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CHAPTER |
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, quite out of reach. As the
nasne implies, the communications type of receiver is primarily designed to
provide the listening side of a complete radio station, especially in the
amateur 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.
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The ordinary ‘* all wave ™' receiver is not ideal for shori-wave work, and,
of course, is atmost useless for the frequencies above approximately 20 mcs.
—that is for wavelengths below about 15 metres, for although a V.H.F.
converter can be fitted fo such a set, the results will never be so satisfactory
as those obtained with a receiver 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 pre-selector 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 usual way, or
may have a2 mixer valve fed with local oscillations from a separate osciilator.
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 triode hexode, a triode
pentode or a pentagrid,

The LF. amplifier following the frequency converter is often lhe real
heart of the communications receiver. Whereas the ordinary broadcast
receiver has a single LF. 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
hroadeast 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 required, 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 ** crysfal gate.” A quartz
cryslal, simifar to those used to stabilise crystal oscillators, 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 Q, giving a very natrow pass-hand, so the
cases where stations on adjacent freguencies are suffering mutio! i.nter;'
which cannot be prevenied even with the LF. at its most seleclive satting
switching in this = ecryslal gate 7 will generally ailow the veguired staiio'r;
to be tuned free of interference, so greak is ihe ealia seiectivit;' obtained

In the 1.F, amplifier, in many cases, are ncorporated ‘5 "or "R
meters, analogous to the Magic Eye used as a tuning indicator in broadeast
ri_:ceivers from one point of view for, like the Magic lve, the ™ S " meter
gn_res an indication of field strength. The meter in general use is a meving
coil corrent measurtng instzument, calibrated in decibets or © S poivts
and connected either in series with the high tension supply to 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. amplifying stages. Reports of
station quality and reception strength are made by the R.3.T. code, where
the symbols Rl to R3, are used to gdive indications of readability, the
symhols S1 to 89 are used to give indications of signal strength and the
_symhnls T1 to T9 are used to give indications of ilie purity of the tone.
These symbaols are used more especially in C.W.—i.e, in telegraphy. . work
and in telephony have heen replaced to some extent by the QSA'and thé
QRK codes, The symbols (QSAY1 to QSAS indicate degrees of signal
streagth whilst the symbals QRK1 fo QRIS indicate degrees of readability
[jrobabl)r the symbols S1 to S9 are the most used, however, for rcpnrliné
signa! strength, and it is this series of ““ 8 " points which appears on the
dial of the “ 87" meter.

Whilst the majority of “ S meters have the points separated by a
6 decibel reading, there appears to be no real standardisation of the 59
readins—an 59 indication being given in some cases by a 30 microvolt
f.ignal at the receiver’s input sockets and in other cases by a 100 microvolt
m_put, but even so differing conditions and even difiering frequency bands
will render the calibraiion untrue. 1t would appear to the author that rather
too much reliance is placed on the *' 8 " meler by many amateurs, bul in a
later chapter cerlain suggestions are made f{or the more valusble use of
the instrument.

The detector in the communications receiver may be considered as being
part of a group of stages 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 nccessary i the receiver is to fulfil all the
uwsual functions,

.T‘he B.F.0. is a small self-contained stage built round a triode, in the
maiority of cases, and is simply an oscillating circuit working on a fréquency
close to the LF. of the receiver. M is used for C.W. reception, although in
certain specialised tests or adjustments it may be used when telephony is
being received.

The B.F.Q. is necessary to allow plain C.W. reception on a superhet.
The aerial is receiving an unmodulated train of waves, and thus while the
characters of the code will be passed through the frequency converter and
the I.F. stages of the receiver in the usva! manner, tha demodulator will
have no audio signals to pass on {o the vutput stage, so that at hest there
will be merely a succession of clicks in the headphones or loudspeaker,

6

whilst 3 weak C.W. station will give no aadible resuits at all. The effect may
be avercome at Ihe brapsmilting end by medulaling the carrier-ware with
tune signals, but the sune : may be oblnined at tie receiver with much
less irouhic,

By switching in the B.F.Q., working at, say, 1.000 cycles away trom
the intermediate frecueay, nemodatated signzis srebving as 1.F. dots and
dashes at the demodulator will be teteradyired by the oscillations generated
hy the B.F.O. and, morcover, the heterodyne will be audible since it is a
1,000 eycles note. Thus, the 1 1.0, and 1.F. stages, workiag in conjunction
into the demodutating stage. #he audie signs on C.W. with the added
advantage that the tone or note may be adjusied to suit the ear simply by
tuning the BF.O. and thus yarving the heterodyne frentienay. The tuning
conirol may be pre-set or Moy ke prought out to a panc! coatro!, whilst
a switch controls the B.F.O. ws a unit. The osciliztions from tre BIF.OL
are fed directly to the demodulator through = very smail caj

The detector or demodulaior is most usupkly the comen
double diode, with fuil AV.C arrangeraents, zlthough othc:
sofnetimes used, expecially in wnateur-built apparatus. The infinite fmpe-
dance Lelector, wsing a tricde with cathode follower connuctions, is very
wsefu! as 2 detector, but with {is or any other special circulls, somarate stades
are than necessary to give ANV.C, voltages, whilst it is possible for such
high efficiency in the last LF. tuned circuit to be obinined that the chances
of feedback and instability are increased.

The Noise Limiter, like the BF.Q., isa self-contained unit, and may be
switched in or ocut of circuit as required. Several circuits arc available, the
mast commen being a double diode biased in such a wanner that aucio is
passed without interference. Sudden peaks of noise, however, rising above
audio level, are clipped to the level set by the biasing, and in the case of
ignition and sirailar noises it is found that clipping the noise to ihe level
of the audio signal in the headphones or loudspeaker cnabies the signal to
be copied without trouble.

The audio ampliiving stage or stages of the receiver may ke made to
provide facilities for the type of work it is desired to carry out. In the first
place, hoth headphone and lovdspéaker output sockets should be provided,
so that ihe demodilator should be foliowed by a trjede to feed the head-
phones and also the power ouiput stage for the loudspeaker. Again, some
amateur operalers are interested in recording their contacts so thata cutting
tiead stage may be incorporated in the receiver, with its associated balancing
networks, and then a microphone pre-amplifier is, in some cazes, also enciosed
in the receiver cabinel with furiher provision for record playback. These
refinemenis are not usually requived, however.

The ouiline of the communications receiver, therefnrs, may be shown
in Dlock diagram as in Fig. 1, where the various stedes are well marked.
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, not only from the electrical but also from
1he mechanical viewpoint, for complete rigidity and stahility are necessavy.
Again, the multiplicity of R.F. and LF. stages necessitates very comniete
shielding to prevent feedback, and with this end in view it is usnal to run
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Fio. 1. The Communications Keceiver in Block Diagram,

Itlhe HT line at‘ a }owf:r Eotentia] than in a broadcast receiver. A 250-volt
ine is all that is required, so that a 250-0-250 volt H.T secondary t
former may be used in the power pack. ’ v rans
" SRir;:e frequen_cy drift in the receiver would result in the misaligniment of
th: l'e.':'e.i‘|lal.a‘r:'t:l a(')‘ls;:]:.ltor tum;i]g, the power pack is often kept separate from
' . iven a chassis and screening cover of its ow
::md ten,largllllg the receiver cabinet it is also wise % house the ]o?x,ds:l;:k:::
parately. is possible to incorporate tem: H i
densers in the oscillator circuit he oseillator from o uor
’ 3 » and fo run the oscillator from
T . a
]med“hlch is held at constant potential by a regulator, but these precaﬁ;i):g
neg 1 not ll;nc taken unless a high degree of accuracy is required
n a home-constructed receiver probahl i ‘
) _ : y the most dificult part of
%i'i,;:cgkr;n;nl()i tmnstrl}s:tltl:‘uanls that connected with the {uning atrrf;nga:t'nel::;E
etween the R.F. and oscillator tuning obviousl 5 ,
yet at the same time as great a coveraze i s e oy o et
e as possible is necessar d tuni
must not be cramped. It therefore beco i ommereially
t be . mes difficult to use commercially-
.l';;ge coils since these are chiefly designed to work in eonjunctinneﬁ::[llya
Eal.":'?'m.ml’d. funing condenser, whereas a 50 mmifd, to a 150 mmfd capaci
Is a more suitable maximum capacit i ' )
. y. By using home-mad
;m;&[{{e;tugl?l}g conc[ier;ser can be buiit into the receiver, but in tl:lisec:;:]sthg
anging o e coils for correct tracking must b !
_ ¢ ¢ perfo i
:i?ﬂiub:i:m' g;md reception over the bhands. One mgthodrn;?dofrzf:;g:;g;tatgi
culty 1s (0 use separate huning condensers for R.F . i i
but again this is suitable only i ercy. bapeys o clrcuits
¥ on the highest frequency band
of single-knob tuning control (a . g devicer 3 crifice
part fram a bands i i i i
fice ‘F]E both convenience and simplicity. preading device) fs a sacri-
ere is also the choice between band-swit
. ’ - ching and coil-changing t
Eg:::gee::g]y Whers al smal}li receiver is desirable a set of plug-in c(%i]sgassoifzi
In reducing chassis size, whilst at the same tim icat
- . . . ’ - <
]s]wu?hmg sys_tem and s}ueldmg arrangement is obviated, hut E)rcszé;;at:d
ensive circuit hand-switching is preferable. All these problems, h ver,
are finally dealt with in a later chapter. > howeven
. It;has a!ready !neen saic! that the LF. amplifier is the heart of the receiver
an ¢ choice of intermediate frequency also requires some thought Imagé
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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 lack 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.V, amplifier where the LF, is 450 kes. If a signal to be reccived has
a freguency of 1 me., the oscillator, working as is usual 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 ks, heterodyne.

At the 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 origina! station at 1 mc.
will be heard first, when the osciflator is working on 1.45 mcs. and, secondly,
when the osciliator is tuned to 0,550 mcs, or 5350 kes.

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

AL the frequency of the station given as an example, 1 mc., the recep-
tion of an image is virtually impossible, however, for the selectivity of even
a single tuned circuit is sefficient to prevent a 1 tne. station from feeding
through to the mixer when the first tuned circuit is set at 100 kcs. as i will
be when the oscillator is working at 550 kes., but the percentage difference
reduces rapidly as station freguency rises. For exampte, maintaining the
1F. at 450 kcs., a siafion on 10 mes. will give an image when the first
tuned circuit is set at 9.1 snes,, the oscillator then being set at 9.55 mgcs.,
and whilst admittediy the tuned circuit which would pass a 10 mes. signal
when the circuit itself was set at 9.1 mes, would be rather poor, the effect
becomes possible, and then pronounced before the 10-metre amatewr band
on 30 mcs. is reached. Here the image reception of a 30 mcs. signal can
take place when the first tuned circuit is set at 29,1 mes., and there will
be sufficient transference in this case to give a strong image. (These figures
are given assuming that the oscillator is sl waorking at a higher freauency
than the first R.F. ar signal frequency. Often, however, the oscillator works
at a lower frequency for reception of 10-metre signals—ihis consideration
does not, of course, affect image reception, which is still possible.)

An ohvious solution o this trouble with image reception is fo increase
the LF. of the recelver. LF. transformers working on a frequency 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 freqiencies or the
very high frequencies, an LF, of 5, 10 or even 15 mes. is quite common.
Increasing the LF., however, is only possible by eacrificing the coverage of
the receiver, for if signals in the medium-wave broadcast band are also to

be received, sav, on 750 kes., the LF. cannot, for obvious reasons, he much
greater than the usual 450 kes. or so.

A second solation to the prohlem: of image reception s to use an LF. of
450 kes. eor a similar frequency and to improve the selectivily of the
“ front end '’ of the receiver as far as possible, This is the purpose of the
R.F. amplifying sfage, which improves selectivity as well as sensitivity, and
a regenerative R.F. slage gives even greater image rejection. For the
V.HF.'s. the most convenient method of reception is lo use a converter
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feeding (nlo the main receiv
_ t er, when the 5-metre band an ;
higher frequencizs can be received. @ shgnals at even

for tﬁ: El:; ues.et of,.a m.:}vferter the‘superhet js changed to double LF. working,
for o verter’s {)SIi.I‘lalm‘ works al a frequency separated from the signal
¥y ulr .10 mes. A tuned transformer connects the converter to the
:::;.elger]s input terminals, the receiver also heing tuned to 5 or 14 mcs
; ‘1.:_ tu:s hecon:ea the first l.‘F. The freguency converter in the mair;
eceiver t-_len furthier converts this first LF, to the receiver LF. of 450 k«
o7 s0, which becomes the second LF. o TR

With the choice of the intermedi

| iate frequency setiled, the controls of
:‘1:th§; ZTplhﬁetr may be]ccnsidered. To obtain variable selectivity, two

Y east are available, one being the use of variabl rectivil
' e selectivity
:;'insft(;lrmers ar_id_ the oll}er to.make one stage of the LF. amplifier rcrfcnera}A
regeénergt_ls:]ectwltybvar)'mg with the degree of regeneration a]luwed” Sinre
n may be conirolled by simple mean ;ariab istance i

the cathode circuit of the iny e e tatty aatont
valve involved, for example—selectivity contro!

t ) ; , h H 3 ontrol
is lreadiil);1 ayailab‘.e_ w1thol.ft tl;e expense of special transtormers. Tﬁe Lcrvs.ltzl
gate, with its particular circuit and requirements, is dealt with in Chapte'r 4.

When the 1.F. amplifier feeds into a i
1F. conventional diode detector and
?a;:t.c. st?fe, I.t is generally found that one or two disadvantayes are ;ttde':)—
AVCOH]' e c1rcult.' The B.F.0., for example, cannot he used when the
i' -C. line is operating, for the local oscillator then feeds into the A.V.C
:arcmtﬂand thus ‘a‘tffet,:t,s the hiasing of the A.V.C. controlled stages. A't t'hé
An‘}ec T_e, tpe S meter is generally switched out of circuit when the
. h ine is switched out of action. These cifects can he remedied if
a rather more elaborate detector and A.V.C. circuit is arranged. For
f:lamgle, by using one side of a double triode as a detector of the I.nﬁnite
ﬂ:)e ance type, taking dl.fe precautions over the L¥, feed if necessary, the
gnderaildt; :fsg;:: cltquble ttlnm]!; may be used with great success as the B ’F (8]
. e time, the B.F.Q.-Detector coupling probl i 1 1, for
with both valves in the same envelo i p o Sty o
ves pe the coupling is provided within il
valvi:..ﬁ Also, it is then possible to tap the A.V.C. rectifier into th::‘1 It il"e
:::';[; I‘her ;h‘e{ag of tll;le detector, with the result that the B.F.(}. may be us:eci

e A.V.C. either off or on, just as is required. A in, the ** 8 "
, . Again, the 8
ir:)a::fﬂl;ﬁg;ot:;ect;edhn{xft Cto ]the L.F. or R.F. stages of the set, but to amv:]tfg
e A V.C, line and set apart for meter onerz;tion thi
:::‘i:gigv :ror:)r:ec;leii t;)h the é.V.C. line whether it is switched in to ’contl:oratll\;:
ot, the “ S " meter then giving its indications at i
: all t .
t’[}'}lgsf;nner:e;congoll;?g d\;a:ive may be combhined with the AV.C recliﬁ;r']eisn
orm of a double diode triode or a double diod 1 i

the circuit less extensive than might at first appnear.e pentode, thus making

formlst \;:‘l‘l.i l:tbﬁ seen, ':hfjni t]hat the communications receiver may take many
, e ¢ircuit details and the more important of th i
be further examined in the followi et oo the

L ing pages. One particular function of the
ri(:ielv;‘.r n.lust first be noted, however, together with the special arrangements
and circuits used—the use of the receiver with the amateur transmitter.
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CHAPTER 2
THE RECEIVER AND THE TRANSMITTER

Where the communications receiver is used alone, the * Standby ™
switch is probably never touched, but to the transmitting amateur it is
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 recelver, whilst
jeaving 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
recelver canmot work in the same band together unless several 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
transmitter tuned to the same or adjacent frequencies, it is still quite
passibie for a high current to flow in the input or first tuned receiver cireuit,
a current sufficiently high to cause damage,

Where the receiver is connected to the same aerial as the transmitter, it
veill obviously be necessary to arrange for the aerial to he switched from the
receiver to the transmitter when a transmission is to take place, and if, as
is usual, relay switching is used for this purpose, it is a simple matter o
arrange a further relay contact to short out or ground the receiver’s input
sockets. When a separate aerial is used for the receiver, however, so that
no aerial-switching is necessary, the receiver’'s input sockets should still
be earthed or short-circuited, and in some stations an adaption of the
s press-to-talk ' method of switching is used, a press-button on or beside
the microphone operating relays which, when the button is depressed and
held down throughout the conversation or call, switch off the receiver,
render its input circuit inoperative and then apply power to 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 aerial is in use, for it is
useless to make an effort to 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 operations by a simple extension of the
Standby switch, so tar as the receiver ILT, 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 made, 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 tvpe of wark it is generally arranged that one transmitter shall be
separated in frequency from 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 recelving and transmitting

- )
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aerials]s_hould he as well separated as possible, and, since the distance
:t;v;rc;e;s“i;ie‘usuam not great, tie transmitter input power is reduced as far
Again, a special arrangement is required for break-in worki roalk.d
working will probably become even move popular now“?l;:;ngi.'r:e!'gr‘-lilt‘i:g
amateur is required to work C.W. for the first year of his licencs-: and has
ml.}ch to recommend its adoption. By working with break-in, C.W ,0peratlicm
dgains characler much as personality is given to & contact on .’phone by
Duplex working, for one station can break in on the signals from its ccm}r
tacting station, question and answer can .be passed back and forth, re eat;
of uncopied or bad characters can be requested at the moment of oc,:r:urfence
and, perhaps more important still, each station has a check at all times of
QRM or interference on his own frequency, since even if the stations are
working at different frequencies such information can be passed from
station to the other without delay. one
The requivements of break-in C.W. operation are i i
controlled by the transmitler at each depregsion of the ktti.l:.t t[\lfillr:tcet]lr: rk y
at the transmitter is down, forming a dot or dash, the receiver at that stat-ﬁ
musf be dead, but immediately the key is vp, even between characters ;he
receiver must be in operation. This means that the second tranqmitterlma
interrupt the first by merely holding down his own key, since the.n he will bi
heard as a note or tone in the receiver at the first transmitter with ever
break in the transmission at that station, which then ceases to send c:
senils a code group to signify readiness to receive. Separale aerials’ar
usually used for transmission and reception. ¢
At each station, therefore, the kev confrols a relay circuit, the actual
circuits being arranged to the favourite scheme of the operator ,but capahl
of keyirg the transmitter, earthing one aerial and controlling the recfivere
The relays, moreover, must be quick and quiet in operation. '
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
his station stay be left sufficiently operative to give him the sound of his own
transicitted signal, Probably the simplest method of achieving this result
is 1o switch in extra biasing into the R.F. stage of the receiver which
although its input circuit is shorted and there is no aerial connected to cit,
will still be able to receive signals from the transmitter at its own qtation'
Thke bizsing switched in to the receiver’s first stage should bhave a lmanuai
control, sc¢ that the operator can set the volume of his own signal in
balance with that of the contacting station. !
The use of a high biasing potential on the R.F. and sometimes alse on
the LF. stages of the receiver is not confined to break-in C.W. operation
f::r 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 inoperalive. The Standby switch, for example, instead of breakin
the main H.T. line to the receiver, may connect the A.V.C. lire from thﬁ
R.F. and LF. stages to —30 or — 40 volts of bias, obtained from batteries
or from a small biasing unit in the power pack.
Some methods of aerial-switching and itter-reced
o o dorad i grester detail_g. transmitter-receiver control can
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Aerial-Switching

The contro! switch which transfers the aerial feeders from lhe recelver
to the Lramsi and vice vorsg may be manual ov refsy-rperated, and
when oiner ciroers tp be clused at the same time relay oporetion is
advisai'e. Cre coptrol triton or soitch can then contvol sevaral relavs, for
in a b power system the oerial feeders should have their own sepavate
relay and contacis mounted oni of harm's way. Specially designed aerial
velays ar2 obfairuhle commercially.

(e ingeptass methad of aerial-switching should be noted, bhowever,
wlhich calls for trams o of fecders from one sel of cannections to
another. Hs use {3 realiy confined io the higher freguency systems, where
a guarte-wavelength feeds is of convenient size. Refercnce to the Bernards’
Aerinl Dndhoch; will show thnt a quirker-wave ling or two-wire feeder has a
low impedance al ore ond of tha lime, with a high tmpedance at the other.
Such a tige con B < s syitched into the main aeviat feeder in a manner
that prescuta a piv shart cirenit to the receiver, and devices based on
this pripe 1y wsed in certain radar gear. It is alsu possible to
use gas-hlicd tubes—Geon ar argen tohes or gas trindes—as the shorting har
o mn zerialmatehing stub when the transmitter is coupled to the aerial
tiwonsh sach o devis The gas-Mled tuhe will glmw when the transmitter
is swilched o, thus shortiag the siuh and matching in the transmission line

: byt when the trausmitter is switched ofl the tube is extin-

sl

wre

LR

pial g

guished, ihe shovbrouit becomes o Righ impedance and a further quarter-
wave fine from the ends of the matching #teh to the receiver will then transfer
} ! power to the receiver's tnput circuit. These systems, however, are
roconvarional. and manual or relay perial-switching is far more common.
The transmitier §s coupled to the serial via sn aerial tuning unit, and
{he switching mav or may not include this unit. The feedcrs may be switched
from the aevizl tuning unit to the receiver, a separate atrial tuning unit
may he used at the receiver or the aerial tuning unit may he connected to
the feeders permanently and the umit iteelf switched from transmitter to
r. em to ke wsed depends on the requirements of the gear
ial bot fne sienplest methiod (s to employ a switch which
frgrn Bre bransmitter’s aerial tuner straight to the
nin Fig. 2,

recelyer, as show

i matching beiween the feeders and the receiver's input circuit is
reguived, it can be chbtaingd by using a unit as shown in ¥ig. 3. The final

a1 of such a unit must be made experimentally to suit the receiver,
the chizf point being that the Hnes from unit to receiver imust always be
tzaped to the main coil in Bbalance—-that is, the two taps must always be
an egual number of turns on either side of the centre of the main coif.

Conponents List for the Receiver Aerial-Matching Unit, Fig. 3.

Cl, 100 minfd. variable. Raymart VC100X.

1.1, 12 turns 15 5.W.C. spaced on 137 diam. former, wind-
ing gapped at centre for L2.

L2, 3 turns 18 S.W.G. hetween halves of L1.

Small chassis and tuning knob. Clips.
(To covar 14 me. band)
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A
SWITCHING KEY.

TO RECEIVER. TO TRANSMITTER TUHER.

Fre. 2o Aerial Switching Relay Svston.

When the switching is performed by a relay, other relays conirolied by
the same switch or press-button being used for switching om the transmitter
power, shorting the receiver input, ete., some censideration must he diven
to the consumption of the relay coils and the scurce of activating power.
One commercial aerlal relay (made by Londex, Lid., who can oifer varipus -
makes and types of relays} requires 3 v.a. for the coil. Differcat makes of
relay, however, will have widely varying demands on the energising source,
so that where several relays are to work as a team they must he chosen

AERIAL SWITCH.
L A

Gt <
< ELZ RECEIVER [NPUT.
L
)‘. g

Fre. 3. Keceiver—Aerial Matching Unit,
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to have similar coil ratings. Low resistance relays may be driven from a six
or twelve volt accumulator battery, the coils being connected in series or
parallel to give a suitable total resistance, but the batlery may 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 Yo give positive action without any chance of chattering of the
contacts which might occur with A.C. energisation. A.C. relays are, of
course, obfainable, but the D.C. type are to be preferred.

It is by no means beyond the limits of the home workshop to adapt old
relavs f0 new uses, the best source of old relays being a car-breaker's yard,
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 hoth
transmifter and receiver, and will serve as an example from which other
systems may be derived. Naturally there is no aerial-switching from one
piece of gear to the other in this system for, as in Duplex 'phone, a separaie
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 bias
is applied to the first R.F. stage of the receiver, the bias 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 glve 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, ;I Lo RECEIVING AERIAL
A Dreak-in Systenr,

: - 18T BF.
STALE
. RY g 13
EHERLCISING RECEIVER
SOURLE K T IHEUT
. 1 r—- £

REC E‘I::’ ¢

Rk

T0 TRANSMITTER
KEYED STAGE
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Cosuponents List for Relay System, Fig. 4.

K, ) hey.

R:AP‘C., R.F. Chokes, as Eddyslone 1022.
C, .00 mfd. 500 v.w. Non-inductive,
R1, 0.3 megohm. Volame control.

Rr, Receiver's volume control.

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

ing :‘;1; n!‘f]\:}’vgiunr;z lf]t;ltr:etsol,xf?erative only on tl}e transmitter af the receiv-
will work when the two stéti;;rsl,alillf i%r}ttl-;iirecewer. This ot the e
frequencies. are on Jdifferent or the same
the ;‘tf;i dr;:‘f\;i\ii;:;lhot;saahtifa}llﬂbias ling i'n the re.zceiver, te which is connected
oty by s pagé‘s. er of receiver design and thus appears in mote

Coarrer 3
PRACTICAI, RECEIVING CIRCUITS

used“i: ;hceoﬁll:rporje. q_f this charpter to show some of the stages and circuits
e e e num(;‘::;.llons receiver, not only that their method of working
gt be bet r understood but that the amatevr with a small receiver may
e mirﬁnrporate one or nore of these slages, thus improving bis gear
ot 2 imum of tr(_lub!e and expense. An R.F. amplifying stage might
]H';:SET 9:_ b_etw.egn aerial and receiver, for example, thus acling as a pre-
selector \*:Ith ll'!d.l\.r‘ldl.(a] tuning, or a stage in the L.F, amplifier right be made
regenerative to give a degree of LF. selectivity control and extra gain.

The R.F. Stage

\ nﬂ;eﬁgf .;tiie nf] a‘commxtpicatiuns receiver is required to carry out
renuony o tua‘ . F; iz reguired ‘to a.mplify the signal at its original
e aen ¥, | ne ash‘,. arp ly as possible in order that image rejection shall

tigh an the selectivity of the receiver as a whole shall be enhanced, it
con_f.lams, as a stage, {he first gain control of the receiver and it must w:)rk
at a!l the frecguencies for which the receiver is intended.
the ;:il: ;arif}?hﬁs:‘atlon oblaiied fr9m an R.T. stage varies with frequency,
d.{.)es o eﬁin':.g 4sl thfe {requaeﬂq-‘ rises, .'fnd at very high frequencies not only
foee U ci;-chtwgqﬂ? Lh? ﬁlr‘st tuned circuit fall, but the loading presented
R, stase n|1 *yth e vaive increases rapldly. The valve to be used in the
m‘en‘tq._gwr us.I ?re.fore.he t:h‘r)sen to suit one particular set of require-
a]]-rr;un(:] resl:t?i' uzt;he\-‘er,'m their pentode vanges, dive probably the best
reaind resu :‘, uf it sl?uu]d be remembered that at least three charac-
. st  are nder comparison when an R.F. valve is to be chosen, These
?re(:[‘hc afauenshcs are the Signal-to-Noise ratio, Selectivity and Gain.
hr;adlyea;aTRveFt;.-f)es which mi'ghi_b_e used in an R.F. stage can be classed very
broadly as R.F. entodes, Televisien Pentedes and Acorn Pentodes. Where

clivity is not so importatit, the Television Pentodes give high gain with
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guiet working, but where selectivity is the first requirement an Acorn shoutd
be used. The selectivity of a Television Pentode stage can lve improved by
making the stage redenerative, however, the renegeration being controlled
by the usual manual gain control in the valve cathode circuit,

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

The pre-selectar shown in Fig. 3 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 pntuned ancde stage is preferable fo enable
the R.F.-Mixer stage coupling to be arranged easily, but a simple R.¥. stage
such as is shown in Fig. 6 can still be made regenerative by arranging the
wiring in such a manner that a small degree of feedback from ancde to grid
circuits is obtained, Such wiring arrangements must be made experimentaity
in order that the correct feedback is applied, and the notes on the regenera-
tive L.F. stage may prove helpful in this respect.

250V.
b L
L3
RS 2
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L4
fa
&
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L2
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L » - —8=

Fia. 5 A Regencrative TUF. Stage
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Components List for the Regenerative Pre-Selector, Fig. 5.

g;, ((:3;, 40 mmid. tuners, ganged. Ravmart VCA0X,
Rl, , 0._01 mfd. 350 v.w. Non-inductive.
, 150 chms, 3 watt,
32, 5,000 ohms, variable,
Rg’ {For 4 volt operation) 33,000 ohms, 1 watt,
Vl . (For 6 velt operation) 62,000 ohms, 1 watt.
1, SPAT for 4 volt operation.

1 Inteceationsl 185; for 6 volt operation,
rnational or Mazda octal chassi i
Small chassis, with valve and coid sh?:;:!s.mountmg valveholder.
2 coil-holders, Eddystone 964,
Coupler for C1, €5, Eddystone 529.
Slow-motion drive,
Knob for R2,

NOTEf.—C’:o obtzﬂn bandspre?d tuning, use in place of C1 and also in place
0 a 3-30 mmfd, trimmer, adjusted for bandset, and tune with 15
mmid. tuners, Raymart VC15X, ganged.

Coils, for amoeteur band coverage.
L1. 3.5 mecs, 10 turns 22 SW.G, enam. close-wound befow L2,

7 rr 5 r xr "
14 i 3 n ! " (3]
28 . 2 o ww . .
L2, 3.5 mes. 55 turns 22 S W.G. enam. wouné,to lengtl;' of ],;"
7 . 24 , 20 - 1
14 i 12 ; B ) LE ) r " 1 _”‘
T S A 1

:}3.{01;4?: gs“ils, Ié2t Tap Lf3, a75 testing points for further trials, at 8 t.urns
. s urns up for -
o 35 e P nmcs., 3 turns up for 14 mcs., and 13 torns

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

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

g;, :g mmgl. gandset. Raymart VC40X,

, mmfd. Bandspread. Raym

C3, C4, C5, .01 mfd, 350 S.w. Non-inyduzz:veYCI5x'
R1, (For 4 volt operation} 33,000 ohms, 1 watt.
R1, {(For 6 volt operation) 62,000 ohms, 1 watt
R2, 150 ohms, } watt. ' '
R3, 5,000 ohms variable,

Vi, SP41 for 4 volt operation,

1852 for 6 voit operalion.
ilMizga ;n' .Ir;ternationa] octal chassis mounting valveholder
. s , Aerial input and first tuning coils. As coils for Fi' 5
coils already fitted to receiver. C1, C2, may also be substitute% b Dzoas
denser gang in receiver, yem
L3, primary of R.F. transformer, coupling into second stage or mixer,
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Fig, 6. An 1T, Stage.

Obtain regeneration by small stray capacity, C8, shown dotted in Fig. 6,
or by running leads to C1, C2, near to tuned clrcuit leads of following stage,

thus obtaining a small feedback in correct phase.

The Frequency Converler

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 into the frequency con-
verter stage, provided that some metho¢ is used to impvove the image
rejection of the input stage. Here again, however, the frequency converter, of
mixer, can be made regenerative by the use of a conventiona! grid-anode
coupled coil system, and the amatew: requiring a small receiver with good
selectivity would do well ¥ 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 avoid a slight de-tuning effect on the first tuned
circuit as the regeneration control is used, but the advantades consequent
on the circuit outweigh the shight disadvantages.

Moreover, in a receiver sufficiently simple to use no R.F. stage, the
ascitlator and input tuning may quite satisfactorily be separately controlied,
with tracking maintained not by trimming and padding methods but through
the tuning, tracking thus being under control at all times. In stuch a recelver
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
pentagrid converter may be used in the same manner, 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 triode osciliator, this type
of frequency converter proving more satisfactory on the high frequencies.
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Components List for the Regenerative Frequency
Converter Stage, Fig. 7.

C1, C4, 60 mmid, tuners. Raymart VC60X.
C2, (3, Ch, 0.01 mfd. 350 v.w. Noo-inductive.
Cc6, 8 mid. 350 v.w. Electrolytic.

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

R1, 10,000 ohms, variable.

R2, 220 ohms, ¥ watt.

R3, 47,000 ohms, & wall.

R4, 15,000 ohms, 1 watt,

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

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

Cuils, for amafeur band coverage.

L1, 3.5 mes. 10 turns 22 S.W.G. enam, close-wound, ahove L3.

L2. s " 12 It 3 ' 3 1 below L3.
L3. " " 45 " 1] + 3 1%” long.

L4' r L) 40 L3 ] » " 1 Ea)

LS. ' " 15 ., . " " close-wound, below L4.
L1. 7 mcs. 6 turns 22 S.W.G, enam. close-wound, above L3.
L2' 7 3 8 1 " It} " ™ below L3.
L3. .. 22 ,, 18 » " 1t long.

L4' * " 17 n L) Ea) * n

L5. . " 8 , 22 " . close-wound, below L4.
L1. 14 mes, 5 turns 22 8.W.G. enam. close-wound, above L3.
L2, " LE] 6 » I 7] + ' below L3.
L3. 2} 1t 10 " 18 " N 1” ]Ong.

144' » 1 8-5 " L iy ?r *

LS. & - 5 , 2z ., close-wound, below L4.
1.1. 28 mcs. 4 turns 22 S.W.G. enam. close-wound, above L3.
L2. I v 2 » # T " » helow L.3.
13. . " 4 , 18 " » 17 long.

L4’ »n tA) 3‘5 xr ”n il ” Ea)

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

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

The LF. Amplifier

When an intermediate frequency of approximately 450 kes. is chosen,
two LF, stages will give as much gain as can be handled 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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Fic. 7. A Regenerative Frequency Convertar

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

Variable selectivity in the LF. amplifier is achieved, as has already been
seen, either by the use of special LF. transformers with variable couplings
between their primaries and secondaries, such couplings being controlled
eitber mechanically or electrically, or by making the 1.F. stage redgenerative,
lhe regeneration contrel being once again in the valve’s cathode lead.

Since variable-mu vatves are almost always used for LF. stages, in order
that they may be effectively 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, s0 that selectivity is rather less on a strong signal than on
a weak one.

Only one stage of the 1.F. amplifier is given variable seclectivity by
regeneration, the first stage, that following the frequency converter, usually
heing the controlled stade.

It is, perhaps, simpler to introduce redeneration into an [.F, amplifier
working on 450 kes. than inte a stage with 2 higher intermediate frequency
of, say, 1,600 kcs.—and, at the same time, maintain stability over the whaole
amplifier.

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

The sharper selectivity curve of a redenerative LE. stage has a pro-
nounced effect on C.W. reception, when using the B.F.O. A broad LF.
curve viorking against the B.F.0., with the signal tuned cenirally on to
the L.F. curve and the B.F.0, set to give, say, a 1,000 cycles beat note,
will allow the signal to be heard in 2 varyingd range of pitch, whilst an
interferng signal, breaking throtigh the first tened cirewvits and producing
a second signal in the I.F. ampiifier a few kcs. off resonance, will producé
a second beat note which may be at the same audio frequency as the desired
signal. To prevent this type of interference, the I.F. curve is sharpened
to give Single-Signal reception. Whilst true Single-Signal reception is really
obtained by the use of a crystal gate, a very gaod approximalion to this
working condition can be achieved hy introducing feedback into the I.F.
stage,

The sharper curve given to the LF. response allows the desired signal
to be heard beating against the B.F.0. st only one point, so that the change
of pilch with tuning is not observed. At the same time, unwanted signals
which may break through the first tuned circuits will he rejected by the
LF. amplifier, and the result is that whereas, 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 zere 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 arid and
* 4
250%

TO AMG. LINE.
Fz 30\ Regenerative 7.1 Stage,
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annde circuits, In a really stable stage a small trimmer condenser can be
used, with the top or moving plate freed from the adjusting screw and bent
up &b a sharp angle from the hotlom plate so that the final capacity of the
arrandement is very small, but it is also possible to obtain the effect by
running a wire from the grid circuit close to the anode civcuit, clipping the
wire down to size until redeneration is at the coirect degree.

H a single-ended valve is used, such as an EF30, the small capacity can he
arranged between 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 hetween the secondary of the input LF, transformer and the
primary of the output LF. transformer.

H is wise to reduce the gain of a regenerative [.F. stage by running the
valve at a higher bias. 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 regonerative 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.

Companents List for a Regenerative I.F. Stage, Fig. 8,

C1, 0.01 mfd. 350 v.w. Non-inductive.

2, C3, C4, 0.1 mid. 350 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 i,

R4, 330 " 3,

R5, 25,000 ohms variable,

R&, 2,200 ohms, 3} watt,
For 6 volt operation:—

R2, 33,000 ohms, L watf.

R3, 22,000 ,, 4 ,,

R4‘y 330 " i r

R5, 25,000 ohms variable,

R6, 2,200 ohms, } watt,

LF.T.1, 2, 465 kes. Iren-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 shown in Fig. 9.

The detector does not impose a load on the tuned circoit to which it is
connected, so that selectivity in the final tuned circuit 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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Fra. 9. The Infinite Tmopedance Detector,

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

The high negative feedback gives excellent quality, and whilst no ampli-
fication is obtained from the valve, as is the case with other * cathode
follower *' circuits, this detector is well worth using when the receiver is
t0 be used for programme work as well as for amateur contacts,

A filter network should be included in the ancde 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
this is often an advantage in the communications receiver, for the separate
AV.C. valve can then be tapped into the LF. amplifier at a point where
the response curve is broader than the final response at the detechor end.
This method of A.V.C. feed is sometimes employed for one diode of a double
diode, bul 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 dicdes of the double diode valve will be connected across the
crystal gate with some slight loss in its efficiency.

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

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

Ct, G.0002 mid. Mica,

c2, 0.1 mfd. 350 v.w. Non-inductjve.

C3, 0.5 mfd. 350 v.w.

R1, 22,000 chms, 1 watt,

R2, 150,000 ohms, § watt,

R3, 0.25 meg. Volume control.

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

6C5, 6]5, efc., for 6 volt operation.
1 British 5-pin or International octal chassis mounting valveholder.
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When a separate valve is used for A.V.C. it may be either a d‘iodt'a,
limited to the one operation of supplying the control voltage to the.recewe.r 3
AV.C. line, or may be a double diode triode or pentode, the main .sectu‘)n
of the valve being fed from the A.V.C. voltage at all times and having the
* 8§ " meter in its anode circuit, the ' 8§ " meter thus being freed froTn the
usual limifation of working only when the receiver has the A.V.C. switched
on, If it s desired to use a diode as a simple A.V.C. supply, a purel):‘cur!:
ventional circuit is nsed, but when the full advaniages 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 that a shunt resistance, R7, musf: be pro.wded.
Where a meter is used in this fashion it reads *' backwards t'—that is, for
‘8§ zero the pointer is set to full-scale position, the reading decreasing
with ingreasing signal strength, since increasing signal strquth places a
more negative bias on lhe grid of the meter pentode, thus causing the anode
current to fall.

In commercial receivers the meter uwsed is arranged to have the
no-current zero position at the right-hand side of the scale instead of at the
conventional lefi-hand side, but a simpler solution for the_ amateur con-
structor is to mount the instrument upside down, so that wl?h the f.:urrent
switched off the pointer is at the right-hand side of the dial. _‘Nllh il}e
current adjusted to give full-scale defection, or ** S ' zero, the pointer \:\'lll
then be at the left-hand side of the scale, increasing signal streagth bringing
it across scale from left to right in the usual manner. Thi?, of course, means
that the instrument used for the “ S ™ meler will require recalibration in
order that the inverted scale will read correctly, but this will be necessary

in the majority of cases.

i i i itch to gdive
The A.V.C. line, in Fig. 10, is shown prowd?d with a swilc
ANV.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. Fast, AV.C. Slow, and A.V.C. Off, the time constant of the
resistance-capacitance combination €2, R2, being made variable by providing
more than one resistance in the R2 position, such an arrangement heing
shown in Fig. 11.

A stow AV.C. action is desirable when the receiver is to be used on
programme transmissions, and is alse useful for use on C.W. transmissions,
A fast A.V.C. action, when code is being received, will tend to give fluctua-
tions 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 usable in that
case with C.W. transmissions. A fast A.V.C. is also useful on rapid fading,
however, so that if two positions are provided as in Fig. 11, the slow
position using a 1 megohm resistance, the fast position using a § megohm
resistance,

The A V.C, diodes are shown as being fed through a smal! condenser
from the anode of the last LF. amplifying valve, so that the A.V.C. is taken
off before the B.F.0O, has effect, but as has already been shown, the diodes
may be connected in at a previous stage.

Components List for the A.V.C-" 8§ Meter Stege, Fig. 10.

C1, 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, ¥ watt.

R3, 750,000 ohms, } watt,

R4, (For 4 volt operation) 330 ohms, 1 watt.
R4, _ (For 6 volt operation) 390 ohms, 1 watt.
RSB, 68,000 ohms, } watt.

R6, 4,700 ohms, } watt.

R7, 100 ohms, variable, wire-wound.

M, 1 mA. Meter,

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

Vi, - DDPen for 4 volt operation.

6B8G for 6 volt operation.

1 British 7-pin or International octal chassis mounting valveholder,
Ox, for the two A.V.C. speeds given by the circuit of Fig. 11,

R2a, 1 megohm, } watt.
R2b, 470,000 ohms, } watt.
81, S.P. 3-way.

A.V.C. Controlled Stages

No matter by what method the AV.LC. voltage is obtained, there still
arises the question of the number of stages to which A.V.C, shall be applied,
and which stages shall be chosen for control,

Here, again, the matter is largely one for individual choice, and if the
“8 " meter is fed from the A.V.C. Line direct via a pentode, in the manner
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Frz 1f. A variable A V.C. arrangement.

just shown, considerable latitude in the choice of the stages for control 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 wiii
call for a fairly high number of controlled stades to prevent overloading, but
if there are no strong signals at the receiver location, then control of two
stages only in the receiver will be satisfactory. '

in the first place it is wise to leave the R.I. stage uncontrolled, in order
that it may work * full-out ’* and since this stage has the first man_ua_l control .
in its cathode circuit, it should be possible to prevent overloading of tl_le
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.

If control is also applied to the first 1.F. stage, leaving the s:emnd st'age
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 oaly shoulc‘l the R.F._stage have
AV.C., but it should also be possible to switch in a high bi§s lme,_supply-
ing a negative bias from a subsidiary pack or battery. By, usling a lug_Lh bias
in this manner the station receiver may be used as th?. phf)ne I'ilOI‘:h(.)l‘ ‘or
C.W. monitor even with the input shorted to earth, since in the‘ma](}rlty
of cases sufficient R.F. will break through when the transmltter‘:s a't the
samie Or @ near frequency. Making the high bias ad:]ust.ab]e will give a
manual voluine control on the station transmitter momt_m-mg_, an_d the set,
instead of idling when switched to Standby, or Transmil, wili 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. stages, leaving the frequency-changer c'Iear, the hlg‘h b:as,.of
course, being applied only to the RF. stage, the signal from the station
transmitier thus being altenuated in this stage al_m}e, tl.1e res? of the recelver
working normally. The arrangement of a high bias line will ke shown In
Chapier 6, and a suitable pack in Chapter 7.
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The * 8 Meter

Whilst there are many advantages in connecting the “ S " meter to its
own Individual valve, this is not economical when the A.V.C. voltages are
supplied from & diode of the double dirde detector-A.V.C. valve, and the
meter in this case will be connected into the 1.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 ow current meter
is used, one valve is fed through the meter.

The " 57" meter is shunted by a wire-wound variable resistance of, say,
1,008 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 full-scale
deflection. When signals are passed through the receiver, the A_V.C. line
switched into action, the rising bias with a rising signal strength reduces
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 conditlons.

In Fig. 12 is shown a bridge circuit in which the *“ § *" meter works in
a stralghtforward manner, since the pointer deflection increases with signal
increase.

A3

I'F SCREENS

ANLC.CONTROLLED
|.F. VALVE.

T:l

Fi16. 12. Bridge Circuit * §* meter,
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The bridge action occurs between the current flow in the anode circuit,
which is Hable to change with signal strength, and the current flow in a
voltage-divider through which are supplied the screens 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 voliage-divider must be adjusted to give such a current, taking into
account both the current through the valve screens and that flowing through
the divider itseif.

To set the “S'" meter when this bridge circuit 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 allowed to pass.

Components List for the ““ § " Meter Circuit, Fig. 12.

R1, 1,000 ohms, variable, wire-wound.
R2, 330 ohms, 1 watt.
R3, 270 ohms, 1 watl.
C1, €2, 0.1 mfd. 350 v.w, Non-inductive.

NoTE.—The values of R4 and RS depend, as has already been shown,
on the current flowing to the screens of the LF. valves, and upon the maxi-
mum anode current through R1. To take a concrete example, the maximum
current for a 6K7 used as a controtled LF. valve in the anmode circuit is
approtzimately 10.5 mAs, Thus, 10.5 mAs. must flow through R1-R2 and
R4. Supposing fhat a pair of 6K7's are used in the LF. amplifier, the
screens will require a total of approximately 5 mAs. at 1040 volts. Thus, for
a pair of 6K7's, suitable values would be :—

R4, 15,000 ohms, 2 watf.
Rb5, 22,000 ohms, 1 watt.
M, 0-1 mA. meter.

The calibration of the ** § ** meter is also, unfortunatefv, a matter of
individual choice. ' 89 °° has yet to be given a definite vafue, although in
certain commercial receivers ‘* 89 7' indicates either a 50 or 10C¢ microvelt
input to the aerial sockets. Presuming that * 89 ' indicates an input of 190
microvolts, however, it must not he supposed 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 conditions, that obtained at the time
of calibration.

Moreover the noise tevel of the receiver will affect the " 8 " meter
when no signal is being received, so that it would probably be more accurate
to give signal strength as points above “ 51 " rather than above ‘' §0.”
Again, the “ 5’ meter gives an indication which may be affected not oenly
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 “ S meter is not of real value, although
its readings are often quoted—the real value of an * 8 7" 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 use of a different transmitting acrial, or to show
the efiect on a distant station of fading or similar variable conditions. For
station reporiing, also, the krue 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 ebtaining a reading which is the difference
between the station level and the noise level, the report being given as
number of decibels or '* § ' points above noise. The “ 8 ”’ meter is also
of great use for checking the radiation patterns of aerials—rotating aerials,
used at the iransmitter, the "' 5" meter readings being noted whilst the
transmitting aerial is turned through a whole revolution, the readings being
plofted against rotation. Such tests should, of couise, be made between
transmitters and receivers located close ome to the other, since such tests
conducted over a distance give meaningless results due to fading which
canpnet be checked,

The nine peiats on an “ § ' meter are generally separated by 6-decibel
spacings; that is, between cach “ 8" point and the next there are six
decibel points. Since six decibels corresponds to a doubling of voltage, this
means that each successive " 8" point indicates, 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 calibrated microvolt output scale, * S9* heing set 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 signal generator 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 instrument. 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 peints above and helow this calibrated as
2X, 3X, 4X, etc, and X, 4X, 1X, etc., so that the scale, although once
again calibrated to an unknown reference point, can give readings against
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 LF. 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 impulse nolse, such as is caused hy the
ignition systern of cars. A circuit which would remove the noise entirely
whilst passing the station signal would be exiremely difficuit to devise, but
it is found that when noise is troublesome its amplitude 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 circuils are available to the constructor, some
working on the audio amplifying stages and some in the detector stage, but
the simplest limiter, with adjustable and controlled action, is the series-
dlode clrcuit.
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A diode is biased from a voltage-divider circuit belwesn the positive
and negative HLT. lines in such a fashion tbat a signal of high amplitude,
presented to the valve, renders the diode non-conducting for the duration
of {he signal, signals of smaller zmplitude being passed without causing this
action. The dinde ithus * cheps ' peaks of noise which, being of short
duration {hus 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 birsed diode is placed between the detector and the audio 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 Hmiter can be switched out of action
by a D.P.LT. switch, one position of the switch placing the limiter in
circuit, the other position switching out the limiter and passing the signal
straizht to the awdio gain control.

A slight drop in audio output is 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 commences. The
control is then backed off slightly tc clear the signal of distortion, and will
then fimit neise with a higher amplitude than that of the signal. The limit-
ng 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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Components List for the Noise Limiter, Figs. 13e¢ and 13b.

R1, 220,000 ohms, 1 watt,

R2, 47,000 , i,

R3, 33,000 , % ,

R4, 39.000 i

R5, 10,000 ohms variable,

CI1, C2, 0.1 mid. 350 v.w. Non-inductive.
C3, 8 mfd. 350 v.w, Electrolytic,

V1, D1, DDA1, etc., for 4 voli operation.

6H6, etc., for 6 volt operation.

When using a double diode, the anodes and cath
. 3 od E
in pairs to give a single diode, s may be strapped

CHAPTER 4
THE CRYSTAL FILTER

Thg crystal gate, as the crystal filter is popularly called, may be in-
cluded in the L.F. amplifier of the sommunications receiver to give an LF.
response curve shaped either as a single peak, this peak being steep-sided
a{ld narrow, indicating sharp selectivity and rapid fall-off of response to
either side of the cenfral frequency, or by the use of a pair of crystals
as a .double—peakecl bandpass response with sharp cut-off sides and a regior;
on either side of the pass-band of zero response.

The crystal or c'rysta}s used in such a filter are cat from quartz, as is
the ordinary oscillating crystal used for frequency stabilisation, the crystal-
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cut heing so made that the filter crysial resonales at or vary near the LF.
gsed in the receiver. A crystal so cut acls as a tuned cirewil of very high
Q or efiiciency, this tuned circuit efficlency being very n.ach righer than
can be achicved kv the use of an LE. transformer, the sclectivily also being
anproved 1o a vale which could only be obtained by a multiplicity of LF.
stages were no arystai to be used.

Not oniy is the greater sclectivity of the L.F. amplifier useful in giving
a “single signal 7 effect, or in assisting the rejection of signafs a few kos.
off the risonomee point, but the sharp response curve also improves the
signal-to-noizz ratio ns far as the LT, stages are concerned, since noise level
is cut with the cutting of the pass frequencies.

The ervsil Alter is used as a couphing between siages in the I.F,
amplitter, Lhe selectivity introduced by the coupiing being variable and under
conirol when the single crystat is used. The term crystal * gate ™ really
refers to single crystal working,

Thore are ciffering advantages and disadvantages obiained by the use
of cilker single or doeuble crystal working, bui it is feit that the single
crysial filter will bc most suitable for the majority of amateurs, especially
whon the receiver is being home-conslructed. The double filter, giving as
it Joos a norross band.poss achiom, s excelleat for W, work, but is not
open to such sitaole varizhle selectivity adjustment as is the gate, whilst
the crystal expense is doabled. Fov telephony, a pair of cryslals separated
by a few kes. most be used, and for C'W. a pair of crystals separated only
by 300 or 500 cycles is used, so that the crystal expense rises by reason
of boiir the exita crystal and the accuracy of the cut reguired. Whilst
(AT is simpier when the band-pass arrangement is adopted, since the LF.
response curve s a flat top instead of the single crystal peak. the variable
selectivity oblained by the use of the simpler gate circuit minimises tuning
trotbles and s more suited for non-specialist working.

““he basic essontizis for crystal gate operation are simple and the action
guite ¢asy ta un nd. A crystal acts as a tuned circuit of extremely
Sigh efoizncy ab s resonant point {the eguivalent electrical circuit being
4 serjes-iuned rather tham a parallel-tuned circuit), the impedance of this
tuned circuit being very low at the resonant point but rising very rapidiy
on elther side of resonance to practically infinity. A crystal, acting as a
eoupling between bwo LT, amplifiers and cut to resonate at the intermediate
frequency — saz, 453 kes, - will thua provide very good coupling charac-
teristics at ine 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 o crystal-holder, and the plates of this component act as a small
capacitance which wiil pass to some depree the frequencies which the erystal
is rejecting, whilst at the same time the crystal will have an impedance
which requires matching not oniy to the stage feeding into it hut also to
the slage following the filter. At the same time, if is necessary lo arrange
a small degree of feedback, in a circuit simitar to a neutralising 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. '
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Accordingly, to supply all these requirements, the crystal circuit is fed
from a speciai L.F. transformer wiih a centre tap to earth, this centre tap
being either an aclual connection af the centre of the coil or supplied as
an electrical centre tap by a pair of condensevs across the secondary of the
{ransformer, their junction being earthed to the chassis,

This arrangement is shown in Fig. 14, where the secondary of the
first transiormer is actually 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 supplied
by the following transformer and vaive. As the impedance Z of this circuit
rises, so 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 circuit following the cryvstal, it is
therefore possible to obtain the variahle selectivity effect which is so desir-
able for vse on different tvpes of signals. In this respect the crysinl gute
is superior io the double crystal band-pass filter, The input circueit, however,
can have the same effect on the selectivity, and in practice # is useal to
connect the variable selectivity control into the crvstal input circuit, detuning
of the input circuit by a condenser giving higher selectivity.

It vill be seen that special transformers are necessary for use with a
crystal filter, and in Fig. 14 the second tuned civeuit, which s acting as an
auto-transformer, must be tapped to match the crystal impedance. This stale
of affairs is further complicated by the fact that two types of crystal are in
ase, the Y-cut crystal as used in American receivers, having a low impedance,
and the X-cut crystal, more often used in British receivers, having a high
impedance. Ry the use of an X-cut crystal, however, and by using a circuit
-+
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Fis. 4. The Crystal Cate Cirenit, New L
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R Righ iput Bepedance to {ollow the second tuned cireuil, ihe tepping
ar L1t can be dispensed with and Lhe crystal filter connecled 1o the fop end
of the tuned circuir.

C2 fn Fir 11 i3 the woriable condenser used fo balance out the stray
£ the crystai-holder, and is termed the *‘ phasing 7 condenser.
ben the phasing comlanszr is set to balance the circuit, the FEADHLSE
civve of the Alter {s symimelrical, but if the phasing condenser is varied to
il degres on either side of the balancing value, the svminetiy of. qlilr:
serve s loat and a soint of zero signal veltase occurs on eithor
or low sids of resonance, this point of zera sigaai appronciing or
from the cevival froguency as the phasing coadenser is v;-.rieq in
Iy this wane, iderefore, true aingle-signal rovention is possible
roint can be adjested to on an interfaring signal,
The revponse al the opposite side of fhe response curve rises, !‘1(.3‘.\'6\32[:..50
that it is possit's to intreduce inlerference frem 2 third signal wii'st Cutting
oul interference o a second, but in gdenzeal the benefits given by the zovo
fignal poaint are very well worth while.

The seicctivity, cven at the minimum position, given by the filter ch'cluit
of Fig. 14 is suficiently high to make tuning on o teje VY ir:m:;m
5o sharp that considerable sideband cutling ensues, and so a switch
ihe ﬁ'r)'&lal riay ke provided to cut the filter out of action.

Fig. 34 may be changed from the crysial gate ko the ba

the handwidth frenuency it is desired to pass. (2 may then require some
dzcrease inovalue to deal vith the new balance paint.

In Fig. 13 is shown a crystal gate with a wider range of sc!ecii-.:i?_y
control, the control itse!f alio buing simpler since a variahia re‘s,isl'-'-\'wc-_‘.‘ss
used on tha outpert side of the Rlter. An input transformer matched to lie
cryslal imoedance is used, whilst phasing is now carried ovt by means of
a difterential condenser. The input coil L2 is ceniretapped electrically
vather than physically by the use of a pair of condensers,

The ovtput tuned circeit must have a high @, and the sHectivity cortial
K1, may be variabic cither smoothly or in steps, a set of resistances
nected to 3 switch being nzed W the fatter case. 1.3 and C4 nuust, of woursg,
ize capable of tuning to the LF. in use.

The main difficulty attached to the inccrporation of a erystal gate in 2
home-constructed receiver Fies, therefore, in ik provizicn of a suitable input
franzformer for the filter, for if a crystal is obtainzd 25 a soparate campon:ant
ita characieristics wust bz known before a tronsformer matched to fs loi-
redance can be housht or made, Moreaver, the transformer characieint
donend upon the filter cirewit vsed. In Pig. 14 the transfar v e

vinductance primary with a secondary tichHy coupled i i1, whils
must be Lpped at o suitable peint unless a kigh input impedance
giveuit is used to follaw the flter.

In Fig, 15 a stea-down ratio is needed in thz input ‘-.'i'3n.—‘-f;:)r:'ﬂ:;‘. at lozst
for some crystals, wivilst a high G toned circodt wast folnw iz Sitor.

The filter will, of couvse, work with a mismalched bransinuner and |
high selectivity, but the loss of gain over the filter wil be very seripus, Evep
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Frc. 15, The Crystal Gate Circuit 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 an apparent drop in gain by
redocing backgicond noise and stgnal sidebands—but when two ILF. stagres
are provided, lhere wiil be gain in hand to compensate for this loss.

The wisest plan, therefore, would appear to be the buying of a complete
crvstal fiiter unit for incorporation in the receiver, when it would he known
that the LF. transformers were properly matched to the crystal, or the
fransformers and crystai may be obiained as matched components, and the
unit built up with its associaled condensers, hut the experimenter may care
to test various transfermers against his crystal in an endeavour 1o obtain
a filter at the lowest cost withoul loss of efficiency.

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

The phasing condenser can be made by mounting two midget tuning
condensers together, their spindles being coupled via a coupling unif so that
with one condenser a! full mesh the second condenser is at zerg mesl, or
minimum (apacitance.

The high @ cirewuit of 1.3-C4 may he one side of an efficient LI trans-
former, or z pre-tuned IF, rejector coil of the iron-cored variely might be
tried in the position.

The type of crystal obtained will govern the circujt constants 1o a high
degree,
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The position of the crystal pate in the LF. amplifier depends Lo some
extent on the following circuit, and in this connection the infnite impredance
deteclor makes an excellent foliowing stage to the fiifer. The gate is oflen
shown immedialely following the frequency-changer, but since the filter
requires a fairiy high input signa! for its most efacient operation, it is wise
to allow for some LF. amplificaiion prior to the filter. The Q of the tune:l
circuit 13.C1 in Fig. 15 will ke assisted by an infinite binpedance detector,
and so, when such a detecting stoge is used, the obvious pizce for the filker
is kobwesn the LE, amplifer and the detector. Where diode deteclion is
usad, however, the filter may be used as the coupling hetween the two LF,
stagdes,

Comnponents List for the Crystal Gate, Fig. 14.

L1, Lo, Hivh indyctance -- clese-coupled LF. transformer, C.T.
secondary.

1.3, I.F. coil, tapped down to suit crystal,

1, 104 mmid. variable. Selectivity control

[ 15 mmfd. varizble. Phasing control.

3, 60 mmid. variable frimmer.

<4, LF. luning trimmer,

Crystal, 485 Los.

5, Crystal shorting switch. {Low capacity iype, with short

leads to crystal)

Notg.—-To erperiment with this circuit, use a high impedance or X.out
crystal and dispense with the lapping on L3 by Gsing aa infinite impedance
detector &5 the foliowing stage. Adapt LY, L2, by using zn TF. transformer
with cofis meanted ca a central dowel, moving the secondary coil close to
1.1 amd mouating, on the other side of L1 and at the same distunce, & second
secendary cofl ldevizal with that abeady fitted, obtaincd framn a secend
simifar transformer. These tva secondarics are then connected in serivs,
thus providing a high inductance centre-tapped winding,

Test L1 both with & {rimmer condenser in parallel and wilkout.

Components List for the Crystal Gate, Fig. 15,

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

1.3, High Q LF. coil.

€1, C2, 0.0001 mfd, Mica,

cz, 10 minfd, Diffosential. (See text.)

4, LF. tuning trimmer,

R1, 5,000 ohms varizhle. Seleciivity control.

Crvsial, 463 kes,

5, Crystal shorting switch. (Low capacitance type with

short leads Lo crystal.)
In vither circuit tie whole filter is cut out of action by the switch across
the crystal, leaving the LF. amplifier working at its normatl selectivity,
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CHAFPVER 5
THE BEAT FREQUENCY USCILLATOR

The B.F.Qn is a simple oscillating circeit working nn g freguency close
lo the intevmediate frequency or the recciver, @ fraction of its ouiput being
fed fo the LF. amplifier or, prefershly, the defector, This Jfocally generated
iveguency then helerodvnes any signal possed o the detector from Lhe LF.
:!Imp]iﬁi.‘r 50 that signals which are not medilated, such as CW. transmis-
stons, are given an audio content, the heteradyne frequency being in the
audible vange, The coil vsed, together wilth a small trimmer type {uning
condenser, as the oscillating tuned ¢ircnit is wsually tapped near the carthed
end in order that a Hartley oscifialor cireutt arrangement can be used, such
a cireuit being hoth econcmical in components and very stable,

Either a pentode or triode valve may be used as an oscillator, the choice
UF t_\'pfx. being wery wide, and typical circuits and components values are
given in the Figs. 16 and 17 with their associated components lists.
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In Fig. 16 the B.F.Q. is shown as one-half of 2 double triode valve, the
second part of the valve acting a5 an infinite impedance detector. This form
of construction is excelient in that the coupling [rom the B.T.CL fo the
detector fukes place within the valve itself, via stray capacitics, ro that o
further covpling is reguired. Unfortunately, this type of civewt <on be used
anly with American valves of the 6F8 type or similar, since theve 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 {rom that described in Chapter 3, since fiitering in
the cathode circuit is assisted by the choke, R.F.C., which, of course, should
be effective at the intermediate freguengy.

Separate trindes can, of course, be used with the same component values
to sive eyuivalent operatien, a small coupling condenser then heing uscd
helween the grids of hoth valves as Cc of Fig, 17, The condenser Cg has
a very small value of capacitance, and may be made either by removing lhe
adjusting screw of a 30 mmfd, trimmer and bending the top plate at an
angle o the boltom plate, thus providing the small capacitance reauiced,
or by wrapping a lead from the grid of the B.F.O. round the grid Teind
of the detector {or the anode lead of the deiector if a dicde detector is
used), both leads being insulated.

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

R1, 22 000 ohms, 3 walt.

R2, 150,000 ,, 3 .

R3, 10,000 ,, L

R5, 47,000 r .

1, Ch, 0.5 mfd. 350 v.w. Nen-inductive.
cz, C3, 0.0001 mfd. Mica.

C4, 150 mmfd., variable teimmer,
B.F.O. coil, Wearite B-FQ or similar.

R.F.C, Choke, Eddystone 1066 or similar,
51, §P.S.T. BF.O. On-0ff switch.
Vi, G6F8,

1 International octal chassis mounting valveholder,

NOTE.Several 4-volt valves may use {he same ILF.0. circuit, for a
separate detector-B.F.0. arrangement. The ACZHBL or 354V osdillate well,
+n MILA or 224V being used as the Infinite Impedance deteclor.

Compaonents List for the Pentode B.F.Q., Fig. 17.

C1, C3, 0.0001 mfd. Mica.

Cc2, 150 mamid. variable trimmer.

c4, 0.1 mid, 350 v.w. Non-inductive,
C5, 0.5 mfd. 350 v.w. .

R1, 68.000 ohms, 3 wall.

Rr2, 15,000 ,, 1 .

R3 10,080, 1,

BF.O. coil,  Wearite B-FO or similar.,
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Fia. 17, A Pentode 13,100 Circuit.
s1, S.P.8.T, B.F.O. On-Off switch.
Vi, VP41, ete., for 4 volt operation,

GR7, cte., for 6 volt operation,
1 Mazda or International ocial chassis mounting valveholder,
NoTeE.—C¢, small coupling condenser to detector. See text.

To adjust the B.F.O. the receiver should be funed to a C.W, signal of
moderate strength, the B.F.Q. being switched off whilst the signal is tuned
sharply, the tuning being en the carrier hiss. The B.F.0. 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. tuning is carried out.

The B.F.0. is then set for all C.W. signals.

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

CHAPTER 6
PRACTICAIL RECEIVERS

Within the following pages are shown the circuit diagrams, with com-
ponents lists, of & series of praclical communications receivers. The circuits
include both siraple and more camplicaled designs, the simpler circuits being
included on the strength of the fact that even though they are less versatile

ai

than their companion receivers they are still of great value as true ** com-
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munications ” reccivers in that they wili amply fill the role of listening-post
at either the transmitting station or shert-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 reguire 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 ¢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 twp systems of receiver-liming are shown. For receivers
intended 1o cover the amateur bands only, home-wound coils are shown, with
their winding dJdetails, and separate aerial and oscillator tuning is employed.
The coils are wound and the tuning capacitances are chosen in such a manner
that each ccil covers the band for which it is specified, the inter-amateur
band frequencies not being covered. By this means, those requiring amateur
reception are catered for, the circuits being hoth selective and easy to tune.

To cover the whole frequency range, however, larger condensers maust
he used to avoid a great multiplicity of coils, and accordingly commercially-
made coil sets are specified. Since these coils are intended to be tuned by
panged condensers of 0.0005 mfd. capacity or similar, handspreading 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 commuwnications receiver of any type must be constructed with great
care, since the number of stades working at radlo and intermediate fre.
quencies .increases the possibility of feedback, especially where such stages
are made regenerative, The receiver layout should follow in logical steps,
the R.F. stages heing 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 tramsformer
screening 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 circoits shawn all include extensive decoupling for each stage.

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

Chassis layout, and especiaify panel layout, must be clean and sym-
metrical. Where both main tuning and bandspread tuning Is used, hoth
sets of condensers should have a good slow-motion drive, and it is advised
that drives of the panel dial variety wlth cards for individual calibeation
mounted in an escutcheon should e used. Two methods of calibration are
possible, For the general listener, the bandspread dial need not be calibrated,
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for the Bandspread condciisers should be set to half capacity and ali explora-
tion work carried out on the main tuning condenzer control. The bandspread
condensers are then avaiialle for expansion of lhe main tuned frequency,
the main dial being calibrated in terms of irequency or wavelenglh.

The amateur travsmitler, however, inight weil use the reverse of this
technigue, calibrating the main tuning dial to show band limils with the
bandspread condenaser at half mesh, the bandspread toning dial itself being
calibraled Ia terms of each band.

“ Only in the smaller receivers should the power pack be included in the

receiver cabinet, altheugh when A.C./D.C. arrangements are - shown lhis
type of power supply may also be included with the receiver, since the
chassis space taken up is small and ihe power supply can be grouped well
to one end of the chassis, provided that ample ventilstion is provided. In
general, however, even with a smail 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 huilder is advised to obiain the vibrator power pack commercially, such
a pack as the Masteradie  Silent Surge ~ fype, specially 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 majority of diagrams two H.T. lines are
shown, one running at the anode line voltage of 250 volis, the other at the
screen voltage of 150 volts, The provision of iwo Hnes, one for screen
operation, saves a considerable outiay on screen dropping resistances, as
well as making screen decoupling simple.

The receivers are shown witi: straight I.F. amplifiers—that is, no crystat
gate is shown. It is felt that the majority of constructors will be content
with the selectivity obtained from the use of a regenerative IF. stage alone,
and that if a crystal gate is to be included in the circuit the details in
Chapter 5 will enable the work to be carried out without trouble.

Recefver Allgnment

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

Switch on both receiver and generator, and alow them to reach opera-
ting temperature—a time of ten minutes at least should be allowed,

Whenever possible, the receiver should be comnected into an output
meter, either of the Magic Eye type or the “ Qutput Meter ' sockets of a
good circuit analyser. The first alignment is, of course, on the LF. amplifier,
so that the “ 8 " meter of the receiver, if fitted, may be used as the output
meter, the A V.C. line in this case being left switched on. The usual prac-
tice, however, is to align the set with the A.V.C, line switched off, since the
alignment shoull be made with the receiver running at maximum gain, so
that in the case of a separately-fed *“ 8 " 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 enhanged sensitivity.

The B.F.0. should be switched off for zll alignments, whilst the crystal
gate, if fitted, should be switched out of circuit. Clip the earth lead of the
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siginal generator to he receiver chassis and take the signai lead from the
generalor to the grid of the last LF, amplifier and set the generator to the
required I.F.—465 kes. for the circuits shown. Trim the last LF. 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. stage, and trim the next-to-last
LF. 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 appiies to a commercial receiver
using several LF. stages.)

To align the first LF. transformer, connect the signal lead from the
generator to the signal grid of the frequency converter, disconnecting the
tuned cireutit allied with the frequency converter should the signal passed to
the LF, amplifier appear very weak. This will ke caused by a high-frequency
cirecit acting almost as a short circuit to the considerably lower frequency
output of the generator. The cutput from the generator must be kept at a

Jow level when feeding into this stage, however, since the LF. amplifier is

now tuned and will 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 alignment
sheald be carried cut up to the frequency converter stage as already des-
crived, the IF. as set by the signal generator being as near as possible to
the exact crystal frequency. The crystal gate is then switched into circuit,
and the signal generator varied very slowly to a slisht degree on either
side of the set frequency. A rise in eutput from the LF. amplifier as the
generator frequency is slowly varied indicates that the crystal peak has been
found, 2nd the generator should be left af the frequency causing the output
rise, andl connected inlo the frequency converter, whilst the LF. amplifier is
given a final adjustment to bring it to resonance with the crystal.

" It is best to use an unmodulzted output from the signat generator for
aligring the LF, amplifier when a crystal gate is in use, using the “ §”
meter indications on the generator carrier. If no ** § ™ meter is fitted, the
B.F.0. may be switched on and adjusted to give an audio signal at the
ouiput scckets of the receiver, alignment being carried out by bringing this
audio signal up to maximum output.

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

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

The oscitlator dial is the main tuner, in such a receiver, and signals
should be tuned with this dial, the aerial tuner being kept roughly in step
until the required signal is heard when the tuming can be finely adjusted.
It will be sufficient, therefore, fo calibrate the oscillator tuning dial in fairly
close frequencies with broad frequency 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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A Simple 4-volt Receiver.

FiG. 18.

1 British 5-pin chassis mounting valveholder.
2 Mazda octal ' ' s
Chassis, aluminium, 10” x 8” x 2}".

1 Tuning Drive.

Coil Data.

1.75 mcs.—

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

LE’ ?0 121 14 ” 1 ’”

Lz, i5 ,, 24 ' »y 1” below L4.

L4, 42, ' ’s ' Tap—Top of coil.
3.5 mcs.—

Llr 9 »»” ” ” 2 i3] i” above L2-

L2, 35 ”” ’ ” ’” ”»

L3, 10 ,, ,, ’ »s - 1” below L4.

L4, 25 ,, ,, v ,, ' Tap—18 tuins up.
7 mcs.—

L, 5 , , . »” » 1” above L2.

L2- 20 ” 18 3 2 2]

L3, 6 , 24 ’ v 1” below L4.

L4, 14 ,, 18 ’ to 1”7 long. Tap—6 turns up.
14 mcs.—

L1, 5 , 24 , ' close-wound, }” above L2.

L2, 10 ,, 18 ,, ” to 1”7 long.

L3, 4 , 24 , ' close-wound, }” below L4.

L4, 7 , 18 ,, " to 1”7 long. Tap—2} turns up.
28 mcs.—

L, 4 , 24 ' close-wound, }” above L2.

L2, 4 , 18 ’ to 1”7 long.

L3, 3 , 24 , ' close-wound, 3" below L4.

L4, 33 , 18 to 17 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, sections 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, 0.0005 mfd. ganged tuner.

C2, C9, 60 mmfd. ganged bandspread tuner, with

Raymart MC60X tuners and couplers.

C3, C4, C10, C11,

C12, Ci3, Ci4, C15,

C18, Ci9, C20, 0.1 mid. 350 v.w. Non-indqctive.

C5, 0.0002 mfd. Mica.
Ce, C7, 0.01 mfd. 350 v.w. Non-inductive.
Cie, Ci7, 0.C201 mfd. Mica.
C21, C23, 25 mfd. 25 v.w. Electrolytic.
C22, 8 mfd. 350 v.w. .
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1
$E R1, 10,000 ohms. ‘
EE R2, R9, 2,200 .

5 E R3, R7, R11, 220 i
22 R4, 47,000 ,
R5, 15,000 ,,
R6, R10, 1,000
RS, 5,000 ohms variable, I.F. gain.
R12, R15, 100,000 ohms.
‘ R13, 470,000 ,,
R14, 22,000 ,,
R16, 3,300 .
R17, 1 meg. Audio gain.
R18, 220,000 ohms.
4 R19, 430 . 1 watt.
! (All resistors, except R19, 1 watt ratings.)
81, 2, 3, 4, Wavechange switches, ganged.
. S5, D.P.S.T. Standby switch.
§ ], Headphone jack.
‘3 I.E.T.1, 2, 3, 465 kes. iron cored ILF.T.’s.
2 T1, Output transformer, 5 watt, to match
f 7,000 ohms load.
° V1, 6KS8.
3 V2, V3, 6SK7.
® 1 V4, 6SQ7.
! V5, 6F6.
Z'/% 5 International octal chassis mounting valveholders.
< Chassis, aluminium, 10” x 8” x 2}".
2 Tuning Drives.
_cj Arrange for regenerative capacity over V2.
g;r é No B.F.O. is included in the circuit, but may be added if required.
O~ - :
"% ’;: s ] Components List for an Advanced 4-volt Receiver, Fig. 20.
5 I R :" L—\swmf/——- L1, L2, L3, L4, L5, L6, sections of commercial tuning pack, such as
_'Ev f‘ \s{Equ ';. . | § the M. Wilson 6 Waveband Coil Kit, 5-2,000 metres.
--E 2 NoTE.—Padding condensers and trimmer values are not shown, since
these are included in commercial packs.
C1, C6, C13, 0.0005 mfd. ganged tuner.
c2, C7, Cl14, 60 mmfd. ganged bandspread tuner, with

Raymart MC60X tuners and couplers. ‘
C3, C4, C5, C8, 1
C10, C15, C16, ‘
C17, Ci8, C19,
€20, C22, C26,

C28, €29, C30, 0.1 mfd. 350 v.w. Non-inductive. |
C9, C11, 0.0002 mfd. Mica. ik
C12, 0,0005 mfd. Mica. i
C21, 50 mmfd. Silver Mica.

Cz23, 0.25 mfd. 350 v.w. Non-inductive.

C24, C25, 0.0:601 mfd. Mica.
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z’;g;; €27, C32, 25 mfd. 25 v.w. Electrolytic.
€ e €31, 8 mfd. 350 v.w. ’e
E R1, R10, 1,000 ohms.
R2, R17, 220 '
R3, 5,000 ohms variable, R.F. gain.
R4, RS, 10,000 ohms.
R5, Ril, R15, 330 '’
‘ R6, R24, 22,000 ,,
17, R9, R13, T meg.
R12, 10,000 ohms, variable, L.F. gain.
R14, 470 ohms.
R16, 1,000 ohms, variable, “S ’’ meter zero
set.
18, 6,200 ohms
)19, R30, 39,000 ,,
R20, R21, 680,000 ,,
¥ R22, 100,000 ,,
i b R23, 470,000 ,,
i’ 8 R25, R28, 47,000 ,
& R26, 680 i
= R27, 1 meg. variable. Audio gain.
S R29, R32, 220,000 ohms.
- R31, 10,000 ohms variable. Noise limiter set.
'§ R33, 180 ohms.
; g (A1l resistors, 4 watt ratings.)
3 LET.1, 2, 3, 465 kes. Tron cored LF.T.’s.
o M, 0-1 mA. meter.
< J, Headphone Jack.
- R.F.C.1, Screened all-wave choke.
:‘ S1-6, Wavechange switch, ganged.
2 S7, S.P.D.T. A.V.C. On-Ofi.
= S8, 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.
Ve, D1.
V7, Pen. 45.
1 British 7-pin chassis mounting valveholder.
5 Mazda octal ’ ’ ”
| 1 D1 holder.
‘ No B.F.O. is included in the circuit, but may be added if required.
i Chassis, aluminium, 16”7 x 8” x 23",

2 Tuning Drives.
Arrange regenerative capacities across V1 and V3.
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ILF.T.1, 2, 3, 465 kes. Iron cored LF.T.’s.
R.F.C.1, 2.5 millihenry R.F. Choke.
R.F.C.2, 3, 4, 5, Screened all wave chokes, or screened
chokes effective at 465 kcs.
M, 0-1 mA. meter.
), Headphone Jack.
s1, 2, 3, 4, 5, 6, Wavechange switch, ganged.
S7, S.P.S.T., B.F.0.,, On-Off.
28, S.P.D.T. A.V.C. On-Off.
S9, D.P.D.T. Standby.
V1, V3, 1852 (6ACT).
V2, 6SA7.
V4, V5. 6S7.
V6, 6F8.
V7, 6H6.
V8, 6B8.
V9, 6F5.
V10, 6V6.
&
® si Vi
® : _—
. |
[ ]
czl ¢c3 R4| C4
Ll \
s&: Eu
e
TR
. RS 4 \.F CONTROL
et !
I : - e-
t
R l gm—————= 'v“v‘v‘\ """ :
]
1
' @ AV.C. LINE
Ve ! jsz
N
/VI\/\/‘ AN - 250V, BIAS
R2 R3
Fic. 22. Using the High Bias Line.
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10 International octal chassis mounting valveholders.

T1,

Output transformer, 5 watts, to match

8,000 ohms load.

Chassis, aluminium, 16” x 8~ x 2}”.

2 Tuning Drives.

Arrange regenerative capacities across V1 and V4.

Components List for the High Bias Line Control of the

R.F. Stage, Fig. 22.

L1, First tuned circuit, R.F. stage.

C1,
C2, C3,
C4,
R1,
R2,
R3,
R4,
R5,
S1,
82,
V1,

NOTE.—The first LF.

0.01 mfd. 350 v.w. Non-inductive.
Sections of tuners and bandspread tuners.
0.1 mfd. 350 v.w. Non-inductive.
100,000 ohms.

50,000 ohms variable, High Bias control.
150,000 ohms.

220 'y

5,000 ohms variable, R.F. gain.
Wavechange switch section.

S.P.D.T. A.V.C. to High Bias Switch.
R.F. valve.

stage may also be switched into the High Bias

control, as shown, if a higher degree of control is required.

Components List for a 5-metre Converter for 4 or 6 volt operation,

L1,
L2’ 6 » 16 i34
L3, 10 ,, 16

£ 2
L4, L5, Wearite PHF5, tuned to 10 mcs.

C1, C6,
C2, C3,
C4,
C5, C7,
For 4-volt operation :—
R1,
R2,
R3,
R4,

For 6-volt operation :—
R1,
R2,
R3,
R4,
(Resistors, } watt

Fig. 23.

2 turns 20 S.W.G. enam. £~ diam., 1" above L2.

1 3
2 fl I to a lOng.

’ 3, to 11" long.
15 mmfd. tuners, Raymart VC15X.
0.01 mfd. 350 v.w. Non-inductive.
0.0001 mfd. Mica.
3-30 mmfd, variable trimmers.

10,000 ohms, 1 watt.

33,060
47,000 ,,
330 .

22,000 ohms, 2 watt.

22,000 ,,
47,000 ,,
330 .
ratings, unless otherwise specified.)
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Fig. 23. A 5 metre Converter for 4 or 6 voit Op:ration.

R.F.C, 60 turns 30 S.W.G. on 1 meg. ceramic
resistor as former.
V1, ACTH1 or
6KS8.

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, 74” x 33" x 2”.
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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
maics transformer. In either case the bias voltage supplies may be omitted
from ihe circuit altogether if desired.

» 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 being 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
unti! the correct voltage is shown on a good A.C. or D.C. voltmeter, 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
measurements should 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 e remiembered that gear working from an A.C./D.C.
supply is alive to the mains and the piug should be connected into the socket
in such a way thai the chassis of the power pack and the chassis of the
receiver are both connecied to the eartbed mains line. In some cases it may
be found that the positive line of the mains D.C. supply is earthed so that
it is virtually impossible to connect the chassis of the gear to the earthed
line. 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
posiiicn, including the apparatus itself, should be insulated by the use of
rubber mats.

In every A.C./D.C. operaied receiver, not only the earthing connection
to the chassis, if used, should be isolated from actual cornection with the
ckassis by an 0.01 m¢d. 500 v.w. condenser, but the aerial also should be
isolated in the same manner.

The rating of the barretter or dropping resistance is of course deter-
mined by the number of vaives used, together with their common current
consumption and the supply voitage. For example, a circuijt 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 ” meter stage combined
and with an audio amplifier before the output stage wouid have seven 6-volt
vaives with their hezters connected in series, the total drop thus being 6.3
volts X 7 or 44.1 volts at 0.2 amp. Then the outvut stage, using as

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

duce a further drop of 35 volis at 0.2 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 voltage across the valve heater chain, however, the
rectifier also requires feeding. The 25Y5 and 25%5 ‘types of rectifier are
in good supply at the time of writing, and are capable of supniying up to
80 mAs., which is sufcient for all but the largest receivers, these rectifiers
bein;s 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
requires a heater current of 0.3 amp., whilst the heater voltage is, as
incicated by the code name, 35 voits. 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 voits, or 104 voits,

With the usual mains voltage of 230 voits, this means that the barretter
will have to drop 220-104 volts, or 126 volts. The barretter is chocen
so that this figure falls as near as possible to the centre of the woirking
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 barreiter 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 Surge,” already mentioned, or construct his own pack
using bought componants,

Very careful screening and  filtering must be provided, for a vibrator
pack will radiate R.F. interference uitless every precaution is taken, The
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battery leads must he fitted with a heavy current choke in order that

“hash 7 is not introduced into the receiver via the valve heaters, whilst the R1, 10,000 ohms, 3 watts, with slider
ouiput 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, 10,600 , 1 ,,
valve 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 voits D.C. Less than 30 mAs. V1, V2 (Fig. 25) UUs
should not be drawn, since the valve will then work at reduced efficiency or ’ Lo ! L .

2 International or Mazda octal chassis mounting valveholders,

refuse to operate properly at all.
If a current greater than 75 mAs. is required, it is advised that synchro-

nous vibrator rectification be used. c s List for th '
Whilst vibrator trans{ormers can be constructed or adapted from existing omponents List for the A.C./D.C. Power Pack, Fig. 26.

Chassis, 93”7 x 43” x 27, aluminium.

mains ftransformers, greater efficiency and more silent working will be LFC 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, * C1, 0.1 mfd. 350 v.w. Non-inductive.
and good quality components must be used, the working voltage values of C2, Ca, 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 Cs, 8 mfd. 500 v.w.
E.M.F.’s sufficiently high to break down condensers of low working voitage V1 25Y5, 2575, 35RE e’;c
ratings, and any breakdown or short-circuit in the power pack can cause B ’ B ! i N
serious damage to the vibrator. 1’1 ¢ ional . arrf':lter to suit heater load.

A fuse in the supply lead to the battery is also essential, since should 1 P[Il ;ernatlfona octal chassis mounting valveholder.
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

S1, D.P. On-Off Switch.
Chassis, 93" x 43” x 2”, aluminium.

Components List for the Vibrator Power Packs, Figs. 27 and 28.

8.W.G. enamelied copper wire (or heavier) on a 1” diameter former such as Ti, Vibrator transformer, Bulgin M.T.5, or
a wooden dowel. similar, . '
. R1, R2, 220 ohms, 1 watt.
Components List for the A.C. Power Packs, Figs. 24 and 25. R3, 4700 , 1 ,,
T1 (Fig. 24), 200-250 v. primary. ‘ R4, To suit screen current. (See Note.)
5v. 2a. secondary. g C1, 0.5 mfd. 350 v.w. Non-inductive.
T2 (Fig. 24), 200-250 v. primary. c2, 0.0003 mfd. Mica.
(?;5‘/0-2-.‘250 v.52v002n;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. C5, 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. C8, 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.
C3, 16 mfd. 350 vw. , L.F.C., 20 Hys. 100 mAs. 150 ohms.
CS, C7, 8 mfd. 500 V.W, »e F, 10 amp. fuse‘
62 63
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Vibrator Pack with Synchrenous Rectification.

b

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

B, 6-volt accumulator battery.
D, Vibrator driving coil.
V1 (Fig. 27), 0Z4.

1 International octal chassis 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.

It 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 referved 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 half-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.
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The haif-wave aerial, as its name suggests, is a hal‘_f-wavelength fong,
measured eiecirically 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
freguency in megacycies. The formula can also be given as

5540
Li = :

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 a?rials
are also vertical, and the transmitted waves are therefore said tf’ be vertically
pelarised. This polarisation holds only over relatively short d1§tances, 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 sxgn_al
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 hands the half-wave aerial
is stiil sufficiently short for erection in a fairly small space, hut 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 wh_ich
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
built, 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.
Recostion of stations in line or nearly so with the wire will, other things
being equal, be rauch weaker than reception from stations in a direction
perpendi}ui:r to the wire. For this reason, 5 and 10 metre transmitters
often arvange 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 known as a “ long wire,”’ however, the ““ end
fire ”’ effect--that is, the strengih of transmission or recepticin in line or
nearly so with the aerial wire itself is greatly improved, whilst the broadside
radiation or reception is attenuated. In generai, however, a wire twice the
wavelength of the favoureg band in length will give good all-round coverage
in the British Isles if erected in a due East-West direction.

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

492 (n-0.05)

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 mgcs. 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)
—.——. feet

14
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 carry
the strain of the serial. The wire is thus separated into two egual portions
in line one with the other.

L=

All aerials have a radiation resistance, or characteristic resistance pre-
sented to a feeder system at their poiuts of maximum current {current anti-
nodes). Resistance of a four haif-wave aerial is approximately 110 ohrs,

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 aliow the connection to be made,
at the aerial end, directly to any current anti-node (these occur at every odd
quarter of a wavelength along its Jensth), that is, in a two wavelength aeriai

at points along its length equal to 3, % % 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,

In a situation where bad interference is experienced, another type of
feeder may be required, where twin wires are lashed to truansposition blocks
at every 18” or 30, such blocks being obtainable from Messrs. Iddystone or
Raymarts. The feeder wires are thus crossed at regular intervals, the effect
being to cancel out any signal, including interference, 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 Eddvstone Denots :—

Radiomart, 48, Holloway 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, 2486, High Street, Harlesden, London, N.W.10,
Tele-Radio (1943), Ltd., 1774, Edgware Road, London, W.2,
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“TECHNI-GEN”
CONSTRUCTORS’  ENVELOPES

Correspondence with many thousands of 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 desired.
The new ** TECHNI-GEN " series of Radio Constructors’ Envelopes 1s based upon
this information. ‘

shect, size 22} in. by 17} in., giving a chassis blueprint, a picture of the set which.

|

i

|

| .

| Each envelope has an attractive cover design in two colours and contains a bioa
‘J in each case, has been built and ‘ully tested, circuit dingrams and expheit 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 i
developing the designs.

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

RECEIVER

PLUs RECTIFIER AC/DC TRF
RECEIVER. For  medium
waves (200-337 M, only). This
recciver 15 provided with a
tone control and a method of

‘“ QUALITY
For medium and long wases.
Thisreceiveris suitable tor both
local station reception and for
the more powerful Continental

using an energised loudspeaker stations.  Approximately 8-
is tllustrated and described. watts push-pull output s
provided.
No. 2. HOW TO MAKE AN * ECO-
NOMY » 4-VALVE PLUS REC- No. 5. HOW TO MAKE A 20-WAT1
TIFIER AC/DC SUPER-HET, ‘“ QUALITY ” AMPLIFIER.
RECEIVER. For medium Separate treble and bass tone
waves  (200-357 M. only). controls are incorporated and
AV.C. and Tone Control is the output stage comprises
incorporated. two tetrodes in push-puil with
negative feedback.
No.3. HOW TO MAKE ¢ ALL-

DRY” 4-VALVE BATTERY
SUPER-HET. PORTABLE RE-
CEIVER. For mediumm waves
(200-557 M. only). A.V.C.,
Tone Control and a Frame
Aerial incorporated. Pro-
vision 1s also made for the use
of an outside aerial.

No. 6. HOW TO MAKE A PORT-

ABLE AC/DC PUBLIC AD-
DRESS AMPLIFIER, 10-watts
output with provision for
mixing two rmicrophoue inputs
and a gramophone pick-up.
A suitable carrying case i
illustrated.

No.7. HOW TO MAKE A DE LUXE TUNING

UNIT FOR THE 20-WATT ‘¢ QUALITY ”
B AMPLIFIER. Both strawght and 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, in case of difficulty, write direct
BERNARDS (PUBLISHERS) LIMITED,
GRAMPIANS BUILDING, WESTERN GATE,
LONDON, W.6.

Telephone : SHEPHERDS BUSH 2581
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