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CHAPTER 1
GENERAL  CONSIDERATIONS

The Communications Receiver has, by reason of the many commercial
tvpes now advertised, become a familiar feature to most readers of amateur
and professional radio literalure, but the high price of such a receiver makes
it, for most amateurs and short-wave listeners, guite out of reach. As the
nasme implies, the communications type of receiver is primarily designed to
provide the listening side of a complete radio station, especially in the
amaieur station, so that the set has controls intended to work in conjunc-
tion with a transmitter, but in the main such a receiver is a highly efficient
instrument of great use and value fo any experimenter working on the higher
frequency bands.

The ordinary ** all wave ** receiver is not ideal for shari-wave work, and,
of course, is almost useless for the frequencies above approximately 200 mcs.
—that is for wavelengths below about 15 metres, for although a V.ILF.
converter can be fitted to such a set, the results will never be so satisfactory
as those obtained with a vecelver specially designed for such work. In some
cases a communications receiver does not work at frequencies above 30 mics.,
but in this case a converter preceding the set will give excellent results,
since the main receiver is capable of working with so much greater efficiency.

The main outline of a communications receiver will contain features
such as the following: An input circuit providing for both dipole and single
wire aerial feeds into a preselector stage, giving R.F. amplification and
thus extra selectivity, with a high image ratio. The frequency-changer
following such a stage may consist of a single valve in the wsual way, or
may have a mixer valve fed with local oscillations from a separate osciflator.
The use of a separate oscillator allows the injection of local oscillations to
be adjusted to the optimum, whilst the overall gain of such a frequency
converter can be greater than that obtained from a iriode hexode, a triode
pentode or a pentagrid.

The LF. amplifier following the frequency converter is often the real
heart of the communications receiver. Whereas the ordinary broadcast
receiver has 2 single 1.F. stage, the LF. amplifier in the communications
receiver generally consists of at least two stages, and in commercial models
a series of pass-bands is provided so that the overall selectivity of the set is
readily changed to suit the signal or conditions—for example, to receive a
hroadcast or programme signal the pass-band of the receiver will be broadened
in order that the sound guality shall not suffer, but for reception of signals
in the amateur bands, where the highest selectivity is rvequired, and where
some degree of tone value may be sacrificed, the pass-band is then reduced
to give a very narrow degree of selectivity.

In the best LF. amplifiers is incorporated a ** crystal gate,”” A quarkz
cryslal, simitar to those used to stabilise crystal oscillaters, except that it
is cut to resonate at the intermediate freguency, is used as a tuned circuit
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with a very high efficiency or (}, giving a very navraw pass-haind, so thut In
cases where stations on adjacent frecuencies are suffesing mutea! fnterierence
which canmot be preseried even with the LY. at its most seleclive sctting,
gwitching in this = cryslal date ™ will generally ailey: the vegvired station
to be tuned free of interference, so great is ihe eatra selectivity obtarined

In the L.F, amplifier, in many cases, arc mcorporated 87 or ™ R
meters, analogous to the Magic Eye used as a tuning indicator in hroadeast
receivers from one point of view for, like the Magic Live, the ™' 5 " meter
gives an indication of field strength. The meter in general use is a meving
coil cutrent measurlng instrument, calibrated in decibeis or SR points
and connected either in series with the high tension supply te a number of
R.F. or L.F. amplifying stages with A.V.C. control, or in a bridge network
between anode and screens of R.F. and LF. amplifving stages. Reports of
station quality and reception strength are made by tie R.5.F. code, where
the symbols Rl to R3, are used to give indications of readability, the
symhols S1 to $9 are used to give indications of signal strength and the
symbols T1 to TS are used to give indications of the purity of the tonme.
These symbols are used more especially in C.W.—le., in telegraphy - work,
and in telephony have heen replaced to some extent by the QSA and the
QRK codes. The symbols 0SAY1 to QS8AS indicate degress of signal
strength whilst the symbols QRK1 to QRIS indicate degrees of readabiiity,
Probably the symbols S1 to S9 are the most used, however, for reporting
signal strength, and it is this series of “ 5 7 points which appears on the
dial of the “ 5" meter.

Whilst the majority of 8" meters have the points separated by a
6 decibel reading, there appears to be no real standardisation of the 59
reading—an 59 indication being given in some cases by a 50 microvelt
signal at the receiver’s input sockets and in ather cases by a 100 microvolt
input, but even so differing conditions and even differing freguency banids
will render the calibration untrue. It would appear to the anthor that rather
too much reliance is placed on the ** 8 ' meler by many amateurs, bul in a
lster chapter cerlain suggestions are made f{or the more valuable use of
the instrument.

The detector in the communications receiver may be considered as being
part of a group of stades rather than as a single valve, for associated with
the detecting or demodufating diode circuit are the Beat Frequency Oscillator
and the Noise Limiter. Both are necessary if the receiver is to fulfil all the
usual functions,

The B.F.0. {s a small self-contained stage built round a itriode, in the
maijority of cases, and is simply an oscillating circuit working on a freguency
close to the LF. of the receiver. W is used for C.W. reception, although in
zertain specialised tests or adjustments it may be used when telephony is
being received.

The B.F.Q, is necessary to allow plain CW. reception on a superhet.
The aerial is receiving an unmodulated train of waves, and thus while the
characters of the code will bhe passed throvgh the freguency converter and
the LK. stages of the receiver in the usual! manner, thz demedulator will
have no audio signals to pass on to the vutput stage, so that at best there
will be merely a succession of clicks in the headphones or loudspeaker,

6

whilst a weak C.W. station will give no audible resuits at all. The effoct may
be gvercome at Ihe brapsmilting end by modylaling the garrier-ware with
tunc sigaals, bul the seme rezuit may be obtained at the receiver with much
less brothle.

By switching in the BF.OQ., working at, say, 1.000 cycles away tiom
the interniediate frequeasy, unimodulated signais prriving as LF. dots and
dazhes at the demodulator will be teteradyired by the oscillations senerated
hy the B.F.0. and, morzover, ihe heterodyne will be audihle since it iz a
l;iii)r;‘- cycles note. Thus, the 210, and 1.F. stages, wurk_ing in conjvnrti‘an
into the demodulating stage. dihe audle sigmds on C.W. with the added
» that the tone or nste mav be adjusted to snit {he ear simply by
tuning the BJF.O. and thus yvanng the heterodynz frejuney. The tuning
control may be pre-sel or may be prought out to a panc! coatrol, whilst
a switch controls the B.E.G. us a unit. The osciliations frum tpe BIF.OL
are fed directly to the demodulator through a very smail capacitance.

The detector or demodulaier is most ususty the comventional diede or
doubie diode, with fuil AV.C. arrangeraents, although ofhcr clrcuils are
sometimes used, especially in wnateur-built apparatus, The infinite tmpe-
dance Delector, wsing a triode with cathode foltower conncctions, is very
vseful as o detector, bul with his of any other special circults, somarate stages
are then necessary to give AV.C voltages, whilst it is passible for such
high efficiency in the Jast LF. tuned circuit to he obiained that the chanccs
of feedback and instability are increzsed.

The Noise Limiter, like the BF.O., is a selfcontained unit, and‘ may be
switched in or out of circuit as required. Several circuits arc av;lilabie,_ th:e
most common being a deuable diode biased in such @ nanier that‘ audio is
passed without interference.  Sudden pesks of noise, howeven:, rising above
audio level, are clipped to ihe level set by the biasing, and. in thc‘:_‘ase of
ignition and sirailar noises it is found that clipping the neise to i{le ln’zvel
of the audio signal in the headphones or loudspeaker cnabies the signal to
be copied without trousle.

The audip amplilving stage or stages of the receiver may be made to
provide facilities far the type of work it is Jdesired to carry out. In the_ﬁrst
place, both headphone and lovdspéaker outpui sockets shoutd bhe provided,
so that the demodilator should be foliowed by a lricde to feed tl_ze head-
phones and also the power ouiput stage for the londspeaker. Again, some
amateur operalers are juterested in recording {heir L'olntacts 50 that a cutt}ng
tead stage may be incorporated in the receiver, with its associated baiar‘ucmg
networks, and then a nicrophone pre-ampliﬁer is, in some cases, also enciosed
in the receiver cabinel with furiher provision for record playback. These
refinemenls are not usially reguired, however.

The guiling of the communications receiver, therzfors, mey be sh‘own
in block diagram as in Fig. 1, where the various stages are well .mamed.
1t is now necessary to review some special points in grealer detail.

In the first place, the construction of a communications receiver must
be most carefutly carried out, net only from the electrical but also from
the mechanical viewpoint, for comiplete rigidity znd stability are necess?ry.
Again, the mwultiplicity of RF. and IF s_tages rteces:sltat‘es‘very comniete
shielding to prevent feedback, and with this end in view it s usual to run
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Fie. 1. The Communications Receiver in Block Diagram,

ll.he HT] line at' a lnwf:r ;':otential than in a broadcast recelver. A 250-volt
ine is all that is required, so that 2 250-0-250 volt H.T. secondary ir
former may be used in the power pack. v frane
" SRir;_::e frequerl_cy drift in the veceiver would result in the misaligniment of
thﬁ réce,ivaer:’d a?-.ila"jtm tumll'llg, the power pack is often kept separate from
) . given a ¢ assts and screeniug cover of its ow
::o:d ten,larglﬂg the receiver cabinet it is also wise %o house the 10?1&5:2:1‘2:
parately. is posstble to incorporate tem
> I ture co ti -
densers in the oscillator circuit he e From 5 cupnt
1 5 . and to run the escillator from
R . a
line which is held at constant potential by a regulator, but these precaﬁ?nfrlly
needl not be taken unless a high degree of accuracy is required )
n a home-constructed receiver i )
. 1 d probably the most difficult part of th
g‘?:lir;n;n:et?:m;}mglf‘m that connected with the {uning arr[:ngement:
en the R.F. and oscillator tuning obvious] ; i
yet at the same time as great a coverage i b mocesm, et
e as possible is necessary and tuni
rr:u;t nn‘t] be‘ cramped. It therefore becomes difficult to nse c)(;mmer;:;i]g
';;02 coils smc.e these are chiefly designed to work in eonjunction with ya
E m.mfd' tuning Fondenser, whereas a 50 mmfd, to a 150 mmfd. capaci-
s:l:;g;stjnim;re 531tahle tnaximum capacity. By using home—made' coill}s a
ng condenser can he buiit into the receiver, but | i
ganging of the cails for correct tracking m e ey case the
. « ust be performed e i
:I?ﬂ‘iomlam’ good reception over the bands. One method of ovza?:;::;zntatﬁy
h:_]t cat;at?nzst;‘o use setpz;:'riate tuning condensers for R.F. and oscillator cirﬁuit:
is is suitable only on the highest fre :
of single-knob tuning confrol (a g o and sacrlfic
part fram a ban i | ] i
fice of but‘h convenience and simplicity. spreading device) is a sacri-
’_I"here is also the choice between band-switchin
cm‘ls!gere:cli Where a small receiver is Jesivable a
considerably in reducing chassis size, whilst &
nside ) i A st at the same time i
i\::(ihmgi systter;: a;d shielding arrangement is obviated, hut z)rcgmfé:;;tr‘:d
sive circuit hand-switching is preferable. | )
are fmally dealt with in a later chapter. Al these problems, bowever,
t has already been said that the LF | i i
I ! F. amplifier is the heart of t i
and the choice of intermediate frequency also requires some thougﬁlrecewer,

# and coil-changing to be
set of plug-in coils assists

image
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rejection is the real point at issue, and a note upon images may be helpful
at this point.

An image is caused by Jack of selectivity in the first tuned circuits of
a receiver, and thus image reception becomes more and more in evidence as
the signal frequency rises. Consider a converter or mixer stage working into
an L.F. amplifier where the LF, is 430 kes. It a signal to be reccived has
a freguency of 1 me., the oscillator, working as is usval on the Ligh side
of the signal, will feed into the mixer a 1.45 mcs. signal, so that the final
result will be the 450 kcs. heterodyne.

At ihe same time, however, a signal from a station on 1.9 mes. will
also beat with the oscillator an 1.45 mes. to produce a signal at the LF. of
450 kes.; or, from a second point of view, the original station at 1 mc,
will be heard first, when the osciflator is working on 1.45 mcs. and, secondly,
when the oscillator is tuned to 0,550 mcs, or 350 kes.

The possibility exists, therefore, with any superhet, of tuning in each
receivable station at two poeints on the diab.

Al the frequency of the station given as an example, 1 mec., the recep-
tion of an image is virtually impossible, however, for the selectivity of even
a single funed circuit is sufficient to prevent a 1 mc. station from feeding
through to the mixer when the first tuned circuit is set at 100 kes. as i owill
be when the oscillator is working at 550 kes., but the percentage difference
reduces rapidly as station frequency rises. For example, maintaining the
LF. at 450 kcs., a siation on 10 mes. will dive an image when the first
tuned circuit is set at 9.1 mcs,, the oscillator then being set at 9.55 mcs.,
and whilst admittedly the funed circuit which would pass a 10 mes, signal
when the ecircuit itse!lf was set at 9.1 mes, would be rather poor, the effect
becomes possible, and then pronounced before the 10-metre amateur band
on 30 mcs. is reached. Here the image reception of a 30 mcs. signal can
fake place when the first tuned circuit is set at 29.1 mes., and there will
be sufiicient transference in this case to give a strong image. (These figures
are given assuming that the oscillator is siilj working at a higher frequency
than the first R.F. ar signal frequency. Often, however, the oscillater works
at a lower frequency for reception of 10-metre signals—ihis consideration
does not, of cowrse, affect image reception, which is still possible.)

An ohvious solution to this trouble with image reception is to increase
the L¥. of the recelver. LF. transformers working on a freqguency of 1.6
mes. are obtainable, and will help considerably in reducing image recention,
whilst for a superhet to be used exclusively on the higher frequencies or the
very high frequencies, an LF, of 5, 10 or even 15 mcs. is quite common.
Increasing the LF., however, is only possible by eacrificing the coverade of
the receiver, for if signals in the medium-wave broadcast band are also to
he received, sav, on 750 kes., the LF. cannot, for obvious reasons, he much
greater than the usual 450 kes. or so.

A second solution to the prohiem of image reception is to use an LF. of
A50 kos. or a similar frequency and to improve the selectivily of the
¢ frant end '* of the receiver as far as passible, This is the purpose of the
R.F. amplifying stage, which improves sclectivity as well as sensltvity, aml
a regenerative R.F. siage gives even greater image rejection. For the
V.HF’s. the most convenient method of reception is to use a converter
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feeding (nto the main receiver,
: t when the 5-metre band a !
higher frequencies can he reéeived. nd signals at even

for 1?1: E};t:l ueset ok: .a co.!}-;nelrter thelsuperhet s changed to double LF. working,
o verter's ns.a.lilq.or works al a frequency separated from the signal
y S D.Ir. .10 mes. :‘\ funed transformer connects the converier to the
:f;iil;ez]h input termm_als, the receiver alsg heing tuned to 5 or 1& mes.,
whic u:s hQCOTeS tne first l.‘F. The freguency converter in the :main
eceiver t-.len furthier converts this first LE. to the receiver LF. of 450 ke
or £0, which hecomes the second LF. o R

With the choice of the intermedi
c ate frequency setticd, the controls of
:::t;{;g; al;lplllﬁetr may be]ccnsidered. Toe obtain variable selectivity, two
! at least are available, one being the use of vari it
riable selecfivity
:;‘ansft(;lrmers ar_1d_ the olk}er {o make one stage of the LF. amplifier rc-fcnera}‘
r;;énergtis:[]‘ectlvltybvar)'mg with the degree of regencration allowed " Sinze
may be controlled by simple means—a variabl istance
the cathode circuit of the wvalve invo! e etectivtty contro!
t ve involved, for example—selectivity control
is lreadiiltyha’vallab‘.e. w1thm.ft t}!e expense of special transtormers. TI};e l-cn‘slt‘zjﬂl
gate, with its particular circuit and requirements, is dealt with in Chapte'r 4,

A‘v.\ghilliagﬂeleitl..l?. amplifier feeds inte a conventicnal diode detector and
e (;n the, i 1s.tgen.;,‘rally found that one or two disadvantages are atten-
™ - cireuit. he B.F.0., for example, cannot be used when the
V.G ine is operating, for the local oscillator {hen feeds into the A.V.C
circuit and thus ‘a‘ffec't,s the biasing of the A V.C. controlled stages A't l'he:
f:n‘}ectlme, t_he S meter is generally switched out of circuit when the
N.C. line is switched out of action. These cffects can he remedied if
a rather morz elaborate detector and A.V.C. circuit is arranged F(:r
fxamp!e, by using one side of a double triode as a detector of the fnﬁnite
:;rll:)eda.nce type, taking dLEc precautions over the LV, feed if necessary, the
gnderastldt; :fsgt:fedtoi:?le tttnor.]lae 1:‘11(a)y ‘Ee used with great success as the B,IF G
d, time, 1e B.F.O.-Detector coupling problem i for
with both val\fes.m the same envelope the cougling 1L.; provid:& S\gil:;i(:; tflo;
valve.. Also, it is then possible to tap the A.V.C. rectifier into th II:'
ar!'lpllﬁer ahead OE. the detector, with the result that the B.F.0. ma b: u:;e-:i
with the A .V.C. either off ar on, just as is required. Again, .th.e “ é " meter
Lr:)a::ﬂl;ﬁﬁ;ox;{;ect:;d.ixn‘-}t Cto lfhe I.E;l. or R.F. stages of the set, but to a ;fa]ve
-V.C. line an sek apart for meter operation, this v
:-’:‘i:gigv :ror:)t:ec;zi t;)h :h?“;'Y'C' :metrhether it is switched i to control atll‘:z
meter then giving its indicati i
This meter-controlling valve may be comhine%l with th?it%f.CatrZi]liF:;Teﬁ;
the ft.:vrm. of a double diode triode or & double diode pentode Ithus ki
the circuit less extensive than might at first appear. ' e
It will be seen, then, that the communications receiver ma
en, - | tak.
]l;oerr;'lj;t ]-?:fet,?a:, i:’;‘tjutind:;aﬂ? ?Ind the more important of these };eatufe:n 3:[11);
L e following pades. QOne particular function of the
receiver n.mst first be noted, however, together wi jal 3
and circuits used—the use of the receiv:'r with tI:Z ;f;r?a:gﬁ:]::;;ﬁ?ﬁ:?ems
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CHAPTER 2
THE RECEIVER AND THE TRANSMITTER

Where the communications receiver is used alome, the © Standby
switch is probably never touched, but te the transmitting amateur it i3
possibly one of the most-used controls, The Standby switch cuts the H.T.
supply from either the whole or the R.F.-LF. portions of the receiver, whitst
leaving the valve-heaters on so that the set is ready to commence work
again as soon as the switch is thrown. It is obvious that the transmitter and
receiver cannet work in the same band together unless seyeral precautions
are taken, and, so far as 'phone operation is concerned, the chief precaution
is to open the Standby switch as soon as the replying station has finished
a call. The transmitter’'s Standby switch is then closed, so that at no time
does the set receive a signal from the transmitter of its own station.

Even so, the input circuit of the receiver is still open to receive applied
power from the transmitter, and in a high power system, with receiver and
fransmitter tuned fo the same or adjacent frequencies, it is still quite
possibie for a high current to flow in the input or first tuned receiver circuit,
a current sufficiently high to cause damage,

Where the receiver is connected to the same aerial as the transmitter, it
will ohyiously be necessary to arrange for the aerial to he switched from the
receiver to the {ransmitter when a transmisslon is to take place, and if, as
is usual, relay switching is used for this purpose, it is a simple matter 1o
arrange o further relay contact to short out or ground the receiver’s input
sockets. When a separate aerial is usedd for the receiver, however, so that
no aerial-switching is necessary, the receiver’s input sockets should stiil
be earthed or short-circuited, and in some stations an adaption of the
b press-to-talk * method of switching is used, a press-button on or heside
the microphone operating relays which, when the button is depressed and
held down throughout the convarsation or call, switch off the receiver,
render its input circuit Inoperative and then apply power 1o the trans-
mitter's anodes for the transmission.

Tt is advised, however, that the same aerial be used for both transmission
and reception, especially when a beam or directed acrial is in use, for it is
aseless to make an effort fo direct transmitied power over a considerable
distance if the receiver is not equally well served. The aerial switching relays
can then perform aft the necessary gperations by a simple extension of the
Standby switch, so far as the receiver LT, line is concerned, with a contact
reserved for the receiver’s input circuit, and the relays should be so arranged
that switching on the transmitter automatically protects the receiver.

An exceplion to the use of one aerial for both transmitter and receiver
must Be maide, of course, in Duplex working where two stations, generally
Jocal, have transmitter and receiver working together, the call being more in
the nature of a telephone conversation, since both operators are able to
work at the same time, giving question and answer without interruption,
in this type of work it is generally arranged that one transmitter shatl be
separated in fresuency [rom the other by practically the width of the 'phone
batd, so that in each location the receiver is tuned to a frequency widely
different from that of the transmitter. Then the teceiving and transmitting

- )
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aerials should he as well separated as possible, and, since the distance
:&:v:roestl“;fie‘usuaﬂy not great, the transmitter input power is reduced as far
Again, a special arrangement is required for break-in workt ook
working will probably become even more popular now“?llll::;ngt:r:ei'gr"iilt?l;
amateur is reguived to work C.W. for the first year of his licencé and ‘fas
m"f':h to recommend its adoption. By working with break-in, C.W ,U‘EI'ation
dains characler much as personality is given to a'cuntac’t on -’p}?one by
Duplex working, for one station can break in on the signals from ifs ¢ n}r
tacting station, questicn and answer can -be passed back and forth rlfe ot‘
of uncopied or bad characters can be requested at the moment of oa:’curfee;cs
and, perhaps more important sti!l, each station has a check at all times ef
QRM or interference on his own frequency, since even if the stations 9
working at differént frequencies such information can be passed from e
station to the other without delay. one
The requirements of break-in C.W. operation are i i
controlled by the transmitter at each depregsion of the kT;.t {l‘:fillr:tui];: lrk y
at the transmitter is down, forming a dot or dash, the receiver at that stat'af)r
musf be dead, but immediately the key is up, even between characters ihz
receiver must be in operation. This means that the second transmitte lI'n
interrupt the first by merely holding down his own key, since the;-; he \:ﬂ: ]E:l’)’
heard as a note or tone in the receiver al the first transmitter with ev r‘
break in the tramsmission at that station, which then ceases to send eci
senils a code group to signify readiness to teceive. Separale aerial '
usually used for transmission and reception. s e
Al each station, {herefore, the key controls a relay circui
creuits breing arranged to the favourite scheme of the ;rpz:‘;i:i‘t,b:?ec: C;:?l
of keyirg the transmitler, earthing one aerial and controfling the recfi ;
The relays, moreover, must be quick and quiet in cperation. e
At Lhe same time, however, a monitor is required in order that the
o?crato_r may check his own Keying in his headphones, and the receiver at
Lis Stai‘lOﬁ sy be left sufficiently operative to give him the sound of his ow
Eransm:tted signal, Probably the simplest method of achieving this resulI:
is Lo switch in extra Masing into the R.F. stage of the receiver which
although its input circuit is shorted ang there is no aerial connected to c't,
will still be able to receive signals from the transmitter at its own qtatiolr;
The bizsing switched in to the receiver’s first stage should have a lman ai
contral, so that the operator can set the volume of his own sign 1“'
balance with that of the contacting station. gnat In
The use of a high biasing potential on the R.F. and sometimes alse on
the ‘I.F. stages of the receiver is not confined to break-in C.W. operation
f::ll’ it can be used also on straight C.W. or telephony transmissio.n to enab]é
the receiver to act as the station monitor or as the method of rendering the
receiver inoperative. The Standby switch, for example, instead of breakin
the main H.T. line to the receiver, may connect the A.V.C. line from thﬁ
R.F. and LF. stages to —30 or — 40 volts of bias, obtain.ecl’ from batteri
or from a small biasing unit in the power pack. =
Some methods of aerial-switching a itter-recel
o e s detail_g. nd transmitter-receiver control can
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Aerial-Switching

The control switch which transfers the nerial feeders fram the receiver
to the Lramsiniiley and vice vovsd may be manual ov relayv-cperated, and
when oiner civonirs =re fo be clused at the same time velay operelion is
advisai'e. Coe contirol treiton of switch can then control sevaral reayvs, for
in a pico power system the acrial feeders should have their own separate
relay and contacis mounted ol of harm's way. Specially designed aerial
relavs ora oblairehle commercially.

One ingepioss methsd af aeriabswitching should be nated, however,
which calls for transference ol ferdors from one scl of connections to
anctaer. Ha wse i3 realiy confined fo the higher freguency systems, where
welensth feedsr is of convenient size. Refercnce to the Bernards’
taeh i ahow L a qunrter-wave ling af two-wire feeder bas a
nee al ome cnd of the line, with a high fmpedznce at the other.
Such a Kae con therefes o be switched into the wain acrial feeder in a manner
that presonta a proctica hnit cirenit to the reeeiver, and devices based on
this principte were widedy vsed in cerlain radar gear. It is also possible to
use gas-hlicd tubes—Geon or argon tines or gas trindes—as the shorting bar
seross an zerizhmatching stub when tite transmitter is coupled to the aerial
thwowsh socie o dev The gas-flled tahe will glnw when the transmitter
is swilched on, thus shoritag the sigh and matching in the transmission line
fo the zerial. hut when the trauwsmitter s awitched ofl the tube is extin-
gulshed, ihe shovtadredit hecomes & kish impedange and a further quarter-
wave Tz from the ends of the matehing st to the receiver will then transfer
aedial power to the receiver’s input circuit. These systems, however, are
raconveniional. and manual or refay aerial-switching is far more common.

The transmitier is coupled to fie merial via an aerial tuming unit, and
{he switching may or may 1ot include this unit. The feeders may be switched
from the aevial tuning unit to the receiver, a sepavate otrial tuning unit
may be used at the receiver or the aerial tuning unit may he connected to
the feeders permanently and Lhe unit itself switched from transmitter to
receiver. The sysiom te he ool depends on the requirements of the gear
in relation 1o the asvial bef fae simplest method is i employ a switch which
ses the fesders from fhe transmitter’s aerial tunmer straight to the
recelver, as shown i Fig >,

ff wiatching heiween the feecers and the regeiver’s input circuit is
recnired, it can be ohtained by using a unit as shoun in Fig. 3. The final
Al of such a unit must he made experimentally to suit the receiver,
the hist point heing that the lines from unit to recciver imust always be
tanped to the main coil in balance—that is, the two taps must always be
an equal number of turns on either side of the centre of the main coii.

a guarte
Aerial 1

loaw imnes

Components List for the Recelver Aerial-Matching Unif, Fig. 3.

Ct, 100 mmfd. variable. Raymari VC100X.

1.1, 12 turns 15 S.W.C. spaced on 137 diam. former, wind-
ing gapped al cenire tor L2.

w2, 3 turns 18 S.W.G. between halves of L1.

Small chasgis and tuning knob, Clips.
{To covar 14 m¢. band)
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/’.'
SWITCHING KEY.

TO RECEIVER. TO TRM’ESH.ITTER TUHER.

Fui 20 Averial Switching Kelay Svsioni

When the switching is performed by a relay, other relave conirolied by
the same switch or press-button being used for switching on the transwitter
power, shorting the receiver input, etc., sume consideration must he given
to the consumption of the relay coils and the scurce of activating peower.
One commercial aerial relay (made by Londex, I.td., who can oifer varipus»
makes and types of relays} requires 3 v.a. for the coil. Different makes of
relay, however, will have widely vacying demands on the energising source,
so that where several relays are to work as a team they must he chosen

AERIAL SWECH.

———o
RECEIVER [NPUT.

L 4

Froo 3. Keveiver—Aerial Matching Unit,
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ta have similar coil ratings. Low resistance relays may be driven from a sia
or twelve volt accumulator battery, the coils being connected in series ov
parallel to give a suitable total resistance, but the batlery miay be replaced
by a simple power pack giving, say, 100 volts D.C. if high resistance/low
current coil relays are used. In either case the relays should he D.C.
operated 1o give positive action without any chance of chattering of the
contacts which might occur with A.C. energisation. A.C. relays are, of
course, obtainable, but the D.C. type are lo be preferred.

It is by no means beyond the limits of the home workshop to adapt oid
relays {0 new uses, the best source of old relays being a car-breaker’s yvard,
which should always be able to supply old car cut-outs.

The complete system for C.W. break-in operation shown in Fig. 4 shows
how a single D.P.D.T. relay can be used for simultaneous operation of both
transmiiter and receiver, and will serve as an example fron which other
systems may be derived. Natvrally there is no aerial-switching from one
piece of gear fo the other in this system for, as in Duplex 'phone, a separate
receiving aerial is used. This aerial must be earthed, huwever, along with
the aerial input socket on the receiver, whilst at the same time a high hias
is applied to the first R.F. stage of the receiver, the blas being controiled
by a potentiometer in order that the transmitter at the receiver’s station can
still be heard. Note that the relay contacts should be so adjusted that the
receiver is off, with its aerial earthed, a fraction of a second before the
transmitter is keved, and that the transmitter is switched off just before
the receiver comes back into operation.

it will be seen that the key is in the relay coil circuit, so that a high
resistance relay will give a low keying current with less sparking at the key
contacts, but a key filter is shown in circuit. The relay contacts which
*“ key "’ the transmitter should be connected in circuit at a suitable point
to give good working, in the negative supply lead to the crystal oscillator,
for example.

. \
Fro. 4. RECEIVIKG AERIAL

A Dreak-in Systen:,
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Components List for Relay System, Fig. 4.

K, ! hev.

I?APL., R.F. Chokes, as Eddyslone 1022.
c, 001 mfd. 500 v.w. Non-inductive.
R1, 0.5 megohm. Volome control.

Rr, Receiver's volume control.

Ry, D.P.D.T. relay.

ng :;1: ﬂ:]\: V?Iume contrel, operative only on the transmitter af the receiv-
g \-o,k :;‘ e mounted exfemally to the receiver. This break-in sysiem
; vork when the two stations in contaci are on different or the same
requencies, .
the ;‘tt;idr;:}?\;isif:nhotj a high bias line in the receiver, to which is connected
witch, is a matter of iver desi i
detall In Losey s, receiver design and thus appears in more

CHapTeRr 3
PRACTICAJ, RECEIVING CIRCUITS

It_ is the purpose nf this chapter 10 show some of the stages and circuits
us_etii in a communications receiver, not only that their method of working
hmelg 1;1 b:. bf:tter understood but thak the amatecr with a small receiver may
wit; t;e ::,lirrl;mpwam one or more of these slages, thus improving bis gea}
o - ml.nn of tr9ub!e and expense. An R.F. amplifying stage might

]mser e:_ b_etw.e?n aerial and receiver, for example, thus acting as a pre-
selector “."th mdulndua] tuning, or a siage in the LF, amplifier might be made
regenerative to give a degree of LF. selectivity conlrol and extra gain.

The R.F. Stage

, n:ﬂtl;ei{ffl’f :taie of a‘commltj'ifcatiuns receiver is required to carry out
froqucney. fh tas 5. {t is reguired .to amplify the signal at its original
e ¥, un? as-.,.hfirply as possible in order that image rejection shall

.l?_. and the selectivity of the seceiver as a whole shall be enhanced, it
conf.lams, as a stage, the firat gain control of the receiver and it must \-w')rk
at a.:II‘ the freq.uencies for w-hich the recefver is intended.
the gat;: faar:}?hﬁ;_:ahon ohlaited fr?m an R.F. stage varies with frequency,
d.{.]es o E!ﬁim.g JS the {reqmency rises, .'?nd at very high frequencies not only
e Circu[:tic]r;c,ﬂ:)f kh? ﬁ'{st tuned circuit fall, but the leading preserted
R nl1 *yth e vaive increases rvapidly. The valve to he used in the
m’en‘tql_gcof 1.15.I e.re.fore.he ch_osen to suit one particular set of require-
a]]-rr:.un(:] res?:?i- IC’;\\E\-‘CI’,'IFI their pentode ranges, give probably the best
Eopiound resd :l’ ut it sl}suld be remembered that at least three charac-
thrtx ;e inder comparistin when an R.F. valve is to be chosen. These

. E(:[l;: a}fauenshcs are the Sigral-to-Noise ratio, Seiectivity and Gain.

hr;adlyea;aTRveFt;.-f)es which mi'ghi_b_e used in an ILF. stage can he classed vary
DA .F. entf)des, Ti:levisicn Pentedes and Acorn Pentodes. Where

ctivity is not so importacil, the Television Pentodes give high gain with
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guiet working, but where selectivity is the first requirement an Acorn should
be used. The selectivity of a Television Pentode stage can e improved by
making the stage regenerative, however, the renegeration being controlled
by the usual manual gain control in the valve cathode cireuit,

In Fig. 5 is shown a regenerative R.F. stage. Feedback between the twe
tuned circuits provides the regeneration coupling, and the two circuils should
be screened from each other in order that feedbuck shall remain under
control. The pre-selector is not used nnder conditions of actual oscillation,
of course, but the cathode conlrol is advanced towards the oscillating point
for greater gain and selectivity, whilst an initial conirol over the feedback
is exercised through the anode tap on to the anode coil. .

The pre-selector showa in Fig. 5 is more suitable for use with an existing
receiver than for incorporation in a communications circuit, however, if for
no other reason than that an untuned anode stage is preferable to enable
the R.F.-Mixer stage coupling to be arranged easily, but a simple RV, stage
such as is shown in Fig. 6 can still be made regenerative by arranging the
wiring in such a manner {hat a stnall degree of feedback from ancde to grid
circuits is obfained. Such wiring arrangements must be made experimentattv
in order that the correct feedback is applied, and the notes on the regenera-
tive L.F. stage may prove helpful in this respect.

Y

250V,

L3
L4

L2

~11
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AE

AE -
C2

Fra. 5. A Regenerative 1U.F. Stage
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Components List for the Regenerative Pre-Selector, Fig. 5.

g;, g,;, 40 mmfd. tuners, ganged. Raymart VCAOX.
Rl, , 0;01 mfd. 350 v.w. Non-inductive.
. 150 ohms, § watt,
R2, 5,000 ohms, variable,
gg, {For 4 volt operation) 33,000 ohms, 1 watt,
Vl . (For & volt operation) 62,000 ohms, 1 watt.
1, SPAT for 4 welt operation.

| Internationsl 185}31 for 6 volt operation,
rhational or Mazda octal chassi i
Small chassis, with valve and coi} SE?Z}ZS‘MOHHHDE valveholder.
2 coil-holders, Eddyvstone 964,
Coupler for C1, €5, Eddystone 529.
Slow-motion drive,
Knob for R2,

NOTE{.—CTU obtz;in bandspre:_ad tuning, use in place of C1 and also in place
of C4 a2 3-30 mmfd, trimmer, adjusted for bandset, and tune with 15
mmid. tuners, Raymart VC15X, ganged.

Coftls, for amateur band coverage.
L1. 3.5 mes. 10 turns 22 SW.G. enam. close-wound befow L2,

7. 5 .. . N
1 ‘, 3 0 o . " .
28 . 2 . . .. . P
L2. 3.5 mes. 55 turns 22 5. W.G. enam. wound,to lengti;' of ],i"
7 L] 24 " 20 * 2] li”. .
14 - 12 ., . s ) LE] r n ERd ]__”‘
- £

tpS.fol;tlé gsr:..cl, IéZt Tap L:fi, as testing points for further trials, at 8 t.urns
. 8., u :
o 35 s rns up for 7 mes., 3 turns up for 14 mces., and 12 torns

All coils on 13" diameter forms, as Eddystone 537.

Components List for R.F. Stage, Fig. 6.

Cl1, 40 mmfd. Bandset. Raymart VC40X.

cz, 15 mmfd. Bandspread. Raymart VC15X.
C3, C4, C5, 0.01 mid, 350 v.w. Non-inductive,

R1, (For 4 volt operation} 33,000 ohms, 1 watt.
R1, {For 6 volt operation) 62,000 ohms, 1 watt
R2, 150 ohms, } watl. ' ’
R3, 5,000 ohms variable.

Vi, SP41 for 4 volt operation.

1852 for 6 volt operalion.
II]M?z;a ;)r .In]ternational octal chassis mounting valveholder
.1, L2, Aerial input and first tuning coils.  As coils f F" 5
coils already fitted to receiver. C1, C2 - ubstituted by con.
. s , ma it
e e y also be substituted by con-
L3, primary of R.F. transformer, coupling into second stage or mixer,
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Fro. 6. A LY. Stage.

Obtain regeneration by small stray capacity, C5, shown dotted in Fig. 6,
or by running teads to C1, C2, near o tumed clreuvit leads of following stage,
thus obtaining a small feedback in correct phase.

The Frequency Converier

1f the receiver is to be kept small and inexpensive, it may be permissible
to dispense with the R.F. stage and to feed directly inte the frequency con-
verter stage, provided that some method is used to improve the image
rejection of the input stage, Here again, however, the frequency converter, or
mixer, can be made regenerative by the use of a conventional grid-anode
coupled coil system, and the amatews requiring a small receiver with good
selectivity would do well %o test cuch a mixer against a straightforward
circuit. The regeneration control is a variable resistance across the anode
coit and is used, naturally, so that at no time does the mixer actually
oscillate, It is difficult to aveld a slight de-tuning effect on the first tuned
circuit as the regeneration contrel is used, but the advantages consequent
on the circuit outweigh the slight disadvantases.

Moreover, in a receiver sufficiently simple to use no R.F. stage, the
ascillator and input tuning may quite satisfactorily be separately controlted,
with tracking maintained not by trimming and padding methods but through
the tuning, tracking thus being under control at all times. In such a receiver
a slight tuning shift in the input tuned circuit will be of no consequence,
and a regenerative mixer, using a triode-heptode, is shown in Fig. 7. A
peatagrid converter may be used in the same nanner, although when using
a valve of this type it is advisable to inject the local frequency from a second
oscillator, vhose circuit may be the conventional triede osciliator, this type
of frequency converter proving more satisfactory on the high freguencies.
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Components List for the Regenerative Frequency
Converter Stage, Fig. 7.

C1, 4, 60 mmid, tuners. Raymart VCBOX.
C2, €3, C5, 0.01 mfd. 350 v.w. Non-inductive.
Cé6, 8 mfd. 350 v.w. Electrolytic.

C7. 0.1 mid. 350 v.w. Non-inductive.
C8, 0.0001 mfd. Mica.

R1, 10,000 ohms, variabie.

R2, 220 ohms, & watt.

R3, 47,000 ohms, § wait,

R4, 15,000 ohms, 1 watt,

R.F.C., K.F. Choke, Eddystone 1010 or similar,
Vi, ACTH1 for 4 volt operation.

6KR for 6 volt operation.
1 Mazda or International octal chassis mounting valveholder.
Slow-motion drive for C4,
Knobs for C1, R1.

Coils, for amateur band coverage.
L1. 2.5 mes. 10 turns 22 $.W.G. enam, close-wound, above L3,

L2, i1 " 12 2z 2 Y} I 1 below L3.
L3. " " 45 "” " ) 7] 1%” ]Ong.

L4' " " 40 L& » " 3 *

L5. v “ 15 ., . " close-wound, below 1.4,
L1. 7  mcs. 6 tarns 22 SW.G. enam. close-wound, above L3.
Lz, . . 8 . " " " below L3.
L3. 31 " 22 s 18 r " 1%” long.

L4' E) " 17 ”n »r n * L]

L5. v 1 s , 22 " .. close-wound, below L4.
L1. 14 mes, 5 turns 22 $.W.C. enam. close-wound, above L3.
L2, . ' 8 , . ,, . . below L3.
L3. L 1 10 " 18 " ' 1" long.

1‘4‘ » ”r 8'5 I *r *y e *

L5, . = 5 , 22 ., close-wound, below L4,
Li. 28 mcs. 4 turns 22 S.W.G. enam. close-wound, above L3.
L2, #7 1 2 1} [T} " " ] bhelow L.3.
13. » " 4 " ig ,, 2 1~ IOI‘Ig.

L4. " " 3.5, . " " "

L5. " - 25, 22 " ., close-wound, below L.4.

All coil sets wound on 13" forms, as FEddystone 537. Separation
between coils approx. 17 (between L1, L2, L3 on one form, and between
L4, L5 on second form).

The L.F. Amplifier

When an intermediate frequency of approximately 450 kcs. s chosen,
two LF. stages will give as much gain as can be handied and, providing that
iron-cored LF. transformers are used, selectivity will he good and image
rejection at a high ratio until the 14 mcs. band is reached. An R.F. ampli-
fying stage between the converter and the aerial will, however, keep the
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Frg. 7. A Regenerative Frequency Converter

image rejection satisfactory up to about 20 mes., whilst on the 28-30 mcs.
amatenr band reliance must be placed on the extra rejection obiained by
regeneration in the R.F. stage.

Variable selectivity in the LF. amplifier is achieved, as has already heen
seen, either by the use of special 1F. transformers with variable coupiings
between thelr primaries and secondaries, such couplings being controlled
eitber mechanically ov electrically, or by making the L.F. stage regenerative.
lhe regeneration controel heing once again in the valve's cathode lead.

Since variable-mu valves are almost always used for LF. stages, in order
that they may be affectively controlled from the A.V.C. line, this type of
regeneration control gives very good resulis, although it must be realised
that the percentage of regeneration over the stage varies with the signal
heing recelved, so that selectivity is rather less on a strong signal than on
a weak one.

Only one stage of the LF. amplifier is given variable selectivity by
regeneration, the first stage, that following the frequency comverier, usually
being the controlled stade.

It is, perhaps, simpler to introduce regeneration into an [.F. amplifier
working on 450 kes. than inte a stage with a higher intermediate frequency
of, say, 1,600 kcs.—and, at the same time, maintain stability over the whale
amplifier.

If a crystal circuit s to be wsed in the LF. stage, several different
degrees of selectivity can he obfzined, but in this case it Is wise fo use
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variable selectivity transformers rather than a régenerative 1L.F. amplifier.
The Crystal Gate, however, is fully dealt with in Chapter 4, and the remarks
concerning LF. amplifiers at this point refer %o rereivers where no crystal
is used.

The sharper selectivity curve of a cegenerative LF. stage has a pro-
nounced effect nn C.W, reception, when using the BF.O. A bread LF.
curve viorking against the B.F.0., with the signal tened centrally on to
the LF. curve and the B.F.0. set to give, say, a 1,000 cycles heat noke,
will allow the signal to be heard in a varying range of pitch, whilst an
interferng signal, breaking through the first tuned circvits and producing
a second signal in the I.F, ampiifier a few kes. off resonance, will produce
a second beat note which may be at the same audio frequency as the desired
signal. To prevent this type of interference, the LF, curve is sharpened
to dive Single-Signal recepiion, Whilst true Single-Signal reception iz really
obtained by the use of a crystal gate, a very good approximalion to this
working condition can be achieved hy introducing feedback into the IF.
stage,

The sharper curve given to the LF. response allows the desired signal
to be heard beating against the B.F.0. at only one point, so that the change
of pilch with tuning is not observed. At the sane time, unwanted signals
which may break through the first tuned circuits will he rejected by the
LE. amplifier. and the result is that wherens, formerly, a signal could be
heard on either side of zero beat, with single-signal reception the signal will
be heard on only one side of the zero beat point, the response on the other
side being so far down as to make the signal either very weak or inaudible.

Introducing regeneration into the LF. amplifier is a very simple matter
since once again all that is required is a small capacity between the giid and

.4
RS I 250V,
LET.

TO AMG. LINE.
Tz 8. A Regencrative 1.1 Stage.
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annde circaits, In a really stable stage a small trimmer condenser can he
used, with the top or moving plate freed from the adjusting screw and bent
up ab a sharp angle from the botlom plate so that the final capacity of the
arrangement is very small, Dut il is also possible to oblain the effect by
running a wire from the grid circuit close to the anode circuit, clipping the
wire down to size uniil redeneration is at the correct degree.

I a single-ended valve is used, such as an EF30, the small capacity can he
arvanged belween the grid and anode sockets at the valveholder, but when,
as is more usually the case, a top cap grid valve is used, the capacity can
be arranged between the secondary of the input LF, transformer and the
primary of the output I.F. transformer,

H is wise to reduce the gain of a regenerative L.LF. stage by running the
valve at a higher bhias. By this means, selectivity is increased and the
chances of overloading the stage reduced, whilst at the same time there is
greater regeneration control.

A regenerative LF. stage is shown in Fig. 8, and it will be seen that it
follows closely ordinary practice. It will be seen that the introduction of
regeneration makes no difference to A.V.C. control on the stage.

Components List for a Regenevalive I.F. Stage, Fig. 8,

ci, 0.01 mfd. 350 v.w. Non-inductive.

Cz, C3, C4, 0.1 mid. 250 v.w. '

R1, (1.22 megohm, } watt, or to suit whole A.V.C, circuit,
For 4 volt operation :—

R2, 10,000 ohms, 1 watt,

R3, 68,000 3 .,

Ra, 330 . 'e

R5, 25,000 olums variable,

Rs, 2,200 ohms, } watt,
For 6 volt operation:—

R2, 33,000 ohms, & watt.

R3, 22,000 , %

R4, 330 w3 o

RS, 25,000 ohms variable,

K86, 2,200 ohms, } watt,

ILF.T.1, 2, 465 kcs. Iron-cored transformers.

Vi, VP41 for 4 volt operation,

65K7 for 6 volt operation.
1 Mazda or International octal chassis mounting valveholder.
The feedback capacity, CF, is not included in the parts list.

The Detector and A.V.C,

The diode detector or demodulator needs no explanation since it is
such a widely-used circuit, but the alternative detector most suited by its
characteristics for use in a communications receiver, the infinite impedance
detector, is shawn in Fig. 9.

The detector does not impose a load on the tuned cireuit to which it is
connected, so that selectivity {n the final tuned circult can be kept high, this
condition depending on the fact that the load resistance of the circuit across
which the audio veltages are developed is in the cathode lead, giving high
negative feedback. The anode current is very low, rising with signals, so
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Fre. 8. The Infinite Tmpedance Detoctor,

that in no circumstances can ithe grid become positive with respect to the
cathode, with the result that grid current cannot faw.

:l‘he high negative feedback gives excellent quality, and whilst na ampli-
fication is obtained from the valve, as is the case with other ' cathode
follower ™' circuits, this defector is well worth using when the receiver is
o he used for programme work as well as for amateur contacts,

A filter network should be included in the anode supply line to prevent
any chance of hum appearing in the output from the detector.

. A separate valve must be used for the supply of A.V.C. voitages, but
lhl_s is often an advantage in the communications receiver, for the ::.ep’araie
AV.C. valve can then be tapped into the LF. amplifier at a point where
the response curve is beoader than the final response at the detecior end.
This method of A.V.C. feed is sometimes emploved for one diode of 3 double
diode, but here care must be taken when a crystal gate is introduced into
the LF. amplifier, for if one diode is tapped into circuit before the crystal
and the second, employed as a detector, follows the filter, a small capacitance
between the diodes of the double diode valve will be connected actoss the
crystal gate with some slight loss in its efficiency,

An infinite impedance detector gives excellent resulfs when following
a crystal gate,

Camponents List for the Infinite Impedance Detector, Fig. 9.

C1, 0.0002 mfd. Mica,

ca, 0.1 mfd. 350 v.w. Non-inductive.

C3, 0.5 mfd. 350 v.w.

R1, 22,000 chms, } walt,

R2, 150,800 ohms, & watt,

R3, 0.25 meg. Volume control.

Vi, MHL4, 224 v., ete., for 4 volt operation.

» ) 6C5, 6]5, etc., for 6 volt operation.
1 British 5-pin or International octal chassis mounting valveholder.

24

—

When 2 separate valve is used for A.V.C. it may be either a diode,
limited to the one operation of supplying the control voltage to the receiver’s
AV.C. line, or may be a double diode triode or pentode, the mazin section
of the valve being fed frem the A.V.C. voltage at all times and having the
8" meter in its anode circuit, the " § " meter thus being freed from the
usual limitation of working only when the receiver has the A.V.C. switched
on. If it fs desired to use a diode as a simple A.V.C. supply, a purely con-
ventional circuit is used, but when the full advantages of AV.C, and * 8§ "
meter are to be taken, the circult of Fig. 10 is capable of giving excellent
results.

It will be seen that the anode current of the pentode section passes
through the “ 5 ™ meter so thal a shunt resistance, R7, must be provided.
Where a meter is used in this fashion it reads ' backwards "'—that is, for
“8§ " zero the pointer is set to Full-scale position, the reading decreasing
with increasing signal strength, since increasing signal strength places a
more negative bias on lhe grid of the meter pentode, thus causing the anode
current to fall,

In commercial receivers the meter wsed is arranged to have the
no-current zero position at the right-hand side of the scale instead of at the
conventional left-hand side, but a simpler solution for the amatewr con-
structor is to mount the instrument upside down, so that with the current
switched off the pointer is at the right-hand side of the dial. With the
current adjested to give full-scale defection, or ** 5 ' zero, the pointer will
then be at the left-hand side of the scale, increasing signal strength bringing
it across scale from left to right in the usual manner. This, of course, means
that the instrument used for the “ S 7 meler will require recalibration in
order that the inverted scale will read correctly, but this will be necessary
in the majority of cases.

The A.V.C. line, in Fig. 10, is shown provided with a switch to give
AN.C. On and Off. If desired, however, this switch can be expanded to
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Fig. 10. A V.C.and * 5' meter Stage.
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give AV.C, Fa‘st. AV.C. Slow, and A.V.C. Off, the Hme constant of the
resistanl;:e-capmtance combination C2, R2, being made variable by providing
more than one recgistance in the R2 position ing
hown e po: » such an arrangement being

A stow AV.C. action is desirable when the receiver is t

programme transmissions, and is also useful for use on C.W. rraﬁZn:z‘:?m?:
A fast A.V.C. action, when code is being received, will tend to give ﬂuctua:
‘l!ons of the noise level between the code characters, but a slow action will

hang. over " between the characters so that the A.V.C. is uszble in that
case with C.W. transmissions. A fast A.V.C. is also useful on rapid fading
ho“i':ver, so that if two positions are provided as in Fig. 11, the s!o»:r
rl"::ist]::c:smg a 1 megohm resistance, the fast position using a ¢ megohm

The A V.C, diodes are shown as being fed throu
) gh a small condenser
from the anode of the last LF, amplifying valve, so that the A.V.C. is taken
off before the B.F.O, has effect, but a5 has already been shown, the diodes
may be connected in at a previous stage, )

Components List for the A.V.C~" 8§ Meter Stage, Fig. 10.

1, 50 mmids. Silver Mica.

c2, 0.25 mfd. 350 v.w. Non-inductive,

C3, C4, C5, 0.1 mfd. 350 v.w, Non-inductive.

R1, R2, 1 megohm, 3 watt.

R3, 750,000 ohms, } walt,

R4, (For 4 volt operation) 330 ohms, 1 watt,
R4, _ (For 6 volt operation) 390 chms, i watt.
R5, 68,000 ohms, § watt.

RG, 4,700 ohms, 3 watt.

R7, 100 ohms, variable, wire-wound.

M, 1 mA. Meter,

S1, S.PD.T. AV.C. On-Of.

Vi, - DDPen for 4 volt operation,

- 6BBG for 6, volt operation.
ritish 7-pin or International octal chassis mounting v
alveholder,
Or, for the two A.V.C. speeds given by the circuit of Fig‘:i 11,

R23, 1 megohm, 3 watt.
R2b, 470,000 ohms, § watt.
81, S.P. 3-way.

A.V.C. Controlled Stages

No matter by what method the A.V.C i i
-V.C. voltage is obtained, there still
arises the question of the number of stages to which A.V.C, shall he are lise:i
and which stages shall be chosen for control, ' priec
Here, again, the matter is largel i
.. ., Here, s y one for individual choice, and if th
8" meter is fed from the A.V.C. line direct via a pentode, in the manne:
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F}(‘: i A variz;ble A V.C. arrangement.

just shown, considerahle latitude in the choice of the stages for condrol is
possible. If the receiver is to be used for programme work on a local
station as well as for distant contacts and listening, the local station will
call for a fairly high number of controlled stages to prevent overloading, but
if there are no strong signals at the receiver location, then control of two
stages only in the receiver will he satisfactory.

In the first place it is wise to leave the R.F. stage uncontrolled, in order
that it may work ““ full-out ' and since this stage has the first manual controd
in its cathode circuit, it should be possible to prevent overloading of the ~
input stage by the use of this control alone. The R.F. stage, therefore, will
he left free of control, which may be applied to the frequency converter as
the first valve in the controlled chain.

IE control is also applied to the first 1.F. stage, leaving the second stage
clear, these two vaives, converter and first LF., should then exercise sufficient
control over the rest of the receiver for all ordinary purposes.

When the receiver is to be used alongside a transmitier, however, the
situation is different, and in this case not only should the R.F. stage have
AV.C., but it should also be possible to switch in a high bias line, supply-
ing a negative hias from a subsidiary pack or battery. By using a high bias
in this manner the station receiver may be wsed as the ’plhione monitor or
C.W. monitor even with the input shorted to earth, since in the majority
of cases sufficient R.F, will break through when the transmitter is at the
same or a near frequency. Making the high bias adjustable will give a
manual voluine controf on the station transmifter monitocing, and the set,
instead of idling when switched to Standby, or Transmit, witi still be per-
forming a useful task.

The contsolled chain of valves in this case may well be the R.F. stage,
and both LF. staszes, leaving the frequency-chanper clear, the high bias, of
course, being applied only to the RF. stage, the signal from the station
transmitier thus being altenuaated in this singe alone, the rest of the recelver
working normally. The arrangement of a high bias line will ke shown in
Chapter 6, and a suitable pack in Chapter 7.
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The “ 8 Meter

Whilst there are many advantages in connecting the * § '* meter to its
own Individual valve, this is not economical when the A V.C. voltages are
supplied from a diode of the double diode detector-A.V.C. valve, and the
meter in this case will be connected into the I.F. section so that it is operated
by the changing anode current of the A V.C. controlled valves.

The simplest connection is to feed the whole LF. amplifier with current
from the main H.T. line through the ' § ' meter, or, if a low current meter
is used, one valve is fed through the meter.

The ** S’ meter is shunted by a wire-wound variable resistance of, say,
1,000 ohms. The meter is then set to the zero position by allowing the
LF. amplifier to work at full output with no signal applied to the set, the
variable shunt across the instrument then being adjusted to give a fullscale
deflection. When signals are passed through the receiver, the A.V.C. line
switched into action, the rising bias with a rising signal strength reduvces
the anode current through the meter so that the pointer deflection is
reduced. Here, again, there is the disadvantage that unless a right-hand
zero instrument can be obfained the meter must be mounted upside down,
the scale being recalibrated to suit the new conditions.

In Fig. 12 is shown a bridge circuit in which the ‘* 8 " meter woiks in
a straightforward manner, since the pointer deflectlon increases with signal
increase.

R3

I'F SCREENS

ANL. CONTROLLED
I.F. VALVE.

Tm

FiG. 12. Bridge Circuit * 8 * meter,
28

The bridge action occurs between the current flow in the anode circuit,
which is lable to change with signal strength, and the current fiow in a
voltage-divider through which are supplied the screems of the LF. valves,
Since it is necessary for the current through the screen arm of the bridge
to be very similar in value to the maximum current through the anode arm,
the voltage-divider must be adjusted to give such a current, taking into
account both the current threugh the valve screens and that flowing through
the divider itseif.

To set the “S ' meter when this bridge circuvit is used, the LF.
amplifier is set for full output with no signal applied to the receiver, the
meter being set to zero by R1. The pointer indication will then rise when
signals are atlowed to pass.

Components List for the © 8§ " Meler Circuit, Fig. 12.

R1, 1,000 ohms, variable, wire-wound.
R2, 330 ohms, 1 watt,
R3, 270 ohms, 1 watt.
C1, C2, 0.1 mfd. 350 v.w. Non-inductive.

Wore.—The values of R4 and RS depend, as has already been shown,
on the current flowing to the screens of the L.F. valves, and upon the maxi-
mum anode current through R1. To take a concrete example, the maximum
current for a 6K7 used as a controiled LF. valve in the anode circuit is
approsimately 10.5 mAs, Thus, 10.5 mAs. must flow through R1-R2 and
R4. Supposing that a pair of 6K7's are used in the L. amplifier, the
screens will require a total of approximately 5 mAs. at 104 volts. Thus, for
a pair of 6K7's, snitable values would he :(—

R4, 15,000 ohms, 2 watf.
R5, 22,000 ohms, 1 watt.
M, 0-1 mA, meter.

The calibration of the ** 8 *' meter is also, unfortunately, a matter of
individual choice. ** 89 " has yet to be given a definite value, although in
certain commescial receivers ** 89 7' indicates either a 50 or 100¢ microvolt
input to the aerial sockets. Presuming that ' 89 '* indicates an input of 180
microvobts, however, it must not be suppesed that the receiver is therefore
standardised, for the connecting of a pre-selector or v.h.f. converter between
the aerial and the receiver will throw the “ 8" meter completely out of
calibration since there will now be the gain of the new unit to take into
account, whilst in actual fact the *' 8 '" meter gives a true reading only at
the frequency, and with the input conditlons, that obtained at the time
of calibration.

Moreaver the noise level of the receiver will affect the "' S " meter
when no signal is being received, <o that it would probably be more accurate
to give signal strength as points above “ 51 ™' rather than above ** S0.”
Again, the “ S ' meter gives an indication which may be affected not only
by the manual gain control of the R.F. stage but also by any gain control
or controlled regeneration control fitted to the LF. amplifier. Thus, for
comparison between stations the “ 57" meter is not of real value, although
its readings are often quoted—the real value of an ** S ™ meter is to judge
the effect of adjustments made at the distant transmitter, or to show the
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gain obtained from the wse of a different tvansmitiing acrial, or to show
the eftect on a distant station of fading or similar variable conditions. For
station reporting, also, the true way to use the ' & meter is to take a
noise reading on the station channel with the station off, and a second
reading with the station on, thus obtaining a reading which is the difference
between the station level and the noise level, the report being given as
number of decibels or '* 8 ' points above noise. The '“ 8§ " meter is also
of great use for checking the radiation patterns of aerials—rotating aerials,
used at the {ransmitter, the " 5" meter readings being noted whilst the
transmiiting aerial is turned through a whole revolution, the readings being
plotted against rotation. Such tests should, of course, be made between
transmitters and receivers located close one to the oiher, since such tests
conducted over a distance give meaningless results due to fading which
cannet be checked,

The nine peiats on an " § ' meter are generally separated by 6-decibel
spacings; that is, befween each “ 8 point and the next there are six
cecibel points. Since six decibels corresponds to a doubling of voltage, this
means that each successive “ 87 point indicateg, or should indicate, that
the signal voltage at the aerial terminals has been doubled,

The “ 8" meter may be calibrated, therefore, by the use of a signal
generator with a catibrated microvalt output scale,  SD *' being cet at a
known level and the points calibrated down in terms of decibels, each point
indicating double the input of that required to give the point below it.

if a signai genevator with calibrated output is not available, probably
the most satisfactory calibration will be given by printing points on the
scale showing the same degree of rise as that already suggested, the calibra-
tion being made against a good moving coil instryment. The “ S ™ meter
will then be an indicator with an unknown reference level.

A third method of calibration is to style the half-full-scale-deflection
point of the meter ' X,” with points above and below this calibrated as
2X, 3X, 4X, efc., and X, X, 31X, eic., so that the scale, although once
again calibrated fo an unknown reference point, can give readings agalnst
X of standard gains or losses. This is done by bringing the “* 8§ ' meter
deflection to X on any received station by the use of the R.F. or L.F. manual
gain control, fading or station adjustments then showing on the meter.

The Noise Limiter

Of the various noises which may be received along with the desired
signal, the most troublesome is fmpulse nolse, such as is caused by the
ignition systern of cars. A circuit which would remove the noise entirely
whilst passing the station signal would be extremely difficuit to devise, but
it is found that when noise is troublesome its amplitwde is invariably much
greater than the signal amplitude, so that limiting the noise ampfitude down
to the signal amplitude effects a simple and very effective cure.

Several noise limiting circuits are available to the constructor, some
working on the audio amplifving stades and some in the detector stage, but
the simplest limiter, with adjustable and controlled action, is the series-
dlode clreuit.
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A diode is bissed from a voltage-divider circuit beiwean the positive
and negative HLT. lines in such a fashion tbat a signal of high zmplitude,
presented to the valve, renders the diode non-conducting for the duration
of {he signal, signals of smaller amplitude being passed without causing this
actiert. The dinde fhus * cheps ' peaks of noise which, being of short
duration fhus cause ' holes 7 in the audio signal which are barely notice-
able, so that signals can be read through ignition and similar impulse
interference,

The lizsed diode is placed between the detector and the audie gain
controd, and may be used with either diode detectors or detectors such as the
infinite impedance type. The two circuits to be used are shown in Figs,
13a and 13b.

If necessary or desirable, the noise limiter can be switched out of action
by a D.P.DLT, switch, one position of the switch placing the limiter in
circuit, the other position switching out the lhmiter and passing the signal
straizht to the awdio gain control.

A slight drop in audio output iz consequent upon the use of a limiter,
but this can be masked with the audio gain control,

The level at which the chopping action takes place is set by the bias
applied to the diode through the control potentiometer R5 in Figs. 13a and
13h, and this is adjusted on a signal until distortion commenices. The
contrel is then Lacked off slightly t¢ clear the signal of distortion, and will
then limit noise with a higher amplitude than that of the signal. The limit-
ing control must, of course, be readjusted for signals of varying strength
although the levelling action of A.V.C. Is of help in this instance.
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Fig. 138. Dinde Noise Limiter with Infinite Impedance Deotector.

Components List for the Noise Limiter, Figs. 132 and 13b.

R1, 220,000 ohms, 1 watt,

R2, 47,000 3 on

R3, 3000 , &

R4, 39,000 E

R5, 10,00¢ ohms variable,

C1, C2, 0.1 mfd. 350 v.w. Non-inductive.
C3, 8 mfd. 350 v.w. Electrolytic,

Y1, D1, DDA1, etc., for 4 volt operation.

6H6, etc., for 6 volt operation.

When using a double diode, the anodes and cathed #
in pairs to give a single diode, s may be strapped

CHAPTER 4
THE CRYSTAL FILTER

The_ crystal gdate, as the crystal filter is popularly called, may he in-
cluded in the LF. amplifter of the sommunications receiver to give an LF.
response curve shaped ecither as a single peak, this peak being steep-sided
apd narrow, indicating sharp selectivity and rapid fall-off of response te
either side of the cenfral frequency, or by the use of a pair of crystals,

as a double-peaked bandpass response with shar i i
A . p cut-off sides and a
on either side of the pass-band of zero response. regton

The ceystal or crystals used in such a filter are cut from quartz, as is
the ordinary ascillating crystal used for frequency stabilisation, the crystal-
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cut heing so made that the filter crystal resonales a2t or vary near the LF.
used in the receiver. A crystal so cuf acls a8 a tuned circoil of very high
Q or efiiciency, this tuned circuit efficiency being very et righer than
can be actieved hy the use of an LF. transformer, the scleciivily also being
improved 1o a valve which could only be obtained by a multiplicity of LF.
stages were no orystai to be used.

Not only is the greater sclectivity of the LF. amplifier useful in giving
a “ singie signal 7 effect. or in assisting the rejection of signals a few kes,
off the rascnance peint, but the sharp respense curve also Improves the
signal-ta-noiss ratin as far as the LT stages are concerned, since noise level
is cut with the cotting of the pass frequencies.
The ervsial Glter is used as a coupling between siages in the I.F.
amplifier, Lhe seleclivity introduced by the coupliing being vaviable and under
control when the single crystal is used. The term crystal ** date oreally
refers to single crystal working,

There are differing advantages and disadvantages obiained by the use
of cilker single or deubfe orystal working, bul it is feit that the single
crveinl Alter will bo most suftable for the majority of amateurs, especially
wi the recuiver is being home-consiructed. The double filter, giving as
it Jocs » morrew bandopass action, is excellent for CW. work, but is not
open to such simole varizhle selectivity adjustment as is the gate, whilst
the orystal exzpense is doubled. Fov telephony, a paiv of cryslals separated
by a few kes. most be used, and for CW. a puir of crystals separated only
by 300 or 300 ¢ycles is used, so fhat the crystal ¢xpense rises by reason
of the exirs ciystal and the accuracy of the cuf reguired. Whilst
= simpier when the band-pass arrangement is adopted, since the LF.

uite easy ta un tand. A crvstal acts as a tuned circuit of extremely
iy ai s resonant point {the equivalent electrical cireuit being
4 serics-inbad rather than a parallel-tuned circuit), the impedance of this
tuned circuif being very low at the resonant point but rising very rapidly
on either side of resomamce te practically infinity. A crystal, acting as a
costnlisg between two LE. amplifiers and cut to resonate at the intermediate
frequency — saz, 453 kes, - will thus provide very good coupling charac-
terictics at tne LF., but will reject signals a few kes, off the central frequency.

A crystal, however, cannot be used alone. In the first place, it must be
supported in a crystal-holder, and the plates of this component act as a small
capacitance wiich wilt pass to some degree the frequencies which the crystal
is trejecting, whilst at the same time the crystal will have an impedance
which requives matching not oniy to the stage feeding into it hut also io
the siage foflowing the filter. At the same time, it is necessary to arrange
a small degree of feedback, In a circuit similar v a newlralising circuit, to
offset the disturbing capacitance of the crystal-holder’s plates, this small
feed being 90 degrees out of phase with the feed through the stray
capacitance. )

33




Accordingly, to supply all these reguirements, the crystal circuil is fed
from a speciai LF. transfevmer with a centre tap to earth, this centre tap
being either an aclual «onnection at the centre of the coil or supplied as
an electrical cenire tap by a pair of condensers across the secondary of the
{ransformer, their junctdon being earthed t¢ the chassis,

This arrangement is shown in Fig. 14, where the secondary of the
first transbormner is actoally centre-tapped.

The effectiveness and efficiency of the crystal gate depends to a very
large degree upon the following impedance which, in Fig, 14, is suppiied
by the following transformer and valve. As the impedance Z of this circuit
rises, 0 will the signal voltage developed across the impedance rise, bul
this has the effect of reducing the apparent Q of the crystal circuit and thus
of reducing the selectivity.

By varying the impedance of the circuil following the crystal, it is
therefore possible to obtain the variable selechivity effect which is so desir-
able for use on different types of signals. In this respect the crystal gute
is superior io the double crystal band-pass filter. The input circuit, however,
can have the same effect on the selectivity, and in practice it is usual to
connect the variable sefectivity control into the crystal input circuit, detuning
of the input circuit by 2 condenser giving higher selectivity.

It will be sezn that special transformers are necessary for usc with a
crystal filker, and in Fig. 14 the second tuned circult, which is acting us an
auto-fransformer, must be tapped to match the crystal impedance. This state
of affairs s further complicated by the fact that twa tynes of crystal are in
ase, the Y-cat cryvstal as used in American receivers, having a fow impedance,
and the X-cut crystal, more often used in British receivers, having a high
itnpedance. Ry the use of an X-cut crystal, however, and by using a circuit

++
5
- C\U L2 f CRYSTAL
§ ¢ -
“] 4 c3
1 -
ce
L3
- ey

16, 14, The Crysval Gake Cirenit No, L.
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y : put fpedance to follow the sevond tuned ciccuil, the tepping
an L3 ean be dispensed with and Lhe crystal filter connected {o the Lop end
civetir.
in Fiio1a i tne variable condenser used fo haiance out the stray
I\ v oot the crystai-holder, and is termed the * phasing ™ condenser,
vhen the phasing condenszr i3 set to balance the circwt, the response
filtor {2 5 selrical, but if the phasing condenser is variad to
i odegre on either side of the balancing value, the symineiry of. qlhr:
se ocucve ig lost and a neint of zers signal veltarge occurs en oeifher
hoor Iow gids of resonance, this point of zera sigaal approedling oy
fom the ceviral freguency as the phasing coadenser is vavied in
¢, irereforg, true singie-sigaal ravestion s possible
i be adjested to fall on an intorforing signal,
revponse al the ooposite dide of fhe refmonse urve rises, hmwever.‘sa
that it 15 possit's to Wtreduce interference frem 2 third simnal wii'st cutiing
out interference from & second, but in genecai the benefits given by the zoro
signal point are very well worth white,

The soicctivily, even at the minimum posilion, dgiven by the filter civewit
of Fig. 14 is sufficiently bigh to make tuning on a telephony frensmi
s sharp that considerabie sideband cutling ensues, anyd so a switch acicss
the orystal may be provided to cut the filter oul ofF action.

Fig. 34 may be changed from the crystal gate to the band-pass oy
alter cirenit by connegting & second grystal across the phe
2, thiz second crysta! being szparvatad in frequency from the first crys
the handwidih frocvency i is desired to pass. 2 may then require some
dacrease in value to denl with the new balance point.

In Fig. 13 is shown a crystal gate with a wider range of seleclivity
control, the control itse' z2hio bring simpler since a variahiz resislance is
used on the outpert side of the Rlter. An input transformer matched to lbe

S is wsed, whilst phasing is now carried ot by mezans of
a differential condenser. The input ¢oi! L2 is centretapped electrically
pather than physically by the use of a pair of condensers.

The output tuned circeit must have a high @, and the sxecknity contiol,
K1, may be variabie ¢ither smoothly or in steps, 2 seb of vesisiances
nected to 3 switeh baing nzed 0 the hitter case. 1.3 and C4 niust, of o
ire cepable of tuning to the L.F. in use.

The main difficelty attached to the incorporation of a crystal gate in 2
hotne-constrocted raceiver lies. therefore, in the provizics of a suitable input
transzformer for the filter, for If a crystal Is oktainzd 23 a soparate compouent
it characieristics must be known before a lronstormer matched to !
redance can be housht or made, Moreover, the transformer characlednt!

d upon the filter cireuit used. In g 14 the transfon i
inductance primary with a secondary tightly coupled to 05, whilat
t be Lopped at o suitable peini undess o Lish inpud opedance
cireuit is used to folfaw the flter.

In Vig, 13 a ste; wn ratio is nesded in the2 oot WS 1.4f:.’3r:'a1
for some cryetals, witlst a high G funed circuit mast follnw Hee Sitor.

The filter will, nf course. work with a mismalcheld bransioner and
high selectivity, bui the loss of sain over the filter will e very serious. Ever
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Fic. 15, The Crystal Gate Cireuit No, 2,

with correct matching there is a loss, real or apparent, in the gain over the
filter —the higher selectivity will, at best, cause zn apparent drop in gain by
reducingg backgicund noise and sisnal sidebands—but when two LF. stages
are provided, lhere wiil be gain in hand o compensate for this loss.

The wizest plan, therefore, would appear to be the buying of a compiete
crystal fiiter unit for incorporation in the receiver, when it would be known
that the LF. transformers were properly matcled to the crystal, or the
franstormers and crystai may be obizined as matched components, and the
utrit built up with its associaled condensers, but the experimenter may care
to test various transformers against his erysfal in an endeavour 1o obtzin
a filter at the lowest cost withoul loss of efficiency.

In this case it is advised that lests he tnade using the circuit of Fig. 15.
The input transformer may he made experimentally from an old LF. trans-
formar of the correct frequency— 465 kes. i3 advised—the secondary winding
being stripped of half its turns. The centre tap being electrical, further
experiment can be cartied out on this winding until the most favourable
resulls are obtained with the crystal to be used,

The phasing condenser can he made by mounting two midget tuning
condensers together, their spindles being coupied via a coupling unit so tlat
with one condenser a! full mesh the second condenser is at zero meslt, or
minimum capacitance.

The hish @ circvit of 1.3.C4 may be one side of an efficient LI, trans-
former, or = pre-tuned IF, rejectur cuil of the iron-cored variety might he
tried in the position,

The type of crystal obtained will govern the circuit constants to a high
degree,
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The position of the crystal pate in the LE. amplifier depends Lo some
extznt on ke following circuif, and in this conmection the infnite imgzedance
deteclor makes an excellent folinwing stage to the filfer. The gate is oflen
shown  immiediniely following the freguency-changer, but since the Alter
requires a fairiv high fnput signal for its moct efcient oncration, it {5 wise
to altow fer some LF. amplificaiion prior to ihe flter. The Q of the tuned
circuit 12.C1 in Fig. 15 will he assisted by an infinite fnpedance detector,
and «0, when such a detecting slage is used, the obvious place for the filter
is Febwezn the LE. amplifer and the detector. Where dinde detectinn is
used, however, the filter may be used as the coupling hetweun the two LF.
shagdes,

Cainponents List for the Crystal Gate, Fig. 14.

L1, L2, Hiuh inductance -- clese-coupled LF. transformer, C. T,
zecendary.

1.3, LF. coil, tapped down to suit crystal,

i, 100 mmid. variable. Selectivity control.

3, 15 mmfd. variable. Phasing control.

(S5 60 mmid. variable trimmer.

C4, LE, tuning irimmer.

Crystal, 445 Yos.

=, Crystal shorting switch. (Low capacity iype, with shart

leads to crystal.)

No1E.~-To espeviment with this cirevit, use a high impedance or X-cut
crystal and dispense with the lapping on L3 hy using an infinile impedance
detecior 25 the folioving stage. Adapt LY, L2, by valng zn LF. transiormer
witih cofis meunted cn o central dowel, moving the secondary coil close to
L1 and mooating, on tie othor side of L1 and at the same diztance, a secnnd
secendary cofl fdensizsl with that aiready fitted, obtaincd frem a seceond
ar transformer. Tlhese two secondarics are then connected in serivs,
thus providing a high indactance contre-tapped winding,

Test L1 both with 2 immer condenser in paraltel and wilkout.

3]

Compotients List for the Crystat Gate, Fig. 15,

L1, L2, Tuned primary — low impedance secondary [F. trans-
former,

1.3, High Q LF. coil.

€1, C2, 00001 mfd, Mica,

[ L0 minid, Diffosential. (See text.)

C4, LF. tuning trismmer.

R1, 5,600 ohms variable. Seleciivity control.

Crystal, 465 kes,

5, Crystal shorting switch. (Low capacitaiice type with

short feads Lo crystal.)
In uither circuit tive whole filier is cut out of action by the awitch across
the crystal, leaving the LF. amplifier working at its normatl selectivity,
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Crarrer 5
THE BEAT FREQUENCY USCILLATOR

The WF.Qn is a simple oscillating circoit working nn g freguency dose
io the intevimediate frequency ov Lhe recciver, a [raction of its ouiput being
{cd fo the LF. amplifier or, preferahly, the detector, This locaily generated
irgpuency then helerodvnes any signal posszd o the detzcior from Lhe LE.
wmplifier so that signals which are nol medulated, such as CW. fransiis-
stons. are given an audio content, the heferodwne frequency being in the
atdible range, The coil wsed, together wilh a small trimmer type {uning
condenser, as the oscillating tuned cirenit is nsually tapped near the carthed
end in order that a Hartley asciiialor cireuit arrangement can be used, such
a cireuit being hoth economical in components and very stable,

Either a pentode or triode valve may ke used as an oscillator, the cheice
of tvpes being very wide, and typical circuits and components values arc
given in the Figs. 16 and 17 with their associaled components lists.
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Vi 160 A BF.O. and Impedance Detecror.
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In Fig. 16 the B.F.Q. is shown zs one-half of a double triode vaive, the
second part of the valve acting s an infinite impedance detector. This form
of construction is excelient in that the coupling from the B.T.0h {o the
detector takes place within the vzlve itself, via stray capucitics, ro thet no
further covpling is reguired. Unfortunately, this fype of civcuit ¢an be usad
anly with American valves of the BF3 tyse or similar, since Hheve are no
A-volt double trindes suitalle for the purpose.

The infinite impedance detector in this circuit is shown as heing of
slightly different design from that described in Chapter 3. since fiitering in
the cathode circuit is zssisied by the choke, R.F.C., which, of course, should
be effective al the intermediale frequengy.

Separate trindes can, of ceurse, be used with the same component values
to sive equivalent operatien, a small coupling condenser then being uscd
helween the grids of hoth valves as Ce of Fig, 17. The condenser Co Lias
a very small value of capacitance, and may be made either by removing the
adiusting screw of a 30 mmfd, trimmer and bending the top piate at an
angle to the boltom Hate, thus providing the small capacitance recuiced,
or by wrapping a lead from the grid of the B.F.Q. round the grid icid
of the detector {or the anode lead of the deiector if a diode detector is
used), both leads being insulated.

Components List for the Combined Impedance Detector
and B.F.0., Fig. 16.

R1, 22 000 ohms, 3 wall.

R2, 150,000 , 3 .

R3, 10,000 ,, P o.

R5, 47,000 Lo,

1, C5, 0.5 mfd. 350 v.w. Non-inductive.
c2, C3, 0.0001 mfd. Mica,

C4, 150 mmfd. variable trimmer,
B.F.Q. coil, Wearite B-FQ or similar.

R.F.C., Choke, Eddystone 1066 or similar.,
81, 8.P8.T. BF.O. On-OH switch.
Vi, GFB.

1 International octal chassis mounting valveholder.

NOTE.—-Several 4-voit valves may use he same B.F.O. circuit, for a
separate detector B.F.0. arrangement. The ACZHL or 354V osdillule well,
-n MILA or 224V being used as the Infinite Impedance deteclor.

Components List for the Pentade B.F.Q., Fig, 17.

C1, C3, 0.0801 mid. Mica.

c2, 150 mmfd. variable trimmer.

c4, 0.1 mid, 350 v.w. Non-inductive,
5, 0.5 mfd. 350 ».w. .

Rl1, 68,000 vluas, 3 wallt

RZ, 15,000 ,, 1 .,

R3 10,080, 1,

BE.O. col,  Wearite B-FO or similar,
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Fio. 17, A Penlode 1310 Circuit,

51, S.P.S.T, B.F.0. On-Off switch.
Vi, VP41, etc., for 4 volt operation,
GHY, ¢le., for 6 volt operation,
1 Mazda or International ocial chassis mounting valveholder.
Note.—Ce¢, small coupling condenser to detector. See text.

To adjust the B.F.Q. the receiver should be tuned to a C.W, signal of
moderate strenpth, the B.F.Q. being switched off whilst the signal is tuned
sharply, the tuning being on the carrier hiss, The B.F.0Q. is then switched
on and funed to give o suitable beai note with the signal code, the receiver
tuning being left unfoucned whilst the B.F.Q. funing is carried out.

The B.F.QO. is then set for all C.W. signals.

In circuits where the B.F.0. feeds into a diode detector and A.V.C.
stage Lhe AN.C. lice should be switched off for C.W, reception. Where
the AN.C, valve iz fed from the LF. amplifier before the introduction of
the B.F.0Q. carrier, however, the AV.C. line may be left on for C. W, recep-
tion providing that a ** slow ™ AV.C, action is obtainable.

CHAPTER 6
PRACTICAL RECEIVERS

Within the following pages are shown the circuit diagrams, with com-
poncnts lists, of & series of practical communications receivers. The circuits
include both simple and more complicaled designs, the simpler circuits being
included on the strength of the fact that even though thev are less versatile

4

than their companion receivers they are still of great vafue as true * com-
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munications ' reccivers in that they wili amply ill the role of listening-post
at either the transmitting station or short-wave recelving station,

Whilst the simpler circuits may have two-control tuning—i.e., separate
tuning of the oscillator and aerial-tuned circuits—to enable the coils to be
home-made and tracking to be adjusted without the use of trimming and
padding, the more complicated receivers regquire to have ganged tuning if
all the benefits of the more comprehensive circuits are to be realised.

The writer’s experimental work has shown that for full coverage of, say,
5 or 10 to 2,600 metres, the work involved in building and especially in
adjusting and tracking home-made c¢oils is too fine and time-consuming for
the home workshop. The value of home-made coils must lie in their sim-
plicity, and so two systems of receiver-liming are shown. For receivers
intended to cover the amateur bands only, heme-wound coils are shown, with
their winding details, and separate aerial and oscillator tuning is employved.
The coits are wound and the tuning capacitances are chosen in such a manner
that each ceil covers the bangd for which it is specified, the inter-amateur
band frequencies not being covered. By this means, those requiring amateur
reception are catered for, the circuils being both selective and easy to tune.

To cover the whole frequency range, however, larger condensers must
he used to avoid a great muoltiplicity of coils, and accordingly commercially-
tnade coil sets are specified. Since these coils are intended to be tuned by
ganged condensers of 0.0005 mfd. capacity or similar, bandspreading provi-
sion is made so that at any frequency the main tuning gives way to fine
tuning whenever necessary. In this way all frequencies are received and at
the same time the crowded bands are " opened out " to a very considerable
extent.

A communications receiver of any type must ke constructed with great
care, since Fhe number of stages working at vadlo and intermediate fre.
guencies .increases the possibility of feedback, especially where such stages
are made regenerative. The receiver layout should follow in logical steps,
the R.F. stages being grouped to one side of the tuning condenser assembly
or assemblies, each stage opposite its own section of the condenser, with
the 1.F. amplifier following the mixer stage in line, the transformers being
mounted betwegn the valves wherever possible, since the transformer
scregning then assists the valve screening. It is wise to provide external
valve screens for all the R.F. and LF. stages, but if this is thought unneces-
sarv the receiver may be tested withcut extra valve screening, the screens
being added later if there should be any trace of instability.

The circuits shown all include extensive decoupling for each stage.

All the receivers should be built on aluminium chassis. A copper chassis
might be even more suitable, although the extra efficiency so gained is in-
sufficient to give any noticeable result, hut steel or iron chassis should be
ayoided since losses with such material at the higher frequencies are high.

Chassis layout, and especially panel layout, must be clean and sym-
fnetrical. here both main tuning and bandspread tuning Is used, both
sets of condensers should have a good slow-motion drive, and it is advised
that drives of the panel dial variety with cards for individual calibration
mounted in an escutcheon shouid be used. Two methods of calibration are
possible, For the general listener, the bandspread dial need not be calibrated,
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for the Gandspread condenisers should be set to half capacity and all explora-
tion work carrizd out on the main tuning condenser conlrol. The handsprend
condensers are then availaBle for expansion of Lhe main tuned frequeacy,
the main dJial being calibrated in terms of freguency or wavelenglh.

The amateur transmitler, however, inight well use the reverse of this
technigue, calibrating the main tuning dial to show band Hmits with fhe
bandspread cordenser at half mesh, fhe bandspread tuning dial ilscdf being
calibraled [a terms of each hand.
£ Only in the smaller receivers should the power pack be included in the
receiver cabinel, altheugh when AC./D.C. arrangements are - shown this
type of power supply may alse be Included with the receiver, since the
cirassis space taken up is small and the power supply can be grouped well
to one end of the chassis, provided that ample ventilztion is provided. In
deneral, however, even with a small and simpler receiver, the heat generated
by the power unit should be kept from the set to minimise the chance of
frequency drift with temperature,

For pattery operation, vibrator power supplies must be used, and here
the huailder is advised to cbtaip the vibrator power pack commercially, such
a pack as the Masteradic “ Silent Surge 7' fype, specizily designed for
communications and similar work, proving highly suitable. In the next
chapter, however, the circuit of a vibrator power pack is shown.

It will be noted that in the majorily ol diagrams two H.T. lnes are
shown, one running at the anode line voltage of 250 volis, the oiher ol the
screen veltage of 150 volts, 'The provision of iwo Hnes, one for soreen
operation, saves a considerable ouilay on screen dropping resistances, as
well as making screen decoupling simple.

The receivers are shown witl straight I.F. amplifiers—that is, no crystal
gate is shown. It is felt that the masjority of constructors will be content
with the selectivity obfained from the use of a regenerative I.F. stage alone,
and that if a crystal gate is to Le included in the circuil the details in
Chapter 5 will enable the work to be carried out without trouble,

Receiver Alignment

The alignment of the communications receiver must be carried out with
great care, and a signal generater is essential. Procedure is as follows:—

Switch on both receiver and generator, and aliow them fo reach opera-
ting temperature—a time of ten mirutes at least should be allowed.

Whenever possible, the recelver should be connected into an output
meter, either of the Magic Eve type or the * Output Meter ™ sockels of a
good circuit analyser. The first atignment is, of course, on the LF. amplifier,
sb that the ©“ 8 7 meter of the receiver, if fitted, may be used as the output
meter, the A.V.C. line in this case bzing left switched on. The wsual prac-
tice, however, is to align the set with the A V.C, line switched off, since the
alignment should be made with the receiver running at maximum gain, so
that in the case of a separately-fed '“ § '’ meter, such as that shown in Fig.
10, the A.V.C. line may be off, so {ar as the receiver is concerned, whilst
the meter will slill operate, with enhanced sensitivity.

The B.F.0). should be switched off for zll alignments, whilst the erystal
gate, if fitted, should be switched out of circuit. Clip the earth lead of the
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sigital generator to the receiver chassis and take the signai lead from the
generator to the grid of the last LF, amplifier and set the generator to the
required T.F.—465 kes. for the crcuits shown. Trim the last IF. trans-
former lo give maximum output, reducing the generator signal as the circuit
comes into tune. With this transformer set, re-connect the signal lead from
the generator to the grid of the first LF. siage, and trim the next-to-last
I.F. iransformer for maximum output in the same manner. (Further LF.
stages following the frequency converter should be trimmed in turn, working
back always to the frequency converter; this applies to a commenrcial recelver
using several I.F, stages.)

To align the first LF, transformer, connect the signal lead from the
generator o the siznal grid of the frequency converter, disconnecting the
tined circutit allied with the frequency converter should the signal passed to
ti:e I.F. amplifier appear very weak. This will ke caused by a high-frequency
circuit acting almost as a short circuit to the considerably lower frequency
ouiput of the generator. The cutput from the generator must be kept at a
low level when feeding into this slage, however, since the LF. amplifier is
now tuned and witl be giving a high gain lo the signal, so that overloading
must be prevented.

if a crystal gate is incorporated in the LF. amplifier, the afignment
sheuld be carried cut up to the frequency converter siade as already des-
crined, the 1F¥, as set by the signal generator being as near as possible to
the exact crystal frequency. The aystal gate is then switched into circuit,
and the signal generator varied very slowly to a slight degree on either
side of the set frequency, A rise in output from the LF. amplifier as the
generator freguency is slowly varied indicates that the crystal peak has been
found, =nd the generator should be left af the frequency causing the output
rise, a:xl connected into the frequency converter, whilst the LF. amplifier is
given a final adjustment to bring it to resonance with the crystal.

Bt is best to use an unmodulated output from the signal generator for
aligring the LT, amplifier when a crystal gate Is in use, using the 87”7
meter indications on the generaior carrier. If no '“ 8™ meter is fitted, the
B.F.0. may be switched on and adjusted to give an aundio signal at the
output sockets of the receiver, alignment being carried out by bringing this
audio signal up to maximum output.

The LF, amplifier is now get, and should be left as it stands whilst the
remainder of the receiver is aligned.

The procedure for aligning the R.F. arcu:ts will vary with the type
of receiver, for in the simpler separately-tuned aerial and oscillator type of
set, where no R.F. siage is employed, no further aligning will be required,
although the signal generator can be used very effectively to calibrate the
two tuning dials,

The osciflator dial is the main taner, in such a receiver, and signals
should be tuned with this dial, the aeriai tuner being kept roughly in step
unti! the required signal is heard when the funing can be finely adjusted.
It will be sufficient, therefore, to calibrate the oscillator tuaing dial in fairly
close freausnsies with broad freguency Indications only on the aerial dial.

For a receiver employing ganged tuning, however, the oscillator circuits
must be set for tracking, the adjustments being made on. each frequency
range by the following method :—
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Set the hondspread condenser, if used, to mid-capacity and Jeave. Switch
1s the first frequency range, and reduce the oscillator trimmers to minimum
capacity, leaving other trimmers and padders at half-capacity, Tune the
main tuning condenser to the high frequency-low wavelength end of the
band, elther to a calibrated spot on the dial, or, if the dial is to be catibrated,
at a point just above minimum capacity. Bet the signal gencrator to the
same frequency—this will require to be discovered by experiment if the
exact coverage of the coils is unknown—and connect the signal lead from
the generator together with the earthing clip to the aerial input sockets, or
aerial and earth sockets, of the receiver. Trim the oscillator trimmer towards
maximum capacity until the signal is heard or indicates on the output meter.

With the high frequency adjustment temporarily set, mark or note the
dial reading of both receiver and genarator, and thea tune to the low fre-
quency-high wavelength end of the band ejther to a frequency indicated on
the receiver dial, or with an wncafihbrated dial, to a frequency near the low
frequency limits of the coils in use. Sci the generator to the same frequency
and adjust the padding condenser f{or maximum output at that frequency.
Return to the original high frequency where the trimmer was adjusted.
The adiustment will probaily have varied, due to the changing of the padder
capacity, and the trimmer must be readjusted for maximum oatput, this
process of adjusiing trimmer and padder and readjusiing being carried out
until the two adjustments are in final balance. Six or eight readjustments
are not teo many.

This process must be carried out on each frequency band.

With the oscillator aligned, it remains to trim the R.F. stage, if included
in the set, together with the frequency coaverter input circuit. The trimmers
connected with these stages musi be trimmed for maximum output at the high
frequency end of each range, the whele range being tested, by means of the
signal generator, at convenient points to ensure that ne points of bad align-
ment er weazk signals exist.

With the receiver aligned on 2!l frequency ranges, it may be tested for
correct operation and stability. A hiss, varying with the tuning of the oscil-
lator stage, indicaies that the oscillator is squegding, possibly because of
too high a grid feak value or anode voltage, whiist instabitity causing oscilla-
{ion in the LF. amplifier is immediately shown when the B.F.0. is switched
on, since a continnous squeal or how! is caused, the note varying with the
tuning of the B.F.0O. A regenerative’ LF. stage should not, of course, have
teedback sufficient to give this effect, and the feedback capacity between grid
and anode should be reduced until the stage is regenerative without bursting
into osciliation.

“ Motorboating *' s almost certainly due to the oscillater’s fluctuating in
frequency with shsht varictions of anode vellage the chance of this defect
eccurring being highest with high selectivity in the LF, amplifier. Switching
out the AV.C. Ene will prebably stop the trouble, proving that the oscillator
anode voltage is Auctuating and that the stage is varying its cutput frequency
in sympathy. Only a poorly-designed oscillator would cause this trouble,
whish may be cured either by re-design of the oscillating circuit or a stabili-
sing device on the oscillator H.T. supply line.

“ Birdies,”" a heterodvne whistle or beat on a signal, are sometimes caused
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by feedback inte the LF. amplifier via the A.V.C. diode, or by feedback of
signat harmonics from the detector into the R.F. or frequency converter, or
may be another sign of squegging in the oscillator, Generally the cure is
better circuit arrangement or heavier screening.

It must be remembered, also, that a heteredyne note can be produced
by a carrier close to that of the signal under reception, the crystal gate being
the only solution to this nuisance.’

Componenis List for a Simple 4-volt Receiver, Fig. 18.
Cl, (9, 60 mmfd, Tuners. Raymart MC60X.
cz, L4, Cs, C7, C10,
Cli, C15, C21, 0.1 mfd. 350 v.w. Non-inductive,
C3, 0.01 mid. 350 v.w, Non-inductive.
€5, 12, 13,

C17, €18, €19, 0.0001 mfd. Mica.

C8, A0 mnfd. Bandspread tuner, Raymart
VC40X.
14, C22, 25 mfd. 25 v.w. Electrolytic.
Cis, 8 mfd. 350 v.w. .
C20, 30 mmifd. variable trimmer.
R1, 2,200  ohms,
R2, RS, R15, 47,000 .
R3, R6, 220 "
R4, 10,0600 »
R3S, 1,600 ”
RY, 5,000 variable, LF. gain.
RO, R1S6, 220,000 ohms.
R10, 680 "
R11, 33,000 '
R12, 68,000 "
R13, ) 1 meg. variable. Audio gain,
R14, 22,000 ohms.
R17, 1380 ”
{AH resistors } watt ratings.}
LF.T1, 2, 465 kes. Iron-cored I.F.T.'s.
], Headphone jack.
R.F.C., Shart-wave choke.
T1, Qutput transforteer, 5 watt, to match to

5,200 ohms load.
Arrange Cr for regenevaiion over V2, and Cc for coupling between V3
and V4,

81, $.P.S.T. B.F.0, On-Off switch.
L5, Wearite B-FO.

Vi, ACTHI1.

vz, VP41.

V3, ACHLDD.

V4, AC2HL.

Vs Pen 45.

2 British 7-pin chassis mounting valvehelders.
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A Simple 4-volt Receiver.

FiG, 18.

1 British 5-pin chassis mounting valveholder.

2 Mazda octal '
Chassis, aluminium, 10”
1 Tuning Drive.

»
x 8”

»»”

x 23",

Coil Data.

L1, 15 turns 26 S.W.G. enam. close-wound, }” above L2.

1.75 mcs.—
Lz, 7% ., -
L% i5 ,, 24 ,,
L4, 42 ,, ,,
3.5 mics.—
Ll’ 9 ’” ” »”
Lz, 35 , , .
L3’ 10 ” ”» ”
L4, 25 ,, ,, -
7 mcs.—

5
L2, 1o ,, 18 ,,
L3, 4 , 24 ,
L4, 7 , 18
28 mcs.—
L, 4 , 24 ,
L2, 4 , 18 ,
L3, 3 , 24 ,

L4, 3% , 18

» }” below LA4.

' Tap—Top of coil.
’e 3~ above L2.

i24 '

' 1” below L4.

Vs Tap—18 tuins up.
s 1~ above L2.

" 1” below LA4.
to 1”7 long. Tap—6 turns up.

close-wound, }” above L2.

to 1” long.

close-wound, }” below L4.

to 1”7 long. Tap—2} turns up.

close-wound, }” above L2,

to 1”7 long.

close-wound, 1” below L4.

to 1”7 long. Tap—1% turns up.

Coils L1, L2, and L3, L4, all wound on 1}” diameter formers.

Provide 2 coilform holders.

Components List for a Simple 6-volt Receiver, Fig. 19.
L1, L2, L3, L4, secticns of commercial tuning pack, such as A.LS.
Type 30A, etc. Note, padding condensers, and trimmer values are not
shown, since these are included in commercial packs.

C1, C8,
C2, C9,

C3, C4, C10, C11,
C12, C13, Ci4, C15,
C18, C19, C20,

C5,

ce, C7,

Cie, Ci7,

C21, €23,

C22,

0.0005 mfd. ganged tuner.
60 mmfd. ganged bandspread tuner, with
Raymart MC60X tuners and couplers.

0.1 mfd. 350 v.w. Non-inductive.
0.0002 mfd. Mica. ’

0.01 mfd. 350 v.w. Non-inductive.
0.0201 mfd. Mica.

25 mfd. 25 v.w. Electrolytic.

8 mfd. 350 v.w. v
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£g R1, 10,000 ohms.
i R2, R9, 2,200 ,,
o R3, R7, R11, 220 "
22 . R4, 47,000 ,,
R5, 15,000 ,,
R6, R10, 1,000 ’
RS, 5,000 ohms variable, I.F. gain.
) R12, R15, 100,000 ohms.
o R13, 470,000 ,,
R14, 22,000 ,,
R16, 3,300 vs
. . o ] R17, 1 meg. Audio gain,
v R18, 220,000 ohms.
i R19, 430 .1 watt,
(All resistors, except R19, } watt ratings.)
81, 2, 3, 4, Wavechange switches, ganged.
. S5, D.P.S.T. Standby switch.
§ IR Headphone jack.
3 LLF.T.1, 2, 3, 465 kcs. iron cored LF.T.’s.
© T1, Output transformer, 5 watt, to match
" 7,000 ohms load.
9 Vi, 6K8.
5 .3 V2, V3, 6SK7.
| Sy P 1 V4, 65Q7.
; o g« V5, 6F6.
’ B 5 International octal chassis mounting valveholders. |
< Chassis, aluminium, 10” x 8” x 2}”. 1
2 Tuning Drives. |
93: Arrange for regenerative capacity over V2. ‘1
g No B.F.O. is included in the circuit, but may be added if required. }
. Components List for an Advanced 4-volt Receiver, Fig. 20. J
L1, L2, L3, L4, L5, L6, sections of commercial tuning pack, such as !
the M. Wilson 6 Waveband Coil Kit, 5-2,000 metres. H
NotE.—Padding condensers and trimmer values are not shown, since Jl
these are included in commercial packs.
C1, Ce6, C13, 0.0005 mfd. ganged tuner.
C2, C7, Cl14, 60 mmfd. ganged bandspread tuner, with

C3, C4, C5, C8,
C10, C15, C16,
C17, Ci8, C19,
€20, C22, €26,

Raymart MC60X tuners and couplers. J

C28, €29, C30, 0.1 mfd, 350 v.w. Non-inductive. i |
o, C11, 0.0002 mfd. Mica. i
c12, 0,0005 mfd. Mica. :
C21, 50 mmfd. Silver Mica. X
Cc23, 0.25 mfd. 350 v.w. Non-inductive. :
C24, C25, 0.2601 mfd. Mica. i
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9g:§ €27, C32, 25 mfd. 25 v.w. Electrolytic.
LA C31, 8 mfd. 350 v.w. ',
R1, R10, 1,000 ohms.
1 \ R2, R17, 220
‘}1 3 ,aW_J R3, 5,000 ohms variable, R.F. gain.
S - R4, RS, 10,000 ohms.
" R3, Ril, R15, 330 'y
‘ R6, R24, 22,000 ,,
7, R9, R13, 1 meg.
R12, 10,000 ohms, variable, L.F. gain.
R14, 470 ohms.
R16, 1,000 ohms, variable, “S "’ meter zero
set.
R18, 6,200 ohms
19, R30, 39,000 ,,
R20, R21, 680,000 ,,
g 22, 100,000 ,,
2 R23, 470,000 ,,
i 8 R25, R28, 47,000 ,,
; © R26, 680 "
= R27, 1 meg. variable. Audio gain.
! 8 R29, R32, 220,000 ohms.
<+ R31, 10,000 ohms variable. Noise limiter set.
g R33, 180 ohms.
g (All resistors, 1 watt ratings.)
§ ILF.T.1, 2, 3, 465 kcs. Iron cored L.F.T.’s.
o M, 0-1 mA. meter.
< J, Headphone Jack.
R.F.C.1, Screened all-wave choke.
=t S1-6, Wavechange switch, ganged.
2 S7, S.P.D.T. A.V.C. On-Off.
= 58, D.P.S.T. Standby.
T1, Output transformer, 5 watt, to match to
5,200 ohms load.
Vi, SP41.
V2, ACTH1.
V3, V4, VP41.
V5, HL41DD.
{ V6, D1.
| V7, Pen. 45,
1 British 7-pin chassis mounting valveholder.
5 Mazda octal ’y vy ’s
1 D1 holder.
No B.F.O. is included in the circuit, but may be added if required.
Chassis, aluminjium, 16” x 8” x 23",
2 Tuning Drives.
Arrange regenerative capacities across V1 and V3.
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.
, 10 International octal chassis mounting valveholders.
{in.‘Télll 2, 3, ;655 r:flslllxle;(:l; i;)r;d é:;:e .s. T1, Output transformer, 5 watts, to match
R:F:C:2: 3, 4,5, Screened all wave chokes, or screened ] . o . . 8:0190 ohms load.
chokes effective at 465 kcs. Chassis, aluminium, 16” x 8” x 2}".
2 Tuning Drives.
M 0-1 mA. meter. i .
L’ Headphone Jack. Arrange regenerative capacities across V1 and V4.
S_lz" 2,3 456 \SN;‘;C,?M%&FS"E?}BI]%S?EM. G Components List for the High Bias Line Control of the
Sgi S.P.D.T. A.V.C. On-Ofi. _ _ R.F. Stage, Fig. 22.
59‘ D.P.D.T. Standby. L1, First tuned circuit, R.F. stage.
V1, V3 1852 (6AC7). cl, A 0.01 mfd. 350 v.w. Non-inductive.
VZ, ’ 6SAT7T. C2, C3, Sections of tuners and bandspread tuners.
V4’ V5 6S7. C4, 0.1 mfd. 350 v.w. Non-inductive.
Vﬁy : 6FS. R1, 100,000 ohms.
: v7, GH6. R2, 50,000 ohms variable, High Bias control.
i VS, 6BS. R3, 150,000 ohms.
: V9' 6F5. R4, 220 .
V10 6V6. R5, 5,000 ohms variable, R.F. gain.
’ S1, Wavechange switch section.
S2, S.P.D.T. A.V.C. to High Bias Switch.
o* St vi Vi, R.F. valve.
Py l — NoTE.—The first I.F. stage may also be switched intc the High Bias
. o control, as shown, if a higher degree of control is required.
Components List for a 5-metre Converter for 4 or 6 volt operation,
! : Fig. 23.
’ Ll cz c3 Ralcl L1, 2 turns 20 S.W.G. enam. {” diam., {” above L2.
Y e L2, 6 , 16 , w3 . to 2 long.
== " L3, 10 ,, 16 ,, s 3, to 1% long.
L4, L5, Wearite PHF5, tuned to 10 mcs.
C1, Ce, 15 mmfd. tuners, Raymart VC15X.
s RS 4 1.F. CONTROL - C2, C3, 0.01 mfd. 350 v.w. Non-inductive.
cl | C4, 0.0001 mfd, Mica.
1_ ' e ] Cs, C7, 3-30 mmfd, variable trimmers.
.' ' For 4-volt operation :—
i ' R1, 10,000 ohms, 1 watt.
% R l jm——— - }vAv'vA\ """ : R2, 331000 133
! i R3, 47,000
i ' ® AV.C. LINE R4, 330 .
1
€ . jSZ For 6-volt operation :—
I R1, 22,000 ohms, 2 watt.
R2, 22,000 ,,
VAN AN 9-—- 250V, BIAS R3, 47,000 ,,
R2 R3 R4, 330 "
‘ Frc. 22. Using the High Bias Line. (Resistors, } watt ratings, unless otherwise specified.)
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Fig. 28. A 5 metre Converter for 4 or 6 volt Uperation.

R.F.C, 60 turns 30 S.W.G. on 1 meg. ceramic
resistor as former.
V1, ACTH1 or
GK8.

1 British 7-pin chassis mounting valveholder, or

1 International octal chassis mounting valveholder.
Slow-motion drive for C6, main tuning, knob drive for C1.
Chassis, 73” x 33” x 2,

56

CHAPTER 7
POWER SUPPLIES

The power supply for a communications receiver should be stable,
capable of excellent regulation and, although not required to supply a high
voltage, must be able to supply a fairly heavy current without any heating.

A good transformer is necessary to ensure proper regulation and a heavy
heater winding will be required to supply all the valve heaters, especially if
4-volt valves are in use. The power pack, and therefore the whole equip-
ment, should be protected by fuses both in the primary to mains wiring and
also in the receiver supply line. The power leads to the receiver may
terminate in a plug, constructed from an old octal valve base, the leads
being soldered into the pins and the base then filled with Chatterton’s com-
pound or a good wax. At the receiver, the power supply may be received
in an ordinary octal socket mounted at the end of the chassis, or at the rear.
The power input point should be at the audio end of the receiver, bus-bar
distribution through the receiver being advised.

Smooth working of the power supply is assisted by the bleeder resis-
tance which also allows the low voltage screen feeding line to be taken out,
and the adjustable bleeder should be set, with the receiver load connected
to the power pack, to give the correct voltage.

A bias pack may be used with any receiver to provide a high bias line
to which the R.F. amplifier may be switched for Standby or monitoring the
local transmitter, or batteries may be used since the current drain is negli-
gible and layer-built type batteries may be used, thus allowing the biasing
department to be condensed to a very small size.

It may seem extravagant to give over a valve and transformer for biasing
one stage, but in any case a high bias line is only required by the amateur
transmitter. in the circuits showing a high bias line, this may be replaced
by a simple Standby switch in the negative or positive H.T. line by the
constructor who is interested only in reception. In any case, the separate
heater transformer can be dispensed with if 4-volt valves are used through-
out the apparatus, since in that case a spare 4-volt secondary on the main
transformer can be used to supply the rectifier heater, an ordinary 4-volt
rectifier being used with one section out of circuit, or strapped in parallet
with the other section.

It will be seen that the bias supply has only half-wave rectification and
resistance smoothing, but since only a fraction of the total voltage is used
and the current is negligible the smoothing thus obtained is amply sufficient
for the purpose.

Although the load of the communications receiver is steady, that is, there
are no great current changes as are found in, for example, a Class B
amplifier, it is thought advisable to use two-section filtering for the mains
supply to give as quiet operztion as possible. Where economy is necessary,
however, a perfectly straightforward power supply circuit may be used with
only a single L.F. choke and two condensers rather than the two chokes
and three condensers shown.
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A.C. power packs are shown in Figs. 24 and 25, the main difference
being in the bias supply arrangements. In Fig. 24 the bias rectifier is
suppiied from a separate heater transformer; in Fig. 25, a power pack for
4-volt valves, the bias rectifier is supplied from a heater winding on the
maizs transformer. In either case the bias voltage supplies may be omitted
from the circuit altogether if desired.

Y When A.C./D.C. operation is required a rather different set of circum-
stances arises. The use of ordinary 0.2 amp. heater valves would mean in
any case that the heaters of some of the valves would be at high potentials
above earth, since the number of stages in a communications receiver is,
in general, higher than the number found in other receivers. The potential
difference between the heater and earth increases the chance of hum as the
potential rises, and thus it is desirable to keep the heater drop over the
whole chain at as low a value as possible. The most promising solution
would appear to be to use American 6 volt 0.3 amp. valves in all stages
except the output stage, where no suitable 0.3 amp. valve is readily obtain-
able. In this stage, however, a British 0.2 amp. valve may be used, the
heater heing shunted by a suitable resistance to pass the further 100 mAs.
heater current drawn by the rest of the circuit. The value of the resistance
is calculated by Ohm’s Law, and for one very suitable valve, the Mazda Pen
3520, whose heater operates at 35 volts 0.2 amp., the resistance across
the heater would be

35
R = —— ohms
0.1

or R = 350 ohms, and the resistance rating would be 35 X 0.1 or 3.5
watts. Such a resistance may be made up of standard values, using a 200
ohms and a 150 ohms resistances in series, each being rated at 2 watts.

A barretter is preferable to a wire-wound dropping resistor for applying
the correct potential across the heater chain, since the barretter gives a good
degree of automatic compensation for changes in line voltage whilst at the
same time it requires no setting to value as does the ordinary dropping
resistor with an adjustable tap. Should a dropping resistor be used, how-
ever, it must be set to the correct value to give a current of 0.3 amps.
through the heater chain as measured by a good A.C. or D.C. ammeter to
suit the supply.

Alternatively the dropping resistor may be adjusted by measuring the
voltage across the whole heater chain, the dropping resistor being adjusted
until the correct voltage is shown on a good A.C. or D.C. volimeter, the
type of meter again depending on the supply.

It must be remembered that the adjustments should be made by reducing
resistance—i.e., the dropping resistance should be high in value, the resis-
tance being lowered until the valve heaters are correctly loaded. The
measurenments shouid be taken a half-minute or one minute after adjust-
ments, since the valve heaters undergo a change of resistance with heat, as
does practically any circuit.

No arrangements are shown for a high bias line in the A.C./D.C. power
pack of Fig. 26, as there is no convenient way of obtaining it. If a high
bias line is required, batteries must be used.
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it must also te remiembered that gear working from an AC./D.C.
surply is alive to the mains and the piug shou!d be connected into the socket
in such a way thai the chassis of the power pack and the chassis of the
receiver are both ccnnecied to the earthed mains line. In some cases it may
be found that the positive iine of the mains D.C. supply is earthed so that
it is virtually impossible to connect the chassis of the gear to the earthed
Jine. in this case, every precaution must be taken when using the gear,
especially if it is desired to work with headphones, and the whole operating
positicn, including the apparatus itself, should be insulated by the use of
rubber mats.

In every A.C./D.C. operated receiver, not only the earthing connection
to the chassis, if used, should be isolated from actual cornnection with the
ckassis by an 0.01 mfd. 200 v.w. condenser, but the aerial also shou'd be
isolated in the same manner.

The rating of the barretter or dropping resistance is of course deter-
mined by the number of valves used, together with their common current
consumption and the supply voitage. For example, a circuit using 6 volt
0.3 amp. valves in an R.F. stage, a frequency converter, two LF. stages,
a delector and B.F.O. combined, an A.V.C. and “ S 7 moter stage combined
and with an audio amplifier before the output stage wouid have seven G-volt
waives with their heaters connected in series, the total drop thus being 6.3
velts X 7 or 44.1 volts at 0.2 amp. Then the output stage, using as

" recommended a Pen 3520 shunted by a 350 ohm resistance, would infro-

duce a further drop of 35 volts at 0.3 amp., so that the total heater load
would be 79.1 or 79 volts, 0.3 amp. The barretter or dropping resistance
must therefore be capable of handiing the heater current of 0.3 amp.

Besides the veltage across the valve heater chain, however, the
rectifier also requires feeding. The 25Y5 and 25Z5 types of rectifier are
in good supply at the time of writing, and are capable of supoiying up to
80 mAs., which is suficient for all but the largest receivers, these rectifiers
being suitable since they also require 0.3 amp. through the heater. The
35RE, at present in very short supply, can give up to 120 mAs., and also
reguires a heater current of 0.3 amp., whilst the heater voltage is, as
incicated by the code name, 35 woits. Presume, however, that a 2575
rectifier is to be used. The heater voltage of this valve must also be added
to the voltage drop across the receiver heaters, so that the total heater
voltage required is 79 plus 25 volits, or 104 voits,

With the usual mains voltage of 230 voits, this means that the barretter
will have to drop 220104 volts, or 126 volts. The barretter is chinsen
so that this figure falls as ncar as possible to the centre of the woiking
range—for example, the Phillips Miniwatt type of regulator is rated at 0.3
amp., 100-240 voits for the type number 1941, so that this barretier would
be perfectly suitable.

The constructor who wishes to work the receiver from a Vibrator power
pack may either purchase a commercial model of pack, such as the
Masteradio “* Silent Suvrge,” already mentioned, or construct his own pack
using bought compon-nts.

Very careful screening and filtering must be provided, for a vibrator
pack will radiate R.F. interference uniess every precaution is taken. The
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battery leads must be fitted with a heavy current choke in order that
“hash " is not introduced into the receiver via the valve heaters, whilst the R1, 10,000 ohms, 3 watts, with slider

output line must be fiitered for both R.F. and L.F. R2, 22,000 ,, 1 ,
Either synchronous vibrator or valve rectification may be used, and if R3, 10,000 ,, 1 ,,
vaive rectification is decided upon it is recommended that the 0Z4 gas - F1, 5 amps. fuses.
rectifier be used, since this valve requires no heater supply and thus not F2, 200 mAs. fusebulb with holder.
only is battery drain reduced but the chance of a breakdown obviated. The S1, D.P. On-Off Switch.
0Z4 rectifier is at present in good supply from Government surplus stores, V1, V2 (Fig. 24), 5Y3G.
etc., and can supply up to 75 mAs. at 300 volts D.C. Less than 30 mAs. V1, V2 (Fig. 25) UUs
should not be drawn, since the valve wiil then work at reduced efficiency or 9 I’ntemational ! Mazd tal ch . .
refuse to operate properly at all. ; io oI” az f octa .c'asms mounting valveholders.
If a current greater than 75 mAs. is required, it is advised that synchro- Chassis, 93" x 44" x 27, aluminium.
nous vibrator rectification be used. , .
Whilst vibrator transformers can be constructed or adapted from existing Components List for the A.C./D.C. Power Pack, Fig. 26.
mains transformers, greater efficiency and more silent working will be LF.C. 1, 2 20 Hys. 100 mAs. 150 ohms.
obtained by using a commercial model. R1, 5,000 ohms, 3 watts, with slider.
The vibrator power supply must be enclosed in a metal or metal-lined R2, 22,000 ,, 1 ,,
box, the earth connections throughout being made with heavy gauge wire, . Cl1, 0.1 mfd. 350 v.w. Nen-inductive.
and good quality components must be used, the working voltage values of C2, C4, 8 mfd. 350 v.w. Electrolytic.
the condensers being particularly noted. The wave shape of the currents in C3, 16 mfd. 350 v.w. ,
both primary and secondary of the vibrator transformer give rise to back Cs5, 8 mfd. 500 v.w.
E.M.F.’s sufficiently high to break down condensers of low working voitage V1 25Y5, 25Z5. 35RE é;c
ratings, and any breakdown or short-circuit in the power pack can cause B ’ B ,t ' C ’ N
serious damage to the vibrator. ' i . arre':t er to suit heater load.
‘ ) X 3 1 International octal chassis mounting valveholder.
A fuse in the supply lead to the battery is also essential, since should 1 Holder for B 4
the vibrator contacts stick a very heavy current would flow through the older for Barretter used.
F 1 amp. fuses.

vibrator and one half of the transformer primary, possibly fusing the trans-
former and damaging the battery. The usual fuse value used in this position
is 10 amps. The switch in the battery lead should be rated at 10 amps.,
and should be of the Q.M.B. type.

The ‘“ hash ”’ choke may be home-wound, using 60 or 70 turns of 16 Components List for the Vibrator Power Packs, Figs. 27 and 28.

S.W.G. enamelied copper wire (or heavier) on a 1” diameter former such as T1, Vibrator transformer, Bulgin M.T.5, or

81, D.P. On-Off Switch.
Chassis, 91” x 43” x 2, aluminium.

a wooden dowel. similar.
. R1, R2, 220 ohms, 1 watt.
Components List for the A.C. Power Packs, Figs. 24 and 25. R3, 4,700 1,
T1 (Fig. 24), 200-250 v. primary. ‘ R4, To suit screen current. (See Note.)
5v. 2a. secondary. ' C1, 0.5 mfd. 350 v.w. Non-inductive.
T2 (Fig. 24), 200-250 v. primary. C2, 0.0003 mfd. Mica.
(?;5"0-2-2250 v.s?,:)oznr;As. secondary. 3, 0.01 mfd. 1,500 v.w.
T1 (Fig. 25), 200-250 v. primary. C4, 0.01 mfd. 350 v.w. Non-inductive.
250-0-250 v. 200 mAs. secondary. Cs5, C7, 8 mfd. 350 v.w. Electrolytic.
4v. 2a. 4v.2a 4v. 8a. C6, 16 mfd. 350 v.w. .
LF.C. 1, 2, 20 Hys. 200 mAs. 150 ohms. Cs8, 0.1 mfd. 350 v.w. Non-inductive.
C1, 0.1 mfd. 250 v.w. Non-inductive. R.F.C.1, Hash filter. (See text.)
C2, C4, Cs, 8 mfd. 350 v.w. Electrolytic. R.F.C. 2, Screened all-wave choke,
Cs, 16 mfd. 350 vw. , L.F.C., 20 Hys. 100 mAs. 150 ohms.
C5, C7, 8 mfd. 500 v.w. » F, 10 amp. fuse.
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Vibrator Pack with Synchronous Rectification.

S1, Q.M.B. On-Gff Switch.

B, 6-volt accumulator battery.
D, Vibrator driving coil.

V1 (Fig. 27), 0Z4.

1 International octal classis mounting valveholder for V1.

Chassis and shielding cover.

NoTE.—The constructor should follow any makers’ instructions obtained
with the vibrator, particularly as regards buffering circuits. It may be desir-
able, for instance, either to shunt R1 and R2 with 0.1 mfd. condensers, or
to replace the resistances altogether by such condensers.

1t is possible to obtain a reversed polarity at the output side, so that
no output filter component should be connected up, especially C5, C6 and
C7, the electrolytic condensers, until the output polarity has been checked.

> This, of course, refers to Fig. 27.

A dropping resistance rather than a potential divider is used for the
screen supply to avoid further current drain. The resistance R4 should be
chosen to give the correct voltage drop at the current passing, using a simple
calculation by Ohm’s Law. Each circuit diagram in the previous chapter
shows the approximate screen current on the 150-volt liné.

This method may also be used, if desired, in the A.C. and A.C./D.C.
power packs.

CHAPTER 8
AERIALS FOR COMMUNICATIONS

It is, of course, impossible to give anything like a full account of aeria!
theory and practice in a few pages, but some salient points can be noted
especially for the use of the receiving amateur. The transmitting amateur
will in all probability use the one aerial for transmission and reception
except for Duplex and Break-in working, which means that the aerial and
its coupling to both transmitter and receiver will be adjusted to the band in
use and will thus be working at maximum efficiency at ali times.

The transmitting aerial, as has already been noted, is usually the best
receiving aerial, but where the communications receiver is to be used alone,
in a listening post, then the most useful aerial is that which will receive all
amateur bands as well as broadcast and commercial stations with as great
efficiency as possible.

The reader who requires further information on aerials and their many
types is referred to the Aerial Handbook, No. 56, in Bernards’ List.

At high frequencies—that is, for short-wave reception—a tuned aerial
can be erected in quite a small space. The best example is perhaps the
television aerial, seen in ever greater numbers at the top of flagstaffs and
attached to chimneys. This type of aerial is a vertical hali-wave, and often
has a reflector so situated that the true aerial is in line with transmitter
and reflector, the reflector, naturally, being behind the aerial.

a7




The haif-wave aerial, as its name suggests, is a half-wavelength long,
measured eiectrically rather than mechanically. An aerial suffers from what
is known as the ‘“ end effect ”’ so that a half-wave aerial is slightly shorter
than a measured half-wave, the relationship being given by the formula

where L is the total length of the aerial in feet and f is the operating
frequency in megacycies. The formula can also be given as
_ 5540

A = ————
f
where Li is the aerial length in inches.
To take an example, a television aerial for vision reception must work
with maximum efficiency at 45 mcs., so that the aerial length is

5540

45
or Li = 123.1 inches or 10" 3”.

The television aerial is mounted vertically since the transmitter aerials
are also vertical, and the transmitted waves are therefore said to be vertically
polarised. This polarisation holds only over relatively short distances, how-
ever, so that for general working on rather lower frequencies the great
majority of aerials are horizontal. The increased length of an aerial for
lower frequencies also makes horizontal construction simpler, although the
new B.B.C. vertical long-wave aerial may be cited as an example of vertical
polarisation on the very low frequency band.

By erecting an aerial tuned to the frequency of operation the signal
strength is increased at the receiver and, at the transmitter, the aerial
accepts all the power which can be passed to it.

For working on the 20 and 40 metre amateur bands the half-wave aerial
is stiil sufficiently short for erection in a fairly small space, but it is prac-
tically impossible to erect a tuned aerial for, say, the broadcast transmissions
at medium frequencies, and in any case such an aerial would be larger than
the licence allows.

For wide frequency coverage, therefore, a compromise must be made.
The aerial in any case will be more efficient at the higher frequencies which
is where the efficiency is needed, so that the best arrangement is that which
will give good working on all the amateur bands, the lower frequencies being
left to take their chance.

The direction in which the aerial receives most efficiently also requires
consideration. The half-wave aerial, at whatever frequency for which it is
tuilt, receives most strongly from a direction at right-angles to the plane
of the aerial wire, and is thus known as a broadside radiator or receiver.
Recontion of stations in line or nearly so with the wire will, other things
being cgual, be rauch weaker than reception from stations in a direction
perpendicuiar to the wire. For this reason, 5 and 10 metre transmitters
often arrangde their aerials to be rotating, so that the array can be turned
bodily to direct the signal to any required compass point.
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By erecting an aerial knov.n as a “ long wire,”” however, the ‘“ end
fire 7 effect--that is, the strength of transmission or recepticn in line or
nearly so with the aerial wire itself is greatly improved, whilst ihe broadside
radiation or recepticn is attenuated. In general, however, a wire twice the
wavelength of the favuured band in length will give good all-round coverage
in the British Isles if erected in a due East-West direction. B

The formula for the length of a two-wavelength aerial, or for any aerial
longer than a half-wave, is

492 (n-0.05)
L= —— — feet

”

where L is the length of the aerial wire in feet, n is the number of half-waves
in the aerial length, and f is the favoured operating frequency in mes. Thus,
as an example, if the favoured band is the 20 metre amateur band, the
frequency in this case being taken as 14 mcs., the two-wavelength aerial
will contain four half-waves. The formula then becomes

492 (3.95)

L=—— " feet

or L = 138.8 feet.
it is still necessary to connect the aerial to the receiver, and the best
method to use with a long wire aerial is to cut the aerial at the exact centre.
supporting the cut ends by a short insulator of strength sufficient to carrvy
the strain of the aerial. The wire is thus separated into two egual portioné
in line one with the other. )

All aerials have a radiation resistance, or characteristic resistance pre-
sented to a feeder system at their points of maximum curcent {current anti-
nodes). Resistance of a four half-wave aerial is approximately 110 ohms,
though this resistance changes within fairly narrow limits with the height
of the aerial and the type of ground at the locality. The feeder requires
matching to this aerial resistance and also to the receiver, and so a suitable
type of feeder must be chosen and matched to the receiver, for best resuits,
through a circuit such as that shown in Fig. 3, although the feeder may be
taken directly to the receiver with a slight loss of efficiency.

The use of a 110 ohms feeder will allow the connection to be made
at the aerial end, directly to any current anti-node (these occur at every odci
quarter of a wavelength along its Jensthy), that is, in a two wavelength aerial
at Points along its length equal to 2, 2, § and § of the total length. The
aerial may be cut at any of these points and 110 ohm feeders connected.

) Such a feeder may be purchased, and the mismatch will not be serious
if 80 ohm feeder is used. Several makers can supply such feeder and ordi-
nary lighting flex presents approximately the correct characteristics, although
such a feeder would not weather well, l

In a situation where bad interference is experienced, another type of
feeder may be required, where twin wires are lashed to trunsposition blocks
at every 18” or so, such blocks being obtainable from Messrs. IZddystone or
Raymarts. The feeder wires are thus crossed at regular intervals, the effect
being to cancel out any signal, including inlerferenée, which is picked up by
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the feeders themselves. A matching unit should be used between such a
feeder and the receiver. “

In very noisy localities, with interference from traffic, neon signs, and
the like, a short aerial may prove better than a properiy-designed long aerial,
since the signal-to-noise ratio must be kept high for satisfactory reception.
In this case, the aerial can only be decided upon by experiment, and it may
prove beneficial to use a complete commercial aerial system such as the
‘“ Eliminoise.”’
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APPENDIX

Coil pack Manufacturers and Distributors :—

Aligned Instrument Services, 1, Colworth Road, Leytonstone, E.11.
(Type 30 series ceil packs.)

M. Wilson, Ltd., 307, High Holborn, London, W.C.1.
Raymart and Eddystone Depots :—

Radiomart, 48, Hollovay Head, Birmingham 1.

Webb’s Radio. 14, Soho Street. London, W.1,
Crystal Manufacturers :—

The Quartz Crystal Co., Ltd., 63-71, Kingston Road, New Malden,
Surrey.

Valve Stockists ;-

J. Bull & Sons, 248, High Street, Harlesden, London, N.W.10.
Tele-Radio (1943), Ltd., 177A, Edgware Road, London, W.2.
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“TECHNI-GEN”
CONSTRUCTORS’ ENVELOPES

Correspondence with many thousands ot purchasers of our well-known Radio hooks
has revealed a considerable demand for Radio designs in sheet form, and has indicated
the types of sets desire

The new " TECHNI-GEN " series of Radio Constructors’ Envelopes 1s based upon
this information.

Each envelope has an attractive cover design in two colours and contains a broad
shect, size 22} in. by 17} in., giving a chassis blueprint, a picture of the set wiich
in cach case, has been built and ully tested, circuit diagrams and exphert instructions

Lewis George, the well-known Radio designer and author, is responsible tor the
production of the Scries and British component manufacturers have co-operated in
developing the designs.

1. HOW TO MAKE A 3-VALVE No. 4. HOW TO MAKE AN AC'D{

PLUS RECTIFIER AC/DC TRF ‘“ QUALITY RECEIVER
RECEIVER. For  medium For medium and long waves.
waves (200-557 M, only). This This receiveris suitable for both
recciver s provided with a local station reception and for
tone control and a method of the more powerful Contmental
using an energised loudspeaker stations.  Approximately 8-
is tllustrated and described. watts push-pull  output s
provided.

No. 2. HOW TO MAKE AN “ ECQ-
NOMY * 4-VALVE PLUS REC- No. 5. HOW TO MAKE A 20- W&l&l

TIFIER AC/DC SUPER-HET. ¢ QUALITY” AMPLIF

RECEIVER. For medium Separate treble and buss toue
waves  {200-357 M. only). controls are incorporated and
A.V.C. and Tone Control is the output stage comprises
incorporated. two tetrodes in push-pull with

negative feedback.
No.3. HOW TO MAKE ¢‘ALL-
DRY” 4-VALVE BATTERY No. 6. HOW TO MAEKE A PORT-
SUPER-HET. PORTABLE RE- ABLE AC/DC PUBLIC AD-

CEIVER. For medium waves DRESS AMPLIFIER. 10-watts
(200-357 M. only). A.V.C., output with provision for
Tone Control and a Frame mixing two microphone inputs
Aenal are incorporated.  Pro- and a gramophone pick-up.
vision is also made for the use A suitable carrying case i
of an outside aerial. illustrated.

No.7. HOW TO MAKE A DE LUXE TUNING
UNIT FOR THE 20-WATT ‘‘ QUALITY”
AMPLIFIER. Both strawght aud supcr-het
circuits  are incorporated allowing wide-
band local station as well as all-wave
reception.  Continuously  variable tone
control circuits are included.

Retail price 2s. each
Obtainable trom your dealer or, wn case of dilficulty, write direct
BERNARDS (PUBLISHERS) LIMITED,
GRAMPIANS BUILDING, WESTERN GATE,

LONDON, W.6.
Telephone : SHEPHERDS BUSH 2581




BERNARD’S RADIO BOOKS
FOR THE HOME & AMATEUR CONSTRUCTOR
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SERVICES SIGNALLING MANUAL ..
Rap1o Pocker Book ...
ELECTRICAL ENGINEERS HANDBOOK
MANUAL OoF RapIO CIRCUITS ...
RapIO VALVE MANUAL ...
MANUAL OF DIRECT DISC RECORDING. T
WIRELESS AMPLIFIER MANUAL ..
SHORTWAVE RADIO HANDBOOK U

MoDERN RADIO TEST GEAR CONSTRUCTION ...
RADIO SERVICE MANUAL ey
RaDIO REFERENCE HANDBOOK ..

Rapio CoiL AND TRANSFORMER MANUAL
INTERNATIONAL SHORTWAVE RADIO STATIONLIST

CATHODE RAY OSCILLOSCOPE MANUAL
RaDIO TUNER UNIT MANUAL ‘..
RaDI0 CONSTRUCTORS MANUAL
RADIO RESISTOR CHART... ... . ..
HaNDBOOK OF Rapio Cmcuirs No. 2
RADIO AERIAL HANDBOOK
ULTRA SHORTWAVE HANDBOOK
RaApIO HINTS MANUAL ...
TELEVISION CONSTRUCTION MANUAL

RADIO REPAIRS MANUAL
AMATEUR TRANSMITTERS’ CONSTRUCTION MA.NUAL
CAR AND PORTABLE RADIO CONSTRUCTORS’

MaANvuAL .. - es
Rabpro CALCULATIONS MANUAL
SouNp EQUIPMENT MANUAL ...
RapIo DESIGNS MANUAL . R
COMMUNICATIONS RECEIVERS' MANUAL

RaADpI10 VALVE EQUIVALENTS MANUAL .. v
FREQUENCY MODULATION RECEIVERS’ MANUAL
LOUDSPEAKER MANUAL ... .

Other Titles in Preparation
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Rap1o INDUCTANCE MANUAL (Coil and Transformer

Construction)
MODERN BATTERY RECEIVERS’ MANUAL

* EXPERIMENTAL CIRCUITS MANUAL

RaADIO TEST EQUIPMENT MANUAL
RADIO VALVE APPLICATIONS MANUAL
RADIO ANTI-INTERFERENCE MANUAL
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