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RADID EXPERIMENTAL CIRCUITSE MANUAL

CHarTeEr 1

EXFERIMENTAL CIRCUITS IN RADID DESIGN

The alm of this Manual k& bo préesent b the radio entheskest and home
experimenter a nember of cirowlts, both old amd new, which may be
developed dor partioular wses, or which may be incorporated with edlsting
cquipment #0 glve 3 wider range of functions, or, again, with which experi-
meil 15 well worth whille Bor ils owit siloe bind Bor the practice and experiensoe
Erived,

The Manual is broadly divided inbo five maln sectbons, dealing in b
with Radio, Awdbo, Televislon, Transmissbor and Testing experiments.

THE INFRITE IMIFEDANCE DETECTOR

The Infinite Impedance Detector 1s by now well known o the amateur,
especlally the sonstructos of commurications and similar shori-wave rectivers
of the superhet class, but s still not widely wsed in commenclal receivers,
A dissdvandage of the cirewlt is that & V.C, control directly from the detector
is nol’ possile, so that 2 separate AV.C. dhode ks mecessary, bad dor high
gqualilty reception, or for use with a highly selective clroull, the nfisite
impedance deteckor has much & recommend B, The clrcuit of an infinite
Impedance detector is shown in Fig 1.

T

Fro. 1. The Infinlte [gpedance
Dieteetor,

It will be seen that the clroull Is bowed upon the cithode follower
principhe, a cathode follower, broadly dedcribed, belig a slage where the
output 15 faken not feom the ancde of the valve in the osmal manner, bt
from the cafhode. In the first place, this results in the oulpist signal remakn-
ing in phase with the inpui signal to the valve grid, buf, more 'pIHEuhﬂj'.
the stage operates with a very high percenlage of negative eedback and Is
thes a ** Hnear " siage—a high guality, outped s possible.
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A cathode foliower cannot amplify. The ingud and outpul voltages an
wirtmally conmecied im series, s thal the oulpol woltage must be slightly
ower than the input wolage, allowing lor loss or valve drive, but so far
s the detector (s concerned this s of Bttle moment, sece a diede, usially
performing the function of detecior, also does not amplily, The actual gain

A
NNMMmuamhlmlimmlhmt

amplification fachor of the stage, withoul feedback—that i, with the boad
reskstance In the anode frstead of the cathode circuit, amd
A=_l’"K. -
R+ m
where A Is the gdage gain, |, ls the vahe amplificalion facler, B is the load
resistamce, and ra is the valve reslstamce.
The cathode lodower, moreover, beats the Miller effect common o all
walves and most proneunded in iriodes. A valve has an mput and an owtpul
capacitance existing between the electrodes, the oulput capacitance acting

& 3 shant and by-passing a portion of the output voltages. Ome of the

plenomens associated with the Miller effect Is the apperent rise In oulput
. capacilance with amplfcation—the actual grid-ancde capadtance is apparently
muBiplied by lse stage gaim, so thad the shunting seffect on high freguendies
can be, and often 16, serboue. In the thode folleweer, however, wilh the
cathode potential rising and falling In sympathy with the grid potential, the
* gridcatbode capacitance b apparently reduced, o that the circuit can deal
cfig: Huely with very high frequencies amd give very kow loases, whilst the
input impedsnce is abo kept high,
This is of particular value when the cathode (ollower is o be used with
a twned circodl, as is the infinile impedance detector. The selectivity, or
sharpness of the resporse curve, of a funed ciruil falls ac the loading om
the circuit incresses, and, for @ fxed inpul impedamce such & s presented
to a buned drcult by the grid of a valve, the sclectivity and also the efficiency
of the clrouit falls as the fréquency rises, since the shunt Impedance falls
with a rise in frequency. In a television recelver, for example, the efficiemcy
ol the tuped cireslls is reduced to a cerows degres by the shunting inpot
impedance of the vahe.
Using the infinite impedance detectar, howewer, an almost infinile imped-
ance is presented to the fused clroult, with the result that the chrcuit Q
remains high, selechivity remadns hgh, and yet the outpit impedance of the
stage as a whole is low, and easily coupled to succeeding stages.
The infinite impedance detector acts as a cathode follower only so far
as awdle frequencles are concerned, for the load resistance bn the cabhode
fine, which also acts as the blas resistance, 1s by-passed by a capacitance for

&
FF. The wsual value for this circuit s 100 mmbds.—higher walues will =°
. by-pass sudio (requenches IF only to some slight extent, the ideal reguire- -

ment being & capacitance which will pass radio frequencles with mechigibbe,”

it b andio

mental point of view, owever, i thal ! can be made to osdllste

because the by-pass-condenter, C1 In Flg. 1, is actuslly in series with:]

]

ches am Infindtely greal impedanet.

é

o
will approach lnfindly amd the loeses of the teoed ciroult will be neutraiised,
wo that osdilation wlil be pessible.

" - + AV

Fe, 2. Colpitts Oscillakor, for
comparison with Fig, 1.

0

In the majorlty of cases the gridcathode capaciiance & wery small by

: ordinary standards—of the order of 10 of 5 mmids. and less, so that it ks

possible for the infinite” impedance detector to he stabilised by stray circult
capacitancod alone, but with careful construction, amd the cholee of a sultable
triode, it is possible to control oscillation by U use of a emall varlable
condenser In the hypass position, Replacing C1 by a 15 mamid. varlable
condenser |5 usually satlsfaciory,

The use of such an osclllstng detecior s of grestest sdvaniage In the
superheterodyne for CW. recepion.  An infinite  Impedance  detector,
shabllised with a 1060 mmids. by-pass capactance, flves excellent LF. solee-
ity I the detector stage with high quality cutput, and i= ilso an excelbent
defector for wse immediately following a crystal gate or Eter. For CW,

of a separate BUF.0. unit, and the impedarce detecor can thus be made to
perform & wide range of tasks.

A filtering dircuit should he conpected in the anode tne of the vabve
to prevent any chance of high and 1o by-pass any slgnal wollages st the ancde
directly fo earth,

The F.F. choke, shown in the output cirowt, |8 optional and, I used,
showld, of courss, be effective at the Iroquency or fregquengies coveres] by
the tuned circults, If it ks pot used, and C3, the Sudit coupling condenser,
Is comnected directly to the csthode Hne, then the by-pmss conderser, 2,
should also be memoved from Bhe droult, leaving C1 as the sole by-pass
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Corypenents List for the Infinite Fmpedence Detector, Fig. 1.

L, O, B.F. Tuned clroult, wifher for  disect
funing o the secomdary of the lasl LF.
Iransformer. g

1, €2, 100 mmids. BF. Bypass. oo replacg C1
by 2 15 mmdds. varishle condenser for
experimeist.

C3, 0.1 mid, L50 vow. Non-inductive.

(= 0.5 mid, 350 vow. New-indoctive

R1, 150,000 obms, § watl.

Rz, 22000 i .

R3, 1 megl. wariable, Violume control,

Vi, 6L, ele., bor G-volt operation, or 224V, ete., jor 4-voll.

operation,

Avroovse Freouescy  Cnancive

The Autodyne Frequency Chamger |5 one example of an old drcait which
bs still capable of giving good results from a minimem of components. The
circwit comsists essentially of a first detector or mixer which also supplics
fts ovm lol oscfilations. One walve, therefore, performs the work of a
combined valve such as the trinde hexode, or of two separate valves.

The sutodyne freguency changer exists in fwo Forms. B the first clrcuit,
shown in Fig. 3, two tumed drewits are arranged round a penkade o BLF,
teirode type valve, ihe grid cirouit being tuned in the vsual manner to the

Y

= I3V

Fiz. 3. The Autodyne Frequoency Changer.
1@ M

frequency of the signal it is desired to receive whilil an oscillating cirouit
is connected Inlo the ancde and cathode leads

if the ascillator voltage i considered as belng applied to the grid of
the wvalve, Il will be seen that the tumed drewit, 12, C1, s then seies-
cormected hetween the grid and the osciilator voltage, and this fact has a
corshdershle bearing on the working of the circuit st different frequencies.
Al hrondest frequencies the tuned signal frequency clroudt, L2, C1, will
present some impedance to the oscllator vollage, hut this impedance will be
jow since the considerable difference between the signal and Intermediate
frequencies will reselt in L2, C1, béing detuned to a very grest degree so
far a5 the pecillalor frequency is concermed. Frequency conwersion takes
place in the usual way, and provided that the padiding condenser ChH is at
the correct setbing, the twe tuned cdrouits can be afusled over the mediom
ardl lomg-wive bands by the wse of a ganged condenser o give the correct
intermediate frequency which is passed on o the LE. amplifier via the inter-
imediale froquency transiormer.

At higher frequencies, however—thal is, on the shorl-wave hands—the
perentage difference in reqguency hetween the two tundd circuits is reducied,
with the result fhst as the frequency rises, L2, C©1, become bess amd leas
detrned from the osclllbdor frequency. The Impedance presented by this
tuned circull to the osdillator voltage thus rises, with the result that a con-
slderable oscillator voltage is st up beross L2, Cl, which not only bends
e capse stromg ve-radiation, or radiation of an isterfering eignal, bul also
reduces the oscillater woltage between the grid and the cathode, the overall
efficiency of the frequency comverter thus being impaired, The cirouit of
Fig. 3 should therefore be wed only for reception on the medium and long-
wave hands, where it is capable of guite satistactory results. Tests for radia-
tion of interference should “always be made, however, and the freguency
comvertér preceded by a simple B.F. kolating stage if any trouble is caused.

The second type of awiedyme frequency converber, at one time in con-
cldernble mee for short and ullrs-short-wave reception. was no more than an
exseillating detector. By deboming an oscillating detector away from a received
slgnal a heterodyne is caused, the heterodyne frequency at first being In the
audio range—the whistle of warying pitch heard 2= a statlon is funed with
such a detecor—and then, & the frequencies of stalion and detector further
diverge, & heterodyme at radio frequencies. This heterodyne frequency
appears as usuzl In the anode chrenbt of the detecto, and may be pasted
to am LF. amplifier via a tuned transfonmes, L

Such 3 method of frequency conversion must of necessity be ineffickent,
based 2s Bt is wpon 2 delfherate detuning of the delectos away from the
stabion to be received, and i will be realised that image recepiion can be
very troghbesome with this method, since each sigral can be received and
comyerted to the mtermediste [requency st twe points, one abowe and one
below the stalion frequency. At the higher froguencies, however, the
percendage of detuning ls, once again, less; and so the osillating detector-
milpdyne can be wsed, if desired, for receplion om the 5§ and 10 metre
amatenr hands with quile fair results. The LF. must be choden as a2 com-
promise frequency. elficiency on the one hand requiring that it be 2 bow
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freg v amd the ideral utimmumm
mdmlhuﬂmhlnﬂr{mﬁhﬁzmﬂﬁm MW agbodyne
comverber wism perhaps most uied as 3 recelver converter, feeding
medium and long-wave receiver bo give shortowave receplion, and undir
those comditions the [a i imber ¥ was of the order
300 l:u.—thitis.thertﬂimm]dbetmdhlmﬂnﬂmm
autodyne converter connected Into the Aerial and Earth sockefs, For ondl-
nary short-wave reception, howewer, cuperiments may be conducted uslng

the old ﬂ:rl-e 110 kos. LF, transformers, amd Eurum-sho:lwahm
-IﬂE transbormers can be brjed,

“The oscillabing detector type of autodyne frequency converter is shown
in Fig. 4, with an output circuit suftable for connecting into the Aerial and

N/

Fouz. 4. The Oscillating Detector-=Autodyne Comverter.

Earth sockets of a wave recelver, and in Fig: 5 with LF. trans-
former coupling for feeding inko an ILF. amplifier,

Lging this second type of aulodyme, the chreoll mest, of course, be in

a state of pscillation over the whole tuning band and resction should be
condrolled by a condenser with fise control given by a variable resistance, In
order that the degres of oscillation is under control. This, agsin, resubs in
radiztion from the oscillating detector, and slthougl, on the ultta-short-waves
especially, this #s much less serdous than radiation on the broadeast bands,
It & wise o provide am B.F. mlnmmﬁmmnaum[ﬂm
the aerial load from the defector.

1z M

a HF. stage Is ~

Fia. &, The Oscillating Dhetoc-
tor—Autodyne Frbqlw'lc).'
Changer leh LF. Feedl,

Fig. &.
L1, Lz, Medium and Long-wave Aerial Coils.
L8, L4, Medivm and Longwave Oscillator Calls.
C1, C§, 00005 mid, Ganged taners,
2, C4y 0.1 mid. 350 v.w, Non-inductive,
C3, 0,005 mid. 350 v.w. Non-inductive,

Padding condenser o suit coils used,
{Bee mote re aerlal and osclliator colls bebow.)
v AT, 000 ohms, 1 watt, for G-voll valves,
22,000 ohms, 1 watt, for d-volt valves.

RzZ, 10,000k whens, § walt.
LF.T., Iron-cored LF. transiormer, 465 kes
Vi, R.F. tetrode or peniode, VP41, 606, elc., elc.

Aerial and ceclllator coils are required bo give an LF, of 465 kes. Highly
recommended are the Wearite P type eoils, the PA2 and PA1 heing used
for mediem and long-wave reception respectively in the L1, L2, positions,
and the types PO2 and PO being used a5 the correspanding oscillator coils.

The PAL and PAZ cofls should be rinmed with 75 mmfds. maximam
adjustable screw-bype trimmers, and the PO1 and POZ cofls should be
trimmed with 75 and 1040 mmids. maxbmum trimmers respectively. The
pedding condensers in the C5 poaltion should be 150 mmfds, maximum for
the bong-wave band, and 450 mmfds. maximem for the medivm-wave band,

Gmfpmmtd'sr!ur the ﬂwn Fraquency Changer
anf Shori-wave Converfer, Figs. 4 and 5,

L1, L2, L3, Aerial, 'I‘m and_Feaction cofls,

0.1 mfd. 350 v.w, Non-inductive,
00005 mfd. Midget wariable.

13 M
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RI1, 1 me, § wath.

Rz, 56,000 ohnes, 1 wall

B3, B, W) obims, variable.
RF.C.1, Medium and Long-wave Choke,

RF.C.2, Shorl-wave Choke,

LE.T., Iron-iered  1F, Transformer, 465 kcs.,
o experimental.

Vi, 6K7, 65K7, 6)7, ec., for & wolt operation, or SP4E,

VP41, clc., for dvolt operation,

Mole,—The valees of L1, L2, L3 and C1 will depend on the freguency
range to be covered. For 2B and 56 mes.—10 and 5 melre working—C1
may be 40 mmids. maximem, such as the Raymart VCAOX, whilst for 5
medres 1Y should be 2 turns, L2 should be 9 tures and 1.3 should be 4 lums
of wire ali wound to §* dlameter. L1 and L2 may be of a heavy gaugé, 18
SW.G., with turns separsted by their own diameter, with L3 closewourd
jusk helow L2, ming 26 5. W.G enamelled wire, For 10 mefres, L1 should
be 3 temg, L2 20 tuns, and L3 10 tuns, L2 in this instance also being
closewound wing 18 5. W.C. enamelled wire, Ihe other coils heing wouind
as .
For the lower frequency amateur bands, C1 shoudd be s 100 mmfds.
varishle condenser, the coils being woend on 1§ diameter coflforms, the
windings being as lollows :— '

20 metres Barud— %
L1, B lurns 26 S.W.G enam. closewound, |° abowve L2,

Lz, 1 L, 1BSWG ,, spaced to 1} long r
L3, 5 . 26 8W.G . closessund {7 below L2

11, & turns 26 5W.G. enam. dosewound, 7 abowe LE,
18 8. W6 ., spaced to 117 long.
268 SW.G . clopewoand §° below L2,

L1, 10 turns 26 5.W.G. enam. closewound {7 abowve L2,

Le &2 , 185WG rk

L3, LY TN 26 WG ., " 1* bebow 1.2,
160 metres hand—

L1, 12 tums 26 5.W.G. cram. desewound §° above L2,

Lz 54, BHSWGL &

L3, 20 ., 265WG w §° below LE,

Very Hicn FrEQuency EqurmesT

Whilst supivbelerodyne redeption cin give very good resulls on the ulira-
short-waves—or, more properly, the Very High Frequencies—the tuning be-
comes extremely sharp at 5 meéfres and, for Ereguendies above tlis band, of
the order of G0 to 120 mes., the eficiency of valves used as B.F. amplifiers
and frequency changers falls of rapidly. The expérimenter who G inlerested
in receplion en the 10 and 6 metre bands, and who does not wish fo go to
|bewumlldrq:npuuuudmumswu.em,mnbhh
excellent results from either mains or batlery salves in single-valve clresits
by wsing the super-regenerative type of receplion.

14 M

Theory and practice both show that an esclllating detector is ab its most
sensltive operating point jusé as # passes inte osdllatben, 3 point 3 which
it s virtually impossilde Lo maintain an cedinary drcwit. If, however, by
sume means the deledor clroult can be msde 10 pags n and out of oscllakion
at & rapid rate, this point of excellent operation will virtually be maintained,
and super-regentration i a method of achieving this object, The super-
regeneralive circull enablis an ondinary trbode vahe bo give amplifications
at very Bigh frequendies of the order of thousands and possibly millbons.

Further adwantages of the supersegencrator are that the signal ks no
longer sharply fumed, and whilst this may be slightly toubbsome on a
crowded band sach as the 10-metre band, the ease with which signals are
selected and held makes wp for the lack of sebectivity, The super-regenerator
also gives a remarkable degree of what may be called Automsic Galn Control,
o that slgnals of very different strengths are Beard at similar audie levels,
Interteremce of the ignition and impulse type is suppréssed, amnd whilst the
super-regencrative circuil is characterised by 8 falrly bowd hiss, this hiss
elther dimimishes, or, for a strong station, disappears, whenewer a signal is
tuned, so that & furlber advaniage appears In thal a temporarily wnmodulated
carrier annowunces s presence as defnitely as does b modulpled carrier wave
—a poiet often of importaince when searching for V.H.F. signals.

The super-regeneralor circull relles upon two eporating frequencies, the
frst besing the fundamental tuned Drequency of the main tming dircwit—that
Is, the signal frequency al which reception is taking place—and the quendhing
frequency which is a varishle frequency with an optimum salue for the hest
risnilts with ary clrowit, The guenching frequency should be alsove audio
limits, and may become sufficently high to be classed as a radio frequency.
The use of quenching on the odgingl oscillations at the signal freguency
cause the super-regenerator ko be & Cairly sirong lansmitter of Interference,
bul & pood RF. slage preceding the super-regeserating crouil, and good
receiver screening, will redoce this effect should it be Erouhlescme,

- The Ewo frequencies may be obtadned from a single-valve drouit, or one
valve may work ab the signal freguency with the quench frequency introduced
from & second valve oscillabor. The quenching obbdined with these bwo bypes
of cirelt varies, but in either case the working is highly salisfactory.

The Flewelling ciircwit, shown in Fig. 6, iz ome of the bist shggle-vaho
crcuits. Here the valve cscillales at the signal frequency so vigoroucly that

aink

Fic. 8. The Flewelfing
Super Heguperator,
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the grid becomes ™ blocked “—that 1s, 20 negatively charged that oscillabons

cexse while the charpe leaks away throagh the grid leak, This fesk, in con-

tﬂtﬂm-ﬂhﬂtmﬂm“man& the condenser from the amode cireult
warth, therefore sels Bhe quenching frequency, and the value of CF

be varled o glve the best results. i

The cirouit works with complete relishility with mains valves, especially
i an Acorn friode is wsed, but Is mnclisied o, be bemperamental when irisd
bﬁryvﬂm. A modified form of the circuit can be wed with the

The super-rggeneralor may be fed from any aerlal, apd @ hong wire
serlal, several times the lengih of the prefersed wivelenglh, is very soitable.
Such an aerial gives best results when coupled, rot Induwctiyely, but capad-
lively through a small capacitance to Use andde of the valve. The conderser

. used may be of the varfable trimmer type; mounted 5o that adjustment is

Ty

tasy, or b midgel variable condenser may be used.

Bince the tuned circull in the Fleweling super-regencrator has selther -

side dlrectly connected bo earth, an extension spindle must be wsed ag the
tuning drive, a- spinddle lenglh of 3 or & inches being ample. Silow-motion
drives, bowever, are not at all necessary, and consegquently the receiver dots
not need & panel, The tusing conderser and warlable resistance may be

mounted on small insulsting sub-panels, the extension spindle s bringing

out the tuning comtrol 1o the front of Lbe receiver. Ferspex Is an cxcellent
mgberisl for HF. insulation, and. may be drilled and tapped with case.

Components Ligt for the Flewelling Super-Regenerator ond
Adepted Cirewlt, Flgs. 6 and 7.

L, 6-10 melres, 20 hirns 18 5W.G. enam. §* dlam., closewound, . .
L, 47 o B 185WG | diam, spaced own dam
CL A0 mmefde, Tuner. Raymart '.WK_.—-{.;.
ca, ; OG0T mid, Silver Mica.

16

being as shown in Fig. 7, where the geid leak’ is made -

{8 0002 to (L006 mid. Mica, =

Ca, 30 mmfds. variable or semd-varfablbe,

C§, 0.1 mfd. 360 vow. Nor-indoctive.

R, for Fig. &, E20,000 okms, § watt,

R1, for Fig. 7, 2 to 4 megohms, 1 ..

R, 47000 . b o

B3, 250,000 chms  varlable, regentrathon

contral,

RF.LC, G0 turm: 30 5W.G, closewound on 1
- med, cevamic resistor as former

B High resistance headphones.

V1, for Fig. 6, 955, ACZHL, de., or 87, etc., with screens strapped

v o amode.
V1, for Fig. 7, HEZLD, e, o 1T4, ctc, with scrom strapped lﬁ_
annde.

An even more satisfactory clrcuit for battery triodes is shown In Fig, B.
Here ©F acts a3 a reaction control if made varfable, but since varlation of
this capacitance results In detuning, it is wsual to work with a fied condenser

Fiz 8. A Baltery Ssiper Regersrator.

in this position, controlling regencration by means of a varlable resistance in
the ELT. lime. Quenching in thls ciroulf is obtained by ﬂtﬂldlp!rﬂl
quench colls serlesonnected in the feed Hmes, isclated for B.F. by small
chiokes. i

The two colls, L1 and L2, must be considered as a single coll so far
as BF. i5 conoeroed, amd so both cofls mast be wound in the same direction,
wsad aerial compling may be made elther Inductivily, & small coll of twe or
thres tumns of wire being inserted in the central gap between the two main
codls, or chse the serial may be Lapped on to the grid coll via a small semi-
warlable condemser.

The quench colls may be oblained commerclally, from Messrs, Eddystons
or Messrs, Bulgin, or may be home-made. Each coll should conslst of 600
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or TO0 tuns of fine wire, such as 30 or T4 5.W.GC. eramelled, and a former
may be made vp from thick fibre or plywond. Cut three discs 27 in diameter;
and another four discs of the materdal 1* In dameter, and assemble these
discs by drilling them each cenbwally and aranglng them on & sorew as shown
in the diagram of Fig. 9.

= —1 —

F] B o 9. Quench Coil Focumer.,

il

If the cireuit ails to superregenerate It ks peohably only necessary to
reverse the comnections bo ome of the quench colls to bring the windings into
the proper semse.

The grid kak may be taken ko the point shown or directly to the negative
filament or “ earth "' connection, some fypes of valve preferring one amd
somee Lhe ofher conmedtion. To use the clreuit ae 3 power osdiistor for
Iramicelver ar °° walkie-talkic *' operation, It s necessary only to shorl-
chrewdt the guerch onils, and The grid condenser, transferring the megative
Hne gonmection divect to the geid of the valve through anoiher F. shoke,
constructedd In the same manner as the dhokes alréady in cirowit. The H.T.
current then rises on osclllation instead of falling by the acltion of self-hias,
and & small triode will accept as much as 2 watts anode input.  The oscillstor
resporeds well o speech modulation Intnoduced: into the anode ciroudt by
anode modulation, a baltéry oulput penbode fed from a carbon microphone
giving sufficient modulation depth. Simple swilching enables the pentode io
b upid w2 & bransformér.coupled audio amplifier for recoption, the brans-
former pu"lrmr:r acting 2= the modulating choke on transmbsslon,

Comporents List for the Swper-Regenerator, Fig, 8.

i, 00005 mid. Silver Mica,

[ 60 mmids. Tmer: Bavmart MOGOX,

c3, 00003 mfd. Slhver Mica.

4, . 000,00 mid, Cuench tuner.  Test
for best results,

R1, 2.2 meg. | watt. Albernative connection
shown dotled.

* Rz, LR, 00 chms  varisghle. Regeneration

cominol.
18 M

R.F.C., 60 turns 30 S.W.G. enam, on }* glass
or ehonlte rod.

L1=L2, & furns 16 5.W.G. §* diam., turns spaced own Cism,

L3, 2 .. 16 5W.G. enam. between LY and L2,

Cniﬂmwnhrmﬁ-me:rehmdmdmemimmnd. The
favout adopled will cause funing changles, and slightly barger or smaller coils
may be required to suit the recdver constrsction.

L4=L5,  Quench coils. (See test)

Vi, HRZ14, efe. Use a medjuin Impedance brivde.

An extersbon spindle is necessary for tuning, and the ligoul must he
neal and with short direel wiring, _

The super-regenerative recelver docs not give good quality sound, dls-
Nt ﬂ'qt:ﬂing even the higher audic frequencies so that despite its
tremendeus amplfication It 1s weless for television reception. The quality
can be improved, however, by using a separate guench valve, the depth of
quench Ehus being under individual controd, and a two-valve circuil i shown
in Fig, 10, The design s for battery valves, but mains tricdes may be ased
il degired with no change in components walues.

s

ﬁﬁ-:ﬂ‘.\.

ToawgETLL %"

1Fe,

Fig. 10, A Twowalve.Super Regensratar.
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Components List for the Two-Valvg Super-Regemerator, Fig. 10,

1, 2 00005 mild, Silver Mica.

g 60 mmids. Twner, Raymart MCBOX.

0001 mfd. Silver Mica.

0.5 mil Paper.

0.00%-0.01 mid. (uench tuner. Test for
st ru-ul!.s

2.2 meg. } walt.

10:&000 wchms varlable. Reaction con-

a8

E FE QR4g

104, 0430 chams Fariable, Chench control,
RF.C., &0 herns 30 S W.C. enam, on §* diam.
glags or ebonite mol,
Llf!.,:!., 5 hurms 16 S.W.0. 4" diam., turns spaced own dlam.
L3, 7 2 wrms 16 85W.G0, between L1 and L2,
L4=L5, OQuench coils, 2 deserlbed in test,
Codls slzes given are for the Gomeetre bamd and television s,
Vi, W2, HRE210, ete. for batlery working, or ACZHL, &5, ek,
for maln

An extenshon spindle is necssary iur tuning.

CHarTER 2
EXPERIMENTAL CIRCUITS IN AUDIC DESIGH
VoLiME EXpansios ann COMPMRESSION

Both in the broadcasting and recording of smmnd, especally orchestral
music, & degree of wolume compresdbon is used in order thai the overall
amplitude of the sudio sdignal osed to modulate the carrler wave or, in record-
eperste the cutting besd, shall be maintained within fixed Hmits. To '
the best from the reproduced seund, therefore, & vohami expanding
shouild be employed o réstere the culs made in the orlginal sound.

Vidums: compression may be manual or sutomatic, For example, the
irtrosd,

ment heing made by ear al the contral panel, but In recording shsdios There
is, beside the control panel compression, a degree of comprescion setomsti- ™

cally introduced by the use of compressing circuits. Bt Is argsed, therefore, *

Ihat wilume expansion s really pointless wnless the expanding dreuil cam
be made bo have exaclly the same expansion fackor as the compression fachor
originally osed, but in actual fact an expansion clecubt can gl eul‘l::l.-‘-;ﬂ;
or reproduced record withnout ref@nknoe.

ced into & stodio broadcast i often manual, the adjust- -

Slnce one droult can give both compression and expansion of wolume,
the efiect of compression on ricords which appear ko be rather aver-recorded
can also be lested, .

Since woheme expansion and compression s Bmited jo an audio amplifier,
It may be taken that for expansion the overall gain of the amplifier rises

_Bs the input signal woltage rises, and for compression the overall gain of

the smplifier falle as the input signal voltage rices. All that is necessary,
therefore, is & device which will give rise to a biasing voltage, the biasing
woltage rlsing and falling with the amplitude of the signal. This bias can
then be applied to one of the amplifier valves, the valve gain rising or falling
with the bias according lo the sensg In which the control voltage is connected.

H.T.

Fic, 11. A Simple Volume Expapder.

SUTPUT ~

g -

It is also possible to obtain vohewe expansion, however, by " waste *

methods, amd the simplest of these b shows in Fig, 127 A small lamp,
connected in parallel with tne wolce coil amd culput bransformer secondary
of the loudspeaker system will pass & percentige of the oulpot which thus
will not affect the woice coll, but as the ewlpul power rises the
Howing thoough the lmp aleo vlses. This caises the lamp Glament to beat
up and thus o ncrease Ms resislance, so Lhat the power Jost in the hmp
ks achmlly reduced and the overall gain of the amplifier apparently rises with
a rise in (he Inpul sigeal vollage. The reduction of power bost in the hmp
circuit s, of course, a percentage reductlon—a large output will, naturally,
cantp mong power to be lost in the lomp than will & swiall owulput bul® the
percestage of loss to iotal power will be amaller.
y The time constant, or delay in wolume chamges, when wing any fype
of pxpantion or compresslon dreull musl be laken inlo consdderation, and
the bnp cireult shown, togethes with ather clrcilte dérfvad from the sime
principle, have the dsadvantage of a rather long defay time, since a lag
exists hefween the pasage of current and the heating of the filiment with
its consequent resistance change. This makes the lamp crouit nsuitable
for we wilh the ™ popular " fype of music, alibough the cirouit may, in
peneral, be used wilh classical music. -

The skmple lamp clrcuit shown o Fig 11 can be developed to give
oontral not on the oulpul side of the Enal trancirmer bat, by the Introdise-
tion of a resistance infe the lamp crcwil, control by negative feedhack,
This type of wontrol uiflises the polentials set wp across e lamp and
resistance  clrouit, one side of the clreuit being earthed. By means of a
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i
Fae. 12, A Compresssto-Exparsion Amplificer,
simple switching device, feedback cam then be taken o an earBer stage in
the awdio amplificr and either compression o expansion introduced Bt will,
In Fig. 12 is shown a simple bwo-stage amplifier using the Pen 45 beam
aatpul valve, although other types cam also be wped.
erd with the hype of lamp amd Ehe reslstance valoe used with the
Jamep will give varving degrees of feedback and thus of overall control.

Componests List jor the Compression-Expansion Amplifier, Fig. 12,

K1, 1 meg, varlable. Voluome control,
Rz, 47,000 ohms, § wait.
'+ R3, X 470 i "o

Re, 22000 . ) .

RE 220,000, I

R6, BT, 10000 i .

Rﬂ-.- & pi: i '!' [

RO, (30 ohms, varisble, wirewound,

1, €3, ¢4, 0.1 mid. 350 v.w. Non-inductive.

c2, 50 mfds. 25 wow. Electrobylic.

\51, DT, Compression-Expansion switch,,

T, Chitpul transdormer, 5 watt, match to

© 7 B,200 ohms anode Doad,

L, Lamp, This should be determined eaperi-
meentally using normal tosch and cyele
lamp bulbs,

Vi, ACZHL.

v, Fen 45.
a3z M

Switch righl for expansion, left for compression. The parallel lamp and
reslstance circall will cause a sEght mismalch of the loudspesker woice coil
theoaigh the transforiér b the owtpat valve, =0 that a sHghtly lower trans
formar ratio might be used with good effect.

A more o tional wol spander is abiwn in Flg. 12 where a disde
Is provided with a signal which ks rectified and used ad the control bias in
the controlling valve, a pentageld. The inpet signal soltage io the cirealt

l e

m,T-_.Lg":

« Faz. 13, . Wolime Expanson Preamplifer.

il be smanll, and g0 the walt i isserled fn e positin of a pre-amplifer,
being fed divectly from the pick-sp. A crystal plckap will wually overboad
this type of wob pandder, arsl a magnetic pick-up with an optpuk of
approcimately § volt maximum should be used,

A battery I shown supphying the megative vollages required for bizing.
Whilst these voltages could i obtalned from a potential divider, the battery
supgply Is more easlly asranged and there is o likelibood of feedback troubles.

Components List for the 'I;nhuuﬂmm Pre-Amplificr,

Fig. 13,
K1, RZ, 1 meg. varable input controls,
R, RS, R7, RY, 100,000 ohms, § watt.
Ha, R 10000 " ! ]
. Rs, 220,000, .
KB, 1 meg. b
Ra, 22000 - B
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€1, €3, C5, Ch, 0.0 mid. 350 vow, Non-dnductive,
C2, 0.25 mid. 350 v.w. -

4, 0.02 mid. 350 v.w. -
C7, 0.1 mid. 350 vw. -
Vi, 65,

v .

Vi, GLTG or 1612,

Still another volume expansion circult which has proved popular is
clrouit wsing a varisble-mu valve and diode. In this cirouit, shown in Fig- 1
a varishle bias dependent on the signal input amplitude is applied to the
control grid of the vardable-mu pentode, the output heng teken fnom the
cathoide losd of this salve, the ostpat Impedance varving with the vilve

Fis, 14. Volume Expansos
Cathode Follower Tmit,

The contrasl expamsbon unll may be connected elther before or after the
first amgphiying stage, some amplification being desirable, before the signad
s passed throwgh this snit,

Comiponerds List for the Expansion Unit, Fig. 14,

HL, 100,000 ohms varlabde, expansion oon-
trol,

R, R4, AToe00 |, § wall,

K3, Ra, 22000 . s

RS, - a3 i

Q1, €5, 0.1 mid. 351]!1# Non-inductive,

C2, Cm, 4, 025 mid. 350 vw. &

¥, .

Vi, VP4E,
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WIDE HAKGE TONE CONTROL STAGES

The majority of recelvers commerclally made have no provigon for bone
contyed, and whilst radiograms and record-players are hetter equipped in this
respect, the control range often leaves much to ke desired.

Tone comtrode with wide mnges can be incorporated in most equipment
wilthout trondhle, Towever, and the followlng ciroults are all interesting from
the experimental point of view, and cm be nstalled hetween the stages of
a simplc two-stage amplifier or comparisos,

The simplest tome condrel glving hoth treble and hass attenustion s
shown Im Fig. 15. The treble atbemuatos by-passes fhe higher awmBo (e

iﬁ @"1 { R

gquencles to carth via a resistance-capagitance filter, whilst the bass attermator
pasees the middle and high frequencies wilh ease whilst fibtering the hass-
Bath contrals are varlabbe and controlled by varlabde reslstances,

Components List for the Simple Tone Condral, Fig, 15,

€1, Ca, 0.1 mid. 250 w.w, Noo-inductive.
C2, kS mild, 350 vow. ”

3, 0,001 mid 350 v.w. -

RL, 0,25 meg. variable, treble conirol.
R2, 0.25 meg. variable, bass control,
E3, 220,000 whme, § watt.

A master volume control is easlly added to this tone conbrod cireull, and
the writer has found this amangement of particular valee for feeding into
the phase splitter of a paraphase or push-pull output stage. The wolume
enntrol shoaild appear 2= near as possible to the final stage n order that
mokse introduced by the preciding vabeis B redeced in ratio with the signal
volumae, whilit a master volume controd I8 meeded i the amplifier incudes
mized Inputs from a pick-up and microphone, or two phek-ups.

Tn Fig. 16 the whole tone and wolume controd undt §s ghown

. fecding
into @ typleal phase splitting crcuit, the phase: splitter valve belng practically

any 4 or & walt triode.
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i only necessary to omit C5, H4 and RT
25 mids. 25.wol candender if a e exira

Fiz. 16, A Tone and Valome
Contral Unit.

gain is necded), taking the connection from the moving arm of the wolume
cantrel direct to the valve grld. C5 and R4 are necessary In the phase
splitter stage to kolate the grid of the valve from earth,

Compurienafs List for the Tone and Volome Control Unit, Fig. 16,

C1, C4, 0.1 mid, 350 v.w. Non-dnduchive,
cz2, 0.005 mid. 350 v.w. -
C3, L0010 mifd. 350 ww. -

S 0.02 mid, 350 vw, "
K1, 0.25 meg. varkable, treble control,
RZ, .25 meg. varlable, buss conibrol.
R, 1 meg. Volume contraol.
R4, 1 meg, 1 wall.
RS, KT, 47,000 chms, § .,
R&, 1,504 o

This tore contral, in common with many other Lypes of control, attenuabes
‘!Hmlhlhuhh fréquencies, whereae in many cascs o boesi af eiher
treble or bass frequencies, or bath, is required, the middle irequncies. being
left slmost unaffected, To oblain a hosst at the ends of the vequency range
& special circull is always necessary, and in some cases choke colls are wsed.
The use of chokes, bowever, often glves rlse 1o troubles, the most likely of
which is hum pickap, and a walve clreall bo give boosting of varisble degrees
in both the hass and brehle frequencles s shown-in Fig. 17.

The vahee s, in effect, slhunted by a frequency, discriminating network,
ﬂhmmmm&dtﬂnﬂiﬁmﬂhnmﬂrhm,
the fome control being effected by varlable phase opposition, the outputs of
anode and cathode of the valve being connected in oppesition.

Such a comtrol stage shauild wol be relied upon to glve greab sigmal
amplification, althoughk there will, of course, be ome degres of galn. Sup-
pressing the middle frequencies of the audio range, bowewver, always gives
the impression of a considerable boss of volume—one advantage of. the lone

26 M

cattrol of Plgs. 15 and 16 i that the apparent wolume boss For change of
tone is very small—and so the contml stage of Fig. 17 should be wed as
a pick-up inpul stage before a complele amplifier, rather than be used as an
amplifier stage proper.

+ T30,

B
G oF P 17
wer grase, Dreble and Bass
Borsting Stage.

[=

The cathnde control can be used a5 a bone comspensated wolime comtrol
for some seitinge of the tone controke, to offset the spparent change in lone
obtained with come siralght wolume controls whire décreading volome
apparently gives a tonal chiange which is reafiy camsed by the warying sensi-
tivity af the ear for different scamd infensity levels.

The input to this lone control slage can be applied in two different ways,
elther between the grid and corth or between the grid and cathode, the three
input lines belng Indicsted in the Ggure. Applying the Input between grid
andl earth means thel negative feedback over the cathide boad will be intro-
duced into the circult, 80 thal the akeady low slage gain i further reduced.
Applying the Inpul between grid and colbde will avoid Bhiis effect, but at
the same time will mean that the pick-up o other component supplying the
impat signal will nol have one connection directly esrthed as is ususlly the
case. This means that there will be some chance of hum introduction, bt
if e metal case of the pick-up, microphone, elc., ls earthed, this shoukl
give ample shielding to the interbor circuits. .

Components List of Treble ond Bass Beosting Stege, Fig, 17,

R1, 47,000 ulnm.. 1 watt.

H2, 1,000 L F 4
B3, 1000, variahie

R4, 220,000, 4 walk,

RS, B6, 75,000 '

BT, 1 meg. I n

C1, 50 mid. 25 v.w. Electrolytic.

C2, CH, 0.5 mid. 350 v, Nonnductive.

3, . 0005 mid. Varlshle,
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C4, 00T mid. 350 vow. Nem-inductive,
[ 0,015 mid, 350 vow. "

CH, 03 mid. 3540 wow. -

T, 005 mid, 350 vow. "

51, SP. Sowny selector swilch,

¥, MHLA4, etc, or 6C5, ebc,

The circult shown was developed by ]. E. Varrall and first published In
the Wireless World, by whose permission il is incloded in this Manual,

For the experimenter who wishes bo best the effects of 2 choke tome
comlrol, the circult of Fig. 18 has many points of irterest. Here, agsin, the
stagle gain Is musch reduced by the wee of the control, bul the overall effest
is & bass Boosd with a lesser irehbe boost, the middle frequencies being
successively attenmated as the movingd arm of the contrel approaches the
wnode comnection. The values of the induclance snd condenser filker ciroult
a8 shown cenfre the main sttenuation sbeut 1,000 cycles, the comentional
frequency for this type of condrol. The following slage should kave a high

+300V,

Fig. 1R Mkl Freguency Attenmator Stage.
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resistance grid lesk, and the contrs] vilve may be wsed as the input valve
for an amplificr for recotd reproduction, the tone control corve being well

_ muited for gramophone work,

The inductanee must be very well sereened and oriented with regard to
minimisatioa of hum pick-up from mains transformers, et
y mmmlnhmldbemlu-umammmtatmd:,md
American pentodes with high resistance loads glve best resulls. Such valves
ax the 6]7, 606, elc, are recommendid.

Components List fo the Middle Frequency Abferamfor Stage,

Fig. 18,
R1, 1 meg. variable. Input volume control.
Rz, 1.5 meg, & walt.
R3, AT chms, § .,
R4, 1,500 el 3 .
TS, 25 meg. varizhle. Tone control.
R, 1 meeg. § walt.
1, 0.1 mifd. 350 vow. Non-iedsctive.
L T 25 mid. 25 vow. Electrolytic.
C3, B mdd. 350 vow, =
C4y 001 mdd, 350 v,w, Mon-Adndeclive.
C5, . 002 mid. 350 vow, “
L, 2.5 Henrys,
V1, BOR, BT, e

Camnone FoLLower OUTPLUT STAGES

The cathode fellower output stage offers excellent opporthnitles to the
experimenter who is also interested In high quallty sound reproduction.
This type of output stage has the primary of the oufput trandformer con.
nected between the valve cathode and the earth line, instesd of in the amode
ling, and whilst the circubt requires sl considerations, especially in so far
ag grid drive is concérned, therd are several advaniages attached bo ssch an
wulpt arrangement, .

In the first place, il has already heen eaplained ihst a cathode follower
elrenmil useally results In practically 100%, negabive feedback over the shagie,
so thal distarfion In the colhode. foliower stage ltself is eMminated for all
practical’ purposes. This alee means, of course, that no useful amplification
is. gained from the stage—indend, there ks & loss so that the output of the
stage compared with the inpal to the stagie shows 2 galn of less than wanity—
bul the megative ferdback esesrs that the grid drive can be increased, The
chief acvandage, however, 50 far & the cathode follower culput stage s
concerned, lies in the greal incresse in loodspeaker damping which [E
provides, :

Lowdipesker dampdng is of considesable importance in the reproduction
of sound, & loudspeaker, by reasom of [ts constrsction, hai wiveral damping
effects, the demping belng the abserplion effect whick prevents resonance or -
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“ hangover "' vibrations of he cone. Generally speaking. the higher the
" damping factos of the whole oubput drewlt can he made, the better is the
qualily of the reproduction, especially in the hass frequencies, high damping
hdmﬂﬂmammqmluymﬁmtmammbenmmymmhm
ear. The use of a briode outpul valve assists the damping factor over the
mummwummmmdemdmdmmM-
fastening of the cone edge to the frame, the stiffness of the central spides
amil the air pressure on the speak come, 2 valusble damping effect 1s
obtalned Hhrough the moving oodl tsell. The moving ol fs secpended in
aih\ulﬂwttltﬁald.mrluimwmthd{ﬂmlmﬁcﬁi{mm
coll will result in beavy damping whilst an infinite resistance across The coll
ends will result in very low damping. The efect may be seen in an wn-
shonled milllameter, where connecting the terminals tegether Wil present
the poirter from swinging across the scale with movement of the Instnament,
although removing e short circuil, and thus opening the moving coll drosit,

will leave Ehe poinder free fo swing with ewery movement given lo the .

irstrument.
The damping factor indrodsced into the losdspeaker stage by the valve
itself Is given by the relalenship
RL

0w
where DF Is the damping factor, RL is the load resistance as given by the
valve manniacturers’ lisis, amd ¥p is the valve’s AC. anode impedance. Some
examples taken from manufacturers’ lists glve revealing figures and indicale
that a triode gives & much greater damping factor thae & pentode or besm
ledrodde outpat valve,

For n PX4,
e A, Dik
“TEa0 . or 4D, .
For a P15/ 250, \
2,800

T E60  or 348

p B,000 or 0BT
and for 2 BLE beam power owlput valve,
-~ 2 5ik
22,500 or W11,

The damping facter, therelore, is reduced o a very comslderable extent
in a pentode or besm power slage. A cathode follower siagie bas a vory low
puip impedance, and s0 a beam tetrode or penbode wsed In 2 cathede
iollower siroet has its dampleg faclor improved by & large amounst.

The chrcullt for a cathode follower output stage is shown in.Fig. 19,
togetber with the driving walve, and several points require attertion. In
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the first place it has been shown fn the case of the impedance detector that
s cmatpul voltage scross the cothode Josd of & cathode follower is in serbes
he input vobtage ab the grid, so that in the case of Fig. 19 the grid
input waltage swing mmst be ircreased abowe the swing which would rormally
be appl

mate stage, the driver, must supply & greater oulput voltage, such an increase
: ng wp the sigral voltage already to hand
by Wb use of & bramsformer, of by ircressing the HT. supply voltage to

transformer is ohvipusly the simpler method and so the feeder is coupled
1o the owtpat slage via a parallel-coupled transionmes with a ratlo of 5 © 1.

ol

15
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Fio, 19, A Cathode Followor Cutpal Stige

For experimental purposes any inter-valve lransformer o hand might be
wsed in this position, bot a good compoment will naturally improve resubts
dincd its frequency response ourve will he so moch more favourable than
will be that of a cheap instrument.

A medium impedance triode should be used o feed inte a transformer
couplirg, the MH4 or 354V or similar types being suilable for 4-volt heater
wvalves, with the GC5 a sullable Gvoll healer valve.

The cholce of the ootput valve depends on several factors, and mamy
Lypeis may e tested, An ACT Pen has glven excellent resulls with this Lype
of circult, but seversl peniodes and twirodes, triode-connected, work well,
‘The requirements of & good valee are & high slope and, with triode connec-
Hons, if the valve 15 a tetrode or beam pentode, 2 nol too high inlernal
Imnpedance,
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The crdinary bias on the walve cathede must be maimtained, and bere
again & complication arises since the owtput trangformer primary is now con-
nected n place of the bias resistance and the bias applied to the salve will
degiend on (ke btotal cathode current and the ILC, resistamce of Lhe brasms-
former primary winding. Where the primary winding is fairly low, the bas
applied may be approximately correct, bul a bigh reslstance winding will
impose boo great a bias on the cathode—the cathode, it must be remembered,
will be at a too posktive polential abowe earth. To counberact this effect a
positive potential may be applied to the grid of the valve, and this polential
may be oblained either from a small hatiery with its negative pole connecied
to the exrth Boe, or from a voltage-disider conmecled as shown. B, however,
the trarsformer has a very low reststance primary, a8 may well be the case
with a beavy-dely compoment with stoul windings, the Bas applied il
probably be too low and the grid will then need & negative bias, oblained
once again from a batlery, connected this time with iis positive pole to earth,

Remember thal the malching or losd impedance presented by e trans-
former does not affect the hias potential et up on the cathode. It is the
DLC. resistance of the winding which must he taken Into account,

The most smbafactory method of measaring the bias, and of adjusting
the potential applied fo the grid, whether positive of negative, is to messure
the total current flowing through the output bramsformer primary with no
signal input, adjusting tke grid blasing potential unbil the current is approxi-
mabtely correcd.

The autpul impedance of the valve will change under these conditions,
if the valve used s a tetrode or pentode connecled as a fricde, and the value
to be wsed is o longer that given by the makers” valve fables. To a certain
degree the cathode follower will avtomatically adjust it cadpat iepedance bo
mabch bo any boad, so thet extreme care over matching is nob necesiary, bl
a series mis-match will lead le distorbion and sevious power less, just as
does 2 mig-matich In a more comvenlionally connected circull, so that some
endeavour to provide the correct matching must be made. The cutput imped-
ance may be faken as twice the valve's ancde impedaspce wnder the new
triode-cnmected conditions, and the ratio of the output tramsformer windings
will fhen be caloslabed From the waal formuls

i ,Hf “outpet impedance
woice coll impedance
For the ACE Pen the oulpud impedence may be taken as 5,000 chms,
to

maitch a J-ohm voice coll speaker to this figure the ratio of the
primary and secondary windings will be

R - .Jﬁ,nm
= 4/ LGB66 or 40 : 1 approximately,
The cathode currenl of this velve should be adjustsd fo 40 mAs, by
adjusting the blas arrangements, -
The GLG may be tried ae a cathode follower oulpul stage, although its
ocutpul will be below that of the ACZ Pen. Connecled as a Irlode, the GL&
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requires 20 velts blas, which may be adjusted by sctting the total cathode
to 40 mAs. The cutput impedance may be taken, for the ELE,

3400 ohws when tricde-conmected.

Tke 6F6, triode-connected, gives rather 5 small outpot bt is waorth

testing.  The total cathode currenl should be set bo 30 mAs. or a litlle more,

and the owlput impedance should be laken as 5,000 ohms,

Provided that sufficlent grid swing can be provided irom the fecder and
transformer coupling, 2n (Muminating cxperiment 1s o work wilth & PX4 first
B8 a convenlions] output shage wilh the catput transformer annde.connected,
mdlhﬂﬁlﬂllﬂd&hﬂw&uunﬁm{ﬁ#.mmmmr‘gml
be changed to some degree, being reduced to a 1,600 to 1,700 ohm load
for cathode-conneclion instead of the 4,000 obm load wsed for anode-
connection, bt the bdas reguirements will remain the same, the cathode
current for cathode follower outpul working being sef, by Bas sdjusimend,
to B0 mAs,

The PX4 or any similar lriode with 2 directiy-hested flamenl acling
as the cathode must, of course, be ssippliéd wilk a separate heater winding,
this winding having a centre tap. The outpul transformer i conneched
between this cenire tap amd carth jsl as is a bias resistance, and i Is
praclically & necessity bo feed the heater of sny valve wmed 25 2 cathode
follower output stage from a separale, unearthed, heater winding, The
callbode will be at high potentials above earth as the outpul curment swings,
&0 that skould the valve heater he caribed the potentisl difference between
cathode amd heater mighl seaily break down the nsulelion between them,
ruining the valwe.

Compoents List Jor the Cathade Follower Outpid Stege, Flg. 1%,
cl, L1 mid, 350 v.w, Non-inductive.

¢!
f

Cz, C5, 50 mids, 50 v.w, Electrolyilic,
3, O, B mids. 350 v.w. 3
Ca, 4 mids. 350 v.ow. Paper.
K1, 33,000 obms, § walf.
k2, 47000 | e
R3, AT0000 L
R4, 1,000 W b . oriosull valve,
RS, 2200000 -
R, 50000 |, variable, hias sel.
T, G ¢ 1 inler-valve transtormer.
T2, Cratput translormer.
V1, V2, {As In text)
CHAPTER 3

ERFERIMENTS IN TELEVISION RECEPTION

As is well known, the reception of the televizsion programmes from the
Alexandra Palace transmiller is depéndent on lecality and distance from the
dtalion, so that belevision experments are, in the main, of Interest only bo
thase fortunate encugh to live within the service ares of the tramsmitber.
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With reports of regular and good receplion coming from the Channel Islarsds
and Devon, bowever, and ramours of o strvice extension i the nesr fubore,
the woubd-be feleviewer shoubd at least test the possibilitles of his own
particular locslity with respect to the preseni bramemissdons,

The slze of a tebevishon sel with reference to the number of siages
requbred between aerlal and eathode ray tube depends om the sgnal slrenglh
al the seral and the bube sensllivity, bet il a signal can be received which
is clear and sieady, withoul faling, a sel can be bedll b0 give good programme
value. The exploration, therefore, may be carded oal by a sound receiver
tured in turm s both vislon and sound bransmiseions.

¥ a super-regencrative recelver i used to make the first fickd strength
tesls, it must be remembered that the galn of swch a set b= extremely high,
and whilst the two brarsmissions may be heard distinetly on a simple one:
valve circoit, & television receiver proper might require & multiplicity of
stages to give 3 good picture.  The reason for this s thet each stage of &
televison receiver, whether the cironit is of the TRF. or H‘}H‘h&l Lype,
has a very limited goin, Each stage is called wpon bo pas & viry wide bamd
ol freguencies, the band-width, for really high quality, being 5§ or 8 mez, and
al the same Hme the very high frequences peed make the input impedance
of the valve appear very how, so that the crcult b working al a low level of
efficiency. Then, again, no advantage can he laken of regenerabion, since
each shape mwsl have a linesr phase response, of as pearly leear as possble
—ihe wriber lested a regenerative dreull for Lelevision receplion on Bhe stan-
dard biack cross transmissiom, the result being thet the horzontal arm of the
crose only sppeared on the soreen—and in osder to keep the band-widih of
the succeeding clreult broad, cach stage can have only a relatisdy low
reslslonee of impedsnce lowd, Lhis again causing loss of amplificalion.

The audible signal obtaimed rom & tidevishon iransmission i a low purt
or hum, the frame.synchronising pulses, with an overdone of a high-pitched
nate at above 10,000 eycles, this belng caused by the linc-symchrondsing
pulses. The picture content frequendes sre, in mosl cases, above the dimits
of audibility. The super-regenerative recelver will show a slrorg carrier
with only low modulation since the synchronising pulses nudl.l.llltben.rrier
only to a shallow extent,

ﬁuﬂrﬂ&dﬂhiﬂuﬂﬂmﬂimﬂm is sufficlent te warrani
recepbion experiments, one promising line of work would appear to he the
adaplion of a cathode ry osdllosope for lelevision work, The writer bas
gmapmmmmmwm[hmwmn;u{m eomstructional
detall in Bernards’ *° Television Comstructors’ Manual * Mo, 589), using
sreers with dlamefers as small as 3 ard picture detall is still surprisingly
clear and distincl with sech small fuhes, Groen fuorccent Dubey ane e
feclly suitahle for lelevislon reception, although the blue type of csdlloscope
Iy is worse than useless, the pictore beilllancy belng low; but, apart from
this, the tube having & show die-away fuorescent characteristic,  Hard tubes,
of cowrse, masl be used, and gas-focused tubes are also wseliss,

The imterrad change wisich musl be made fo the osdiloscope to make il
suitshle for picture receplion fs lo provide a modulation mpot to the tube
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+ grid * or shield, Bsolaling this eledrode from the polential divider resist:
ance chaln and also providing the cathode with a self-hissing reaislance.
The usual escilloscope will have the cathode connected fo polnt & In Fig. 20,
the grid being comnected 1o the arm of a er, point B, Tf de
sired, the pobentiomeler can be removed from clreull, ifs place belng taken
by & fxed resistance, the vahse of which 1s that of the total resistance of the
polentiomeler, this procedure leaving the fixing hole free for a pew varlable
resistance, R1, which s cosneded direcdly in the cathode line. The new

_ mesistance K1 must have a highly Insulated moving arm in some oscilloscopes,

uﬂmwunﬁnhﬂmmmmtdlmum
mmtmnﬂew'llh exlrems care,
* The tube hwpmrﬁd&dwﬂhuﬂbﬁ.ﬂuuﬂmrulﬂwuhﬂm
a ‘higher valwe than might be expectod becouse the lube calhode current is
50 low.
]?‘

ez
I—!ﬂg:m

B
[FAIELiAwCE)
Fie. 0. Copnecticns for Grid Modulation of fhe Oscilloscope.

The tube grid s now isolated from the polentisl divider and connected
bo the negative e wia a high resistance. The grid, abthough still receiving
negative hlag, is open o sccept modulation voltages. The grid shoald be
compicted 10 A few lerndndl or binding pest marked " Exlernal Mod ™
throagh & high-vollage condenser. Foom shosld be fourd on the oscilio
soope paned o case for stek & terminsl, since the provision of & modulabed
grid input is of cossiderable vahsy i many cecilloscope applications,
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Components List for the Oscillosoope Adaplion Clroult, Fig. 20.

R1, . 0.5 meg wriskle, sclf-bim  control.
(Brillance-} .

R2, - 2 megobm resishor, § walt,

i, 0.5 mid, 2500l working, Non-
indhactive.

cz, 0.1 mid. 1,000 o 2,000 wlts working.

{The working voltage he at least
200, greater tham fhe thode ray
tube E.H.T. supply.}

We now have 3 cathode ray tube with s power supplies convenlently
lsolaied from the receiver power supply, with focus and brillfancy controls,
with a modulsted grid, and, mareover, furnished with one of the two neces-
sary time-bases, The internal time-hase should be used as the line time-base,
sef al a freguency of 10,125 cycles, a frequency which it should be possibbe
to ohiain from a good instrument stce the usual Heiting frequency of &
good oscilloscope time-base is 20 kes,

EX PR FETERAAL
o3, rry
WESTECTOR,
LD H on B Feaon

Fic, 21, Two Methods of DG, Restoraticn,

with sync. feeds o the oscllloscope fime-haie and the external Hme-hase,
and a frame Lime-hase operating at 50 cycles, this gear bo work from a
separale power pack. i

The recelver may Inke one of several different forms, the signal strength
again dictating the requirements. For a locality within a few miles of Ihe
transmitter, two RF, stages—a diode defector and a wideo amplifier—are
qulie sullicient, whilst a weak signal will require a superhet ciroult, the LF.
stages running at an intermediate frequency of approximately 13 mes. since
LF. stages can give ralher more gain than B.F, stages.

The Hme-base, however, can be standandised, and B shown in Fig. 22.
The circill uses the mew Transitron.Miller Integrator circull, and suffickent
sweep is glven, will very limear characterlstics, to glve full frame deflection
on & & diameter lube with adime-base HLT. of no more than 250 valts.
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Bt now remains to provide the recelver proper, a synchronisalion splitter

i

by

.-

]
P

& -

*o

B

Lo

© _ The inlernal timebade of the oscifloscope 1 commected in the osual

manner ko the X pletes of the tube, the new lime-base being connected 1o
mefphmadautmmmhhaammmm

* the exterrsl mnd Internal apparalus.

The timebase chassls should be sonmected to the oscllosoope chassis and
the cutpul ko the tube's ¥ plate — do pol use the oscilloscope’s built-in

" amplifier for this purpose. The lime-base shown in Fig. 22 has a negative-

Muwkqﬂhandhmaybethﬂthpﬂmenﬂduwduﬂlbemddt
down. The output line must be connected bo each ¥ plale in lum o

" discover the correct semse,

AAAN A 4 250 ¥
R

To ¥ PLATE

L L]
-

L2 ]

A Tc:

Frame Timebase Oscillator.

Fug, 2.

The olhér connectioms hetween the oecilloscope and the external
apparabus are for synchronksation and modulation,

The reciver chassis should be joined o the osclllescope chassls and the
recelver's line sync. terminal jelned o the scope's synchromisalion terminal.
This leaves only the modulsbion comnection to arrange. The recebver has
a cathode follower outpat cireuit and whire the home constructor has bullt
his own power fupply weit for the cathode ray babe he chould arrange lo
carth the negative supply Hne of the EH.T., the output of the receiver
may then he conmedied directly to the cathode ray tube's grid.

Hewever, where a standard cscilloscope |5 used with the positive line
earthed, Ihe wnit most be connected through a condenser as shown  In
Fig. 20. This means that for the best resulls [LC, restoration should ke
applled to the lube's grid, but during the experimental stage this can be

v omitted and a good picture sill oblained, bn fact, many commerclal felevishon

sels of [he pre-war period h_ﬂ no DLC. restoration.  The dreult st Fig. 21
shiws how restorstion may be applied.  Elther 2 Weslector with 5,000 ohms
In series mey be placed across K2, (the resisior s mercly to limit the
mwﬂwwﬂlm}m:dhﬂtmumrhmmna
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reslstor, the valwe plves heller results, bat since the ehectrodes will be at
full E.H.T. voltage to chassis il s necessary the diode hexter winding on
the transformer be well insulated, Suitahle valves are the DDA1 for 4 wolt
elreisits and the GHE for 6 volts.

The choice of vwalves for all positions in the receiver and external gear
is widke, but excellent results buve been ohinined with d-valt hester types,
using SP41 television pentodes in the recelving stages, and accordingly this
type 1s shown in the disgrams. The experimenter will have no difficulty,
however, in substitisling 6-volt heater types il desired, using such types as
the EF50 or 262

The time-base circuit a5 shown will work with peactically any pentode,
but preferred bpes wre the EF3Y for G-volt operation and the VP41 for
dvolt working. The same types slio eperate well in the sync. separator
stage.

Compenents List for the Frame Time-bese Circuil, Fig, 22.

R1, 10, () obires, § wadl,

Rz, THO000  , b .

R3, (0,25 meg. Varlable. Sweep amplitude
control.

Ra, 2 meg, variable. Sweep frequency comtrol.

RS, 6 meg., § watt.

RE, 4. 700 obms, § watk.

C1, 0071 mid 350 ww, Non-Imductive

Cz2, 0005 mid. Mica.

<3, & mid. 350 v.w. Electrolytic.

c4, 0.1 mid., 1,000 vow.  Oilfilbed.

V1, EF39 for 6-volt working, or VP41 for 4-voll working.

Whether @ TR.F. or superhet cirout is wsed for the recelver, the
detector, video amplifier, D.C. restorer and syne, separating circuils will
foilbow the same design, and this section af the recelver s shown in Fig. 23.

The tuned Inductance feeding inte the dinde detector will depend om
the preceding cirewit.  For TH.F. reception the coll will be tuned b 45 mes,
whilst for & superbet the coll will be a single winding LF. " transformer.””

The diode detector and D.C. restoring dicde are combined in one valve
since 3 D041 bs used {3 6H6 for G-volt chroulis), and the choke coupling
hetween the dicde amd video amplifier will alen be swiled bo the carrier or
intermediste Irequency according to whether straight or superhet arrange-
mgrls are weel

The video amplifier is a simple stage with a percenlage of negative
feedback over the cathode resistance and & normal ancde load of low resketl-
ance. Tt is wsual to prowvide & choke in the anode line to corpect for high
frequency bosses, but when B osmall lube 15 to be used, with as simple
receiving clrenifs an possible, experiment shows that the inchsion of such a
choke glves no visible improvement in picture quality,

The triode lollowieg the vides amplifier and DUC. restorer §s necessary
o reverse the phnse of the signal at the tuhe grid in order that the sync.
separator i supplled with a negative going signal if the signal applied to
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the tube Is comsldered ps positive going. The triode is nol required to give
high amplification so that & fxirly high cathode resistance is used.

The syne. peparabor, conpected zs shown, gives negelively-pheased syne.
pulses which are correct for the frame linse-hase s given in the dingram of
Fig. 22, Unforionately, some types of Hme-bose requive a positively gning
pulse for synchromisalion, and if such a timebase ks Included in the osdlio-
scope Lhere may be a litthe trowble in obtalning correct synchrondsation,
Omce mgain, however, experiments have shown that mamy types of time-base
are remarkably adaptable te incorreclly phased syne. pulees, and im all
pﬁl;dilh the sync. pulse 2 supplicd o the oscilloscope will give good
working.

There are several simpler methods of connecting the sync. separstor to
the video amplifier and thes dispensing with the triode phise reverser, bast
in almost all these sitipler clrouits the video ampllfier then becomes a more
complicaled stage, requiring slabilisation of the scoreen voltage, amd the use
af the triode droult Is well worth while, -~ -

There is & secomd advantage in using the tricde, however., The modo-
lated tube grid may be eommected directly to the armde of the video amplifier
via a suitable condenser, just as is the grid of the trdode, bat In the event
of a condenser break down the tuhe grid would be driven posithwe by 200
volts or so, the cathode ray tube thos being damaged. The method of
feoding the tube from the triode cathode load is wol only perfectly safe
undér all conditions, B also reduces shunt capecitances acrass which higher
frequency signal detail can be kost, and ot the same time enables 3 long lead
hil- e wsed for Lhe receiver-tube connection, whilst no distertion can mar the
pleture, -

The method of feed shown here was first described by W, T. Cocking.

Components for Detector and Owlpul Stages of the Televldon Recelver,

Fig. 23.

C1, 0001 mid, Micg. '
cz, 20 mmids. Silver Mica,
i, .00 mld. 350 wow. Nen-imductive.
C4, C5, Ch, CT, 0.1 mid 350 wv.w. v
CH, 005 mid. 350 vow. "
Co; O HHDE b, Mica,
1o, d 0,007 mfd. 1,000 ww.
R1, R2, 4,70 ohnes, § watt.
R, A7 w ¥ ow
R4. 1 mag. |
K5, 15000 , § .
R6, B9, R11, 10,000 s F.om
R7i R’B" lmlm " I "
R10, 22 (0 e e
R12, 51,000 P
R13, 30000 . % .
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Ch, R.F. Choke efiective ab either 45 of
10-15 mes. For 45 mes, wind 50 turns
of 30 S.W.G, enaim, on §* diam, former,
For 10-15 mes, use Weatite PAG coll.

V1, V3, combined, DMl
vz, SP41.
V4, a54V.

VE, VPal.
Take one side of each healer !n:mh.

“Thir: RECEIVER TUNED CIRCIATS.
 Whether T.RLF. or superheierodyne reception i used, it is advisable, for
hoshe eongtrachion, to use the gmplest tuned cirenits possible, and wicord-
ingly both types of recelwir are shown with single-winding permenbility-
bumed cotls, Commerclal sets gemerally use coupled transformers between
sisges, hut since it is necessary to consiruct the colls in the home workshop
a single winding s to be prefesred.

The TH.F. chrcuit is shown in Fig, 24, the detector being duplicated
since il B also shown in Fig. 23, The methed of coupling is. madie chesr,
however, and it should be remembered thal the detecor s shown bwice in
the separate diagrams when corstructing the recedwer. .

it must alwo be rememhered that In the T.RF. recelver each slage i
working 2t & wery high frequency, so thal wiring and component placement
are highly important. Leads musst he direct and short, and all the earthed
conpectiong from cach stage, sich as by-pass condensers, ol earths, etc,
should be taken lo one poiit on the chassis for each stage, the hest method
belng to mount a soldering fag wnder one retadning screw of each wakve-
holder, &l the carth connections for each stage being taken to that skage's

Omce agaln, one side of each heater should be directly carthed, the
connection being omilted from the drawings for the anke of clarily.

By the use of small condensers and f-wat wesigtors it is possible Lo
groap all the components of each stage under thely respective walve-holder,
thus reducing the chance of interaction.

Twn FF. amplfying stages are shovn in the T.RF. circult of Fig. 24,
and it will be found Ehat Iwo stages can be run with no trace of interaction
or feedback If the supply line voltage does not rise above Ehe 250-volt level.
Three stages, however, are moch mose prone fo feedback and Instability
troubles, and a third stagte dboald only be added if neceseary. Mo comirast

control b shown im the diagram; for home-constructed apparatus and a -

small tube where, generally spenking, madmum’ contrast is required, the
control is wnecessary, and its omission leaves the clroull simple and inex-
pemsive b buaild

Some experiment will be necessary to cbtain the hest results from the
coils. These are wound on paxolin formers of, if &t hand, ceramic formers
with an ocutside diameter of 3, The wire used should be 18 5.W.G. and the
coili are taned, not by condensers, which would peak the response curve, but
by movable er plunger cores. It s guite possible to wind colls tuned o the
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iramamission frequency without the use of cores, but a simple plunger syStem
enahles the tuming to be sel with much more case,

‘The plungers showld be of ihe iron dust Eype, ron-cored LF. trars-
formess being one source of svitsble cores, which are mounted on long
A& FLA. brass bolts and arranged bo screw down finto the centre of Ehe codl.
If iron dust cores are wmoblainable then brass oylindrical plungess may be
used in their place, & stock of suitable brass rod belrg the surplos sawn off
ends of long spindled volume controls, §f iron cores are used, L1 should
have 51 tums, ard L2 and L3 6 horns each, but if briss plengers are used,
L1 shoaild have 61 twns and L2 and L3 7 temns each.

The perial way be coupled to the recelver by wsing a separale ooil af 2
turns oserwound on L1, bt betler energy transference seems to be given
by tapping the feeder on to the oofl and to earth, as is shown In Fig. 24.
Near to the tramsmitter a simple Epale memided inside the ool glves pmple
plck-up, hat at greater @Estances an open.alr dpole with reflector s almedt
essential. Tap L1 1§ tures ap. "

Tt will be geen that the receiver, whether TR.F. or superhetl, does mol
combine the functions ol recelving the sound sigral ps well as the plchere
signal in the Aradl slapges &8 5 normal with commercinl superhet recelvers.
This combination of e two [reguendies leads to difliculties which are best
mvoided by the home constructor, and the sound signal can be received by a
simple recelver working from Ite own aeral. The author bas wsed a super
regenerative recdver for this perposs, and whilst such & recelver, if allowed
to act normally, would blot out the plchere sigral by interference, reducing
the ancde voltage of the detecbor until soper regeneration ceases still gives
excelbint gaim, fmd fhe sound may then be fed fo an ordirary two or three
valve amplifier to give very good quality,

Fui, 24, Two BLF. Stapge
Television Receiver
(usa with Fig. 23).

A2
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Components List for the 2 R.F. Stage Wecelver, Fig, 24.

R1, k4, 1,004 chms, § walk.

RZ, RS, wooe ., o .

H3, RE, 220 PR

C1, C2, C4, C5, 0.01 mid. 350 v.w. Non-dindective,
3, CE, 0,001 mid, Mica,

Lll I"2| I-"3| E‘ﬂ M

Vi, vz, BPAL,

The superhiet tured circult, shown in Fig. 25, will also be found a rather

frequency fype. Onoe again
single coils are used in bath the R.F. and LF. stages with the final adjuosi-
mémts made by permeshility tening In each case.  An B, amplifying stage
procedis the irequency-changer in order that the slgnal to rwoise ratio of
the first steges shall be asslsted, and condenser funimg is esed for the
aecilllator tuned clresll. For an LF. of abowl 13 mes. the ossillator most
therefore bune either to 32 or 58 mcs., the signal frequency beimg 45 mes.
Coesiderations of cecillator harmonics dbows bhat 58 mes. is the hetber
frequency, aml the LF. of 13 mes. Is chosen in order that the LE. stapes
shall be working on a frequency oulsife ordinarily used channels so that
HmltiundiM' of cutslde interference on to Lthe inlermediste (régquency- is
unlikely,

The emperimenter will wish bo wind his own ooils-—-in amy case, single
wirding LF. enils of this type are in short supply—and L4, L5 and L of
Fig. 25 may be woend, as wre the RL.F. coils, on paxolin formers of §~
oultside diameter. - There will, of course, be smne stray apacitance o bring
the colls infp tume, even though no bming condensers sre used—the coils
will have o self-capacitonce and the valves present an inpul capacitance
whilst the couplings hebween stages also exerl & tuming efféch.  With thesw
capachtances duly allewed for, the LF. coibs require 33 tarms of 24 5 W.G,
an the §* former, the tums being spaced evenly ower a winding length of
14", Iron dust cores should again be moanted lo screw in and out of the
former along its central axis,

L3, the oscillabor coll, need not be former wound bat cam be a self-
supporting bellx of B turns of 18 8.W.G., 1° dismeter, wired directly across
the caclllater tuning condenger, CF, which has » maximem capacitance of
Al mmids. Since neither side of this condenser is earthed, it must he
mounked on an insubling bracket, and provided with an extersion spindle
for mdjustimenl. The ostillstor tuning sssembly should for preference be
completely scoreened in am aleminkum can,

L1 and L2, bath tened to the original sigeal frequency, should be om-
struched sccording fo the detalls glven for L1 and L2 in Fig. 24.

In baotf Fig. 24 and Fig. 25, it will be seen thal the BLF, stages ano
LF. stages respectively are identically similar, The stages in each recetver
can thevefore be duplicated should it be desirable to experiment with a greater
number of stages than those ghown,
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F1o, 28, Superhet Television Beceiver [use with Fig 23).

]
- of headphones being conpected acrdds Lhe citbode load reslilance of the

Ceompenerts List for 8¢ Superhet Teledslon Recelver, Fig. 25,

R1, E5, R10, R13, 100 chms, § watt.

E"E' lmm L i L1

RZ, RT, 200 a ko

R"'i zzrm Br i L

ks, ) 2,200 w b ow

ks, RS, 51000 ..} .

R11, K14, &, 200 o ¥

K12, KIS, 150 o Fom

Cl, C2, C4, C5,

6, C10, C11,

C13, C14, .01 mfd. 350 vow. Nor-nductive.
C3, C9, C12, C18, 0.001 mid,  Mica.

7, 50 mimids, Silver Mica

s, A0 mnds, varlabie, Raymarl WC0H,
V1, V3, V4, SP41.

vz, ACTHI.

L1, L2, LA, 1.4, 1.5, 1.6,  (See Texi)

The recelver, whether of the TRF. or seperhel Lype, may be tested on
seund before coupling the wonfls togaher. Am inpul sel ot 45
supplied from a signal generator con be passed through Lhe receiver,

Z
(3

triosde custpul slage, the headphone crooil having a 0.1 mfd. condenser b

serles wilh one lead. The receiver is then lned up for this Input, and then

coupled Lo Ebe oscllloscope for further testing om a wvision signal,

The connections between the recetver amd oscilloscope have alreadly been

explained.  To recapliulate, Iy are: =

(1) Recelver chassis to oscilloscope chassls.

{2} Trinde stagie aithode culput to oscdil T dudabioe Fral

{3) Frame symc. lo external limebase. (The lime-base may be mounied
on the receiver chasasle snd fed from ihe recelver power pack.)

{4} Line syne. to oscllloscope irlernal timehase sync. socket,

15 External frame Hme-base to ¥ plafe of tubs,

The power pack wsed lo supply the recelver and time-base should be of
comvemtiol deslgn, and capable of giving at least 100 mis, at 250 wolls,

- with choke ard double conderser smoothing. The mains transformer should
have good Insulation hetween all windogs and frame.

The home constructor fs. warned that the E.H.T. voltage in most osclllo-

~ oscopes s In the order of 1,000 volts {soffcient to kil the unwary ex-
- perimanter] and great care should be taken when building and adjusting this

apparatus.
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CHAPTER 4
EXFERIMENTS IN AMATELR TRANSMISSION

Itﬂmﬂdbemlndlhﬂﬂuhpﬂim&rﬁmdﬂb&rduu-ﬂudhlﬁi
chapter may be carried oul or used only by Bcensed amateur Irarsmiticrs,
exgipl whire Lhe esperdments are concorned only with the reception of
signals.

CHamMcin: CRYSTAL FREQUENCY

The amaleur who s stll in the process of selting wp his slation may
find, on oocasion, thal a charge In frequency within the band on which he
I8 operating may be necessary of desirzhle, His frequency may be suhject
to strong (HM or his crystal, used lor working on bands other than Lhal
conlaining the fundamental frequency, may double inlo the wrong poriion
of the harmopdc bamd. The sation with a colledtion of crystals can easlly
remedy soch occorrences, bul the amateur with one or two orystals offten
his iwred of & method of changing the erystal frequency by a small amexint,

© The resulls oblaiméd from the various methods suggested will depend
whally upon the sctual cryatsl, since different crystale respond to similar
treatment in widely varying ways.

A cryslal may be held belween bwo electrodes which, by means of sprung
mountings, grip the eryslal with & dight pressure. The adwal pressure
efnployed will have a slight effect on the oystal frequincy, and it is possible
to lzke advanlage of this fact by making a slight alleration bo the mounting
springing. Fregquency varlalbon thus oblained i very small, bul B may be
safficlenl to clesr the transimliter from B fi of an sdiscen! fre-
uency. The crystal, however, may be provided with 2 different boller, one
i which The crysial rests flat om & heavy block of brass or copper, The bop
wlectrode being fitted on an adjusting screw so that - It may be made to
approach the crystal withood sclusily tosching s upper surface. ]

When the gap between crystal and electrode is sufficently small the
cryslal will operste with practically no reduction in lls power outpel—in
any case, the crvital cecillstor should be called wpon to supply as litkle
piower a8 potslble in the interests of stabiiily—whilst woristions in the spacing
of the upper electrode will then glve a cerfaln degree of frequeemey varialion,
prohably of the order of 5 kes. An X or a ¥ cut orpstal operated ln such
a holder may shéiw a bendency lo ' jump " lo & new Irequency when the
eryslal-glectiode spacing Is changed, whilst an AT ol crvstal will show a
sleady freguency change with spacing. This behaviour of the X and Y
cut bypes of orystal also occors with change of tempersture, and whilst there
18 The chance that the * jump " to the new frequency may place the earrier
in a deslred spat, it 1s an undesimble charactedsHe on the whole, and shonld
be avolibed, since there 1= the chamce of the sudden change In frequency
during a transmisslon should the crystal temperature rse suddenly or should
the crystabelectrode spacing be scddentally aBlered.

Corenter ol ol Ir y may b I by sibvering the crystal,

this method FEving hredu::ﬂ!rh in ll'em!ru:g. The amount by which the
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frequency alters appears bo sary with the crystal, for crystals for 14 mes.
operation can give a frequendy deviation of 10 or even 20 kee, for a single
coating of sibver, whils! a lower fregoency crrstal, for the 1.75 mcs, band,
for example, may regeire several ooatings to ghve such & wide [requency
change. Simce the lower frequency crystals are thicker, B would sppear
therefore thal the irequency devialion per silver coating varies ag the ratlo
of the thicknesses of The crstal and the siver layer, Ihe lalter, of coarse,
being extremely Lhin.

The sllviring process i sbmple amd Eakes Biie lime, once the soliflons
are prepared, and it 1s adwvised that the oryslal frequency shall be checked
after each silvering process,

Commepee by cleaning the cryitsl with carbon letrackloride i ibe
wgual manner and, when thorowghly dried, wash well in dstilled water.
Note, alse, thal all solutions must be made up with distilled waler, and that
tap water mwsl nol be wsed, since Uhere will then be hesvy precipilations
of the varlows galls contained In ordinary mains water,

Alter !behiﬂ:ltlcmuuﬂtn-fstal must be handled with tweezers
for ench operalion.

From the distilled water bath trsnsfer the crystal to 3 4% solution of
lim muriste, 2nCl,, ssing 1 gyanis of murdste to S00 .. of diskilbed

. Immaerse crystal in this solution lor 5 minates and then wagh
once agan in dltilbed water, drcarding the old selution, which should
be used only once, before the firsl sitvering operation,

The silvering sclubiors are prepared from the folhwing soluthons ;
No. 1.

A. Comitlc Soda stick [MalH), 115 grammes,
Dhstilled wealer. 180 cc.

B. Silver Nitrate, pure {AgNO,) 1.13 gramames.
Ammania (NH,OH). 120 c.c.

Al A o B, which prodices 2 cloudy solution, and add farther ammila
very slowly drop by drop, shaking ke vessel, bo clear the solutbon. Very
little ammaonia will be required—a further 2 or 3 cc.
Mo, 27 '
A, Distiled water, 23.5 cac.
Salphuric add, pare, H.50, ] c.t.t
Add Lhe acid to the water In a gentle trickle, stirring well.
- B, Cang Sugar, 18 grammes.
- Hl:;i::gﬂlﬂ: water, 100 g
2, and add 225 e of A, Contliwe to boil for 15 mi
andl filler the soluthon for wse. & s
To 20 oo of solufion No. 1 add 2 c.c. of salatlon Mo 2
Ing solution will show & colowr chanpe as Hhﬂmm:thi; |0 Mﬁ
is necessary to bold the eryalal in the dish so thal the silvering solalion may
reach bolh sides of the crystsl, and the sobution should be poured into the
dish whep B hes reached an ambes colowr, thi silvering process being
allowed o conlivue ontll the sobulion is misddy and cobrured brown,
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The crystal should then be washed in distilled water, allowed 1o dry and,
sfter the edges hawe been deaned, tesfed for frequency, Further silvering
can be carrled oot on the firsl coat by mixing fresh batches of 20 e of
Moo 1 and 2 cc. of Moo 2 solubiors, a fresh mix blng wsed for each
successlve silvering wilh distilled waler bafhs in belween coslings.

Faulty silverirg, oversllvering, elc., can be deared from the crystal
by the wse of dilule pitric 20, the crystal beng dipped Inte an acld con
centration just slrong enough fo dissolve the silver, and then quickly washed
in several changes of water.

The dishes and fasks vsed for the solulions, and which will have a
slhver coating i weed bo hold the final bath, may also be cleaned with nitric
achd.

FiELD ISTENSITY METERS

A field intensity meter should be built and opersted by any amateur
wihi wees a8 beam or rolaling aedal, In order thal the serlal radistion
pattern meay be checked and the correct direction of radistion malmained.

= The shinplest type of intensity meter gives resdings on the scabe of &
mpsing coll Irstrument, the irmbrument deflection being proportional to the
field strength at the mesurisg palnl, due to he perial and bransmitter under
test, In a more comprehenslse meter the acale of the Instrament may e
calibraled In ferms of microvolls per melre, but for amatewr wse this is
unnecessary, and s a difficult operation from the paint of view of ohlaining
& slandard comparison meter.

The simplest type of intensily meler containe no toned dreudt so that it
is Bimited bo one task, but the Inclesion of a huned crooll will render fhe
nieter more sensitive, and will also enable 1l bo be vsed 25 a frequency meter,
whilst providing a headphone jack will allow the ntensity meter, haned or
unianed, bo be med a5 a “phone monilor,

The slmplest field inkemslty meter circwll §s shown In Fig. 28, where a
shorl rwd aerlal feeds Into & simple rectifier-inddcator system, The rectifier
shown s 2 botion type walve comnectid 28 a diode, although ordinary triode

“battery wabves, dicde-connected, mmy also be mied. A crysial detector of
the btest germanbum enclosed type will replace the diode and ohiate the
ieed for an 1.T. hattery and switch, bul these crystals, which will operate
up b0 extremely high frequencles, are In shorl supply. :

The hesdphone jack i of the closed circult type, so that with the hesd-
phomes withdrawm Lhe indroment works directly from the rectifier.

A sersithee Instriment should be used, and whilst a LenA. full-scale
Instrument will glve resulls & 50 micreamp. movement will Improve sensl-
tivity amd give higher readings mare caglly observed, Almost any type of
calibration will serve, gince the feld strength readings are almost aheays
comparalive. For observation: over a perlod of Hme a testing paint al a
sultable distance from ihe serial shoald he marked, the flekd dbrength read-
iings beimg taken at this poinl wherever 3 check s to be made. Fer the
best pesults the meter should be supporled at the comect helght—an serisl
designed e ghee 8 local signal showld have a high radation angle, whilst a
DX aerial should have a low radlation sngle—hut provided thal Dhe meter
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" Is alvays used af the same pobnl the readings obtalned will stil give an
[ indication of & chonge in condithons In the ransmiller-aerlal system with
" a change In the valwes indicated by lhe meter.
The fiekd Intensity meter is more often used to tume an aerdal 1o masl-
mum efficiency, howeser, oF for plotting the hodeontal pallern of the serial.
¢~ To teme an aerial, or to mabkch feeders lo a radiating wive for masiemon
2. - efficlency, the Intensily meler should be placed bn -8 poillon where s read-
Wil able indicalion is oblalned, the position of the meler ling alongs the main
s fadlatam path of the aerlal. Modifications in aerial bength or feeder malch-
Ing. with the same aerlal ingul power at the Wransnsiiler, will thas be trans-
5 thlmnl:munfpdrdﬂdlﬁbdhmthm,mnmlIwrk.-ly
pi . Indicated whether the sdjustments carvled ol have improved The serial
- efffichency ar not.

Tu oblain the radiztion pattern of a fixed directioral aerial, il ls nieces-
sary bo mark er observe a circslar path complelely roupd the aerial array at
a distence as far away s possible where 3 resdalde scale indication s stll
‘obtalned. The readings should be fiede with an unmodulbted or sleadily
iidulated slgaal fed fo the aerinl, the ficld intensity meter belng carvied
round the cirde and 2 reading taken at every ten degrees, The readings
should be phothed agairst compass direcion and may then be ransferred o
B crcular firaph on & comverlest wale, when the peints, cormecied, will give
an Indicatlon of the relafive directioral culpul of the aerlal In arbitrary
onits 2 an actenl picture. '
: The rod aerisl used with the feld intersity meter should be sdfusted
by trial to & suitable length bo give 3 good deflection with the aerdal and
transmitter with which the meter is to be wsed, The rod aerdal on the meter
should, in general, have the same polarisation a5 the main aerial, & vertical
ru-dlall:ﬂ'ng used with a vertical serizl ard a horfzontal rod with a borlzontal
aerial,

;hu!“lnt:-mhz of intensity meler, a5 shown In Fig, 26, a metal
the mefer case will act a8 a counterpoise and
Ingrease in sensitivity. ke

In the second clrewll, shuwn In Flg. 27, the rod serial feeds into 3 4

chreuit, this tuned circult belng coupled Inductively lako he indlctor ._:::

-
¥

Fia. 26, Simple Field Intenaity Bleter.




B and 160 metre bands :—

L1, A5 terns. 24 B.W.C. enam. closewound,

Lz, 15 ., 26 S.W.G. cnam, closewound 1" bebow L1,

Al mil sels :-hunld be woond on 18 damcter oodl formefe, sach ne the

Fro, 37, Vwld Intensity and + - Eddystene 537, which may be plugged into an Eddystone 964 collbase.
Frequency Metar, The experimenter who requires a calibrated inlensity meter will find

interest in fhe circult of Fig. 28, cspecially sincg the mseler cowlalys, In

Vi, a tree D.C. amplifier, to which i applied the pnl:ntlal across the seli

Basing reslstor of V1, which thus sels as a cathede follower.

\/‘u.

ey ._:';.Gca.»_.v.f-;;-'a‘ﬁ

so that koading, and thes error in frequency determination, is Hght, and a
sharp resonarce point ks obtaingd, Hee agale the disde oomnected triod.t
may be replaced by & oryslal detector of the germanium type.

In cach case the field lutensily meter should be built into a metal case,
the circudt of Fig. 27 being especially riglhdly constrocted so thal there I no
chance of o Wose comsiction or novable component wpselting the calibration, |
In this model the colls shonld e made on pin based formers so that the
Inductances are plugged into a bolder, sinee & range-switch wilh eoils mousted
Internally in the case would make the meter too bulky for casy portability,

Componends List for the Simple Indensity Meler, Fig. 26

gt

¥, 1G4, 1H4, 30, etc.

5, S5.P.5T. On-Of switch.

e, Ruul aeriad.

M, 050 miereamps, or snaltivitics up fo 0-1TmA,

A, 1.5 voll cell.

c, Complérpoise earth, copper plate in meter base,

_Componenis List for the hifensity end Frequency Meter, Fig. 27. Fic. 28, Fleld Infersity and Frequency Meter with Diectbel Calibration.

1, BO meids. adjustable trimmer,

[ 160 mmide. ®ner. Raymart 'VE'IG[IK ’

3, 0001 mid, Mica, g A slight disadvantage of s method of working is that the clreuft, Wke

V1. 1G4, 1HA, 30, elc. many D.C. amplifylng circults, requires separate H.T. and L.T. supples

M, 0-1mA, for each valve, but gince low vollages and wery amall currents are all that

L 5 Hndplnw feck, closed clrouil type. are reguired, layer bullt batterles can be used. Agaival this dlssdvaniage

Ae, “ Rod aerial. can be weighed the advantage of the possibliity of applylng a direct decibed

A, L5 woll cell. calibration to an ordinary 100 division 0-ImA. scale with cardinal polnts

B, S P.A.T. On0df,, at 0, 0.2, 0.4, 06, 0.8 and 1mA.
et T Coil Data. The decibel calibrations range from © lo 25 decihels, amd there is an
L1, ":h'-' ws. 18 SW.G. emam. spaced sver 17, overlep al each end of the scale. Owing to the method of working, the
Lz - 2 o EW.C. enam. ¢ i i Instrument with oo slgral inpul is &t nearly the foll scale dellection, the
20 and 40 m‘{ P losevwnund §° helow application of an R.F. signal causdng the reading Bo fall; O decdbels thus
L1, 12 tarms. 1R 5.W.G. enam. spaced ower 17, Sppetin, o1 b The il Seuia: sPachil, Yhe Whule yasle: aue ot helag dend
Lz B . Z6SWOG enam. + below L1, ::::nlllr::w calibration leses it linear charncteristic al very bow signal
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The declbe] readings are added to the cxisting 0-1mh. scale readings

at the following points :

e o wm 0.9 mA,
plus 5 decibels, 0.72 mA.
plus 10 decibels, 0,54 mA.
plus 15 deciets, 0.35 mA.
plue 20 decihels, 0.18 mA.
plus 25 decbels, 0.4 mA,

To use the inleniily meter, swiich on the maln switeh, 51, 52, and with oo
signal input adjust the nstrement reading, by means of B2, to give Dl
scile delechon. With the signal applied lo the mod aeral, set the meter
In ginch 3 positlon (bogether with adjustments of C1) that the meter readieg
lafls Io © declbels.  Aeral adjustroents or similar work will then show an
ncrense B the decibel reading w8 signal strength increases, 1 both Falls
and riges in sdgnal strength are to be measvred, set the Instramsesl, as
before, to full scxle defectlon and then pasition the meter so fhat, with
signal spplled, the new reading fs 10 dedbels.  Floctuations in signal
strength bolh above and helow this evel can then be read.

Components List for the Field Intendty ond Frequency Meter, Fig. 28

c1, 30 mmfde. adjustable trimmer.
cz2, . 160 meniids. luner. Raymarl VO160K,
3, 4, 00005 mid.  Mica.
K1, 10 megohms, | wati.
RZ, 1,044 obwns wariable, meter zero sel.
Vi, 185,
vz, 1T4.
M, . 1ma,
Rod aerial.
_:f'l_'., 1.5 wolt cells.
B, Z2.5 volt battery.
D, 45 volt hattery.
51, 52, combined, DEST. OniOff gwitch.
L. s L1 in Flg. 27, ,
Whuﬁwmdmnihlw:ﬁrdhdﬁﬁ.ﬂmﬁiﬂxehbzmd

6 freguency melers, the tuning condenser shoukl be fitted with 2 good
thow moliom drive which wusl be calibrated In berms of frequency, this
ﬂhﬂhwmmﬂdmmunmlmwgﬂ;mﬁmm
niiflpul.

Both generator and meter shoubd have a rod aerizl, apd be placed In
choke prosimity wtfﬂuﬁdentpwuhpi:hdwhy the meter to glve
an indication on the Instrument or, {f hesdphone output is provided, 1o Elve
an aural indication, Before the calibrathon ks aciually made Ihe rod serisl
attached to the meter should be tested for loading effect. If boo large an
udallsmd.ﬂlclmwddmi!lfthnﬂuﬁihednmdnmdﬁ-u
the aerial is removed or the aerial condenser, C1, s varbed. In-this case the
Mﬂﬂwukdlminmﬂimrthmﬂhd, slnce
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for the majorily of tests vequirng fréquency messrement the frequency
meter will be beside or near the branamitber and will regwire no aerial,
When the meter is requived to mensaire fiel) inlémsity the aerial can then
be plugged into a socket, when the frequency callbrations will be siightly
imcorrect.

Keeping the aerial small, however, will mislmise the detuning effect
unlil the ermor will be of T CORSEQUERCE,

THE ABSoRPTION CONDENSER MICROPHONE .

Whilst the condenser microphone gives exceBlent quality on speech and
Is used o a conshlerable extent in amat transmiz=lon, i s troublesome
both to feed and preamplify. In a conventional circuit the comdenser
milcrophone requires a charging potential whick, befng spplicd o the micro.
mﬂﬂtm-dtmupleﬂﬁlamﬂhmlulhemd, must be sapplied
elther from & battery or (rom a powss pack wilh exoellent smoothing, whilst
It s almost essential fo wse hattery o DLC, opersted wabwes In Hhe pre-
amplifier. By silng the absorplion ciroudt, howeyer, In which e capacitance
af the microphore controls the freguency of & low-power, bow [requency
esciliator, the charging polential is rendered snnecessary, an AC. operated
valve may be used and @ relslively very high amplification is oblsined from
a single stage.

The clrewll, a modification of an old iden which s still pot too well
kiown, is shown in Fig. 28. The condenser microphone serves to tune the
erid coil of am oscillstor in whose anode Hee i o wecond tuned circull set
slightly off sesomance, the exact degree of mistuning being determined ex-
perimentally,  Since the stage acks as an dlection coupled oscillator, the
frequency of the first funed circuit & stable, and i nol ™ pelled * by the
seoond or anede tened circolt. When sound waves mpinge on the micno-
phone, however, its changing capacitance #lves varistbons b the grid (re-
quency so that varying amousts of power are absorbed by the anode drcudl
as the grid frequency approaches or recedes towards or away from the snode
resonant polil.  This in turn causes considerable exourslons of anode current
fuchuling with - the sownd frequency, o that audic voltages are set up
scrass the sécomdary of the mode Hee iransformer.

Obviouely an operating frequency must be chogen thal fs well away
fmmanpmmwhld,ahdlh:drndlhulnmhundMMeanqulr
with the cofls wound for a frequency of 6 mes, A Irequency approaching
the transmitter frequency will cause Irowble by heterodyne Inlerfeeioe.
The actusl oofl windings will depend gn the conderser microphene wsed, bul
uIhﬂlfwewﬂhnlmwmmuﬂlmmmlltnfmtm
of 32 SW.C, enamelled wire cl 1 on a 13" diameter former, fhe
cathode t2p on the grid coll being chogen te give steady and stable cecills-
tion. The coll is hest made with one or twir tappings beoughl owt for
experiment, the tappings being made ol the Brd, Gib, Bth, amd 12tk turn
from he grounded end.

Pﬂﬂka“}wmﬂumlrbimdfﬂthqmﬂhlnrmﬂmhﬁ].m
lhemﬁuﬁmmmlqumgkmuhwuismls!mlw&hm
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cperstion. The transformer wsed o couple the sudio outpuel inio farther
amplifsing and modubticg stages will depend on the bype of following
stages vsed, and may be a step-up Wraeslormer of the ondivary Intervakve
kind or a stepdown transformer feeding inio a line.

T ‘la'l.
AUDEg gt
QL_‘LI
o Fio. 28, The Absarption
L e Candenser  Microphone
Froamplifier.
u
1+ I :
Components ﬁ:r the Absorption Cendenser Micrephome Preamplitier, Flg. 2%.
L1, L2, {See TexL.)
M, Copndenser Microphone.
Ci, 0003 mid. Mica.
ce 0001 mfd.  Mica
3, A0 wendd. tuner. Raymart VCLOXR
4, 00000 mid.  Mic,
R1, AT, 000 ohims, § watt,
Rz, om0, §
T, Interstage trarsbormer.
Vi, 617, SP41, e i
CHAPTER §
. EXPERIMENTAL GEAR FOR THE TEST-BENCH
THE [SOCHROMETER

The luochromsder, or Zero Besl lisficator, 15 of especial inlerest 1o the
worker who & engaged in boliding and callbrating such gear as slgnal
generators, frequency meters and apparatus calibraled in terms of frequency.
Calibeation of shiral generators and allied instruments generally presenls
constdernble diffculty lo the worker with only ordinary tacilltbes, and Is
wgually performed by wslng a standard commerclal signal generator against
the gencrator to be oabbrated, both the gererators feeding Inbo o radio
receiver. The standard generabor |s sct to a desired frequency, the Instru-
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mexit under test & luped unkil a beat note is beard in the receiver amd,
when the tundng of the second geverabor 1s such thal he beal pole 15 in-
mudible, showing hat the two gencrators ae tumed fo the ssme frequency,
kst freqoency may ke enbered a8 a poinl on the disl of the génerator under-
going cafibralion.

In acloal fad, however, the Iwo gencrators may ool be exactly al the
same [regoency. The ear s Insessitive Bo Irequimcies below perhaps 30 or
20 cycles per second, whilst 1t & poselbie that the receiver used &= an indi-
cator has a deliberately restricbed bowdspeaker which Is very frsersitive bo fre-
quenchis of 50 cycles and below. Even wilhosd (hese disadvantages, visual
lndication of zero beat fregquency would be of gresber valoe, and this can
he provided by the lsochrometer circuit shown in Fig 340,

The two frequencies to e compared are fed :m-laanﬂ_!‘.m.pm
to 2 defector valve. Anode bend detection ks used so Ehat the valve passes
only a low carvent and o millismmeter can be connecled in the blas Hne. An
B.F. slgnal applied to this detector causes o variation in Ihe calhode cervent,
and thus gives an Indication o6 the mifliammeter. A paly of headpbones in
the delector amode circult give a rough fero beat indication, and when Lhe
:;I:: of sadibility is résched the milliammecter akes ower ag the Inedicating

,

It wdll be found thal as the best frequency belween the two sipnals

oero the instrument pelider will swing to either side of the
pasition It has taken up (icr the 6C5 the Instrument reading will be approxd-
malely 0-2mA. with no sgeal applied) in time with the beal, reaching
sleady slabe at 2 new reading when the beat frequency ls exactly bn tone
and the bwo generators whose (requencles are belng compared are sel at
inachly the same Ereguency,

. [7l

= 2
u .u = =ce
i haSul 310N

Fio, 30, The Isochrometer,
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At the commencement of the tesd the two inputs showld be adjusted to
glve roughly equal owtputs from the R.F. amplifiers by means of the inpul
controls

It will be scem that the HF. transformer coupling the bwo input FLF.
t.u'q)ﬁﬁ':lugpﬂindu-!nlhz tricde detector has am wunbuned secondary, By
this means the coll stlached to the detecling clreuit has a fairly wide
passband, s that ordinary tuning colls or plug-in colls may be wsed to cover
masl frequencies,

The apparatus feeding into the two nput crculis must be very loosely
coupled b the iochrometer, o avoid any chance of changlng the frequency
by konding. In general a capacitance of a few mmfds, belween the um-
earthed Input terminal and the output sockel of the generalor or olber gesr
urder test will swifice, the chassis of the sochrometer being commecled in
wach case o the chassls of the external apparatus. If ALC./DC. bype power
packs are in wse especial care must be taken bo avold crossed malns leads
when making these chassis connections.

Components Lists for the Isochromeder, Fig. 30.

K1, R7, 250,000 okms, varizble, Tnput contrals,
RZ, R, 330,000 § watt.

R3, RS, 1,500 " [

R4, 82000 | T

1, Co, LS mid. 350 vw. Non-lmductive,
cz, 3, C7, CB, 0.1 mfd, 350 wow, "

C4, C5, 0.5 mid. 350 ww. -

Ch, 000 mifd. Mica

V1, V3, 6]7 or VP41,

vz, 605 or MHLA.

When using 4-volt yalves, BZ and HE may be reduced to 22,000 chms with
R3 and RS reduced to 330 ohms.

M, -1 mA.
L1, L2,
Lang-waves, Wearite FHF1.
Medivm-wives,  Wearite PHF2 and PHFT.
Shorl-wawes, Wearlte FHF6, PHFS, FHFS and FHF4.

ALL-FREQUENCY OSCILLATORS

An oscillator which will give an audio-modulsted outpul over a very wide
baed of frequencies, so that the cutput from the oscillator, supplied o a
recelver, will give a best aver both long and medium waves simply by luking
Ihe receiver round the dlal will ohviowsly be of great use on the test-bench.
A multivibrator working on an audio frequency will give such a sigmal, since
a pair of valws, connecled as shown in Fig. 31, form an unsfable oscillating
circuit with a distorted save-form which -;l;mlaim. A very great number of
harmonics. If the multivibralor is set lo work at a fundaental Frequency
of 500 cycles, an awfio note, the harmonics will form an RF. carrler

modidated at 500 cycles with the carvler penks separated by only the same

6 M

Fag. 31. The Multivibrator.

- amouwnl, s that Lo all intents and purpeses a confinuous signal s obtained

which, with careful construction and the elimination of losses, can extend o
frequencies as high as 10 mce. It has been found that this type of signal is

b particularly aseful for the padding of superbet dincults, the oscillator frimming

being performed at the usnal high frequency end of the band, wsing a signal
generator, the recelver then being tumed to any convenlent ndnt at the low
frequency end of the band. The padder is simply adjusted wntil maximem

8 oulpul from Hwe mullivibralor signal iz oblaimed, and the brimming checked,

When the multivibrator is wsed in this way, itd oulput af fréquencies

- armmd 460 kos. should be reduced by a filering circuit in order that dinect

LF. interference shafl not render the padding response less direct,

This, however, ks far from belng the limil of wsefulness of the multl-
yibrator, Since I 5 an unstable circuit s (undamental freguency can be
locked to another frequency injected inlo the circuil sl any ome of everal
points, and the locking frequency can be eliber a harmonic or sub-harmonic
of the mullivibrater fundsmental. Thus, the 500 cyce multivibrator fre-
quency may be locked fo the mains frequency of S0 cycles simply by feeding
in a small 50 cycle woltagie to the ancde, grid or cathode circuits. A very
conveniend feed point is scross the cathode resistor common to the lwo
multivibralor valves, this resistance therefore being shown as 3 500 chms

,* potentiometer. By earthing one side of the heater clroult the locking input

cam be taken to the other side of the hester winding on the mains transformer
to obfain a 50 cycle locking signal.

The locking input amplitude should be kept as low as pogsible—in the
diagram of Fig. 31 the arm on the cathode potentiometer should be kepl as
near to the earthed end as possible — since over-injection of the bocking
frequency, especially when it B so much lower than the multivibrator

- frequency, will endeavour bo * drag " the multivibralos Frequency fo a less
widely spaced harmomic. Thus, as the locking potentiometer is turned up,

57



the mullivibrabor's horsh note ot the free rsnning position will tum 0 &
purer tone, and then, as the locking Is increased, will suddenly jump o
a slightly lower frequency. The multivibrator will then be running at 450
Instead of 500 cycles, and further injection of locking potentlal will cause
another drop in tome, ;

The multivibrator fundamental can also e made a high frequency, say,
of 10,000 cycles.

One widely-used mulbivibrator has a fundamental frequency of 10 kea.
locked toa 100 kes, crystal osciflator. The stability of the meltivibrator is
then ag good as is that of the crystal, and the multivibrator oetput comsists
of & very wide range of harmonics each separated from the next by 10 kos.
SBuch a circult is of considerable value for callbrating gear and receivers, the
signal being tuned at every 10 kes. pednt as a strong, unmndulated carrier.

The fmdamental frequency of the eudtivibeator chroudl s set by the
capacitances amd resistances wsed fn the grid circwts, and the grid keaks
should be kept at a fairly bow reslstance, rol above 100,000 obms. The
frequency for any combination may be found from the formula

1,00

R1CT + R2C2
where F is in kes., C1 and CF are the two grid capacitances in mfds., and
R1 and B2 are the grid lesk values in ohms,

For a fundamental frequency of 500 cyches the values given by the
formela are wery chose bo the slandard walues of 47,000 chms for the grid
leaks and 002 mid, for the grid condensers, and the lecking from & 50
cycle drouit will pull the multhibrator usibg these values o 500 cycles with
no trouble.

To use the mubivibrator at 10 kes, the same formula gives awilable
values as being 47.000 ohmi for the grid leaks with grid condensers of
0.001 mfd. capacitance, the sighi discrepancy again being countered by the
Incking potential, ;

Apart from this, however, the experimenicr will abready have realiced
that 3 wide range of fundamental frequencles may be obisingd by using
a variahle resdglance for ome or hoth of the grid leaks, A 100,000 ohm
potentiometer in each grid dirouit in place of the grid leak, bearing in mind
the fact thel the muttivibrator may be locked o frequenches as far separated
from the fundamental as the tenth harmonle or sub-harmonic, will give 2 fest
Imstrument with a wide frequency range which may be locked for many of ils
ranges to the 50 cycle mairs frequency, whilst a teo-leaf selector switch
capible of switching in a sumber of differenl grid condensers will further
multiply the frequendy range,

Compoments List for the Mulfivitrator, Fig. 31.
C1, o] mid. Mica.
2, C3, 0,02 mid. 350 wow, for 500 oycles,
0,000 mid, Mica for 10,000 cyeles,
or intermediale.

]

Ca, 1 mfd. for S0 cycles locking. Reduce tor
highher frequency locking 1o 0001,

RI, 100,000 ohms variable, oetput comirod.

RZ, R4, azone § wakt.

R3, RS, o0, i . oor LO0,000 phms
variable,

R, 500, obms variable.

Vi, w2, Similar trinden of abmoet sy charmelerlctics, 4 or Gownlt

henters, or a double briode.

Tao test the injeclion of a bocking woltage in the grid circuil, use a
33,000 obm fived resislance in sevies with a 10,000 ohm potentiometer in
place of either grid leak., The i should be conpected sl the
earthed end of the pair, and the injecled polential appled between it moving
arm and earth,

The LF. trap i only reguired when fhe multivibrator is jo be ustd for
westing broadkast superhets, the fundmental being an sudio nole such & 500
cycles. The trap may b made wp of a single, I.F. coll taken from an old
LF. transformer with itz associaled comdenser, or may be am iron-cored LF,
trap ondl,

THE BoLoMETER BRIBGE

The experi whir requires at times to messure low BF. cnrents
i often umabde to do o since the usual thermo-couple or the older bul-wire
mmeter both have a cramped scabe and are incapable of geasuring currents
of the order of milliamps. The walve woltmeter can, of course, méssure the
woltsge drop across a vesistance chused by a current fowing twough the
reslstance, but this method & of very little praptical use since, even W it ks
convenient In pass the currend lo be measured through a reslstance, any
Inductance in the resistive clroult will glve a false reading,

The holometer bridge = easily made and, by w=ing different lamps in
the circwt of Fig 32 com b mads fo memare cwrinls of qulble widely
differing  amplitodes.

The two anms of the bridge, A and I, are made of small lamps or bulks,
one having an B.F. choke connected in series on either gide of it to prevent
the R.F. cusvent undes measurement from fowing through the rest of the
circuit.

The other two arms of the bridge are made up of resistances similar
in vabue to the lamp resistances when oold, abthowgh since the arm T has
a halancing rhecstat in dircwil the resistance vahees are far from critical.

The R.F. to be messured is then applied across lamp A, the bridge
having been halanced, and with DLC. flowing. The lamp heats ap to a highor
température than Lamp B, the filamiéni redisiance therefore increasing, s that
the bridge is unbakanced and ihe gabvancmeter, G, deflects. This deflection
shoadd bhe noted, and the RF. current switched off. When the bridpe
again in balance, the lamp bemperature baving fallen o that of B, a D.C.
current Is applied fo the arm A across the two input points, The lamp will
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R1, 05,000} chms veriable, wircwournd.

RZ, 0-50 chms varlable, wirewoomd
RE, 0-50 chms varlable, wirewound,
G, Galvanomeler.
M, 0-100 mAs.
T. 0-50 mAs,
=1, DLP.DVT. bow-capacity switch,
' 82, S.P.8T. On-Off switch,
R.F.C.. Wound to sull frequency range in use.

The resistance of the B.F, chokes must be made as low a3 possihle, to
avold upsetting the bridge-balancing pedmt,

Fen, 32, The Bolometer FLF. Hridge.

again heat up, and since the hesting effects of D.C. and F.M.S. AL are
the same, the D.C. carvent to produce the same gabvanometer defbeclion as
was given by the application of the R.F. carrent will be squal 1o the RLE. .
current, so that the K.F. current s measured by substibelion. The only b
point where care mugt be observed b that the current reglstered by the |
milliameter M is the same for the RF. and DLC. inpat resdings, When D.C.
Is applled acress lamp A, & D.C. current will akio Baw throsgh the bridge,
asshaling oF opposing the current from the bridge battery. The galvanometer
dedlecthon must thesefore be produced, when [LE. is conrnected across A, by
caombined adjustment of the DUC. input and the bridge supply rheostat, the
circult belng given time to settle down bitween adjustmests since there §s
some slight time-lag in the fament's heating and cooling efect. s

Compoments List for the Bolometer R.F. Bridge, Fig, 32.

A, B, Lampe, Test 6.3 v. 0.3 amp,, 100 mA.
fusebulhs, etc,

oo 20 ohms o 100 ahms.
60 ;

61



OPPORTUNITIES
- IN RADIO

K i Get this FREE Book !
4 “ENGINEERING OPPORTUNITIES ™ revesls how
8 cain become sechnicaliy-gualified at home E:Fa b5 hh--;u?g
key-appoinunent in the vast Ratho and Television dustoy.
In 108 pages of buensely hsteredting matter it includes fill
deraile of uwmﬁ-lh-mnmr hoame-study cowrses in afl
hranches of 10 AND TELEVISION, A.M.Brit.
LRE, AMLEE, Ciny and Gailds, Special Televisiog
Servicing, Round Film Projection, Short Wawe,
High Frequency, and General Wireless Courses
We deflinitely guarantee
B “NO PASS —NO FEE®
FOU'RC eatning bess than £10 2 week this enllghoming bock
Is for yow. Write for ¢ . i FREE
i e v nbl.igntl'i.:n. your copy ioday, It will be sent

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

5L EHAKESPEARE HOUSE, 17, STRATIORD PLACE, LOMDHOM, W

N POST RADIO SUPPLIES

pleve, Lriord Less
pOwET pACE, [R5

¢ f Medsl 2. Telovialon

'y Sound, ro-r= B, 20
%39 41-44-5, 78
B, 130=-1g0 Kexroa.
Feuil Price Com-
plete, f13.56. Lo
purecr pack, (g vk,

This unit provides BANDISPREAD Short-wave receptbon and 7 inches
of disl spece on cach of the &k bands coversd.  Cam he easly Bited ex-
ternally to most mediom wave fadics.  Model © for Broadcast Bands,
Medel 2 for Television-Sound, Amstews and Shipping Bands, Supplied
with budle-in pack for A.C. Malins, or withour where practicable
o draw s from exleting radie.

Pull deratls and leaflers aveniable from :
RUCO PRODUCTS 1i.che e o et

RADIO  COMPONENTS | [ Recenty pubiisnea HENRY’S

LOUDSPERKER

¥YOU Can Rely on US
' MANUAL

Quick Dispatch of

by

QUALITY Goods from B
5 Blany searad d darkgns
................. are paoews [or ihe comstreotion of
all iypes of weith  Bull
Wirite for Price List, ﬁmmm
Telephone, or Call e ik sy o
E=romt muctiony of alsa
nxtansive ixfor on o= tha oon-

RADIO SERVICING CO. || st

44, WANDSWORTH RD.,

Tel : MACaulay 4155

S.W.A BERNARDS rrerLinens LTD.

Radio Component Specialists

Vel Arre BhE Dl Con e songs
of Nafis Compenerir o erery nature

Owver 10,000 Valves in Stock.

Our reputation is your guarares.,

Situcted ofppesice Edgware Bd. Tube.

I uniable vo cal, please tend stamp
fer current pricn list

(Dept. B.P.)
5, Harrow Road, W1,

] PADdington [0,

33 BOURNE GARDENS
LONDON, E4

Offer from Stock

COPPER  INSTRLMENT  WARES.
EMNAMELLED, TWWED, COTTOM
AND SILE COVERED. LITZ WHAES,
BA SCREWS, NUTE, WASHERS,
SOLDEMING TAGE, EVELETE AND
RIVETE
LAMMATED BARELITE & EBONITE
PAMELS. TURNOL AMD EBOMITE
ROD. FAXDLIN eype wiws ond
codl formers, Al diomseters.
Fermanent detectore, crpsiols, beod-
phores, elc., eoc.
Bend 540 far List, Trads Ricgagliad
Digtrd of Barnord Publ




