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LOOP AERIAL
SW RECEIVER

ROBERT PENFOLD
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You don’t have to surf-the-net to
caplure the world, Just build this
low-budget receiver and be amazed!

far just about everything imaginable

published in recem years, but a
simple shortwave (SW) receiver is s1ill ane
af the most ineresting eleconic devices
that yau can build.

Commercial shorwave sgls are now
highly sophisticaled pieces of eleclsonics,
and 1t is prabably noi feasible for the home
construcior 1o compeic  wilh  these.
However, ai the other end of the scate il is
possible 1o produce simple and inexpensive
receivers that are fun to huild and will pick
up numerous siatons frem around the
world.

I RANGE

The design featursd bere is intended for
broadenst band reception af frequencies
from about 4-5Miz o 14MHz. This pro-
vides caverage of the popular 49, 41, 31
25, and 22 metre bands. 1t does not reguire
an elaborate aerial or an earth connection
and the aerial is a form of loop antenna.

The term “locp™ is perhaps not entirely
npprapriate in this case, because the aerial
is actually about 2-3m of 3 ahm imped-
ance ribbon freder. This form of loop
antenna has the advantage of being casy 1o
accommodgte, and i sezms o provide
quite sironp outpul signels.

Tie loop is, in fac!, abowt (wo of thmce
melfes on ane dimenston and only abaut
imm on the ether. rather than a circle of
around two metes in diametes, bur this
does not seem {0 have a druste effect on
perfarmance. The ouipus of the sel is ade-
uate 1o drive gither a ¢rystai earphone or a
pair of medium impedanee headplones.

This is @ very simple desipn using jusp
three transisiors. There are 20 unusual coils
lo wind or buy because the loop aerial also
215 as he Wwning «ail. »o it i$ very casy o
build.

TUNED CIRCUIT

The block diagram of Fig.1 shows the
simple arramgement ased in this SW
Receiver. Conventionally. the aerdal is a
long piece af wire which hes one end con-
fiected to the receiver and 1he other end |eft
unconnecied. The aerisl provides signals
overa wide ranpe of frequencies and a filler
s peneve all excent those signals that
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ure close 1o dhe Tequired feceptind
Trequencs.

A sophisticaied receiver has complex
circuils to provide (his Rltering. but a sim-
ple receiver such as the one fealunsd here
has 1o rely on one simple Rlier. This is
invartably a parallel wned circuit. which s
merely a capacitor connected i parillel
with an inductor.

‘Tiis very simple form of receiver has
iwo maia shoericomings, which are a lack of
sensitivity and inadegunte  selecrivine A
receiver's seleclivity is it ability {or lack of
ity to pick oul just one rmnsmission from
several stations oo similar Fequencies.
Withou! seme help a single tuned gircuil
does not provide adequate selectiviiy.

POSITIVE FEEDBACK
This help is in the form of pasitive feed-

back from ihe ouipul of the amplifier 1o the

turted Circuil at the inpul. As one ‘would
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Fig.1. Block diagram for the cimpfe Lobp.Azrial SW Receiver.

Al a cerlain frequency, called-the "reso-
mint frequency’. this tvpe of circoit has
infimite impedance. Away from the resonant
frequency the impedznce fails away rapid-
Iy to a low level. in effect, sivnals at er
clasc 1o the resonant frequency are allawed
o pass throuph to the subsequeni siage
while signals 4t other [Tequencics are shorr-
circuited b earth.

In this design 1he aerisl 2nd the inductor
in lthe uned circuin gre one and the same.
The serial is a large sinple-turn ismducior,
and the size of the acrial dziermines jis
inductapce. The capaciter in the tuned cir-
cuil is a variable rype, and this permiis the
reception frequency 1o be varicd over a
wide frequency range. The aerial only
operates efficientdy a1 ils resenant frequen-
<y mnd af nearby fequencies, and this gives
much the same resull as using 4 separale
long-wire zeriul and 1uned eircwit.

The cutpui from the gedal leeds o wo-
slage amplifier thet bas o buffer siape 1o
pravide & high input inspedance. This is
essential, as loading on the wned eircuit
watld olherwise reduce its effictency 10 ke
poimt where it would not give adeguate
bandpass filiering. The second stage ol the
amplifier provides # subsiantial amownt &i
vollage amplificaton.

£xpect. this seoveling of seme of the signal
provides an cffeclive boost in gain. and
improved sensidvity.

Less ebvidusly. 1 alse providés'a grear
improvement in sebectivity. This is due to
ihe fact shat there is more feedback ai the
centre of the passhand than there is sway
from resominee where the rgoeiver operaies
less efficieruly. This feedback. or “regen-
eration'” as il is nomeally called in this con-
text, therefore provides a much higher
hoost in sensinivity at the centre of the pass-
band. narrowing 1he passband in the
process.

There is a definie limi to th: amouat of
deedback thm can be nsed, and cxcesding

this fimit rasulis in the eircui? breaking into

oscillation. Optimum resulls are dblained
with the regeneration contral sei just below
The paint at which oseillation occurs.

The ouiput lrom the amplifier is fed to a
conventional oo demodulaor thal recoy-
ers Ihe audio signal from ilie recenved ri.
[(radio freguency) carrier wave. Even on
trong signals the owlpur leve! fom the
demodulalor wilt be yuife fow, and an
pudio amptificr is themfor wsed w boost
this simmal 1 a more vsable level, Good
volume is obtained fram a crysil earphone
or medium impedance beadphones.
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CIRCUIT OFPERATION

The complere circuil diagram for the
Loop Aerial 83W Recegiver is shown in
Fig.2. L1 is the loop seriul itself, and V!
is the luning capaciter. TR is a junaciion
gate {ield elfect transisior (j-Ne1) which is
used bere W the common source made.
Unlike an ordinary bipolar transistor. a
J.Fet requires o teverse bias in order o
provide linear umplification.

Resisiar B2 resulis in the source{s) of
TR being laken 10 abouwt (5 valts or so
positive. while agvial coll L] biases the pate
{g) input 1o the OV rail and provides the
small reverse bins. Bypass capacior 2
removes the negative fecdback thal would
otherwise be intoduced by R

Tramsister TRl provides a cerain
ameunt. of voliige gain, but ils main pur-
pose is 1o pravide a high load impedance
for the suned circuit. A hieh inputl imped-
ance is a nawral churacteristic of a J.Eet.
and other [eld effect dovices.

GAIN

Mozt of the voliage suintis provided by
pnp wansistor TR2, which operaies as a
simple  commoen  emitter  amplifier.
Regeneration coiirel VR i enables a con-
rotled ameuns of feedback to be provided
over 1he enlire amplifer via capacilor Cx.
The value of Ox 15 extremely bow. and it 15
nol aclually a “proper’” cupacitor. It is
simply 1wo short picces of insulated wire
wisted logeiher.

Caparitor C3-couples the oulpu of TR2
10 a conventionz! diode demedulaier,
which has 21 and C4 w respeciively pro-
vide the reciification and he smoothing.
The amplitnde of the carmier wave is pro-
portienal to the audio signal vollage.

On the {zce of it simply using some low-
pass ITHering will give an output signal that
is equal 1 the sverage siemal level, and
therefore provides the required audio out-
put signal, In -practice this would aot
happen because the cammier wave i an a.c.
sirnal, and the positive half cyeles balance
the nepaive half ¢ycles to pive an average
ouput vollage of zem. Removing ane se1
of hali’ gyeles eliminates tivis buluncing, and
gives tha required demodulalion.

Potentfometer YR2 is the “load resisior
Tor the demodulator and is also the volume
comtrob. Frois here the signmal is eoupled.
via C3. 10 a common emiter amplilier
based oa ransistor TR, The outpul power
availahle from TR3 is not very great. but i
is sufficien 10 drive a crysial carphone. I
will wso drive medium mpedance head-
phones if the phones are connected in
senigs. Orher types of headphone and eur-
phone are unlikely to provide accepiable
resulis.

The curreni consumption of Lhe circuil is
around 12mA or s0. A good qualiyy PP3
size bauory is adeguate 1o power the sel,
but if i is likely to receive a great deal of
usz it would be more economic io use six
AA-gize cells io u holder

COMPONENTS

Al -25W 5% carban film

Patentiometers

VR1 ik rotary carbon, lin
A2 4k7 cotary carbon, log
Capacitors ]
C1.C3 1n Mytar 2 aif)
c2 C4 10n ceramic (2 off}
<5 1 radial efze. 30Y
Cs, Cr 100n radial 2lect 10V
{2 off) N
Y1 3E4p vanatble
{see Shoptalkh
Cx. =-twigted lead, see text
Semiconduciors
=3} 0A91 germiantum
- signzl diode
TRt 8F2444 nchannel j e,
TR2 BCR58 pip silicon
transishar
TR3 BCA49 npn silicon
Iransistor
Miscelignious
51 5.0.5.1. min toggle switch
[ 9V (FP3) batery,
R ses lext
SK1,.SR2  2mm o7 4mm socket
{2 off}
SK3 3-Emm jeck sockel
 {sea text)
B, PL2 2mmor 4mm plug, to
malch sockets SK1,
K2 (2 oif}
‘L1 300 ochm ribken feedsr

lapprox 2-5m) for zerial
loop {see lexi)

‘Mesat instrument case, se& fexd; 01 nch
pilch stripboard, size 31 halzs x 20 copper
strips. control knob {3 off); coyslal ear-
phone or hesophonss (s lext); banery
conngcior: wire; soldar pins; solder, gio:

£1

Apy:lrofb Last
Guldance Only

excl. bail. & varjalile €3

TRz = |L

oLy A0, -

5EE TEXT

iaeau.l_[ o

Fig.2 Complate circuit diagram for the Loop Aerfal SW Receiver. ?Thg loop aerial is g single “lopp” of abowt 8-5im of 300 ohm
feader cable and full details can be found in Fig.3
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CONSTRUCTION

This simple receiver circuit is built up on
siripboard and the component lavout and
wiring. \apcther with the waderside view
showing brezks in the copper racks, an:
shawn in Figd. The board measures 31
heles by 20 copper strips. but it i$ not sold
in 1his size.

Corumence comsirsclion by cutling a
larger piece of board 1o size using 8 hack-
saw, cuiling along the rows of holes. This
procuces some rough edges but they are
easily Miled 10 a neat finish.

Next ihe two 3mm dimingter mounting
holes ane drilled in the boaed and the whree
bresks in the copper strips are made. A spe-
cial ool Jor cuting copper sinps is avaii-
able, hut g handheld wisr drill of abow
Smm in diameter dimes the job quite well,
Whatever tool you use, make sure 1hat the
sirips sre broken across their full widih,

The board 15 now ready Tor the cotpo-
nems o be fited. Fit ihe nesistors and

ortentation. Use single-sided solder piss at
\ke points whese connertions (o the sockets,
controls. and bantery clip will be made.
Firally, fit the semiconductors. making
sure they have dhe comect anenigiion.
Diode D1 is a permanium device, which is
more easily damaged by heat fhan the vsual
silicon devices swch as TRI 1o TR b
should fiot be necessary to yse a heashunl
when connecting this component, but make
sure thyt ihe soldered jaints are completed
guickly. Having connectad one lead, allow
a few seconds for the componcil W cool
down before connecting the other tead.

CASING-UP

Shonweave reccivers are traditionatbly
built into metal cases. but this desien does
noi rely on the cuse o camy any coanec-
iions and 17 can be toused in a plastic cuse
if preferred. Il s igiportamt 10 keep the
wiring reasonably shor, and it is probably
best not 'te deparn too far from the general

VARIAELES

it is advisable o use a farge coutrol knob
on mning control VO beeause this makes
Aecurile tuning edsier, bul 11 will necessitale
the use of a faifly 1all case. [deally. VCI
would be a high qualiy air-spaced variahle
capacitor such as a 363pF jackson ype 0™

Untordunately. ¢componsnis of 1his iy
tend to be vary expensive. and some of e
solid dielectric types fas psad an the protoe-
pe) are not much beher In this respeat.
Probahly the best low-cost option_ if you can
find one. is 1 use a good gueality “swplus™
air-spaced componsil Any makinuum value
frem abour 230pF 1o 300pi- witl do.

Another altemarive 15 10 uwse a low cost
slid-dielectric compeonant, such as used in
“Iranststor radios™”, These usuglly have two
“a.m.” seetinns, which are used in parallel
{i.c, wire the wo non-earth (ceminals
togedery. Anv low valge “Tou" sections
can be wired in parallel with the “am™
serrions or just 18Tl unused.

capatitors firsl, making sue that the thres laymit used for 1be prowtype (sl Some variabde capaciiors requine the
clectralytic capacitors have the cormect phatographis). usual L0mm diamezer mounting hole, but
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Fig.3. Stripboard component layout, off-bozrd interwiring and board underside showing bfeaks in coppear tracks. “Loos™ aérial
tetails are shown at the top and the completed board abova.
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most are fized 10 the font panel vsing two
ar three shor scrows That it into threaded

‘holes in their front plates. Witk this second

type it is often easier to glue then: in place
using a good quality adhesive such as an
epoxv wype. I longer fixing screws are
used, muke sure they do not penetrate 50 far
o the froae plate il they damage ar foul
the vanes.

SOCKETS

Sockets SK 1 #nd SK2 are mounted on
the reur pannel of the case, snd they must be
quile ¢lose together (a pap of 15mm is
abow right}. If the sel will be used with a
¢rvsial earphone SK3 must be a 3-3mm
jack sackei. which maiches the plogs noi-
mally fitted 1a this bype of carphone. The
switch contuct fited to open siyle sockels
of this 1vpe Is not reguired in this case. and
one tag is thergfore left unused.

A 35mm sierco socket is required for
mediom mpedsnce lizadphones of the type
sold as replacements for wse  with
“Walkman™ style upils. These sockels are
available in several styles, and the reiler's
lilerature shonld include conneciion infos-
maton. The "phones are used in series.
which micans that the common earth [ag is
left unconnected and the board is wired 10
ilie other two tags.

The circuil board is mounted on the base
panel of the cnse wsing metric M2-3 screws.
Include spacars aboul 6mm long between
the board and the casa.

The wiring is perfectly siraightforward,
see Fig.3, apart from capacitor Cx. Hdeally
s would be made {rons 1wo pieces of sin-
gle-strand insulgted wire, b grdinasy
awlti-care connecting wie will de. Simply
pvist the ends af the wires ogeiher sa that
they are entwined over a lengih of aboug
iDmm. If you use multicore wie i1 is
advisable 10 wrap some tape araund the
wires 10 ¢nsare that everything stays in
place,

AERIAL

Details of the acnal are wlso provided in
Fig3 A 2.3 mets length of 300 chm
rihbon feedar provides the approximate fre-
quency coverage specified  previously.
Allemnarively, you can use we aedals of
different lengths 1o give the receiver two
bands, and broadsn s frequency covernpe.

Band changing is when achicved by
upplueping one seriaf and conoecting the
other instead This is a rather crude way of
doing things, bul is essentially the same ds
the pIug—m coil method that has traditionally
been used for simple shasiwave reeeivers.

Reabistically, the receiver Is unlikely 1o
t=rform well a very hiph frequencies. and
there are relarively few a.m. breadcast sia-
tions 1o be found on (ke low frequency
bapds. One aerial gboul 1-5 metres long
and pae ghout 3-5 metres in lengih will pro-
vide coverage of the broadcast bands from
60 mewes © 13 mewres. Using 300 ohmn
ribbon feeder is not pacticalacly cxpensive.
so you might like o gvperiment with
senials of varjous lengths 1o see whal, if
umything, can be received ar higlier and
lower freyuencies.

It is very casy to make the aertal. Stan by
removing abow 23mm of the plastic ~rb:
hon™ at each end of the eable usitte a sharp
modelfing knife, 1aking due care nol 10 cut
either yourself of the wires in ths cable.

Suggested companent layou and wiring inside the prolotype melal case. The aeral
and hzadphons sockels zre mounled on the rear panel. Space mus) he alipwed for

Using ordinary wire stnppers remove a
few millimetres of insulalion from each end
of both wires, and "1in” the exposed 2nds
wilh solder. At ane end of the cable solder
th two wires 1ogether 10 close the loop. Ar
the other end of the cahle i two 2mm or
4mm plugs to maich the type al socker used
for SK 1 and SK2.

N USE

Afier a final cheek af the wiring it is time
10 congecling everyiling rogetbier and test
the receiver. The acrial will not work well if
it is lefl in 2 crumpled heap. bui on the
other and 1t does not have w be kept per-
fectly stmight. The prowolype worked will
with the aerial a abour 30 degress w the
morizantal with the far end fixed 1o a cup-
boucd with & piece of Bostik Blu-Tack.

With Eeeeneration control VR1 Tully
backed-cff in & counter clockwise dircciion
and Volume control VR2 well advanced it
will probably be possible 1© receive a few
stations, bul not very well. Acurate ad just-
mienl of the Reveneration contral is crucial iF
good r2sulis are 10 be ohiained. Advancing
this control should give much |mpm\¢d
resulls with beltet sensitiviry and selectivity.

Hawewvar. as explained previously.
advaacing the Regzen-
erxiion control too fur
results in e set break-
ing o oscillation.
This wiil be heard as
increased noise in the
headphones, and a pone
of varying piich as the
st is mngd across a
station.

Optimum resulls -are
gblained  with e
Repenertion  conirdl
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‘a G-cell AA-size banary pack if the receiver (s lo be used reguiarly.

backed off just (ar enough to bring the s
out of pscitlution. Any large changes in ike
setting of mning conmol VO 1 will probably
requie some neadjustigent  of  the
Reseneration ¢onirgl in order o maimiain
good resitils.

RECEPTION

The main shorwave broadeass bands will
provide 2 range of interesting sistions at
practically any fime of the dey. Bewr in mind
though. that meeplion is at e nwry of the
upper atmosphere, amd is alfecied by factors
such as the weather, sunspol aclivily, and 1
diue of year Al times receplion may be
exceptioually good, while at ather imes the
bands might provide few signals m ali.

Normally. in the UK, il will be possible
to receivie stalions From ail over Europe;
plis perlaps a few s:ations in Nerth Afnca,
the Middle CasL eic. When eondilions are
favourzble it is possible 10 receive staions
from rmuch lurher afield.

You do no: have ta be a lingist to follovw
some of e programnics, us MmNy LOUTcs
Pl out prygrammes in English. For example,
one of the first tmnsmissions beard when
testing the prototype was an Inghsh
langua ,e broadeast from Tarkey. [l
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