et -
this approach. Write 1t up for us Paul! G3PCJ i"(\ fom M. G3Pc3

High Current Batteries

Lead acid batteries have now been fabricated like capacitors (Swiss Rolls) so that they have
very large area cells with very low lead inductance. Experimental devices can now pack a huge punch -
6 off cells each 23 mum in diameter and 70 mm long connected in series for a 12 volt battery could
start between 15 and 20 V8 engines on a single charge!! Even more impressive is their rapid response -
a single cell discharged at over 1000 Amps just | microsecond after switch on (including a 700 A
switch bounce spike after just 500 nS!) and had risen to 1500 Amps by 6 microseconds! Makes the
cranking, of my tractor diesel engines by conventional lead acid batteries sound very tired! Can’t find
where to buy them! G3PCJ

Most Often Used Gadget! T T T
Filling the last few lines is always ¢ricky! | ~_. ANT
.y . N . 1K | FwP b I
This QRP matching bridge is the unit that [ use
most frequently. Tt indicates forward and gee SO0R
reflected voltages but after the AMU has been ReF
adjusted for a 50 Ohm load it can be calibrated in SRS G0k |
.. . 100w~
power. In the reflected position, it also protects \
against any AMU load. Very handy - G3PC) Toon | o, dook. f
. o o
Finally - don’t forget your subs! 5& ING148 - /fg
o
£6 for UK, £8 for overseas ‘ ] -
X SR Brdge/P pmelen B3P
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Hot Iron

Issue 25 “Journal of the Constructors Club” Autumn 1999
Editorial

Welcome to the start of our seventh year of the Construction

Club which will span the anniversary into the new Millennium. The
last 100 years (roughly) since radio was ‘invented” have seen

= increasingly rapid developments and the last ¢ years in the world of
amateur radio construction are no exception! There is no sign of
things slowing down. As is happening in the commercial world, the
technology of radio and computing are growing closer together. |
wrote last time about the ‘software radio’ concept and nowadays

Contents digi : : :
- : . ] igital techniques arc widely used even in test gear for analogue
~ 50Hz & RF earthing equipment. A later article in this issue discusses the merits of Direct
~Joseph Bell’s circuits Digital Synthesizers (DDS) to replace conventional tuning osciliators
~Quote & Radstock note - this is another example of digital techniques permitting significant
»#Direct Digital Synthesis  improvements. Sooner or later we serious home constructors have to
» Six metre Linear bite the bullet and tackle more complex digital matters and the other
#High speed logic hurdle of surface mount technology. The latter has to occur because

all the new interesting devices are now only made in surface mount
packaze styles. Given we cemendous vaive of ‘owniing' a decent
oscilloscope, | wonder if member~ would be interested in a test gear
project for a “bandwidth extender’ to use in front of a plain sc.pe with limited bandwidth. 1t would
take in high frequency signals, say up to 30 MHz, digitise them in an 8 bit analogue to digital
converter for storage in a digital memory, and then spew the data out again at say 100th of the original
sampling rate into a digital to analogue converter for display on a lower bandwidth scope. (A more
complex version could feed into a PC but [ am not up to the software!) An alternative project would be
a DDS unit, perhaps as a signal generator or replacement VFO, I welcome your views please.

Kit Developments

Farming and work on barn conversions have got in the way so not quite so much to report!
The Pridy (DC RX for 20,40 &80m) and Minehead (DC CW TCVR up to 20m) are now available.
The RT Chedzoy is fully out with an article in the August issue of Radio Today magazine. It is aimed
at first time constructors. Apart from medium wave, it can be tuned to either 80m or the broadcast
stations near 4 MHz. It can copy AM, CW and SSB. T have been trying to improve my Antenna
Matching Unit design with increased power, say to about 30 Watts, and to make its construction
slightly less fiddlesome. Obtaining reasonably priced air spaced variable capacitors is the main hurdle;
G3TUX kindly inguired about these when he was recently in the States and reports that kit suppliers
there have the same problem. For this application, where smooth continuous variation in capacitance 13
not essenttal, I suspect the most cost effective solution is to use a range of increasing capacity high
voltage fixed capacitors switched into circuit with toggle switches. Edge mounted tuning meters are
also a hit expensive so ! think that a change to an RF driven LED indicator can make an appreciable
saving in cost. The technique will be to tune for least brightness. This approach suggests an updated
design of my L match AMU can come down in price to between £30 and £35. Any early builders?

Having revamped most of the Somerset Range during the last 18 months, T am on the lookout
for new ideas. What do you want to build that is not available in mine or other suppliers lists? Some
have suggested valved projects but I am not keen for a vanety of reasons; apart from the obvious ones,
I would have to stock up with a completely different set of ‘impossible’ to obtain parts! Letters on any
topic from members are always most welcome. Tim Walford G3PCJ Editor

»Real components
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Earthing for 50 H7 & RF

David Proctor GOUTY asked for a note on the best way to connect up mains power supply.
rigs, antenna matching units and antennas. None of our ‘consultants’ was willing to tackle this topic, so
its down to me! Apologies for the length, but there are many aspects. Firstly the mains safety bit.
Mains earthing

Modern domestic wining should be protected by a residual current device (RCD) which senses
when the current in the 5¢ Hz main incoming phase {or live/line) wire and the neutral wire are not
equal and then turns everything off. The currents are unequal when some of it ‘escapes’ somechow to
earth and back eventually to the neutral connection of the electricity substation transformer so that less
flows in the neutral wire through the RCD (see circuit). Usually this condition indicates a fault, either
through poor insulation of some live part, or worse, due to a human standing on the ‘earth’ while in
contact with a live part. Of course we don’t have actual earth all over our houses, so the next best thing
15 to comnect {(or bond) all exposed metal work together through the mains earth wires with extra
bonding to pipework etc., and to connect this lot to the best available earth. In ordinary houses this
takes the form of an earth rod or spike driven into the ground. RCDs are available with a range of
sensitivities but often a 30 mA device 15 used to protect sockets and normal domestic appliances. This
current is (alledged to be) below the fatal levels for humans (do NOT put it to the test') and can casily
be passed by earth spikes without a significant rise in voltage of the mains earth metalwork above
actual earth. So when you inadvertently connect yourself between something live and the ‘earthed’
metal work, the RCD senses that less current is flowing in the neutral wire and turns itself off before
you can leap to the switch.

In high rise flats, you cannot have
individual spikes driven into the actual
earth, so an alternative system had to be
devised; it uses a techmique called
protective multiple earthing (PME) where
the supply neutral is frequently grounded
(with buried wires) throughout the local
distribution network in addition to the )
neutral connection on the distribution L ErSE
transformer. (This often done anyway.) By | V L Allerufive PP:_[E /
doing this, the neutral wire can be assumed ' JematECenn IO, ~/
to be as near earth potential as is reasonably —%< — -’
possible in these d?fflcult buildings and the - }A L/ /Q?‘?‘1 }Z/ O/%w/
electricity supply companies allow the QLS
exposed mains earth metalwork to be
connected directly to the neutral. As before, if a leakage path exists between live and the mains earth
metalwork, a lower current flows in the neutral conductor through the RCD and it tums off. This
systern is supposed to be safe even if the incoming mains neutral is broken because then everything is
live including the ‘earthed’ metalwork, so with no voltage difference between live parts and ‘earthed’
metal work, you should not get a shock. The problems come if you can touch a live part and real earth,
either something connected to a spike in the ground or an RF earth such as buried radials associated
with an antenna. (Think also about outside water taps fed by metal pipework!} Now you would feel the
full 240 volts so it is important to prevent contact between mains earth and real, or RF earth, if you use
PME and the incoming neutral as the basis of mains earthing - a separation of 2m is suggested between
different types of exposed earth metalwork to obviate contact by outstretched arms. Using an RCD is
still sensible even with PME and it is a good idea to have your shack supplies protected by their own
RCD even if the rest of the house is covered by another RCD. (The older style of voltage operated
safety trips are no longer in favour and should be changed to RCDs.) Do not connect mains earth and
RF earth together because if PME earthing is being used and the neutral does break, yvour RF earth
wire might attempt to carry several hundreds of amps of 50 Hz - so see below regarding antenna
matching units.

So the general advice is 1) always use an RCD, 2) have mains earth (and all exposed
metalwork) connected by 16 mm? cable to a proper earth spike if possible, 3) avoid using the PME/
incoming neutral earthing if there is an alternative, 4) prevent contact between mains earth and RF
earth, 5) do not connect mains earth to RF earth. This short note does fully cover the subject so please
do take advice from a qualified Electrical Engineer if in any doubt and explain there is an RF aspect.
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RI- earthing

If the antenna system is balanced with equal iength radiating arms (or a loop), then RF
earthing is seldom a problem because there is return path for the ‘outgoing’ feeder current from the
antenna matching unit (AMU) which enables it to return through the other feeder wire and back into
the AMU. By implication the two AMU output terminals must not have any interna/ low impedance
connection to RF earth and will often (but not always) be fed by a symmetrical circuit within the
AMU. A balanced circuit is preferred for balanced feeders, e.g. ladder line, but can also be used for
coax fed balanced radiators; here the radiation pattern maybe skewed by induced RF currents on the
outside of the coax which do not have a proper return path through the AMU - hence the use of coiled
up coax ‘choke’ baluns. For unbalanced radiators such as verticals or end fed long wires there is no
copper wire return path and some sort of connection must be made to the actual physical earth to allow
the driving current to return to the AMU. Because the need for this connection is often overlooked, it
can lead to a ‘hot” shack with ‘RF everywhere'. Often the next best available earth is perceived to be
mains earth, so people do join one side of the their AMU output to mains earth but as explained
earlier, this is not a good thing for mains safety reasons. Furthermore, it seldom provides a good low
impedance RF earth, risks RF currents through the PSU and may turn off the RCD trip. The ideal
solution is to provide a good RF earth, connected by short thick low inductance cable from the AMU
to a system of gound spikes or a mat of wires buried over a large area. This is not always possible,
especially for the awkward high nise flat, so a counterpoise has to be used; this is a quarter wavelength
long for the frequency in use and in crude terms, is providing the missing other half of the ideal
balanced radiator. The main point is to provide a known path for all the currents, RF or 50 Hz fault
currents, so that they are under control always! Hence the need for the RF output circuits of the AMU
to be 50 Hz isolated from the transmitter’s output and its chassis, which is likely to be the power units
0 volts and hence also connected to mains earth. This is why the AMU should have an RF transformer
or link coupling circuits within it. It is a good thing to have a DC path between elevated radiator anns
and earth (of any sort) to provide a static discharge path which will also help prevent lightening strikes.
This should be fairly high impedance so as to not waste RF cnergy but 1t will not prevent serious
damage if you do suffer a direct lightening strike. Another seasible scheme is to automatically ground
the antenna when the power is off using a relay.

Finally a fow poinis on AMU design. The internal cutput cireuitry does not have to be fully
symmetrtcal for feeding a balanced feeder and radiators; it is better but the complications often mean
that an asymmetrical RF “floating” arrangement can be accepted with the small penalty of skewing of
the radiation pattern due to slightly unbalanced feeder currents. A separate RF output transformer can
be used on the output of an asymmetrical matching circuit but it should have a ferrite core (not
powdered iron to obtain sufficient leakage reactance), and it should work into a flat feeder line without
standing waves due to a mismatch between radiating arms and the feeder - the reason is ferrites do not
like reactive high power loads. This restriction means that such balanced AMU output transformers are
less flexible than schemes where the output terminals connect direct to the matching network which
thus allows them to absorb any reactive effects from random length line and mis-matched radiators. It
is quite in order for the tuning inductor of a matching circuit to use a powdered iron core. The
matching circuits should at least have a low pass characteristic to attenuate unwanted harmonics. It is
also desirable to have a high pass characteristic to reject unwanted MF broadcast stations during
reception hence the preferred option is a link coupled parallel {(or series) tuned resonant circuit with a
bandpass characteristic, and tapped for the anticipated load impedance. This can be complex for
mutli-band operation so often the best compromise is an L match circuit fed by an RF transformer.

This is the shown below with the suggested earth connections; this is the basis of my AMU kit, Belomed ANT
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More circuits from Joseph Bell G3DII
Blown fuse indicalor

Wire a neon in series with 150K across a fuse
and it will glow when the fuse is blown. Top circuit
right. Some ncons have built in series resistors.
Filot light fuse indicalor

With the addition of two diodes, two capacitors
and a resistor, the neon pilot light can also be made to
blink when the fuse is blown. The R and C control the
flash rate.

Take care with both these circuits due to

the mains voltages!!

Crysial checker
This simple circuit can check the activity of a xtal Y
crystal and the calibration of your signal generator. As ¥ [l [ IN Q
the signal generator output approaches the frequency of ﬂ ol [
the crystal, at the exact point of series resonance, there G.e,w. ISK rsco
will be a sharp increase in value of the Y amplitude on E ; I_DE'
the scope. If the signal generator has sufficient output 63D 1T
amplitude, the harmonic activity of the crystal can also
be tested but the frequency will not be exactly 3 or 5 times the fundamental.
Broadband amplifier
Some of the circuits | mention need one of . . |
these circuits - if you haven't got one then you should 2¢7. 2308 +4 iy
have! This is an old but very effective circuit with a -
. : ; BC. BFY [__;.OKP
gain of 24 dB in a 50 Ohin system into the low VHF lw’aw(r Tog 9p !
range. The actual input impedance is 10R and the bowF
output tmpedance 390R but ignore these since in| > bsoR )
most cases there will be an increase in signal level. | foowf L= %&’% &
You will find many uses including buffering inputs - ;;7 ov
to counters, raising levels for an insensitive scope or GIEL

low output oscillator, etc..
Sticking meter needies

Most hams have bought meters at junk sales only to find that the pointer sticks at some point
on its traverse. However it is ofien possible to remove a foreign body stuck in the innards of the
movement using adhesive tape, Sellotape etc.. Fold a small length of tape sticky side out and trim with
scissors to make a narrow tapered ‘probe’ just longer than the size of the armature. Gingerly move the
tape in the circular path of the pole pieces until the foreign particles have been picked up by the tape.
With care there is a fair chance of success without damage to the meter.

Quote by William Thomson, Lord Kelvin, 1824 - 1907

“When you can measure what you are speaking about, and express it in numbers, you know
something about it; but when you cannot measure it, when you cannot express it in numbers, your
knowledge is of a meagre and unsatisfactory kind: it maybe the beginning of knowledge, but you have
scarcely, in your thoughts, advanced to the stage of science.”

Comments on the Radstock

After failing to find a vital part with the gadget in Hot Iron 17, David GOUTF, comments:-
“Driving someone else’s car instead of your own is rather like using the Radstock after using your own
simple DC RX. | found it strange at first with the very small audio bandwidth. Tuning through the
bands to seec what is there needs care as you are likely to miss thosc narrow bandwidths of signal. But
when you do get the hang of it, it is quite addictive. When you tune in your signal, there is usually no
other station! This is done by the ‘phasing’ method, which cancels the other sideband and emphasises
the 750 Hz. This means the extra components make the PCB quite full. I took my time to build it - just
two resistors crossed over and it worked well atter the usual adjustments. After a few QSOs | fitted the
board into a metal 280x85x 190 mm case with a wide range of controls, LEDs and S meter. It has a
nice solid feel. As an ex-Frome user, the Radstock is now my CW rig for 30/20m. After a week i have
worked QRP stations from EA/OE/CT/I/UU9/DL with my ‘long wire’ antenna.”
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Direct Digital Synthesis

For signal generation up to around 50 MHz, the DDS technique has many advantages over
conventional forms of frequency synthesis, particularly if any form of microprocessor is available to
control what goes on. Its cost and complexity (in terms of the number of chips) is similar to a phase
locked loop but its perforinance, in terms of frequency stability and agility/versatility, is very much
better. [ have recently been examining a DDS chip type AD9835 from Analogue Devices which can
use a 50 MHz clock to gencrate a high purity sinusoidal output signal from nearly C to 25 MHz
maxitnum but realistically about 18 MHz if spectral purity is especially tmportant - this is often the
case for most oscillators. This particular product is in a 16 pin TSOP surface mount package with
serial control signals for a micro controller. The device is pretty complex having provision for the
instartaneous choice of two stored output frequencies either of which can have its phase instantly
altered by up to four values - this is useful for novel forms of modulation. The tigure below is a very

much simplified block diagram of the chip. In

L . MASTER-
essence a digital control word of 32 bits from | # TN [
the micro controller detines the duration of each
step in phase of the output sinusoid by looking FRER PHRSE > ADDER
up the size of the output amplitude for each 7 Reg ™ aceom
increment of phase angle. The output amplitude i

for each phase angle is stored digitally in a look
up table; as time progresses these digital
amplitudes are passed to the digital to analogue N%

converter to create the smooth output sinusoid. PHAGE
The output frequency is the input master clock ™ REG
frequency (50 MHz here) times the binary

(frequency) control word divided by 2 to the

power 32. Do the sum and you will find the /\Sznn‘o-l SN DE A
frequency has a resolution of 0.01164 Hz for Cevted Losk yP|—2] — 0
any value up to the maximum of 25 MHz! The Nalal TARLE Cowv. "\Wfi:
output frequency accuracy is directly related to| yi|
ital of the waster clock which 1s usually a YL c{,_:P (Qafed ;P-

crystal based oscillator and hence very good.
In commercial products, the DDS chip is controlled by a microprocessor which would also
perform many of the house keeping functions such as displaying the output (or tuning frequency
allowing for any IF offsets), choice of A or B *VFO’s, band changing, memorising channels, filter
settings, etc.. As a potential kit project, where it is expected the builder would wish to have a good
idea of what the controller is doing, a somewhat simpler dedicated logic controlter would seem
appropriate. Essentially this only needs to produce the serial 32 bit digital control word defining the
output frequency. This could be generated from hexadecimal switches or an up/down counter under
the control of a spin wheel or up/down buttons. The frequency could be displayed on a counter
connected to the output if it was being used as a signal generator. If being used in place of a VFO for
tuning a rig, then there might already be a digital readout. As a signal generator, the spin wheel might
tune in {near) KHz steps whereas for a VFO steps of about 10 Hz would be appropriate. It should be
relatively easy to devise a kit to do either task
having a block diagram similar to that alongside.
For example, if used to replace the Taunton’s
YFO, it would need to tune from 4.0 to 4.5 MHz
with the ‘spin-wheel’. | hazard a guess that a
simple kit like this, to be either a signal generator
or replacement VFO, would cost around £45. \
Obviously such a device could be designed fully ,
into a new rig with savings by omitting the crystal The
oscillators in the LO chain but it would need a
micro-controller etc.. 1 feel that these Y
complications might be unwelcome for most =
builders. Interested? .
Tell me what you think please! Hem
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Six meter power amplifiers

Andy Howgate has given me outline details
of a PA that he has devised to run with his Street
transceiver using the watty 28C1969 transistor. It
was salvaged from some commercial project
complete with PCB and heatsinks. It is quite capable
of producing 20 Watts using a 13 8 volt supply.
Tuned input and output matching networks are used
1o provide the desired 50 Ohm input and output
impedances. [he LCC network shown here is best
for VHF work because of its versatility for load
unknowns. Biasing of this type of powerful bipolar
transistor is tricky - often the bias circuits for
bi-polar linears are quite complex, but in this simple
scheme, the power diode controls the base bias so 1t
must be in good thermal contact with the main
device heatsink. Keep overs short until you are
confident there are no thermal runaway problems.
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High Speed Logic

1 see from a recent article that Motorola have announced a range of simple logic devices where
the pate propagation delays are about 150 pico-seconds (150 x 107 secs). They are emitter coupled
logic (ECL) devices with an upper toggle frequency in excess of 3 GHz! Rise and fall times of the
digital signals are about the same 150 pS which means that any track over about 2 inches has to be
terminated because it behaves as a transmission line for such high frequency signals. If the line is not
terminated in its characteristic impedance, just like a radio transmission line, reflections are generated
which degrade the digital signal waveform so negating the speed advantage. Generally, higher speed
means increased dissipation because higher currents are required to charge and discharge the circuit
capacity but they have managed to stay at around 30 mA per device for most ‘8 pin’ functions by
using lower voltage logic. Needless to say these devices are only available in surface mount format'

Real components!

Usually we draw circuits, and |
use parts, as though they behave in an U\MPGY\ et
ideal manner. But as frequency | — | —
increases, this becomes a false
assurnption and it is worth remebering
the degradation in ideal performance
due to the parasitic effects, usually
self capacitance and inductance. The
figure right shows how parts behave
beyond their ‘normal’ operating
frequency range. Bear in mind that
the actual frequency when a part
ceases to have its theoretical
performance may be quite low in real
terms, this is especially so for large
value fixed inductors. There is also a
good rule of thumb, due to the same
basic causes, that a low pass filter is
unlikely to behave as expected
theoretically when the frequency
being considered is over 100 times
the 3 dB down frequency. The
converse 1s true for high pass filters
where the low frequency response
would not be as expected at 100 th of
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the 3 dB frequency.

N.B. Please write me some articles so that you don’t have quite so much of my prose next fime!
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Hot Iron

Issue 26 “Journal of the Constructors Club” Winter 1999

Editorial

Happy Christmas and may vou have a happy, healthy and
prosperous new year! May you all keep your soldering irons working
hard! As we enter the next century, and millennium, it is a timely

= moment to reflect on the state of amateur radio. The pace of
development has been startling throughout this century in most

technological fields and radio is no exception. Even into the middle of

this century many scientific matters could be studied with relatively

simple apparatus, however that is changing as the quest for better

Contents alue ak all | ts i £
= i value for money makes even small improvements in any aspect o
»Worms and earthing! performance worth chasing. Inevitably this leads to increasing
»Powdered Fe cores, sophistication where the string and sealing wax or brass metalwork
# Aluminium bashing, and mahogany wood of earlier scientific instruments are inadequate.

»Surface mount devices,  Amateur radio enthusiasts were right at the forefront of several major
»More tips from G3DII, radio developments in the first half of this century using equipment
»Somerset Contest, made with very simple facilities. Apart from valves which required
% AMU outline. etc. etc. metallurgical and lamp bulb making skills, nearly everything else of
’ ihe very carly ranios could be fashioncd within a home workshop.
TFrequently, new radio technologies were pioneered by enthusiasts
_ prior to take up on a commercial basis but, with the sole exception of computer software (whether
related to radio or not), it is now the case that we follow the large organisations trying to use devices
and ideas as spin-offs from commercially developed projects, often by multinational companies with
huge development budgets. Unusually, software can still be written for quite impressive applications
using little more than a home type personal computer costing around a £1XK or so. For much of the rest
of radio related projects we are the followers of others - this is not a situation that I would have chosen
but it does present an interesting challenge! I see my task as a kit designer to be that of adapting the
technology (and particularly the devices) of others in a manner which allows us to experiment and
enjoy ourselves. I get my kicks out of the design work and hardly ever use a rig once its completed - 1
leave it to others to extol the virtues of operating matters, where I am not fit to make any judgements!
Some would argue that operating skills have gone down hill in the last couple of decades - I hope that
one of you will write me a letter (for publication) refuting this and tell us what the operating challenges
are for the next century! However the hobby develops, the important thing is to have some fun and not
take life too seriously - its just too short! I hope you have as much fun in 2000 experimenting as [
intend to have with my pencil, paper, (waste bin), soldering iron, scope and PCB layout tools!

Kit Developments

Early experience with the Minehead (DC CW TCVR up to 20m) is encouraging; John
Gardner GWAKV]J, has been using his mobile and has been working successfully around Europe. As
noted last time, I have been working on an update to my Antenna Matching Unit but it is proving
very tiresome largely due to the non-availability of air spaced vanable capacitors. They are being
removed from the Maplin catalogue but I need a reputable and repeatable source which tends to
exclude many of the options available to you. I thought I had this solved with switched fixed high
voltage capacitors only to find that the tolerance of those I chose was far too wide! 1 also thought at
one stage that the new design was very lossy only to find that harmonics were causing spurious
readings - a low pass filter quickly cured that! It will include a high pass filter to remove medium wave
BCI which is often a cause of interference. Progress is being made! Tim Walford G3PCJ Editor
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Worms and Mains earthing - part 2! by Eric Godfrey G3GC

As one of the recalcitrant consultants who refrained contributing to the article on ‘Earthing for
50 Hz and RF’ I must say I think I made the correct decision! Tim’s article is excellent and although I
would have been happy to contribute something on the RF side, | did not think I was competent to
write about mains problems, particularly PME. The article has confirmed this and 1 must say that |
now have a much better understanding of what PME is and why it is used.

However it seems to me that in some ways PME 1s nothing more than a reversion to the old
days of the two wire system. Before the war | lived in Finchley where the electricity supply was 250
Volts DC generated by the Finchley Electricity Company. The Company’s main feeder running down
the road was a three wire system, +250 / 0 (Earth) / -250 Volts. The houses were supplied with two
wires which were 0 (Earth) and 250 (Live) Volts, with alternate houses being either plus or minus 250
Volts. This mean that if one was on a +250 line coming into the house then the supply positive was
live and the negative at ‘carth’ potential. However if one had the -250 Volt supply, then the supply
positive was at ‘earth’ and the negative was of course at -250 Volts, This -250 Volts was usually tied
to all the equipment metal work because most valve circuits usually had their negative supply
connected to the chassis and also to the centre taps of transmitter aerial link coupling networks. This
was a potentially dangerous sitnation and you can guess which supply we had, yes -250 Volts live! 1
will now tell you as little true story to illustrate the possible dangers of mixing PME and RF earthing.

At one time 1 while at '

It "/ |
LI o~ |

Finchley 1 had an aerial
system which was two {

collinear half waves fed m| o -
phase. One of the half waves -

was fed at its centre by a low - )\/4 sherh ciruiled
impedance balanced feeder - sk oo
connected to a centre tapped - /

link coupling on the - = %wg

transmitter. The phasing of
the second half wave was
achieved by using a short
circuited quarter wave pair DCowelts

line stub joining the two half

waves together as shown in

the diagram. One rainy day 1

looked out of the window to

see steam rising from the

lawn below the quarter wave -250y (chan )
stub. On closer investigation I g

found the aerial had sagged a G3GC
bit and the stub was touching
wet grass. Because the aerial was tied to the transmitter chassis by the link coupling, the whole aerial
was at -250 Volts and now had a short circuit back to 0 volts by means of the connection to the wet
grass and thus warming it up. What was inferesting was apart from the steam all the worms were
wriggling their way to the surface. I do not know whether they were just getting warm or were getting
an electric shock from having their heads and tails at different potentials. Perhaps I should have
patented this de-wormer! More seriously this illustrates that there was a potentially lethal situation
which was similar to that of bringing ‘RF (ground) earth’ into a shack which is protected by PME.
Some years after the war, the Finchley supply was changed to 240 Volts AC but the two wire system
in the house remained with neutral connected to earth. The voltage on the neutral was not supposed to
deviate by more than 30 volts from earth. (I think the current figure is nearer 10 volts - G3PCJ.)

B
S S T . S A O
R T

Lightning - The mention of a potential gradient across the ground, reminds me that this is a
serious risk if you are near a lightning strike. It leads to the advice that if you are out in an electrical
storm, you should stand crouching (to minimise the chance of a direct strike) on one foot so that there
is no potential difference from a nearby strike if both feet are on the ground; this might otherwise
allow current to pass through your sensitive regions! Do not rely on the insulating properties of wet
wellington boots! You should go home while still crouching and hopping on one foot! G3PCJ
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Powdered Iron Toroidal Cores

While explonng alternative approaches for the revised Antenna Matching Unit, | needed a
wide range of ‘thickish wire’ inductances for the potentially high currents in a matching circuit.
Comments from Paul Tuton had suggested that the low cost ready wound high current RF chokes,
available in a useful range of inductance values from TOKO but using ferrite cores, were prone to
saturation (and hence heating) so I decided to investigate powdered iron toroids. The design idea
needed multi-tapped inductors to minimise the total number of
cores. I tend to use the red powdered iron T68-2 core as a
standard since 1t is suitable for use over the HF range and had /Vo ﬂ hm.ms N

checked that the A; factor in the ARRL Handbook for this core is L H )
57 nano-Henries per turn squared. Then, using the formula on the = /od __(ﬁd
right, [ worked the required number of tumns and wound the cores A -

with 22 gauge wire so it wound not bum out in the QRP AMU
role. No success! | found that the actual inductance values were ok v - g
way off what was intended! Why? L/uH = PrL (‘{—65\ o
Fearing that [ had poor A, information I checked on the
Amidon web site at www.bytemark.com/amidon which has some very useful information on the
suitability of cores for different frequencies etc.; there is also a full A, table from which I have
extracted the data on the right for the more common cores. In _
addition there are tables of inductance for a given number of tums |[Size [Mix2 [Mix 6 |Mix 10
for each core type and size. These confirmed my maths but did Red |Yellow |Black
not explain the unexpected results! Thinking that my winding |[T50™ [49 40 31
technique must be the trouble I wound several different coils on | [Teg™ |57 47 37
the same core and res_ouated .ther_n with a capacitor to obtain their | [T200 (120 100 Nof Ay
resonant frequency with a grid dipper. (This required a separate 1
turn link on the core connected to a couple of tums over the coil
of my ancient GDO. It actually uses a valve - it is a Heathkit that I built while at school!) Then using
the standard formula for parallel resonance 1 could work out the inductance. Changing the wire size
made no appreciable difference but putting the tums on the core _
ciose together, instead of around the whoie circunference, Gauge | Spacing |Freq |Ind nH
reduced the inductance by roughly one third! See actual figures ||22 close |15M8 |1.5
right. All had 12 tumns on the same T68-2 core resonated with a ||22 wide [19MB [0.95
nominal 68 pF. From theory the inductance should have been | |24 close |15MS5 |1.5
0.82 aH but tolerances of the toroid and my test capacitor are [ |24 wide [19M6 [0.97
sufficient to explain the discrepancy from the ‘wide’ figures. [
repeated this experiment with another core and different capacitors but the result was similar. This
shows that the windings of such inductances must be spaced around the core if you wish to obtain the
correct value. This is particularly so for small numbers of tums on a given core. (It also explains why
builders quite often say they add or remove more turmns than suggested for TX output matching
circuits!) Closing the turns up can add up to 50% to the value! G3PCJ

Bandwidth extender and DDS kits

I floated the possibility last time of a kit to accept analogue signals, maybe to 30 MHz,
convert them into digital signals with a high speed A to D converter, store them, and then read them
out at a somewhat slower frequency into a low cost oscilloscope. Three members kindly expressed
interest but I have decided against it for two main reasons; firstly complexity and risk. It would have to
operate with internal digital clock signals in excess of 60 MHz and although there are plenty of
suitable devices they are all surface mount! It might need several such chips and [ fear that the risk of
bailders wrongly assembling (and hence damaging) them is too large apart from the difficulty of
testing, The second is price. With an input amalogne gain and attenuator stage, for reasonable
convenience, the cost for a single channel looked as though it might rise towards £100 or so; bearing
in mind that a good new 20 MHz analogue two channel scope (which will often give usable readings to
30 MHz) is now about £250 they represent a better buy. (More useful than a black box anyway!)

The second possibility was a combined signal generator or digitally controlled VFO to replace
that in a rig. This looks much more promising and 1 have obtained a suitable DDS chip which is
controlled by a senial interface. I shall report progress later. 1 would like ‘spin-wheel’” frequency
control but they cost many times the main chip. ldeas welcome! Perhaps a potentiometer arranged to
provide no change at its central position but with an up or down action on each side of centre? G3PCJ
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Hints for Tin Bashers by John Teague G3GTJ

If you fancy making a metal case for your Taunton or whatever, some tips, a consequence of a
lifetime restoring vintage cars - a hobby with much in common with amateur radio - maybe helpful.

Aluminium is the obvious material: it is readily available, does not corrode and while easy to
work it 1s also easily scratched and damaged. A good way to avoid this is to cover the surface before
you start with packaging tape - the very cheap mud coloured stuff. For marking out don’t use a scriber.
Once you have decided where the holes have to be, stick on patches of white masking tape and mark
the centres in pencil on the masking tape.

Surprising, perhaps, but for cases and panels thick metal - within limits - always looks better
than thin. From an appearance point of view 1.5 mm is the minimum, Hard metal is easier to drill and
cut than soft because much less burring occurs, However both hard and thick means it is difficult to
bend. The answer is to anneal the aluminium and the best way to determine the annealing temperature
is to rub a stub of ordinary toilet soap onto the surface. Then heat the metal sheet over a camping gaz
flame all over but only to the point where the soap lines char and tum black. Go any further and you
will have an unplanned hole! Let the metal cool without plunging; it should end up soft and malleable.

These methods do not apply if you happen to have one of the aircraft type aluminium alloys
which are far harder than commercial aluminium sheet. However, they are delightful to work, easy to
drill absolutely cleanly and make ideal flat panels. Bending without cracking is difficult. Whatever the
material, holes bigger than 6 mm are a problem. Any drilling is ten times easier with a pillar drill if
you have one. Whatever you use, clamp the workpiece down, don’t hold it. I lacerated my hand quite
badly once when a piece of thin metal (the worst) rotated with the drill.

For holes of 8 to 25 mm diameter, by far the best tool is an appropnate flat blade bit sold for
woodworking. Buy a fine file at the same time as the bit so that the cutting edges can be kept keen. Put
an undrilled block of wood beneath the work, use a smidgen of oil and cut right through in a single
pass. The pointed tip will wander off centre if you lift it and then attempt to reengage in the hole: for
the same reason don’t try and cut through from both sides to avoid the burr as the bit exits the surface.
These burrs, by the way can be removed with a pen knife or with the excellent tool sold by Maplin for
that purpose.

Now for meter and irregular holes, There are geveral possibilities and T have tried them 2ll |
assume that professional engineering cutters are not available. You can use a jigsaw fitted with a fine
tooth pitch blade or you may open out a smaller hole with a file. The best way, | believe, is the most
tedious. This is by the time honoured method of drilling a row of small linking holes just inside the
edize of the aperture and filing to final shape and size. Again, much easier with a vertical bench drill. I
have done tests: it is always quicker to mark out and centre punch the points at which the line of holes
will be drilled. Mark out carefully say ten points 4 mm apart, then use a pair of school compasses as
dividers set as required to mark the other points. Drill the holes with a 4 mm drill, knock out the
centre. If you insist on drilling freehand then you will be left with bridges to cut away. A good tool for
this purpose is an old jig saw blade ground to a point at the machine end (jigsaws cut on the rising
stroke). This can be tapped through two adjacent holes to cut the first bridge.

Much has been written about techniques for panel finishing, If vou fancy bare metal, then try
one of the variety which can be produced by using various grades of abrasive paper in an ordinary
wood orbital sander. Good bashing!

Somerset Homebrew Contest

To quote the GQRP Club contest organiser, Peter Barville G3XJS - who has the tough job of
deciding who wins - “This deserves to be one of the most popular events in the QRP calendar, with the
chance of winning a £50 voucher to be exchanged towards any current Walford Electronics product. It
is one of the few which actively promotes the use of homebrew equipment. The rules are very similar
to previous years with a couple of small changes.’ Please see the next issue of Sprat for the full details
but essentially it is open to any single operator QRP station using homebrew RX or TX (or both). Any
mode on 40 and or 80m near the QRP frequencies between 0900z and 1200z on Sunday March 26th
in 2000. Exchange RST, Somerset Contest serial nurnber starting from any random number over 100.
Scoring 1s 5 points for a QRP contact both ways and 1 point for QRP/QRO contacts. Deduct 25 points
if you did not build either the RX or TX yourself! Entries to G3XJS by April 30th with claimed score,
details of equipment and antennas used etc..

There is still time to build a rig and avoid that penalty! It can be any make or home designed.
No particular kit stable has a better track record than others! Mark it in your diary now!
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Working with Surface Mount Devices

I have extracted the following from e mails from Andy Howgate who has taken the plunge and
provides an inspiration for all of us! Next time [ hope to include some of his ideas on boxing kits.

‘I have recently repaired one of my VHF PMR converted rigs which had a fault. 1 was able to
deduce that a 14 pin surface mount chip was acting up; 1 managed to find a replacement from RS and
thought | hagd little to loose by having a go. I understand that a lot of SM component removals are
accomplished by the use of a high temperature blowing device a bit like a paint stripping gun. The
chip or device is heated using this hot air so that the solder becomes fluid and then chip removal is
possible. Another process which I have employed is to cut the legs of the device with a sharp Stanley
knife, remove the chip and then the rematning fragments (mainly legs) with a fine iron; next clean the
area and check for damaged PCB tracks. Apply a small dab of flux to each track pad. Rest the
replacement chip in position and solder one corner leg only, you can then apply slight movement to
the chip to get it into exactly the correct position. Then solder another leg to the PCB on the opposite
side and again check that all other legs are in the correct places. Solder them down in turn. It is fiddly
but it can be done quite easily with patience!

Transistors and passive components I find harder to do because they usually do not have legs;
the edges of the component are the often the connection points. The trick is to move quickly between
the connection points with a fine iron and to gradually heat them all up or ease an edge up so that they
have less restraining effect on the rest. Take care not 1o lift the PCB tracks with too much force on the
device! (Practice on a scrap PCB is highly recommended first!) Always have some fine hook up wire
for track repair and a good magnifier with plenty of illumination. I have changed 60 lead processor
type devices in this way.’

As a helpful comment to those of us laying PCB boards, Andy suggests making the pads for
the surface mount devices slightly longer than usual so that the tip of a fine iron can heat the track and
flux and allow the solder to flow up the track to form the joint with the leg. Note that Andy is
suggesting the use of flux paste separate from that in multi-core solder; this can be obtained from any
good electronics component supplier - you must not use plumber’s flux - it is usually highly corrosive
because it is acid based. Andy often finds that stripping off any PCB surface protection is sensible
prior to soldering and to then apply a final lacquer after soldering is completed.

Surplus PCBs

. I have several boards which I do not intend to make into kits; tell me if you can use them:-
One good Yeovil RX board and two good TX boards; Coxley regen TRF and Adjustable CW filter
boards with minor defects and several PCBs for the Five digit counter having minor track defects.

Antenna Matching Unit

It is important not to waste power (either way) throngh an AMU which is why the simple L
network is often chosen. It has the disadvantage that the Q is fixed for any particular set of input and
output impedances. The larger the impedance transformation, the higher the Q which can lead to high
circulating currents and tender tuning. One scheme suggested by several designers is to transform the
output of the TX from a nominal 50R down to 12.5R in a 2:1 (for voltage) transformer, which also
provides DC isolation and permits an ungrounded RF load, and to then use a wide range L matching
network to transform up to whatever the transmission line load presents - typically in the range 25R up
to maybe a few Kohms. This latter condition
leads to the undesirably high Q = 10. An Vax Somh
alternative approach which seems to work
well is to reverse the 2:1 transformer so it
steps up to 200R and the L network then
transforms from 200R either up to a high Z Se {ﬂM

k.4

p—>—

|4 * He 'z
load or down to low Z coax etc.. This Von

—— o —a e— —

restricts the maximum (@ to about 3 for the 2ooR 7 May oji?{;

largest transformation (up or down) and 1So OFF

leads to a worst case inductance of about 1z —

50 uH or maximum capacity of 1500 pF for|  Sfepp “P 4

the extreme 160m load impedances. The .

basic circuit is shown right. G3PCJ Outline 4 L Makd. &MU o503
5
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More practical tips from Joseph Bell G3DII

Salvaging companents: Defunct old computers and other electronic equipment can yield masses of
useful parts for those wishing to augment their junk box stores. A drastic but effective way of
removing the parts 1is to cut the PCB into progressively smaller sections with a pair of sharp diagonal
side cutting pliers. Cut the PCB into smaller sections until only a single part is left on it and then cut
through one side of each lead hole so that the PCB remnants can be almost broken off - perhaps with a
short application of the soldering iron. This process will obviate the damaging prolonged heat which is
often necessary to extract each lead from its mounting hole. Use safety glasses as boards can shatter.
Winding coils: In spite of the growing use of toroids, the conventional solenoidal coil has its
place. When winding coils, especially with thin wire, it often becomes difficult to maintain the desired
spacing between turns and still have a neat coil. To avoid the problem, first wrap the coil form with
cellophane tape that has adhesive on both sides. Then when the coil is wound, the turns can be placed
exactly where required and will stay put. The completed coil can then be protected with a coat of
lacquer or varnish. The modern type of enamelling can be burnt off with a chunky hot iron.

Base for CW key: If you are fed up with your key moving around when using it, then use the
sole from an old electric iron. The old ones are made of cast iron but even the modern alumimium ones
will do. Three rubber feet should be mounted undemneath the sole and the requisite number of insulated
terminals mounted at the pointed end.

Xial calibrator and REF indicator: This device can be made in

a few mimutes and has many uses. As shown in the circuit, a.

germanium diode shunts a meter connected to probe wires. The - “W

more sensitive the meter the better, 100 uwAmps is ideal but even a | F

mAmp device will do. The markings on the scale do not matter since E
it only has to show a response. The short length of wire on the meter x(mﬁdﬁ%
positive (which provides a return path for the wanted RF input to the Ge < 1ot
other 6 inch probe wire) can be held in the hand or, for extra| Auiode f
sensitivity, connected to the earthed metalwork of whatever is being | 24 rd “
investigated. If the probe wire is placed near one of the feeders inaj{ o a8

halsneed antenna line, it will give an indicatine of the smount of RF eke —

flowing up the ling enabling proper adjustment of the antenna
matching unit. Other uses are the detection of RF on power lines or| G3%11
for checking for parasitic oscillations.

If a crystal is inserted at the point X, it then forms a highly selective detector at the crystal’s
frequency. For example it allows you to check the frequency calibration of a GDO by placing the
probe wire near the coil of the instrument. Say you wanted to check the resonant frequency of a 40m
loop, which is likely to have a very high Q and hence need careful setting to get in band, with a poorly
calibrated GDO covering 5 to 10 MHz. Using any known crystal(s) within this range will allow you to
check its calibration and hence obtain the 7 MHz setting more accurately. The calibration of signal
generators can also be checked by linking the probe to the output of the generator and then tuning it
across the crystal’s known frequency. Depending on its actual output you may need to couple it rather
more directly to the generator’s output. Connect the meter positive directly to the generator’s ground
terminal; with a similar short antenna wire on the generator’s hot output, couple the two together,
initially without the crystal so as decide how much coupling is required. (If the generator output is low
they can be directly coupled with a small value capacitor.) Having obtained a suitable broadband
reading, insert the crystal and then adjust the tuning to find an output at the crystal’s frequency. Repeat
with other crystals if you have them. With a 100 wAmp meter, even 30 milliVolts will give the meter a
healthy kick!

Excess capacitors!

Being forced to buy 800 off 105 pF adjustable film rotary trimmers when 1 only wanted 100, 1
have plenty to spare! Their body size is the same as the common yellow bodied 65 pF variety but a
different footprint. If you could use some their cost is one and a half first class stamps each - no
cheques please - plus two extra stamps for P & P; e.g. 6 trimmers for eleven first class stamps. G3PCJ

Finally

Happy Christmas, good health and fun in 2000!
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Hot Iron

Issue 27 “Journal of the Constructors Club” Soring 2000

Editorial

Welcome to the new century. The sun is out and Spring is in
the air and the orders are beginning to come in again! It’s as though
radito kit builders also go into hibernation during the winter! Many

= years ago when I first noticed this effect I thought it was just chance
but now I recognise that actualiy not all that many people build in the
depth of winter - maybe something to do with cold sheds at the
bottom of the garden! How long till global warming is the salvation
Contents of the kit suppliers?

Watching the awful scenes on the box from Mozambique,

# Audio output and where the flooding maybe connected with atmospheric warming etc.,

walkman phones one 1s reminded of the help that amateur radio can provide in such
#Identification of caps circumstances. This is especially so in less developed countries where
»Miscellany the nation’s infrastructure is less capable than in Western Europe.
»Instability & chirp However there is another difference, which is to the advantage of the
»Dates for diary, website less developed country. If such a disaster were to strike anywhere
5 Practical tips hereabouts, the devastation on the built environment would be many

nmes worse. Conseqgienily the tinie to recover would be g couple of
decades, whereas in Mozambique it will be far shorter. This is not to
underestimate in any way the awful tragedy which they are suffering. The closer people are to their
agricultural roots, the greater their ability to recover their earlier situation.
What’s this got to do with building radios - not a lot! None of you have sent me any difficult
or provocative questions and while pondering what to write this came fo mind!

New Developments

Much of the winter months have been occupied with creating a website. My son offered to do
it but I felt I had to do it so that [ could easily keep it up to date. My on line catalogue is not an ‘all
singing and dancing’ affair but is, I hope, sufficient. I shall as usual be especially pleased to have any
suggestions as to how it could be improved. For those suitably equipped the address or URL is
www.users.globalnet.co.uk/~walfor I am afraid that clicking on this page as you read it won’t bring it
up but you can send me an e mail via walfor@globalnet.co.uk Note the deliberate spelling mistake!

! have also started on a new major project - with much encouragement from a few dedicated
members. I don’t wish to reveal what it is yet, because 1 am only just starting fo build the first
prototype and it will be a little while before I can safely announce it fully. For anyone interested in a
challenging HF transceiver project, this will be a full single 100 x 160 mm PCB. Various
enhancements are planned! T shall be happy to discuss it with any keen builders. My mark 2 Antenna
Matching Unit is now also available; all bands 10 to 160m for low or high impedance, balanced or
unbalanced feeders, with an included resistive matching bridge. £39.

Tim Walford G3PCJ)  Editor

Hot Iron is a quarterly newsletter for radio amateurs interested in building equipment. Tt is published by Tim Walford
G3PCJ for members of the Construction Club. Articles on simple theory, construction, testing, updates on kits, quesiions
and suggested topics are always wanted. Plecasc scnd comrespondence and membership inquities to Upton Bridge Farm,
Long Sutton, Langport, Somerset, TAIQ 9NJ. Tel 01438 241224 or e mail walfor@@globalnet.couk The Walford
Electronics website can be seen at www.users. globalnet.co. uk/~walfor The Copyright of all material published in Hot Tron
is retained by TRN Walford. ©. Subscriptions are £6 per year for the UK (£8 overseas) from Sept 1st in each year.
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Audio Output stages and Walkman phones

[t is attractive to use an output stage tor walkman type stereo 32 Olun phones in a low cost
project because they are much easier to drive than 4 or 8 Ohm phones (or speakers). Some people do
not like any form of phones, let alone the very low cost versions which are not much more than two
shaped blobs on the ends of a forked wire! Their output can also seem low. There are several options
for improvement. Firstly, try some alternative stereo 32 Ohm phones; their sensitivity and comfort are
directly related to their wide range of price. 1 have a pair of padded ‘full sized” ones that cost just over
£10 a few years ago and would be cheaper now. In my rigs, which all have mono output, the ear pieces
should be used in series for highest output, as gamm is proportional to the output stage’s load
impedance. Wiring them in parallel for a 16R load will give only a quarter of the output compared to
the 64R load when properly wired! (Remember that when properly connected, switching their switch
to mono will short them out!) [ts also worth checking that they are 32R each roughly and not 8R.

If this fails to effect an

improvement, more electronics are required.

The circuit alongside shows my typical 72 39_ Hﬁ‘u\

walkman output stage so the first thing to do = AR, phme 4Kd’
, ) o - -
is make certain that its bias conditions are 'E,Sﬂo { L%t 220 L.

not upset when driving something else; this

requires a replacement resistor of around L7t rms%nam
68R up to maybe 220R if more gain is " ]
needed. For those having the older type of =3 E im
high impedance phones, typically 4 KOhm, Lok 4215
they can be used directly across the new 68R G

as shown in the right-hand circuit.

Transfonmers can be used but they may need another gain stage, are becoming scarce, and are
not so easily incorporated physically! Otherwise, the extra stage for low Z loads has to provide much
higher currents and maybe extra voltage gain, so unless at least two devices are added for Class AB or
B operation, a single device has to be run in Class A with a high standing current drawn from the
supply. This current needs to be a bit larger than the peak signal current into the load presented by the
phones. The load will be 4R if bath 8R ear pieces are driven in paralle! implying a poak current of 256
mAmps for a 1 volt peak strongest signal giving just 1/8 W RMS output into the cans or a single 4R
londspeaker. Its better to drive the two ear pieces in series for 16R and 62 mAmps at 1 volt peak. [
have sketched various possible circuts below and their characteristics. The single device circuits (left)
have to be run in Class A with a large DC current in excess of the peak load current so will dissipate a
few Watts continuously needing a heatsink. The two single device circuits have this DC current
flowing through the phones so be rather careful about not burning them out! The multiple device Class
AB approach avoids the high device dissipation but adds several components; it is the basis of
practically all audio output chips. The two circuits, with 2 or 3 transistors (middle), are best for driving
phones. Driving a LS, usually with higher output, needs more watty devices and heatsinks so you
might just as well use a specialist chip. The first “chip’ circuit (right) using a 741 op amp can be OK
for a simple rig but is a bit prone to crossover distortion which is why the previous two circuits have a
pair of diodes to let a few mAmps flow through the output devices. For dedicated audio output chips, I
prefer the LM380 in either 8 or 14 pin format, since it can take 8 to 22 supply volts. I am not keen on
the often suggested LM386 - it is not smtable for use dlrectly on 12 volts, G3PCJ
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Identification of Capacitors

Capacitors, particularly small ones, are invanably the most troublesome two leaded parts to
identify and decide their value. Its quite easy to detetmine if they are capacitors, because their
resistance between leads will be many megOhms. Small capacitors are usually quoted or labelled as
pico-farads (pF) which is a mitlion-millionth (10 %} of a Farad. Middling sized capacitors are usually
given in nano-farads (nF) which is a thousand-millionth {10”) of a Farad; large ones in micro-farads
(uF) which is a millionth (10 of a Farad. Thus a capacity of 1000pF is the same as InF and
0.001aF. Giant electrolytics, or memory back-up capacitors, are sometimes found up to Farads but are
uncomunon in radio circuits. Makers often omit the F so that a 100 pF capacitors might have just 100p
printed on it. It is also common to find the multiplier (p, n, or u) at the start or in the middle of the
numbers in the place where the decimal point would be for that unit of capacitance; for example, nl15
is a 0.15 nF capacitor and 4p7 would be a 4.7 pF capacitor. When this is done there only two numbers
for the first two digits of its value. If there are three numbers, usually without any other letters or
symbols, the value is expressed in pF as the first two digits with the third acting as a decimal multiplier
like resistors, For example, a capacitor marked 152 would be 15x10% which is 15x100 = 1500pF, the
common 10 nF disc is marked 103 meaning 10x10* = 10,000pF. Some examples and equivalents:-

100pF 2101 =0.InF  =nl0  =0.0001uF
150pF —151 =0.150F =nl5  =0.00015uF
470pF =471  ~0470F =047 =0.00047uF
1000pF =102 =InF  =la  =0.001uF

10,000pF =103  =10nF =10n =0.01uF
100,000pF =104 =100nF =100n =0.1uF
470,000pF =474 =4700F =470n =0.47uF

It is rather harder to judge the type of insulating material in a capacitor but its shape is the best
clue. Silver mica types are thin and rectangular with the leads projecting down the edges. Polystyrene
are usually axial leaded cylinders in clear plastic or sometimes small metal cylinders, with close
tolerance and maybe high working voltage. Polyester are usually either sharp comered rectangular
coloured plastic blocks with edge leads, or uninsulated blocks with ieads projeciing down the side
metal contacts, or the same type dipped in an insulafing material. Polycarbonate are also rectangular
blocks with side leads but they are frequently somewhat bigger. Tantalum electrolytics are nearly
always pear shaped blobs and ordinary electrolytics are cylindrical metal cans - with both of these
sorts, the polarity of applied DC voltages must be correct or they may be damaged or explode. Disc
ceramics, usually with a ‘High K’ dielectnic giving high capacity for size but poor stability, are dipped
circular thin blobs - not be confused with ceramic plate capacitors which are small rectangles with
good temperature characteristics. Larger circular discs, about 3/8 in diameter, tend to be 1000v types -
most others are 25 volt. If in doubt, always assume that they are high or medium K types and hence
unsuitable for VFQOs etc.. Ceramic ones are a little micro-phonic so should not be used in audio
circuits but they are good in RF circuits. The rectangular Low K ceramic plate types, which are
suitable for VFQOs, have a single colour body (often light green) and a coloured tip. (Sometimes Low
K ones are round and slightly bigger than high K types.) If the fip is black, it is a NPO type with
nominally zero temperature coefficient. The ceramic COG type also has zero tempco - my preferred
COG ones have blue bodies, no black tip, and three digit (2 plus multiplier) pico-farad nurabers! If
the tip is orange it means a nominal coefficient of -150 parts per million per degree centigrade. The
NPO/COG and N150 types are widely used in oscillators to counteract the normally positive tempco
of the inductor. Violet tipped ones are no good for VFOs since their tempco is too high at -750
ppm/°C. Silver mica and polystyrene types both have low negative or nominally zero tempco, so are
widely used in VFOs; but in my experience they are much less consistent (and now harder to obtain).
With both types there are can be marked variations in oscillator stability between different
manufacturers and even between different batches from the same manufacturer.

Trying to match actual capacitors in a kit to the parts list can be difficult when the markings
are faint; the best technique is to firstly compare numbers of the same size, then arrange them in
ascending size which will correspond to ascending value. Best of all is to use the capacitance meter
facility of many digital multi-meters! (I have complained many times to my suppliers but to no effect!)
My thanks to the Editor of the Yeovil ARC Newsletter G3GC for permission to republish; he gave the
subject its first airing many years ago. G3PCJ

Hot Iron - Spring 2000 - Page 3



Mechanical Miscellany!

{rom Andy Howgate G7WHM - PCB protection | remove any PCB lacquer on the track side with wire
wool, so that after soldering is complete, any flux residues can be scrubbed off and then re-lacquered
with acrylic spray obtained from Halfords. Prior to use PCBs, can be prevented from going tarnished
by wrapping in cling film.

Enclosures | like to have a rig enclosed for looks and to keep out unwanted visitors! Using a
sccond PCB sheet for the rig’s rear panel allows convemient mounting of supply and antenna
connectors, occasionally used controls etc.. It needs to be the smme size as the front one. Both end
panels are drilled prior to fitting to the rig, sprayed with acrylic paint in your favourite colour and then
labelled with lettraset etc.. [ then fashion a plywood enclosure which is a rectangular ‘tube’ into which
the rig is slid. This can have a smart front bezel all around the front ‘tube’ edge to stop the rig sliding
right through. The nig is held inside by a suitable angle bracket affixed to the rear of the tube just
behind the rear panel. The rectangular wooden enclosure is made from thin plywood with pinned &
glued 90° beading inside the tube long joints. After sanding it can be covered in Fablon ctc. and feet
fitted. You can even have your own house style for several rigs! They can be any size and are always
available so you don’t suffer box manufacturers catalogue changes. (Full notes here if wanted. G3PCJ)
Craig Douglas GOHDJ advocates a very similar technique to Andy’s but using a three sided metal
cover to just contain the rig, The g sits on its normal feet on the bottom of the PCB. Either a single
sheet can be bent into a large U or three flat sheets formed into a U with aluminium angle. It can even
have front or rear top extensions, with sloping sides, for an eyebrow style! The metallic cover can be
painted or finished with Fablon. It can be held in place with self tapping screws into the front and rear
panel side braces. (Or bolts into brass nuts soldered inside to the PCB copper braces.) Ventilate well!

The smoke theory of electronics

The ingredient that allows all electronic components to operate is ‘smoke’. Consider your own
experiences. Remember when all the smoke was let out of your transmitter PA transistor. It
immediately stopped working! When the new integrated circuit sprang a leak and all the smoke
escaped, it also stopped working. When the big electrolytic capacitor gave off its smoke, it quit again!
From these observations therefore it is logical to deduce that smoke is the ingredient that allows
components to work and once it escapes nothing works anymore. (Thanks to QST via GOHDJ.)

Spin wheels
Eric Godfrey G3GC wants to know what I meant by a spin wheel when writing about control

of a DDS chip. He understands what it does but not what it is. [ meant the sort of control which is the
main tuning control of modern commercial radios. Rotation one way or the other winds the frequency
up or down. Usually the knob operates a shaft encoder which increments (or decrements) a digital
counter controliing the frequency of the local oscillator; the counter maybe an actual digital circuit or
realised in the software of a microprocessor. The LO can be based on a phase locked loop or DDS.
These shaft encoders can be bought but cost many £s in small quantities. They have two sets of many
markings around a disc which interrupt light shining onto a photo diode. The markings are slightly out
of phase so that the timing of bright and dark signals from the two tracks indicate the direction of
rotation. [ had in mind to use a pot {on cost grounds) which would provide discrete up or down
frequency increments in its midrange but would change to continuous up or down change at the ends.

Designing for EMC compliance

All commercial electronic equipment sold in the EU has to meet an Electro Magnetic
Compatibility directive covering its susceptibility to unwanted signals and its emission of unwanted
signals. Luckily for us, radio kits and individual experimenters designs have been exempted from the
formal procedures BUT we still have a strong duty to be careful and not upset any other user of the
radio spectrum either intentionally or not. Commercial organisations now have to spend much effort
making certain that their gear is compliant. EMC aspects have now to be considered very early in the
design stage, apart from exhaustive testing of prototypes and later modifications to rectify defects.
Simulation can be used but sound electronic construction techniques such as have to be practised for
radio equipment are often the most cost-effective. Recently there have been two excellent articles by
MK Ammstrong in the Institution of Elecirical Engineers Journal (Sept and Oct) which advocate many
of the ideas commonly used in radios. In particular, the used of a continuous copper ground plane for
circuit boards comes high on his list of priorities! Next is supply distribution and decoupling!

There is now also a Low Voltage Directive covering the size of 50 Hz harmonics which can be
injected back into the mains from PSU rectifiers. I think any PSU o