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PREFACE

Tas book i5 intended for those who are @hing up stucdies i
radin transmission and roception for the fimt time, and for
that reason the text hos been written in nometechnical lan-
. Each term ms it oceurs in the lemons i earefully
ined, and where calouluion: sre necessary, as for
pample in connection with Ohr's Law, they have becen
reduced to simple arithmetical terms. This book is an
introdection to more advanced works, such s the
Praciicel  Wiredess nzngdqbrﬁu, the Kadie Troimiag Marual,
the Superhel Manual, the Newss Short Wave Maswal and a
ion volume o my Begimmer's Guide To Television.
In the beliel that practical :mm are the best method

of teaching theory, the early ain how to build
and ily & simple receiver, with ex tions a5 to the
function of each a5 successive stages of construction

proceed. Tt is believed that this is an entirely new system
of teaching radio principles

This bock i cven more skmentary than oy Eeern’s
Wireless Bosk, which was written for those already possessing
the knowledge which it is the olject of the present book to
irnpart.

Tt has been written at the express request of some huodreds
af readers of Practical Wireless, the monihly jowrmal of which 1
mﬂthﬁwr,ardi:r&epfﬁua{which is book originally

peared as a series of articles.
= F. J. Coanu
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LESSON 1
Understanding the Circuit

Tux usual method of explaining the fundamental principles
of wireless transmission and reception is to start at the trans-
mitting end by describing bow wireles waves are generated
and radiated from the transmitter.  The explanation usually
anlay: the a.ualng}- nra. stone |:|=i.'ng t!m[npu! inl:co ﬂ'u: centne
of a pomd {the transmireer) causing waves o form which
gradually spread to the shore [the receiver).

In thiz book I propase to start at the receming end and to
explain how a receiver works by encouraging the reader to
build simple apparatus, in the belief that the practical
demonstration i more likely to teach than lenpthy deserip-
tions and theoretical definitions. 1 shall, of course, deal
with theory and practioe at the same time.  In this book the
beginner will build as he leams,

For this purpese, therefore, 1 begin with constructional
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pictoricl disgrawe of dhe seeiver build from thiv circait @1 piven on page 17 Wher
eroxsng finey o coneected by o lof, Mlﬂu be fosned By solder, uﬂ:.snmud'
fio o bersu
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details of the very simplest enevalve set. The circuit eme-
loyed is shown in Fig. 1, and in Figs. 1 to g arc illustrated
the elements of that circuit with pictorial illusteations of the

o "

Fig. 2—The aerial. @ £ |
actual partsrepresentedby . T 0 7

their retical represent-
ation in the creuit. .
Now o cirmul dicgram 15

merely a collection ol tearetical signs =
ennnected tomether by a series of mw.—rh
lines represen ing connecting wires., @

These theoretical signs are stan- "
d and a complete list of them is given on pages 9 and 16,
ﬂ"}yuﬂj n:.a.u:hmhpo] referred to in later lessons,  They repre-
et the shorthand of wirebess, and as all wircless Iimq'.tu.m
is ilhustrated mostly by thecretical diageams, if the beginner
s to make progress it i essential for him to Jearn those signs
ancd what they stand for, just as it i neeessary to learn the morse
code i you desire to
become an anustour
=™, transmitter, or the
i kevboard of a type-
g writer if you wish to
y become a typis.
Miow exarnine the
cireait in Fig. 1.
You will find that
the thearetical sym-
bols have beenmum-
beree! from 1 to 1y,
which means
 Soms Tiae cievial turns) and peaction (Go wrer} there are 15 compo-
ol e mr-]LL ; ! nents emp i
this very simple receiver, for which is it not claimed that it is the
maat efficient one-valver, althoughit Eeertainly thecheapest. Tt
prssesses the advantage that the reader i able to make his cwn
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mﬂi.mwaﬂdw |::]1r. T hﬂ.ﬂrmnfwnrhd}, amd that he
can assemble the complete receiver in about an hour and obtain
s:'gn.nh.
For the sake of simplicity the cne-valver here dealt with i
mﬂy intended to recerve the medivm wavebande,

Each part of the drouit has been separately illustrated and

i and ) fised sandersers, and
F“H’ﬂﬂﬂremm. (¢ axp

the component each part repres
sents drawn adjacent to it in sepa-
rate figures, Evervone knows that a
recerver needds an geriel amd, except
in the case of portables, an earth. It
will beseen that the serial (part 1) is

—‘—-x-_.{:ﬂﬁ

represented by asign which looks like an wim-
brells that is blown inside out, and the earth
(part 19) by a series of parallel lines gradually

+ diminishing in length so that they form an in-

vertod cone. There are many types of acrial,
both indoor and outdoar and, o the case of Fig, 5.
portable receivers, frame acrials which are The rexiatance:
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busiltingo the set. Very few outdoor acrlals are wed to-day be-
canse the strength of the stmals radiated by the transmitter has
increased enormoushy in latter years and recelvers have become
mare sensitive and a.trln to receive even very weak signals,  An
outdoor aerial is, of course, move efficient and it will enalle tE-n.-c
sct to receive programmes from stations located greater dis-
tances mway than is posible with an indeor acrial. The
shorter the acrial the weaker will be the signal which it picks
up.  Although the power of the signal is very great at the

Fig, G.—The sealir, Fig. 3.—The savphianes or deledipma.

transmitter, it gradually gets weaker a3 the distance from the
transmitter increases, and the strength of the signal at dis-

tances of only twenty mibes from it is very weak. This means -

that unles masny valves are wsed with several stages of ampli-
fication {there is at least one stage of amplification in modern
receivers of two valves or more; in a onevalve receiver

UNDERSTANDING THE CIRECUIT LR

the valve acis both as a detector amd an a.'r.rJ|:||i.I'i|'r . the
inn.gcsltdp::nhlt indoor aerial should be wsed, but ahly
an outdoor acrial. This must be placed as high as posiblc
within the limits of the length set by law—namely, 150 It
inehusive of the length of lead-in, the lead-in, of course, being
the wire connecting the aerial w the set.

The sarth consists of a metal plate of a picee of copper tube
buried in moist earth, Later on T shall explain the pur
of the earth and ako the sproial propertics of acrials. \’\m
an earth is not absolutely necessary, it is beyond all doubt

@

Fig. Boe=The smitch, Fig. go—"The hiph-frequency choke,

very desirable, especially with mains sets.  Should the aerial
be struck by lightning it becomes a safety deviee il & switch
i to connect the aerial to the earth when the
receiver 15 not in operation. By this means the considerable
clectric charge picked up by the aerial s carred salely o
earth instead of pasing through the set. There are other
reasons which will emerge why an earth should be used.
The decper the earth B buried the better;  for deep soil
remains moist and for earthing moist carth is csecntial.

There is no need at this stape 1o explain how it I thar the
aerizl, the receiver and the earth complete an electrical
circuit IJ}I' means of the cther. but that, in fact, i what these
three units dao.

Part Wo. 2 in our drcuit is a sedes aerial or conpling condenier,
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which & a piece of apparats dedgned to niore deciricty,
Many condensers of vanom saes of capacities are employed
in & receiver, the capacity being decided according to the part
of the receiver in which it is 1 rated and the amount
of current it i expected to store,  You ean conduet a simple
cxperiment mnrmr:ﬂm.t a condenser will hold a charge of
electricity,  Take one of the concensas which you have
obtained for this simple one-valver, and connect the two
wires, extending from each side of it to the terminals of an
ordinary flash battery, leaving it so connected for a
second or 5o, Then disconnect it, pul the earphones on and
connect one lead o one wire of the condenser and the other
bead to the seeond connection, A distinet dick will be heard
in the carphones, the click indicating that the condenser has
become dicharged. This, in fact, is a simple practical test
il you are in bt as to whether a condenser has broken
down,  There are several types of condenser, both fixed and
varialle, The best fixed condensers consist of alternaie
layers or plates or lomine of mica and tinkidl, the tinfoil layees
being connected together ot each end and to the connecting
wires, Cheaper comdensers use pa and tinfil, whilst

eleactrolytic consist of two plates of different metals
in a chemical liquid :olution or paste, They are called
electralytic condensers because they do not ROl

densers untl a voltage, or polential, & applied w them, which
causes a film to form over one of the plates, this film forming
the inmilator which in other types conssts of the paper or
mica. Itz connecting wires or electrodes are positive and
negative, respectively.

The material separating the plates of 4 condenser i known
as the dislectric. In the case of a variable condeneer the
diefectric can be ale {and wsually &), although in the cose of
onr Eil'-l'!]_'lll‘ oAl ver i[lustrm{, a solid dielectric is used of
somee insulating weaterial, such as paxolin. A conderser has
copecity, and the capacity is expresed in Farads and the sub-
multiples of & Farad, such as the micro-farad {one millionth
of a Farad, which is written as -ooocor F. or 1 pF), micra-
micro-farads, nowadays termed phegfmads {PF:I which equals
spoooooooooot F, or a millioath of a millionth of a Farad,
ar 1 upF, ar ooooooocoonr F. The sclection of the capacity
of a comlenser for a particular stage in A circwit ® an im-
portant part of radio design as we shall see in later leson.
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In thie peceiver there are two fixed condemsers and two
varizhle condensers 2, 4, 6 and 7).

Ome variable r [the asial furing condeuer) enables
the aerial to be tuned to wavelength of the station it is
desired 10 reeeive: whilst the secomsd = & regclion condenser,
It will suit st purposes if it is stated that reaction is
ueed 1o build up the strength of weak sigmak.

Parts 5 and 5 are the coils, in this case simple hank-wound
coils made from 26 gauge cotton-covered wire,  They can
be wenrd in a few minstes on a piece of wood 14 in. diameter
or any round object of that siee.  The aerial enil consists of
40 turns of wire, whilst the reaction coil has Bo turns., (87
cowrse, commercial coils are more efficient, and contain
e than two windings, a long-wave winding, a short-wave
winding, a reaction winding and other windings according
to the purpose for which the eoll is to be used,  There are
other coils used in a multi-valve set apart from acrial tuning

Fig, vo.—Piziortal niving dizgrem of cieulr shoen by Fig, 1. Sone of e mering
i wedernath the Boshoard, pfick o fiesd o Lhe abed &n dwch from e
Bodlam edpe do ol LB eoalec v pnckbi.
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coils, but T shall deal with these as we develop lmstruction
from one-valvers to receivers employving several valves,

The Hesistance and Valve.—FPart & is a medtonee. A
resisiance is user (o oppose the fow of corrent, and i value
is dhecicled by the amount of current it i intended to hold back.
Its value = measured in afms, the ohm being the unit of
resistance.  The purpose of the resistance will emerge later.
Az with condersers several resistances of different values ane
user] in modern receivers, and the rype selected i decided by
the amount of current it has to pas or resist,. Chly ore i
used in this receiver.

Part 4 s the palee, It has o flament cothode like an electric
Iighib'u?b. It aleo has a grid and a plaie.  The acowmulator or
dry battery is connected to two of the ping or legs, which, in
tarn, are connected o the filament, and when the filament is
hot it emits electrons. The plate s comnected to the Agh-tenton
bm T'I'u' 3 nlrﬂ'ﬂlndﬂ tll.l Elﬂ.‘l’l’m :l:nﬂ I‘J'.E P‘Lﬂ.ﬂ Sur=
rounds the grid.  Some valves have additional grids, accord-
ing to the circuit in which they are lovedl, The vabee

oved in this rmdvu’hmnrﬂym:ﬁ.

When the clectrons are emitted from the filament they pas
to the grid and are attracted to the plate, also known as the
aide, fromn whence they Bow back o the high-tension hattery.

The prid 15 a spirally wound length of special wire to
which the incoming wireless signals are fed.

1 shall have more to say about the action of the tharmionic
valve 85 this book dev

Part 10 is the anfoff sevich. Tt will be seen that it 8 con-
nected in the low-tension positive lead.  In it open position
it disconnects the battery supply. In its closed position it
acts just as though there s a continuous wire froan the battery
to the L.

The Choke and "Phomes.—Part 11 is the hiph-fre
choke which is a coil of wire presenting a barrier to hig
Jrequengy qursend.  Its principal use & o divert the high-
freguency cecillations of the detector valve for reaction pue-

It must have o low selfScapacity and to achieve thie the
E:t are hﬁz{mﬂ in sections. he el

Part 1z, of course, represents t res, OF ieces,
by means of which the recetved signals are heped., It con-
sigts of an electre-magmet with a disc or gigpfrapm of soft iron

UNDERSTAMDING THE CIRCULT L8]

fixeed just in front of the pole piece of the magnet,  This
disc vibrades when :ﬁuu are applied o the magnet,
producing audible sounds. .,

Yoa will new have completed the wirlag up of the
simple one-valver described in this first lesson 2nd probably
havve eonducted some tests,  Thene were two vital parts of the
receiver hriefty mentioned, namely, the low-tension and high-
tension baterics.  In larger reccivers these sre scmetimes
separatc  umnits
comsisting of =

valis, and a two
wolt wetl pocum-
ulatar, whichcan
be recharged
when il runs
dowm, Thislinle
receiver makes
useafacombined  po 73 teoestical s Loter denrion (L.72)
£~T~ and l,il-ll ph A ;Em{n.m ﬂ";“m'frf' oty fact the thin
(' 11 I w

1]-::::1;'.;'] i Iﬂﬂrn@dm{nm _ﬂnl&fﬁq ir @ picranial piar
is shown in ?\B; rk 5
in. Ttisimpor- g i conpoes dilute sdphii ool avd cn be recumged,
tantto remnember i patoos
that the thin line always represenis positive termin
the Battery and the thick line the negative. This applies to
both H.T. and L.T. batteries. It i necessary to bear this in
mind becwse most circult diagrams do pot include the posi-
tive and negative signs. It &5 a detil one s expeeted to
remmemmber, 3

Fxamination of the circuit will shew that the 1T, negative
and H.T. negative are ;m:n! and to earth to com-
plete the circuits, and this is stan i

I ought, here, to say in connection with a circuit dwE;mmr
that where two wires are shown connected by 5 black dot,
the det represents 2 scldersd joint or terminal connection,
and wlere two wires cross one by means of & loop
they are not connected. :

Fowe for o test un. Havinr connected the aecrial, the
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earth, the battery and the earphones, tarn the acrial tuning
condenser, that is, the lefi-hand knob on the panel, and listen
for signale.  When one is heard, turn the reection condenser
by means of its knob to build up the strength of its sigral. Tt
may be that the reaction condenser fails to do this, or that
it &cts in reverse, that is to say, when the plates are all oul
In this case it is only necessary to reverse the connections froam
the reaction coil to this condenser. Make sure, of course,

T . than the swinch is

in the “on" posi-
tion. Il yod sl
do not ohtain sig-
nals, cleck the
wiring very care-
fully by the
wiring di

{Fig. 1a). Owrd-
inaky cotton-

ahout 2z
g | may be uim:l r
§l wiring, If sig-
ma]ahﬂppmtn%e
weak, try the
effect of connec-
ing the acrial
lerd direct on to
the tuning con-
denser, that s,
cutting out the
oni pF fixed
series perial con-
tenser, Thizmay
be necesary if a
shart  inside
é aerial is used in
@ prefevence to an

outdoor one
”:I’-- ; Kr*’

i

#5. 12.—~Wiring diggram for the simple anv-oaloe. A position m_if
sircnit diggram shoieg haw o cowerd i fele @ foe-  TECLOT €

walver ix shoeem in FIE 19, siiding it slightly

covered wire of
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L rampree

T e B8 ] e
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L I
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Fig. 1.~ Theorelical ¢isvnll of & two-oalss reeniver, oiich iv wnidificd fram
the meealos circatt given @ Fig, 5, e one-valve ifesd! i shoot by mneons
G, st s e g,
ﬁmﬁmmam trawsfomuer, @ vl and & valve balder
rir 1 and 1G),

to one gde of the other ecil. A smooth control of reaction
should be aimed at.  Avoid tuning in with the set aacillating,
a5 this will eause interference with your neighbours’ reception.
1F the set eueillates, reduce reaction immediately.

Tracing Faults.—Amumne that the receiver gives no signals
at all. Dhisconnect the wire which is connected to the anode
or plaie socket of the valve-holder (in the theoretical diagram,
Fig. 1, this is represented by the black line at the top inside
the circle), and connect one lead of & poir of headphones o
the termingl and take the other lead to FUT. positive.  Switch
on the sct and ascertain whether signals come through. 10
you hear nothing at all tap the valve.  If no signal iz heard
the velve = defective, or the LT, circuit is not complete.

You can check the LT, drcuit hirly simply by carefully
looking ot the valve, y shielded by hiand so that
it is more or less in dark, It sl'lﬂui:alrlrl u[bls-:mﬁ

filument glowing » faint cherry red, an not, then t
::E:mncliw E: the battery should be checked, the condition
af the accumulater ciecked, and the leads between the set
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and the aceumulator traced out.  Tempornrily the accu-
mulator mubalt.;lul:: checked =iI'I.t;j.;:‘:-l:n_nul:t'i the Ea;l:‘c dirhgtr
porows the f, UEIDE & piece wire O
Lhclngslnthtmﬁu' battery terminal. It does pot matter
in this ease which way round the battery i joined. If the
valve does ot lght upy then the valve is faulty or the accumu-
lator i= too low and seods recharging.

Inthcmnerfthehm-!.--typeufvah-z using a 1-5 waelt
eell, the filarmnent does nok g].nw ['.rlg‘l'lt mmlgl'l o be able
to check it as dﬂmdﬂ sd:l;’-;m H&Iﬁm m;ai!ge rna.g;
be replaced temporari a damp bulh e
at 1-% walts, and two aﬁuﬂ lengths of wire may be inserted
in the filament sockets of the walve holder, and the bulb
connected acros them, It sheuld liglht up when the st is
switched on.  If it does not, then the battery i3 run dewn
ar the connectang o 1t are Enu]'l.‘}r. You l’.‘i.l:‘l.'pd.nttﬂ.:l in this
manner to check each part of the circuit.

Ler or CoMPONENTS FOR THE SIMPLE OWE-VALVER

One -oooq uF variable condenser.

One ecer pF variable condenser.

Two o001 pF fived condenser (T.C.C).

Cme FLF, choke,

Ope 2 grid leak.

One coil (see text).

One X1 105 v. valve (Hivac).

Une valve-holder.

O o[ el swidch.

Feur terminals.

COne pair High Resstance heaudphones,

Ome type L5504 battery (Vider).

Two knobe. ( ) b
Connecting wire (22 gauge, cotton covered ), wood

LESSON =
Converting the One-valver into a Two-vilver

The Function of Transformers—In Fig. 13, the cireuiy,
glown in Fig. 1, has been altered 1o include a second valve.
The old circuit 1s shown by detted Enes and the new com-
ponent (the fom.frequmey trangformer) and the additinnal wiring
are shown by e
solid lines. e ST
The theoretical
sign for a low-
frequency
transformer 18
shown in Fig.
14, which also
includes a pers-
pective sketch,
showing  what
the transformer

looks like.  ° s
MNow, & low F“;"P{fﬂihmr“nfmfﬁg@u‘ﬂWMme

-frequency K ;

s mer is a deviee for coupling valves together so that
the volume of the signals is increased. A fow-frequency
teanslormer consists of & core of solt-iran stampings, arouncd
which are wound twe separatc codlls of wire—either side
by side or one upon the otier. The ratio of these wind-
ings determines the amplification given by the transdormer,
and thus a threete-one tramsformer means that r.'bc_ﬁ;um
has {renghly) one third the turrs of the secondary. e piri-
mary winding isconected in the anode cireuit of the valve, ¢

iz, one end of the pri is jedned to the anode and the
cther end to the H.T. supply. ~The oscillations in this wind=
ing are vrarsferred by induction to the secondary winding,
which is connected to the grid circuit of the following valve,
and therefore, thisvaherecebves similar impulses tn this with the

L: |
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exeeption that o are stremgihensd by the sep-up dee w
the ratio of ﬂl:hf:hnﬂngs. The adwantage of E}-dsptypt af
eouplingg les bn this step-up strength or 8 i, bl there
nmpa. ::lgumbc.r al t]i.m.l:lmtagu. A later Mﬂm‘h w‘i.tl'l
induction.

In other words » transformer & » conbination of two
inductances (coils} so amamged that alternating current in
one will induce cureent in the other winding. There arc
l.'h.ru.-. pl';l'bl:i'ﬂl t}-]:r_: of tramformer EII.PI el in wirchess
receivers; high-frequency transformers, | UETICY Tans-
formers and mairs  transformers,  High-frequency  trans-
formers consist :.i.l'l‘lply of coils af W-I.l."t. of which cither the

i or the sccondary may be tuned, The coupling i=
B0 t],ghl. that the effect of l.1:|ni:r|g one circyit is the same as
tuning both, The relation betwesn the windings, or, in
oiher words, the matio, B governed by the type of valve with
which it B wed. The lowfrequency transormer conssts

of & similar nent, with the mchusion of 2 core of oo
to increase the ine ucla.m:‘ L.F. transfeormners generally have
& step-up Fatio of from 1 te 1 to 1t B the most Frtio
i 1 o5

About Mains Tm;ﬂﬁﬂr:ﬂﬂ.:—ﬂuc mmriflgrl‘ a udu:niln.r
arangement, cxoept that PURATETY = WAL nchEsan
in the AC, maing cireuit, and in place of one secondary,
several sccondaries are employed, to give voltage supplies for
heating the heaters of mains valves and alse fee T, supply,

Transformation Ratio.—The wsual mtio of primary to
secondary i known aa the trangformaotion ratie; thus o trans.
former with 100 T turns and T, O mwﬂaz‘y tuarns
would have a transformation ratio of 100 (o 1000 of 1 to 10,

Primary turns Primary E.M.F. Transt i

Secondary tums Secandary E.MF. Ratia

When connecting & low-frequency trandormer it is im-
portant to note which is the :Epmw (LB}, the n:rw
{OLE.), the dn-recondiry (L5,) and sut-recondary (08 B
it may be necemary aflter testing 1o change over the
connections.

Some transformers are marked LP, OF, L5 and O.5
although most to-doy are marked P. {or A, HT., G. and
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G.E. corresponding to plate (or anode), high tension, gri
and gridbias, These, of course, corespand = LP, O.F,
L5, and 0.5,

po aweid the direct current fowing through the

it is, therefore JSed. ']‘hi:gnmm that tﬂ terminal
marked H.T. should be joined to earth, the terminal rnnrked
P should be fed throwgh o fixed mu-lrm mnd Eiamt o1t
1 pF capacity to the plate of the valee, a - high tension
apﬁied 1o the plate through an auode resistance.  The anode,
i of eourse, another name for the plate of the valve although
the term has other meanings. ]

The anode resstance should have a value about four times
the impedaner of the valve. Later on when we deal with
valves separntely, we shall lesrn what the impedance of a
valve means, but briefly it means the resistance to fow of
current offered by 8 circvit. .

The ratic of the transformer must be chosen acmrdmg to
the position it cocupics in the drevit.  Tf, as in this case,
enly one stage of low-frequency amphification 15
a high ratio tansformer can be used, say 7 to 1, although
this to some extent will upon the valve,  1Fa fembode
vahve i used @ vatio of about § to 1 would be suitable,

Electrodes.—The valves used in this set are wlodrs, 'that
is to sy they hove three elatrodes, an electrode being either
of the two poles or terminals of a valve, battery, dyname, cte.
A pentode, as its name implies, thus has five electrodes. In
the case of o triode the clectrodes are respectively, the plate,
the grid and the Glament.  The flament iz surrounded by the

id and this is in turn surrounded ‘:ﬁ the avode or plate.

walves, of course, ernploy more than one grid as stated

on page 18

Action of the Valve.—A bartery valve functions when, as
already described, 2 Joew fendon (low wnltage) current myami
through the filament. This has the effect of henting it, and
when it has vesched the correct temperature it throws off
minute electrical negative charpes known as derons.  The
electrons are attracted o the gric and from there to the plate
ard from thenee they low back to the high tension battery. To

mmmulnmmmhhm&ﬂ

et
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attract the negative electrons (o the anods Fom the Alament
the anode is kept positively charged, for it is a well-knewn fact
thist » positive charge aitracts a negative charge. Tao ﬂhﬁ
the plate or anode positively it is connected o the positive si
of the high-tension battery, the negative side of the battery
being connected to low temsion ive as explained earlier.
In thizs way the voltage applicd to the filament remains
unchanged, but the veliags of the arode in relotion to the
filament s greaily incressed and with it the electron B,
The grid is a spirally wound length of special wire and to this
the incoming wircles signals are applied. These signals
are alternatively negative and positive amd this changing of
pelarity tends to contrel the dectron flow from the nt
o the anode ; for when the grid is positive it aces like & small
ansde and beeause it is nearer to the filument ifs sitraction
for the electron iz much greater. But this alse meana an
incresse in anpode corrent,

The grid, however, i just as ofien negative and has the
efiect repelling electrons lesving the Alament, fe like
repels like and unlikes atract, A negative grid will therelore
mean & decrease in anode ourrent. It will be seen then,
thae if the prid is bissed megatively with o grid-bisa bauery
it will terul to prevent any positive signal wveoltages [rom
making the grid pesitive and the flow of grid current is thus
prevented, although the contredling action of the grid i
mingained. It is irnportant, to use the correct
value of grid bias, otherwize the grid will not be able to deal
properly with the signal voliages applied to it

A valve acts a8 an ampliber owing to the fact that the
annde current produced by the application of a folential or

T erester i that wlsch b pascd o0 e exid The
much grester that which is to i
signal oscillations on the prid vary the ancle corent as
explained above and as this & of greater magnitude than the
signal amplification takes place.

In the one-valver the valve, of course, acts 2z a recdifir aa
well as an amplifier, a3 already explained. A negative
potential i applied tw e grid so that whin te signal oe-
cillations swe to the valve a uni-divectional current is
produced in the anode circuie.

This is oot the enly method of rectification, of eourse, for
it mavy be camied out by including in the grid circuit a fined
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condenser with a high resstance joined to the cathode.
The inchusion of this condenser and resistance has the same
effect, namely the production of 2 uni-directional current in
the anode circuit.

The Grid Leak.—We have net yet dealt with the grid
leak, which in a detector circuit must discharge the efectrons
aceumulated an the grid during alternate half-cycles.  In I“J'D:
resistance-capacity-coupled stage, which we shall deal with
in the next lessen, it has to complete the grid circuit of the
valve and discharge it continuously and rapidly so that the
voltage at the at any insant accurately follows the
signal voltage fluctuations. For the average leaky f:akd
detectar & condenser of oooy pF capreity and a grid
of about 2 megohms resitance are umally recommended
while for the lowdfrequency resistance-capacit el

the condenser may ugraataa-:ﬁplu .:he.fgud

of about 250,000 ohms mEm n'fnhﬂn ﬁc;lm ol the
coupling mnd:nmriapnn?' ipally o co tern
signal applied to the grid of the valve, and the g_'ndﬂ
acts as a discharge resistance.

The reackence, or opposition, offered by the condenser to
the pasage of an olternating current is high at low

uencies and lower at high frequencies. .

n Fig, 1 the grid leak 5 shown taken direct firomm the grid
to the L.T. positive terminal, but in some clrcuits it may be
found connected dircelly across the grid condenser
Mo. 6). Both arrangements are theoretically the same, except
that in the latier form of connection it is wual to connect
the L.T. pesitive battery to the earth or lower end of the

ing condenser. The values of the grid condenser and the
gric jiqk affect the sensitivity and the guality of the signal
which is chtained.




LESSON 3
Adding a forther Low-Frequency Stage

In Lesson 2 1 showed how to comvert the Onesvalver inte a
Twevalver. I am now teking the bastic circuit a stage
further, by adding ancther low-fequency stape (resistance-
capacity coupled, or BLC.C.) so that the receiver will operate

E: 1 s

The additional parts required are a valve, & valve-holder,
a reilstance, a fixed mrizmm‘nda.nmummw{. They
are ilhustrated in theoretica 1 and acta ﬁ|r{||. hIF 15-17.
Experienced experimenters will motice that ve not
introduced prid  bias, because the valves cmpllrxfed will
operate quite satisbuwrorily, at the high tension voltage speci-
fiecl, without it. Later 1 shall explain bow o agp!y grid bias

o and the changes
which are neces=
ST,

T woust, how-
ever, explain
here the urpost
ol grid hg.-s. In
w-frequency
a.mplil'icnliun,
which we are
employing here,
it 5 essential that
the grid of the
vahee shall be at
a potrradiod of such
a value that the
nw.u:d' signals
will vary by an
edjual ATOUne on
the  anoal  cwree,
‘When we corme
to deal with the

ADDING A FURTHER LOW-FREQUENIY STAGE 19

characteristic
curve of a valve
we ghall umder-
staml what this
mears; for the

resent it can
El:arplalmdl.]mr.
all bow-frequency
valves  mormally

present, the hias
is generally
applied by com-

g A 1

Fig. JE.—T'WEE

ik fpart
ol

battery between the grid returmn lead and the kow tensinn lead.
I somne forms of ains-operated rectivers, however, tlu:_hLmzu
apphied automatically by the insertion of sesistances in the

cathode lead.

Yolume
Control.—MNow
regarding the
volume mntml{
A powerful loca
station will, of
COUTSE, FIVE &
much stronger
asignal than a
distant one and,
therefare, it
would  overload
the output stoge
of a receiver
operating  with-
out grid bias,
To give the oper-
abor a mesns of
preventing this
overloading a
volume conlrol
iz uged. The
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volume control is 2 variable resistance incorporated in the
resistance-capacity-coupled stage.
The speaker will enly heandle o certain volume of sound,
and i too strong a signal is fed into the valve connected to it,
mgp will take place, and there are two remedies for
this, The first is to increase the handlng capabilities of the
valve by applying more h.'lghtuuium,and the second is to cut
down the signal strength.
A pumber of rectivers have the reaction control Eabelled
“ Vaolume Control @, but this is not strictly cormect. A
volume comtrol should be able to cut down the strength of
any signal, but the reaction cmtrol can only build up the
strengih of peceived signoks, and cannot cut down below the
g strenpth  received by the detector. There are
severnal different forms of volume control. ;
In mnjum:l:'.-u.n with the ordinary type of 1
wransformer there are two posible amangements. Une s
to employ o variahle resistance shunisd across the primary of
the transformer, and it value should be chosen so that when
“ alll in ** it dees not have o great an efiect upon the quality
of reprodection.  OF course, when the transdformer iz & high-
class component, the presence of an external resistance across
either primary or will materially affect the response
curve, and the ion will be affected.  In sorne cases,
i y when cheap trandormers are used, the repro-
dusetion may be improved owing to the flattening of the curve.
The value of the redstance should be about 10,0000 chms—
nod moove. The second method is to shunt the sceondary with
1cn1'|me_lll of the type shown in Fig. 15 (part 17). By the
term it Is meant that the connections are in furalled.

The Loudspeaker.— The loudspeaker which replices the
earphones works on precisely the same principle. It s,
indeed, an enlarged earphone.  The type of loudspeaker
selected will depend, of course, on the corenit.  The early
types of loudspeaker consisted of 8 strip of from, fived at one
end, the free end being ahove and close to the pole of a mmall
magnet, To the stip of iron, or armature as it s progerly
called, i secured o thin mod on to which a cone diaphragm is
fixed. The w:indings of the magnet are connected in the out-
put circuit of the ks stage of the ser,  As the current .
due to either speech or music passmg through this magnet
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winding, =0 the pull on the armature is varied, with the sesult
that the vibrations are transferred o the cone, and so the
sounds are made audible. Tt will be obvious that the arma-
ture will always tend to return to its normal pesition and this
natural restoring force gives mise (o its first faoll, namely,
pEsORANDE.

Fesonance.—Again, the current’ fluctuations due to avery
Tow note, such, for insance, as the beat of a doum, are very
reat and should result in a largs movement of the armature, As
1l'?l’l.l!:EI.'r‘l‘n.‘uEI.h.l.l\': is rather rig ﬁ:ld,itmml be arrunged close to
the pole piece in order that the weak impulses may actuate it.
TEMM loudspeaker was introduced to avaid
the principal fault of the first type of speaker, namely resons
ance, The armature is los rgedly area In between tuwo
There is therefore an equal in ench direction
this tends to mmke the armature move shout a central
position, avoiding the natural restoring fores which was
noticed in the simpler type of movement.  The gap between
the magnets may be fily large and =0 greater signal strength
can be handled without risk of ** chatter,”

The inductor dynamic was the nearest approach olbtaired
to the ideal in moving-iron speakers.  In both of the previous
moveErsents it is obwvious that as the iron srmatere i fixed at
one end, there must necesarily be a certain amount of
remistamce o overcome in order to vibrate the armature and
the tendeney of the armature to retizm to its position of rest
will alwarys be present, no metter what electrical impulses
are al work. 'I;hia prevents the show oicillation necssary to
produce, say, o low organ note, and, in addition, the cone is
nat ated by a divect pull movement.  The

direction of the movement of the cone, to produce
the truee tones, should be what might be termed a ™ pi L
movernent; that s, it should move in one plane anly.  Now,
a8 oy end of the armature in the speaker movements so far
descrilod i fixed, it s obviows that the o ting resd is
tuken through @ small arc during its w-and-fro moverent.
This gives rige to a frm of distorion,

To overcoroe all these defects in 8 moving-iron loudspeker
the moving-ceil speaker was produced.

Moving-coil Speakers.—The moving-ooil speaker is, of
course, the best type of speaker yet designed and provided
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one of the best makes is obtained, sither pc'rnullﬁ‘l‘t.:m:ﬁ_nﬂ
oF mains energised, is capable of giving repreduction identical
with the erginal. At the point of the cone hragm &
light ring ol paper is fiwwedl, round which is wou a enil of
wire known a8 the enil winding.” In the mamns
energed er a meetal cylinder, having a contral rodd
[the "'Eat and * pole-plece ™), containe a large winding
which .

The actuml voltage depeneds on the desy
varies from 4 volts o 150 vﬂu.lu In the cther mud.cla‘lﬂ;
winding is replaced by a powerful permanent magnet-
ipn:cljlﬂw&d'fﬁg Is mt;;urtnd in a small gap surrounding, the
gkﬁmmdtmwmdhum}a}i_aip@hl&

suzlly it is approsinately § in. Wherethe field is excited,
which mems when the curment i applied w it, & magnetic
ﬁdﬂisﬂupamm:ﬁ. The coil is connected
to the cutput valve of recriver u.ndwhm the sgnal
impulses Row through this speech winding it vibrates, iravel-
ling in and cut of the gap. The uflhrmu::fpnml
in some way, cither by a ring of lea or rubber and, theve-
fore, the come makes a rue piston * _movemernt, reslting
in a faithful reproduction of the reeeived sounds. :

To get the very best from a mewving-coil speaker, a fasirly
mtggigmlia:{drnb]:,m-d as it can gve such a pood
performance, the recciver should be desigmed to provide
sigmal to justify the we of such & speaker. Particular care
shouk! be taken o look after the lewer netes in the musical
scale, as these can Le dhealt with so effectively by the moving-
coil speaker.

Maich ilve Mo matter which type of
speaker ithi:i.tmuud-ud &0 use there is one point which applies
to the eorvec! employment of nn{ea?cn}ﬂ' and that is, the
imy e of the s er must matched to the oulput

. This means & certain vahve will only give straight-
line reproduction with a certain L mett i it anode
circuit, and although valve manufacturens give this impedance
figure in the Ita.ﬂmmm!rpﬂn i t.htllr Wﬂh@,ﬁ"m‘ li:.rth;
tuna! loudspeaker woturers nol &

tdru of their Usually, only the DG,

woe i given and this docs not ena le one eorrectly to
match up the speaker, There are on the hwever
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certain oufput matching transfrmers which have various
ratios, and if the listener desires (o get the best from the set,
one of these trandormers or matching units must be in.
cluded in the m&;éut cireutt, and b{luﬁju:uing it to various
values it is possible suitably to match up the gpeaker. One
final word.  As the speaker ean only reproduce what is fed
info it, the choice of circeit sheuld receive as much, or even
maore, care than the choice of speaker.

The normal vahe needs a * high impedance ™ in its anoce
cireuit and doe to the principles of design the crdinary type
of moving-coil lovdspeaker s made to o low resistance.
A high resistance ealls for a barge amount of wire, and this

be difficult to arrenge on the moving-coil foroer of
ﬂh:gpcnku,maﬁmmmanfmemhmluﬂmmumi.uld
this results in the winding being only of & low impedince,
usually between 5 angd 15 ohms, The high impedance for
the valve cirenit is obtained Fom the winding on an output
tramsformer which is very similar in design and constriction
to the mairs transformer or low-frequency  tamsformer,
except that the ratio is very different. Instead of 2 or 3
to 1, the mtic may be as high as 6o o 1, depending upon
whether the valve is a or similer valve requiring a
high impedance, and the speaker a very low impedance, A
further advantage of using the output transformer 5 that
leads may be wed if the is reguired w be p
at & point some way [rom the receiver itell If the speaker
were joined direet in the anode cirenit, the ancde current
af the valve would have w fow throuh it and if the leads
were taken some distance away, the long of ware wokd
cause amm and the FLT. applied w the value gl
wonld be reduced o an wisatisfotory bow level,
By placing the transformer dircct in the receiver, the sccondary
w which is of low resistance, may be cxtended for
considerable lengths without cavsing any ill-cfeets, and this
is the arangement ususlly wed for extenson speaker
points.



LESSON 4
The Parpose of Grid Bias

‘Tre three-valve circust shown in Leson § sepresented in its
simplest form & receiver incorporating a detector valve with
two amplifying valves, The valves were unbiowmd. Now,
valves which are used for awdio frequency (Jow-frequency)
amplification need o at a special part of the char-
acteristic curve of the valve. The circuit given in Fig. 2o
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Fig, 18— Thasretical ciresit of the three-pale £ The solid lfes
e 18—Thonsil i of e o g

el asring for the
shows the modifications swossary to Figa, 18 and 15, in
ordumnppgmlﬁmbuﬂmmlm A pictorial re
presentation of these modifications i shown in Fig 2. So

that the valve can fumction at iz best, according to the
characteristic curve, grid bias should be applied, and it now
hﬁmcammmnrmcxphinmlaiﬂncw‘ﬁﬁcm
AN,

The Valve Curve—A valve curve is shown in Fig, 22,
and it will be seen that the vertical line at the extreme right

L
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(knowm as an ordeal) represea ancde current in milli-
amperes, and the botan bine (elsdsg) the grid volis.  No
all characteristic curves express this relationship,  Soome
show anode current in relation to anode volts.  The standard
terms used in connection with characteristic coves are Vg
for grid volts, Va for anode and [a for anode current.
The grid volts line is sometimes divided inio two parts, a zeo
line being placed near the right-hand edge and the volts to
the left of this being negathve, those to the right
positive.  Mow this set of ourves will give us all the details
of what are known of the ch mtics of the valve. We

Fag. 1g—Ths e s#alrH ermnggivniml af dhs esvinl abeivd in Flp. ol
sl wugy Be vy for e mevaer Fo fello,

can plot a characteristic ourve ourselves.  First obtain a
iece of graph paper amd mark it off as shown in Fig. ge.
mect up a valveholder, grid-bias battery, HT. battery
and 1.T. battery and connect & miliammeter in the anode
lead betwern plate and LT, positive. With no grid bias
and Go wvalis FLT., mote the current indicated by the milli-
ammeter. O the squared paper on the sero line make a dot
where the line corresponding with the anode current inter-
sects,  Mow phlug the grid-hias plug into the 1-5 volt sochet
amd note the anode current, making a dot on the chart about
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the 1-5 volt line at the point of intersection with the new
anode curtent.  Proeeed in this way with various FLT. and
G.B. values, finally joining up all the dow to form o coe,
The result of this will be, or J:uﬂld be, a st of curees exactly
the same as these supplicd by the vabe makers, and the
various En;luttg
such as ampljfication
ratio, sope, etc,,
iy mond b foansd.

The amplifica-
tiom ratio i the
ratio of charge in
anode voltage to
change in prid
vl en pre-
paring the curves
as explained
am, it will be
noted that as the

grid bins B in-

creased, the HUT.

viol remaining

Fig. 21.—Fistorisd ilucteation showing conmections o UMl tered, the
e prid bias botfery current

“wiill be found that
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decrenses,  For cxample, with 1o0 wolts H.T. aml no
volts om the grid the anode current may be, swy, 50 milhi-

When the grid-bias i increased by three voltz the
anode current will drop to just ander 1o mifliamps,, & drop
of o milli Therefore, to obtain the same anode current
without altering the hiss it will be necesary o increase the
FLT., and in the example quoted about 24, volts are required
to ohtain the same anode corrent.  From this it can be con-
eluded that it is necessary to add o4 wolts HLT. for every

kL]
3wltgﬂ_13.adduhndﬁ|53mﬁo.—arﬂ: 1, is the amplification
3
ratio.

The term shipe is another name for mes oonduclance
and it refers to the change in anode eurrent divided by
change in grid valts; or to put it another way, the anode
current change 2

per grid potential I T 7;

change. For this
factor the ancde
potential, oe LT,
must be left [
unaktered.  Only
the grid hias st
e waried. It

g
]

as the biasg @ in-
crensed the anode
current will  de-
erease and, there-
fore, a set of

reg 18 obtain-

from which it | it
will he observed
that the anode
current de- /]
cTeases, say, 2
miliamps.  for | - |
every volt in- ® e BB 8 e « 2 9
crease in grd o HFTMMMH-MWEF-M'
bizs. In this case of, ot iy sorimion 0 grid bias resliing
the slope would parialien i H.T_ valtage.

B
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be refierred to a2 milliamps. per volf or, 85 it is expressed
on the valve chart, zmA [V,

Impedance.—The impedance of a valve has a bearing
on the valee of resistance, obc., which is wsed in l.'-l'.il-lilrlﬂﬂli
vahve to ity next stage. Mo further caloulation needs to be
made to obtain this figure as the two previous items, slope
and amplification ratio, are uscd W ascortain the impedance.
You simply divide the amplification ratio by the shope,

i
which in the example given will be —, multiply the answer by

2
1,000, which is go00, and this gives the impedance in ohms,
It is important to remember, however, that these figures
are stolix characteristics, which means that they are only
mpplicable te a wvale which veceives constant voltages.
mnthnhmisqpamﬁnglndmrmdm,;i!egﬂdandmm
voltapes are constantly changing and'it is therefore impossible
mmainfmlh;wwr:‘gmd\dﬂﬂaumcm
smdistoried culpuit, the correct ansde fpod, the percemtage of
second harmanss disioriton, et and it is therfore necessary 1o
a set of curves known as dearee curves. 1 shall not
explain how to plot these curves i this lesmon o to gay
that when they arc plotted it will be ohaerved that the values
of both grid bias and HL.T. are carricd to o value higher than
is usch,
mnrdsrrmmﬁclzm&dmmﬂncunnﬂuth
currect working point must be shown, that is to mtﬁ:
carrect anode and correct grid volts and, in ion,
at hall and double these values, my the operation of the
valve (dealing with the valve as an LI n.mpliﬁ:rgl;:ﬂmgdd
varies when the valve i= operating on
part of its chamcteristic from half the applied bias to e

change in ansde volis and therefore the dynamic curves will
show the anode current at varicus grid and ancde volts.

LESSON 5
Automatic Bias

It is pomible with battery receivers to employ automatic bias.
The ebject of bins in a valve is to render the potential of the
grid lesa than that of the cathods or flament.  With ordinary
battesy biss the filamesnt s ata tial egpual to the potential
ul&mmgxﬁ\tmdﬂthumﬁmwly,aﬂbymn—
necting the positive pole of the grid-bins battery to the HT.
negative the grid potential is equal to the voltage of as much of
the grid battery voliage as is included in the grd ecircuit,
In order to bias the vabwe it does not matter whether the
cathode i= at mg e

woltage  and __;"
grid at some nega-
tive potential, or )

vigateds] & @)

and the cathode at . i
ey
sential. Thisis the 2 e

condition which
usually obtains e
when automatic e

bins i wsed. In LrE
moet mAaing  ar- R .

tg the . - s
grid s maintained P 39— Mofel kst fr ponilg atona
at the garme poten- :

tizl as the negative terminal of the high tembon supply,
while the cathnde is raised to a higher potential by the
inchusion of a resstance in the lead connecting the cathode
to the negative high tension terminal,  Battery suto-bias is
carried out by including a resistanee in the H.T, lead.  Fig. 25
shows the areangement of the two resctors for the two
values of hins requived.  Experimenters may try different
walues to see the effect For example, a voltmeter may be

]
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connected across the resistor io ascertain what value is applied.

The advantages of automatic or self-biasing are many.
In the first place, if the value of the biadng resistance is
correct there is no mi'bﬂhy of under-biamng of ovir-
biasing the wlve binsing reslstance automatically
mm.m‘is the value of the anode current, for should the ancde
current rise, due perhaps to an increase in anode voltyze, the
voltage across the biasing resistance will rise in proportion;
the negative bias will be increzsed and the anopde current
reduced to a safe value. Further, the biasing resistance
does not deteriorate w mmm—ﬁi::d,dﬁ
not in value, and 1o . I des L
biaa:i.‘z-}rm‘ma.nm can be made variable or semi-veriable.

There is, however, one disadvantage.  Any biasing valtage
thus applied is deducted Fom the total FLT. voltage. Thia,
of course, makes no practical difference to the of
the average mains set where zzo/zi0 volts HUT. i available
from the mains and the maximum bias voltage does not
exceed 50 volts.  In the case of some of the bugger output

r, which are designed to operate at about
400 volts on the anede, as each valve requires over o0 volts
grid bias, the lost if this amount of bias were subtracted from
the svailable goo volts HUT. would be excesive.

Biasing resistances y should be of the stable type
and must be capable of carrying the full ancde current of
the valve continuously without overheating, In the case of
early-stage low-frequency amplifiers and screened-grid valves,
ordinary fixed resistances are quite suitable, but for cutput
vahees, where a certain amount of preliminary nd_;uxtmmgl of
grid hias is usually necesary, iiisadwisahlrwlqzavmpblt

in series, ‘This allows of adjustment, but at the same time
prevents the valve from being run entirely without bias if,
hymhtah,thtuwiablr.pmﬂmmmdmed:mm.LFQt
variable-ru valves, where contimuously adjustable bias i3
required, the resstance must naturally be of the varisble
type. The caloulation of the corfect value of hiasizg resist-
ance i3 & simple matter, and is merely the application of
Ohm's Law. The frmula is:

Desired bz in wolts

Value of biasing resistance in ohms = -
Anode current in Amps

AUTOMATIC BLAS g

As the anode current is usually expressed in milliamps., the
value of the biasing resistance is found by multiplying the
desired bias voltage by 1,000 and dividing by the anede
current in milliamps.

Aa a typical example, take an output valve requiring a grid
bias of 42 volts at full anode voltage, the anode current being
go milliamps.; the corect resistance for sclf-bias would be
gz multiplied by 1,000 and divided by g0, or 10066 chms.
Actually, a total resistance of i,250 ohms would be used,
consisting of a 750-chm fixed resistor in series with a variable
resistor of oo ohms moaximum.

In mains receivers, in addition to the biasing resistance
itself, certain additional components are useally required fior
prurposes of&tmugi:g. If the ancde supply is not sufficiently
smoothed, and a bad mains ripple = present, thers i a ris
that this may be transferred to the grid by the bias arrange-
ment, when the anode current will be correspondingly
modulated and seriozs mains oo result.  Moreover, there
in ahways o chance that the hiasing cireuit may pick np mains
hum from some other part of the apparatus, while any other
Iow-frequency companent in the anode circuit will have a
similar effect, To reduce this risk, & grid decoupling or
smonthing cireuit may be employed. This consists of a
high resistancs, usually al'abnut']r;i,m-u chims, inchuded in the

wl return and by-passed to cathode through a con-

nser which, in the case of most low-frequency wvalves,
should be at least 2 pF capacity.

Such decoupling 5 not essential, but should be added
without hesitation if serious hum cannot be cured by other
means. Different designers prefer different arcangements of
the auto-hias circuit, but the circuits given on pages 36 and
gg are tried arrangements and quite suitable for the types
of battery circuit for which they are recommended. The
manner in which the automatic beas is obtained in the cinrcoit
shown in Fig. 29 i quite simple.  'When a voltage is applied
across the ends of a resistange there i a voltage drop through
the resistance cased by the current flowing, and this in turm
is dependent upon the voltage which is applied, and the
vilue of the resistance.

Relationship of veltage, current and resistance forms the
basis of Ohm's Law dealt with later. In the meantime due
tor this difference across the resistance it will be seen from the
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tion of the two resistances in Fig. 24 that at the lower end
mhﬂtﬂtLT. — connection) the voltage will be more
pozitive than at the
1 1 cnl‘.t;r};.'l'ﬂt
HT- It joins H.L. —.
Therefore, the
Eointm\-.tﬁdnhn
it grad circuit is
connected (the
L.F. transformer
secondary) is at a
lower negative
voltage than the
point to which the
end of the volume
Pietowlal dlaprem avto-binr wirimg, DDAl i5 conmect-
e n e " ed, Withthe cur-
rent flowing from the valves in question the top end (HL.T. —
enul) of the two resistances will be albout 775 negative and
the&mclim about g volts negative,
course, il three biaming woltages are required, then a
further resistance is added between part No. 22 and the L.T.

tive point, with the bias vo picked off at this junction
5 1 The Iowest voltage is a2 the end of the fiest resistance

working up from the LT. negative connection, and the
higlmvnmgam%H.T‘rmatMpnim 50 it 15 » simple
matter to arrange for various voltage drops through appre-
memldeuyhmmt. Bear in mind,

, that the total voliage dropped acros these resist-
ances is actually deducted from the H.T. which i applied
to the valves,

LESS0ON &
The Purpose of Decoupling

In the previous lessom, T mentioned the term demfling, and
it i3 necosary new to explain what the term means and why
it is to employ decoupling between the input and
cutpul cirenits of & source of sage poin, such as is i

by a thermionic wabe. In beief it can bemddﬂ‘u.tdb
coupli ismp&nyudmpmmtmmﬂa' tion A istortion.
De is carried out by means of resistances, choles and
eoredensers,  Sorpetimes the term v is employed, as in
connection with the resistance inse in the grid lead of a
detector valve, to reduce high-frequency polentiale on the
grid of the valve and the consequent build-up of parssitic

i, The thee-naine cirot thoees b Fig. 90 itk devonpling refiitanses
o mmwmﬂﬂm

{unwanted) cocillations. The resistance-capacity combina-
tion for decoupling anede or grid supply cirouits o 43 to
phriate oseillation in amplifiing valves i & well-known
decoupling arrangement.

“
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In Fig. 25 the components and wiring necessary to de-
couple and add tome control to our three-valve receiver are
shown soli] and the circuit before decoupling by dotted
lines, The tone control com are shown in perspective
in Fig. 26, Tt will be seen that the first two stages have been
decouplbed.

In a straight three-valva set, the FLUT. sides of each of the
components in the anode ciromit are jrl'nu:l mgl.-.th:r either

i e Sl Sk the g st o i Dk, ot 5
with reau t majar part [
between the anode leads and earth. This mn::'lgctlu
hlﬁh-tanxlrnham:rfmay have & considerable high-frequency
resistance whick, being common o all three vabes, redis-
tribastes such stray currents as are flowing in each anode
circuit to the other anode circuits, thus causing instability,
motor-boating or violent csallation.

In order to prevent this trouble, it is necessary to give other
than battery current & direct path to FL'T, —, and to separats
the anpdes from each other by a resistance, or choke and
condenssr. In Prm:titt ile choke 1= seldom 1.1.!6&,
as it is usefal only when a very heavy high-tension current &
passing. It is, howewer, penerally vsed i the o t slage
to choke-feed the loudspeaker direct the s current
through the loudspeaker winding io earth.

In all ssts the decoupling of the detector valve is probably
the mwst importent.  Here, it B necessary to make certain
that the values are uate, Unfortunately, if oo high a
ressstance 13 used, the H.T. valoe will be lowered, which &
undesirable below a certain point.  In order to ensure that
decoupling is efficient, the resistance in ohms when multiplied
by the capacity of the comdenser in microfarads should mot
be less than gooon. It would appear that the simpler way
would be to use 20,000 chms with 1 pF, but such 2 value ef
Tesistance may rcjim the high-tension voltage,  The amount
of voltage lost through the resistance is simpe o calculate,
it merely being necesary to multiply the resistance by the
nurmnber of millinmps. pasing take off three noughts,
For example, if the anode reastance were only 50,000
and the current three milliamps., multiply these twe
and the resilt is go,ooo; take off theee houghts and it will
be seen that the of voltage would be go.  (See Ohm's
Law, on page 48). Decde first of all what voltage it B
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desired to apply to the defector stape and subtract this from
the HLT. battery voltage, which will leave the amount st
may be sacrificed in the intercsts of decoupling, If Bo volis
is required on the detector and the battery woltage 13 120,
then 4o volts can be spared, Now, reference to the vale
curve or the use of 2 milllammeter will show what current
the vabee 5 mking.  Suppose it is taking 5 rnmiu::g‘]n.; it B
now desived to find what resistance will drop go wolts when
q millianmpe, is flowing. This & arrived at by dividing the
reilliarnps. ints the voltage, when the answer will be the
nurmber of thewsands af olms required.  Divide the 5 milli-
mq;: into the g0 velts; this approximately 135 times and
as the answer 5 in thousinds of ohims the resstance will be
15,000 ohms.  The nearest waloe ohininable will be 15000
ohms, which will have to be asociated with a 4 uF condenser,

In a fist LF. stage the value can wyally be lowered to
o walts,

The valuem chesen for the cireuit shown in Fig, o5 are
suitable for most practical purposes, however,

If you wish to mntroduce decoupling inte & cirouit because
of instability, and the H.T. available is not adequate to
permit of the extensive use of the decoupling resistances, it
may be poagble to use just one resistance, decoupling one
stage oaly. Dfmum:,innu.nhamacm?xﬁmummﬁd e
necesary 0 ascertaln which stage should be decoupled; and
it may he found that cnly one stage requires it

T e T




LESSON 4
Adding Tone Control

THE recerver is now at a stage where it is ennuph fior
ordinary purpeses; it will make a satislactory domestic
receiver.  Those, however, with an ear for quality may care
to acd the refinement of tone comtrol. It 8 not absclutely
necessary, of course, in a receiver of this type, although with
mating receivers and others capable of high output it becoaws
desirable. In this receiver o variable resistor, similar to that
used for part 17 (vohime comtrol) i used, but it has a lower
value and it is used together with a fized eondenser.  These
two parts are Nes, of and 29 in Fig. 25 and they are shown in
perspective in Fig. 26, Some of the medem output valves
give over-emphasis to the higher notes or frequencies so that
the tone sounds oo sheill.  As a result we need tone control
to provide n high note cut-off to balance the reproduction.
But s& certain of broadeast musie need more cot-off,
for example, than speech, the contrel & made variable so
that it may be adjusted according to the itemn being received.

Many modern receivers are witl & tone control
across the first LF, stage.  This usnally takes the form of &
condenser and resistance joincd between (he
anpde of the LF. valve and carth, Suitable values will
degend wpon the valve and the BL.C. compeonents and, agan,
up o og uF and up to roo,onn ohme are generally Blli‘taﬁ::m

In the main, this form of tone control affects only the high
motes (brilliance); but in commential recebvers provision is
made foe contrel of the lower frequencies, or bass notes, the
high notes and, in addition, a fived tone corrector i cmployed.
The bas control consists of & fied resistor and a con-
denzer in series betwesn the ancde of the last stage bl one
and carth, and shunted aerces these two componenis is a
variable resistor. The brilliance of the reproduction is
effected by a fived condenser and resistor across the grid
circuit of the cutput vabee and it iz, of course, variable.

The fixed tone corrector is a foeed comdenser and resistor
coupled betweest the grid and anode of the cutput valve,

o5
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In addition to thess arrangements chokes and other com-
ponents are sometiroes ermployed in special eireuits.

This cormbination of a condenser and a reistor acts by
virtue of its offering a high impedance to some frequencies,
or a low impedance to others.  In other words, it prevents
the passage of
certan frequencies
and pE:‘\-Lnj.u a
simpler passage er
path to others,
which accordingly
pazm throwgh it
matead of through
the loudspeaker cr
vithee acros which & seesr
they are m!lthm'ﬂ- ar pan : - B
ted, By making o 23 . ,
the condenser o | mﬁﬁwmu&:mmmm
the registor we-
riable the feequency to which it & tiuned is vared, and thus
it may be made to provide warable control to bypas or
acvept Frequencies as required,  All tose controls act in this
manner—even when they consist of chokes or ether special
components as previeusly mentiofed.  As, however, a choke
is ensily influenced by other compenents, it is difficult 1o have
stabile working without elaborate screening, and the condenser
and resistor combinations are therefire to be preferred.

gramophene secord reproduction, the tone controlling cofme-
consiclerable los of volume and are,
therefore, incorporated with edditional vabes.  The added
grin given by a valve will thus ensble us to use more elaborate
tone adjusting circuits, as we can ignone the beses which they
will introduce, and thus we find that sometimes a compiletely
separate valve stageis used foreach of the * bass " and * trebie™
tane eontrols, the values of the associated components besng so
chosen that they provide boost (or added gain) at each end of
the musical scale, or cuts (or rechuced gain) at ether points.
That is as far a: we can take the nt cirenit and, if
correctly built and adjusted, it should give, a3 a simple
receiver, very good posults,

T T —




LESSON &
Ohm's Law

TuE resder, up to this sage, s been engaged on the prac-
tical applieation of the principles of radio. It i5 necesary,
now thet he has apparatus with which to check theory, to
deal with first principles. The very basis of all mdic design
is Ohm’s Law.

Ohm's Law iz named after Dr. G, 8. Ohm {1787-1854)
whe discovered the relationship existing in all circuits between
resistance, voltage and current.  Symbols are wed o desig-
nate these three terms,  Throughout the world 185 wsed 1o
designate current, I for voltage and R for resistance.  He
discovered that the relationship could be reduced to a very
simple formula frem which, knowing two of the valoes, such
As current and resisance, it is posible w stnate de volage,

E
The formula 8 I=—. . 0enreeen (1)
R

This really means that current is abwsys cqual to voliage
divided by resistance.  From this formuls we can evolve two
others by smple algebesic evaluation, Olwiously: :

E=I xR uiiianines-s (2]
or expressed in werds, voltage equals current multiplied by
resistance,  Sumilardy

R =—. .“..-..a--{ﬂ-}
I

or expresed in words, resistance eguak voltage over current,

In making calcolations r,mplofhs this formula, it i% neoes-
sary that tle three terms shall be in the units of decis respective
messurements, namnely, I in empeser, E in solis, and R in eb,
The formmula as given only applies, however, to divet el
It does not apply to circuits employing oltrnaling curren,
The later is & curment whose direction surges first in one
direction and then in another at a regular frequency.  Thus

4B
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we refir to alternating current as being ag so many cycles per
second —uszally go eps  This means that there are 5o
alternations per second and in o ciresit employing such cur-
rent impedance must be taken into consideration.  The sign
employed for impedance is Z.

For the moment, however, we will confine sur attention
1o the simple Chm's Law for DL Now the unit of resistance
i the o, the unit of current is the empee, and the unit of

is the pedt, The ohm is the resistance offered by &

eolurnn of mereury at the tempersture of melting jee, 147452

in mass and of uniform eresssection and with a

i:ng'lh of wﬁ-% ems, When an electrical pressure of one volt

is required o keee a corrent of one re through a cireuit,
the circuit is said to have a resistance of oue ehin,

For wery small resstanee measurements the ricrohm
|:un|.--|nil'liumh of an D\h!l‘l-‘,l s e,

The ampere (originuted by Andre Marie Ampere, 1575~
1856} is the cwrrent which will flow through & resistance
1 ohm under & pressure of @ volt.  With small currents, such
a5 that taken from a ILT. '|ml.1.0:.l' in wireless circuits, the
milliampere is the unit used,  This is egual o one-thousandth
of an smpere. Even snaller currents are messured in
microamperes (eme-milionth of an ampere].

The wvolt is the unit of electrmalive IPEIN:‘55-1!&-1173 OF frreisure,
or petemtial, Tt is that pressure whic wces A current of
one ampere when J.ppl?ud o a eonductor the resistance of
which is 1 olm.  Other units are the il (ooe-thousandch
of }mlt} and the fifwall (KV) which cguals one-thousand
volts],

For measaring the ameunt of current flowing in a circuit
arn instrument as an aroneler is used, for measuring
wall a oeltmeter amd for resistance an okwmeler.  Later on
1 shall shionw how fo take curtent and voltage readings through-
out the cireuit to make sure that the set is lanctioning as
designed, It is mest impertant to ensure that the correet
anedle and flamene veliages are applied to the valve and that
the correct ourrent s passEng.

In the rr;ﬂmthm, the n:a.-u:h:ﬂ;1 dﬂﬂﬁﬂﬂiﬂhﬂiﬁmxﬁ'
with the application of Chum'’s Law ying the following
exarmples.

If there is o resistance of 125 olms hetwesn two points in a
cireuit, the voltage being 250, what current is passing 7
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Applying formula (1):
@
i (current) = — or 2 amps

195

There i= a resigtanes of 125 ohms when a enrrent of 2

is pasting. What & the voltage?
Applying formula (2):
E (volage) == 2 % 125 = 250 volts,

When 2 current of 2 amperes is paging under a pressure of
ago volts, what is the resstance?.

Here 1 = 2 and E = 250 and, substituting these figures in
formuala (5):

aen
R = — or 125 ohums,

A ro-vnlt hat-
tery has an
internal resist-
ance of 2 oluns, (’E?

|

P —

lys

of 2 B W
and it is ocon- R o
to & re- >
sistance of g5  Fi op— E, ir maznrad deriid @ gowrce
chms, Find the owrenty I, im awrien
current  Howing.

:E-[Ta: R will aq{:a] 94 2 =5 chms, and applying formula
1)
10
1 = — = 2 Amperes.
5
TF twe or more resistances are joined in sies, that is to say,
one after the other, the total resistance will be equal to the
sum of the iwdividual resistances, If they are jc'ifigl in
t 1%
to say if all the
left = hand  con-
nections are

X
ight-h d
f-+ *— + 'l' :T:gln::tizl;l.a

, 8l —Tivo muthedr are wiad fir inceacley the  BEC similarly
" m:f‘amﬂ joined, the woial

o’ Law 1]

i R i
resistance will be such that — — — 4 — + — ... etc,
R, R, R,

according to the nurnber of resistances. In complicated circuits
manwmﬁrnu:m:mth:diu Mh—ﬁwmuld caleula-
tions in such a case are very complicated and are governed by
Kirchhof™s Laws, which are outsidie the seope of this hook, Tt
are fully explained in my * Practical Wireles Encpelopasdia.®

Thus, if resstances of § olims, § chms and 2 olms are con-
nected in series, the tetal raistance will be 10 ohums.

Il they were joined up in parallel, the resolting wotal
resistance B owould be:

1 1 1 i

B R e

E 5 4 ]
This expressed in words & " The reciprocal of the total
resistance B egual to the sum of the reciprooals of the in-
dividuzl resiatances”  Weorking out ihe example, therefore,
the answer would be :
G+ 10415 5
o %t
1 3.
g p
e
from which B = — af an ohim.

31
Fig. 25 shows how the meter is useed e measuring voltape
and current. It will be seen that the voltmeter is connected

in parallel whilst

the ammeter % -"'1'_,.:‘“ L
connected in I"\-._.---"I I\-._
series.  Fig. off

shows hinw o

measure the vola

tage of & battery

and how the

current  fowing

from a battery Wnitepe Feodings Corrant Feadings

through a re- gy —Pictorial illurdrabions o metheds of mesnrig
sistor & fnessned G wm«fm L

ALy I H

-~
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with an smmeter, It somwetimes becomes necessary to in-
erease the range of an ammeter when toeking messuremens
which are outsde the Bc,up-e-od.'lhtm:alewhunt!w needle i in
ﬁu-fu.ﬂ!g,- ?mhnn I.rl. such a case the excess current

rj:l.mugh the is by-pamed by connecting a
mm across the meter. To imcrease the r of a
voltmeter & resistance i included in series with it w0 Lmit the
current, This ia shewn in Fig. ag, :

O course, the meter itsell hae a reugtance and this needs
to be taken into account in caleulations resuliing from the
e r-c.a.djngs, All voltmeters should have a resistance of
at least 1,000 ohms per volt, whilie high clas meters have a
reistance of the order of gooe0 ohms per velt, This i w0
ensure that the meter docs net itselfl ake so muoch current
that it produces fulse

It 1= obvices that o cirewt may be checked in two Wy,
either by measuring the current which it is pasing, or by
messuring the voliage on the anode of the walve, The
wafinge roling of a nsitance = of importanee, since it mose
safely carry without overheating the current it 15 designed for.

If resistance and corrent valnes are knewn,

W’-“B,HC =1 R when T & l.'.!.'FI'BEﬂ'! in RIS
Milliarnps®
W= xR
1 0, D30

If wattage rating and valee of resstance an: known, the
safe curvent for the resistor can be ra'[rulahed from

ot

Miliamgs = 1,000 3
ITES:
For antomatic bis circuits, the value of the bias resistor
can be determined by 5
R =—x 1,000
1

when R equals the value of the biss resistor in ohms: E the

value of t id-bias required and 1 the anode current in

milliampe of the vabee, or the total FLT. enrrent of the cre
ing to the system in use,

Increasing Meter Range.—In increasing the range of a
meter the resistance emploved must, of course, be of a

. omd'’s Law %]

walue, In the case ofa voltmeter, the resistance
18 gonpected inseries and in the case of an ammeter in parallel
Tt should be pointed out that basically a voltmeter is the same
as an ammeter, and thus it does in effect indicare that a
current is flowing through the circuit, although by reference
to the dial one resuds ofT the veltage.
I B i= the resistance of the meter: B the valoe of the
shunt (parallel-conneceed
tirmes it js wished to multiply Ii'ﬁ::ale reading, then:

Ks =

1-1}

As already stated th:witignmngent'a meter can be
incressed by connecting a redstance in senes with it. I these
series resslances are Fs and o and nas before, then

B* = Hm ¥ {n-1)

Colour Codes,—All resitances and comdensers are marked
according 1o the colour eode which enaliles their values to he
readd off and it is necesary to memerise this code. Here
i s

Resitlonced and Condenrers
lhl:mlmrf,cdmim fized condenser and foced resistors are
the standard for resistors being ohms and for foeed
condensers pul’ (Pieafarads
oF micro=imerofarads).

Calswr  Fig. Ne. of noacohie

Hlack o MNone

Brown 1 a

Red a oo

Orange 3 o0

Yellow 4 L

Green MW =

Blue g OO - = E. R
Videt 7 OO =l

Groy a DO T 1

White ] ORI 4 8 £ @

In olcler resistances it will  Fig. sge—The coloor oode dlagram.
e found that the body of the
resistor 18 colowned over, and a placed round ome
end, or tip, whilst a dot appears in the u:nth: of the body

) resistance and n the number of
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In this type of component the colours are read in the order:
Baody, Tip, Dot.
le. Hesistance with red body, black dp and
orange spot will have value of 20000 ohms, IF there is
no det on the body it indicates that it is of the same colour
as the body.
In mwre medern components, however, espedally the very
small miniature resstances, the colours appear as rings round
the resistance.  The actual colour of the body of the rgsistance

the coloured ring on the keft and then the value is read off]

frome the left as shown in Fig. 2ga. Tt may be found,
however, that in addition to three rings or bands of colour
there s a fourth, which may be either at some disiance from
the other rings, or at the same spacing as ihe normal three
alrcady mentioned. The additiona]l colour will be cither
Gold or Silver. Tt is vsed o indicate the tolerance or acturacy
of the resistance.  IF there are just the three bands alrcady
mentimed, it indicates that the component is marked o a
value within 2o per cent. ef lts actual rating. In other
words, the tolerame: & 20 per cent. This §s the sandard
valee,  ITdlve component is within 1o per cent. of the marked
walee, the rng will be Silver, whilst if it is within § per
cent., then a band will appear.  On condensers there
may appear as many as 6 dots, ane of these indicating the
type of condenser or wm'l:i.ng '\mllast, and the other the
multiplier, There are several different forms of marking, so
that examples cannot be given, but bascally the fast and
socamsd numerals are indicated, 2 in the e ol relstances,
using the same colours, amd these are multiplied by a factor
indicated by the remaining colours.

Fi

hises
Go mA. Black 1 amp Drark Lilue.
oo A, Grey 1t amp  Light blee,
150 T, Red 2 amp PI.'II]'ﬂc.

z50 mi, Brown § amp White.
so0 mA, Ydlow 5 aunp Black and white.
750 mA, Cireen

LESSON g
About Meters

THE greatest care must be taken in chooging measuring in-
struments, for some of the cheaper grades require more walls
to deflect the needle over the dial than the whole corment
consumption of the set.  The mest expensive meters toke the
least corrent to operate them: it is for this reason, therefore,
that a good voltmeter must have @ very high reisgance—it
may be as much as rooo ohms per volt and the current
taken would be cnly 1 milliampere, the best type being the
moving-coil patiern.  This tes on the principle of a
coil moving in the field of a permanent magnet. It is only
suitable for use on direct-current circuis and being of the
polarized the leads must be connected up in the correct
manner to the needle of the instrument across the
dial in the right direction. If the leads are changed and
connected the wiong way mound then the needle swings over
in the opposite direction; al a meter will often stand
current in the reverse direction, it may possibly damage the
reedle by caudng it to hit the stop pin very hard, thus patting
a strain on some of the mechanism, Accurate meters are
gererally Gtted with an adjustment which will retun the
needle to zero, thws enabling it to be brought exactly to sero
on the scale before the instrument i used.
Viltmeters can be obtained in variows voliage es and
also there are those on the merkst which cover readl-
ings, enabling vol to be taken of, say, o to 10 vols LT,
and o to 200 volts HT.  The lower readings are suitable for
testing filwrnent voltages and  low-pensbon. battery voltages
when the ==t is working.

Milligmameters.  The anode current consumed by the valves
in a ser i3 a0 small thar it 5 very seldoan that an ammeter s

psedd. To measure these minuie corrends a milliammeter 1w °

umerd, which & s0 arranged that its pointer  indicates
thousandths af an ampere, as milliamperes,
When & millinmmeter i:juinnd in the anode elreuit of the
55
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power valve, it i thle and very imberesting to test for
correct values of H.T. and grid bias, also to observe the move-
ment of the needle when the latter is incorrect.  The grid
hias should be adjusted to that stated b:,- the makers of the
valve and the set switched on, it being wmed to 3 station
%:wng a medivm amount of volume.  If the biasing is correct
e needle will remain steady and the reading on the dial
should be noted.  Switch off the set and reduce the bias a
little.  Switch on again and it will be observed that not only
will the needle no longer be steady, but the current from the
H.T. battery will have increased, thus indicating that dis-
Wﬂmﬂfmnﬁuﬂ a3 before stated, H.T. current is

b:lrg used wasteful
If the =ame up-:mm:un is gone through, but this time in-
creasing the bias on the valve, it will be seen that the nesdle
of the meter tends to kick upwards on strong signals;  at the
same time the anode

current from the bat-
tery will deerease,
coupled, of course,
with distertion. When
the necdle of the mil-
liarmmeter kicks both
up and down the dial
and no alteration of the
l;.'ﬂd bias will correct
it, it can be asumed

—Tha morking that the valve is over-
wmﬂﬁmgm‘;:u?ﬁﬂ loaded, that s to say,
that the input of

set iz rather greater than the vabe can handle. IF the
po-mr valve is overloaded a more suitable valve must be
used in the last stage or the input to the receiver reduced.

All that is NECEREATy i to reduce the sigmal input slightly to
that point where it doess not result in overloading the last

valve,

Cuorrent, Voltage and Resistance.—I have already
* shown that current, voltage and resistance have a definite
relation to one ancther, the relationship being koown as
Ohm's Law, and in any circuit knowledge of any two factors
enabdes the other to be caloulated, MNow i & circuit is
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“ppened ® and an ammeter i3 inserted the necdle will
indicate the amount of current flowing. For example, if
the meter 18 designed for s madmuom reading of mA and
if inserted in a circuit so designed that one milliamp current
flows, it i8 obvious that the needle will be fully deflocted. -
“This is known as full scale deflection or F.5.ID.  But if the
woltage is higher or the resistance lower then a_current
greater than 1 mA will flow, 3ndunleu.pmuur.mum
taken the needle will hard againat the stop pin and the
meter mechanizm will be damaged. In cases where we
mhtatakcmmtmaﬁnpbﬁuﬂtﬁtfﬂlmm
of the meter, we must armnge to by-pass the current which
|5mtmnftha.tw1'ucﬁlhllzwcFﬂ.]} af the meter.

When measuring’ @& voltage the voltmeter is connected
meross the source or terminals to which the vol is applied,
and in this case, if the voltage being measured will result in a
current in excess of the full scale reading of the meter, resist-
ances will have to be in serfer with the meter, and
1h,ctwom-e]mwdmpﬂmﬂﬂmtht}mmufm The values
of the resistances are such as to limit the current again to
1 A or less with the type of instrument just refereed to. A

| — i tngr the ol
i i i o gy S i s b
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parallel shunt direct across the mecter would not function
i ily in this case as it would have o be pracically a
dead short-circuit, especially when measuring high values
of volisge, Summing up, therefore, whether used for
measuring current, resistance or voltage, we do, in effect,
actully measure the current ﬂmn‘zf through the circuit;
and the basis of the chmmeter or voltmeter 13 an amroeter,
If the current to be measured is in excess of that for which
the meter is designed the exeoss must be by by &
shunt-resistance; whilst if a voltage is ied which will
result in excess current being pased through the meter the
Etmmismichd e use of resistance(s) In series with
meter.

A Practical Test in Measuring.—We can now peroceed
with a practical demonstration by testing the three-valve
citcuit which has already been descri 1 .
Fig. g1 shows the receiver in pictorial form, but with two
meters edded. These may be a single instrument in which
by mears of switches or plugs and sockets the nstrument
may be made to measure voltape or current.  As explai
already, vol may be measured without interrupting the
circuit whikt for current readimgs the circuit must be broken
and the meter interposed.

First, then, the meter shown at the foot of the di is
mv&mm Tl'he . cﬁmm lea.dsnn#tbcu:h: g

nertive is on to poant on i
(LT —}ﬁ of the receiver.  The ;:rﬁwlmdma.?thm
be placed on the points indicated by a X, making quite sure
that the setting of the instrument is suitable for the voltage
being measured.  To obtain the highes a:cumctthemem'
should be set to the highest voltage range. The readings
will indieate the voltages actually applied to the vabees and
this prove whether the anode drenit is complete or short-
circuited, and also the state of the bias circuit where one is
used, This ferm of testing may be emploved with any

: LT, vol hich should be checked
“A"™ gives the LT, voltage which sh be chec
with the valves switched on.

MNext the current may be tested and the meter for this is
ghrewn at the of the di Here the two leads have
to be dn a3 already stated and to check each stage

ADDUT METERS a%

the cireuit must be broken whers the letter X is shown and,
again, the polarity of the instrument must be chserved.  The
negative lead shoukl be connected to the valve side of the
opened connection. It will be noted that the H.T. lead hes
I:u:nﬂcmdcd' with a letter X and if this lead is opened
and meter is inseried it will indicate the total HUT.
current taken by the receiver and when the set is switched
off it will indicate whether or not there is any leakage, “There
should be no reading in the * Of ™ position, Similarly, by
adding together the current shown at each stage this should
agree with the tetal of the negative lead—any higher reading
indicating & leakage or some additional polat which has net
been taken into account. . i

The most important peint to bear in mind in copnection
with simple Elﬁrh that the type of voltmeter which is
used mao',l: give [alse results, For accurate measurements a
meter the type known @ a ™ high-resitance ¥ in-
strument should be used, and this will eonsume only about
% or 1 milliamp. per volt. If a cheap low-resistance meter
i emnployed it may take & much as 1o milliamps. o drive
the needle across scale, and consequently if this is con-
nected between the anode of & vabve and the ILT. negative
it will pass that high current, and &5 a result it will indicate
that the voltage Icft at the anode is very much lower than
it actually is. The mest accurate type of voltmeter is known
as & " valve voltmeter,” in which the current changes in a
valve are actualfy indicated, and this consumes practically
no cirrent, and as a result gives very accurate indications
of voltages at all parts of a wirebess set.  The cheap meters,
may, of course, be wed, provided it is boroe in m:i.m:l that
they will cause this additional voltage drop, and il allow-
ances are made for this they will give quite pood indications.
But for real servicing or i use, the meser shoubd
he of a type having a resstance of at least 2,000 ohms per
volt. This mesns that if the scale reads 1o velts, the total
resistance of the Instrument i go,000 ohms,  IF the Too-volt
seale is used, the resisiance would be Zoo,ooo ahms, and
o0 Gk

T




LESS0ON 10
Testing Without Instruments

Cerram simple tests can be carried out witheut the we of
Instrumments.  In the case of a simple battery recciver, it may
be tested withowr any Instruments inthe following mannser,
Assmirne that the LT, H.T. and G.B. batteries are in order.
Disconnect the wire which is joised to the detector-valve
anode or plate terminal of the valveholder,  Connect up one
Iead of a pair of headphones to the terminal and take the
oiher lead stralght to H.T. positive,  Switch on the sct and
rote il the signals come . If there are no signals tap
the glass bulb of the valve lightly with the tip of your finger.
If no nofsc [s heard the valve is broken. To ascertain this
simply remeve the valve and plug one of the other valves
from the set in ity place. Buppesing that no matter which
valve "I‘a‘utﬁrlug in you can still hear nothing.  Bemove the
wires which are connected o the T terminals of the valve-
holder and obtaln two new piecs of wire and attach them
to the * F " torminals amd straight on to the sccumulater,
J-the valve now weorks, then the filament wiring in the st
or the leads from the terminal steip down to the accumulator
are at fault.

With all leads of the flexible varety having clamped-om
spade onnoctors, or similar devices it often happena that the
wire gets broken, but the conmector is held in position by the

cotton COvErng.

Mow that leads have been checked over snd found correct,
there anly remain the connections Fom the L. terminals
on the set o the valvebolder and the terminals on the valve-

5 ri“':m“hz joini accumulator direct to the valve-

n 1 an r
hl;:;mnmhmg is Imdpmm{ht ‘pheones, mmf}?hadhﬂ
which can cause this trouble is the H.T. negative lead and if
ﬂﬁnhjninadmthmbymenlﬂcnfthcﬁuconl}r,huhnﬂm
fiase. TF this is in order, remonve the ELT. negative lead from
the terminal strip and join it to the LT, negative terminal.
i

TESTING WITHOUT INSTRUMENTS b

Mew take gl
case where on
ennnecting  the
*phenes nosgmals
can be heard,
but the valve

“ping!{" mTt:'I?'
Ping e L2 mir gmc—d oo itor, wod iall,
shows that fila- - 5= n:-‘hmd{; M:rmmdm.
ment and anode

circiits are correct and the touble must lis i the tond
arrangements.  Try a different coil, or, il some complicat
switching arrangement is usexd in the set, wind or obtain a
sirnple Go-turn enil and connect one gide of it o aerial and
one side to carth, Disconnect the aerial terminal to the toning
eoil and alse the lead from the tuning coil and for condenser to
the grid condenser. _]'ninr]ranri:f inal to the prid con-
denser and again oheerve whether signals come in,  Ifthey do,
then the tu:nlng eoil i at fault.  There are one or bwo other
simple tests which can be carried our.
. e, signals are not heard after the
simple coil test, then the reaction cirouit has broken down,
“The reaction circuit consists of coly a reaction condenser
and coll, &n that one ean soon find any fault arnsing here,
and the absence of reaction, when the maximum HUT. is
applied 1o the vahve, will show that the reaction circuit is
faulty. Mow pas on to the first LF, stape,  If, when one
attaches the *phones to the anode terminal of the detector
valve, the signals are heard, proceed as follows: Bemove the
lesd joinimg the anode terminal to the second valve, and join
the "phones to thi as before described, taking one side of the
» direct to the HL.T. battery in order to eliminate any
ocoupling resistances or other parts included in the anode
circuit of the valve, If signak are still guite in order
on o the ingr valve, and 3o on. Iﬁh?mrtr,,mt{i?ﬁ
can be heard, the first thing to do is to test the valve, It is
correct, then the only components used to couple the detector
valve to this one are the T.F. trans-
. former or RUC.C. components.

{ = w Substituting other parts & the
easiest way of finding out what is
Fig, aq.—d shople dndsrtonee,  wrong,  IT one cannot obtain
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substitutes, the primary and secondary windings of the L.F.
transformner may be tested for breaks in the following way,  Dis-
connect all beacks from the transformers and then join one primary
terrminal to the positive socket of 2 grid biss or pocket-lamp

. To the other primary terminad join one side of the
‘phones.  New join the other lead of the *phones to one ade
of a high resistance—such a8 & grid feak—ane the other side
of the rreigtance showld be carefully touched on the 1f-volt
socket.  IF & seratching sound can be Teard in the "phones
then the primary i wnbroken. I however, nothing can
b heard, ry the ?-vi:ﬂt ancker and gradually work wpwarnds,
If nothing can be heard at 12 volts or so, then the primary is
broken, Test the secondary similarly,

With 2 simple voltmeter andfor millimnewer, the re
ceiver may be tested at gach stage by ncluding the metes or
mieters g8 shown in the leat lesson,  The diagram showed how
the voltage ai the ancde of a valve may be obtained by con-
necting & voltmeter acress the valve, This will sometimes
give a false reading in certain casms owing to the shunting
efiect of the resistance of the meter.  Hewever, if the volt-
meter is connected across the anode load resistance the
veltage drop which oceurs will enable the anode current to
be calculated by the simple application of Ohm's Law, as
also, if it is connected acros the biasing resistor,  Alter-
natively, il the anode cirevit be opened and a milliammeter
be joined in series (either at the ILT. or cathode end) the
current indicated will enable the resistance values to be
cheeked (knowing the voltage applied].

A microammeter in series with the grid of an LF. valye
will check whesher or not the valve B running into grid
current,  IF a resstanee is to be checked it may be conpected
in series with a batery and milliammeter amd its vahe
caloulisted m the absence of an chmmeter,

LESSOM 11

We have now obtained some practics] elensentary experience
in building and testing 2 simple receiver, and we have abw
learned t the units of current, ressstance, and pressure
{amperes, ohms and volts).  Although 1 have only bricfly
trwsched it T have also referred to the copacity of & con-
denser the fnductance of & coil, Condensers, as i well
known, are of two types—fied and variable. The latter are
always wed in connection with an inductance for tuniog

We know that the unit nl‘ugm:ityiat]-wl‘md;
EEE unit of inductance iz the henry, with subeunite of the
miliheriey (ome-thousandth of a henry) and microhenry (one-
millienth of 2 henry). When 2 of 1 volt is induced
through a coil and at the rate of 1 ampere per second
it is sl bo have an inductance of 1 henry.

Mow belore we can undersand what inductance means it
i necessnry to deal with what happens when current is passed

a wire. Until quite recently it was believed b
seientists that an electric current was a kind of fuid whi
travelled through & circuit from the pesitive pole of a battery
to the negative, whereas it actually in the revene
direction. It is general now that all matter,
whether solid, liquid or gaseows i composed of atoms,

The atomic is that there are certain substances
called elements which consist in their purer state entively of
atomns of one kind only. Copper i such an element and it
comsists of copper atoms and pothing ebe, Carbon & abo
an elerent 50 i% gilver and platinum.  Substances
which are not elements are called compounds and they are
made wp of groups of atoms of various kinds. ‘Thus, water
consists of hydrogen and axypgen, two atoms of hydrogen
cmwﬂlnmdh}ﬁ],mﬁ:mnm&dmtﬂ:
I is for this reason that chemical symbal of water i

H,O.
Although that i the basis of the atomic theoey, recent
iy

— b
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investigations have shewn that it s not srictly correct.
Hitherto, it was thought that the stom was indviable, We
ninw know that it is divisble and this discovery has revo-
hiticnissd seience for it has proved st all elements and
compound, whether solid, Bauid or gaseous, hese the same

w differently arranged.
atom i a body of unimaginable smallness and it has
been ealculated that if a drop of water were 1o be magnified
s the size of the earth, the ators compeaing it would appear
to be about the size of 2 cricket ball.  Tn reality, of course,
an atom is like a miniature solar system consdsting of & * aun ™
with an attendant retinue of . The sun or central
bu-dyism“ed:?:

nuckous &t a speed
nl'habuut 1,000
i d
Fie, 34— sl it i i, Gt ity sl bt o this
#i albamind mmla a o _mf.r .”w‘d“'w}ﬁgﬁ S])ﬁd the
" nuckus which is
itively charged, would attract the negative electrond and
mml
Matter

ol b pulled in towards it.

in its mormal state has all itz atoms in 8 tranguil or
imert condition, Fach stem has its vight amount of electrons
rotating round it and there &re no external electrical eficcts.
If, by serme means, one of thes: atoms loses an eleciron its
stability is upset, A little bit of negative electricity has been
mhmmuulmmn:hpﬂﬁmcm‘d remains,  In
ather equilibrium has bedn dest The whale
this amumes an excessve positive charge and it &t onee
endeavours to attract into its own system any free electrons
which happens to be in the neighbourhood. In this com-
dition it is known a3 & pogtive for,  Conversely, if an atom
is given an extra clectron, then it has a siperfluity of negutive

ARDUT IKDUCTANCE G5

electricity and becomnes a negative ion. Al this leads up 1o
my next point which is that a conductor such as a copper
wire, may be reganded as a substanee containing electrons
which are locsely bound to their ive maclel amd
which, under the influence of some force, such as the electro-
motive foree of 2 battery or maine voltage, are easily made to
move from one atomm o anether in @ SysieTnatic manner.

Iny non-conductors, or insulators, the dectrons are bound
tightly to their nuclel and weder the influence of the sme
forve are very hard to move systematically, alihough they
can be slightly displaced. Among good conductors of ebec-
tricity are meiallic substances, the atoms of which will readily
part with an electron. A perfect insulator does not, ol
COURRE, eXist.

The force required to bring about & systematic movement
of electrons is, of course, the eetre-motive force.  Now what
happens when
2 current Hows
along a cop-

wire? The
Z.MLF. in this

ting water a pipe, the water eventually retusing w
the pump. In the bartery the place of the pump is taken by
the chemical action of the' dectrolide, the substance in the cells
which removes electrans from the positive plate and transfes
them to the negative, whenee they travel vis the cutskle cireuit
hack to the positive terminal,

At the negative terminal of a battery there is a superfiuity
of elevtroms, Let us traee one of them through & copper wire
joined o each terminal of a battery. The ehectron rushes
off the terminal and hits & copper atom, knocking an electron
rut af its orbit and taking its place,  This displaced eleetron
rmhmagainslﬂrmnmdriﬁnngmdﬂmmhhe
and n'urp}ri: its place. Thus a wave afl isions passss
down the “"Ig\'., until the detachable clectron nearcst the
positive terminal i driven ouwt of its place.

C

e =
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Ly in Lag When the cure
— U — T —— T = rentisfirstswitched
[+ thmnﬂh the
conducror, these
l—ﬂj’mo‘t..[ linesofforoespread
AR aut fram the mid-
dle of the con-
L oo e o
. an

Fl.r.a&—?’ﬂp,hﬂﬁa&mhm Belyrw, inductances | o4y they reach a
# maximum. i
larly, when the current is switchesl ofTthe field offaree gradually
beging to diminish.  This Beld of force may be roead s &
kind of imvisihle shesve formed roond the wire,  The field of

foree 15 not in the least hampered by insulation.

Indoctance.—We have already seen that a current
experiences difficulty in starting to flow and abo in stopping,
This means that a conducter, ﬂ'rmatllf one in the form of 2
helix, solencid ar cim:arm '1 s ma]m which
pases through it uctance is the dectrical equivaleng tn
mertia in mechanies. It is diffienlt o star o motor-eae by
pushing it, but arce the motor-car i inomotion it s ualh.
d.].ﬂi-:ultmnogit. The inductance of a Je :‘1
d.c{madsclnm nlsz.r.ramg:d oF WO

When the wire is its indwctance s at
a minimum, but if it iz wuu.nd into & coil the indurtanee is
much greater, while if an iron core is placed in the coil it will
be at maximum.  If two or more inductances are jeined in
series their total effective inductance can be found by adding
their several inductances together.

The symbaol for inductance is * L™ and thus with in-
ductances (ooils) connecied in series, the total inductance in
henries is:

R e e e S i
imilarly, i anced are jomed in pa ir to
inductance is:

1 1 I I
T o DRy
L '1 LI La
Thas, inductances in series and paralle] follow the same
mathematical rule as resistances m series and paraflel

AROUT IMDUDCTANCE ﬁ]l

In addition to tw effect cansed within the wire when a
current i pased through it, there is another curioons effect
outade the wire, When & current of electricaty Bows along
& conducter the !.'ul‘tmmd'ing v:t]'u-.'r 15 1a a state of strain.
Thiz is & magmetic strain, thae is o say, the wire is surrounded
by magnetic lines of force in the form of concentric circles,
andanndmnl‘lhe:mamlfmhmnfﬂmm be:dumn.erl
by making the ample experiment ilhegrated in Fig. 35.
insulated wire connected to a hattery is passed thmiﬁ
hale in o sheet of paper.  Ivon filings are mn
the paper, which s then be shaken very geml-g.I It mll
be found that the filings will areange themselve: in concentric
rings round the ponchetor, are close together nesr
the conductor, but become more widey spaced as they
spresd out From it

A further experiment ﬁ:i? be made to illustrate the pro-
perties of the magnetic d swrounding a comlucter. A
covered wire W, (Fig. 37) is connected o a souree of dinsct
cutrent. The wire should be laid flat upany the table in 2
straight line, Paralled with thiz wire a second wire of the
same gauge and length W, is aml connected! 1o a
galvancmeter G, I the switch 5 is closed the needle of the
galvanometer will give a *“ kick™ showing that 2 g of
current flowed in this secondery ciewl. Another = kick ™ will
be olserved when the switch is opened.  Se RS CLITEIE
i fowing steadily in the circuit connected 1o source of
direct current { e
feintdry  eircuit 't
currend will nat
m the other, but
there will be a -
momentary fow in
the latter whenever
the switch b apered
or closed,

When current is
switched on in the 'l
firat circuit the field I
af force Degins to  BAEFRY
Build agp in W, and
the ex lﬁﬂg cir-
eles ‘Pﬁ::j::l the

Fap. at—dAn serivent bo siow induction,

e i
[ = ———————
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6l
allel wire of the other circait as they spread outwards,
?:r other -n;yurdis, the ?]‘fu%moftgfm mu:l:lr}rd are sel
in mokion the ex: i primary thus pro-
P v ducing & flow of
current in the
. When
the lines of foroe
are slationary, 88
they are when 2
stescdy current i€
flowing in the
riIm e Fl

Fig. qil.—{Hagram H'J.l_mripr et i mreaad by mmbs! E ap?;gr},g in tni-i
ireduckian. seermalary, but as
s a5 the current is switched off the collapsing rings of force

will again cut the sccondary as they move mwsrds.

Mew if you wind wires W, and W, in the form of coils, the
effect will be more strongly marked, The spurts of current
in the seoondary arve termed induiged carvent. It is not necesary
to switch the primary current on and off, for by mevely vary-
_ir.,g the Pn'm' ary current mnﬂpﬁnd-lmﬁ wariations may e
induced in the secondary,

This inductive principle is met in warious parts of the
modern receiver. Mot only in the tuning coils, bat in (he
IF. transformers used in a modern superhet receiver; in
L.F. and mains transformers, and in many trouldes such as
humn coused by the proxirmity of an acrial lead to the house
mains wiring.,  Many hom trouliles are due to the latter fci,
as the mains wiring 18 huried in the walls and the listener
rins a lead from the serial to his set down the wall and per-
haps it runs paralke] to the wiring, with the result that the
hum from the AG, supply is induced into the serial,

LESSON 12

Awy conductor poseasss capacity, that is a capacity for
storing up electrical energy, 2nd this capacity depends upen
the size and the shape of the conductor.  If two “Pq:";wl}“'
clharged conductors, metal plates, for example, are ught
close ther the difference of potential between them =
lowered the inductive effcct of one plate on the other.
In erder to bring the plates to the poteiial differmee (PD)
which existed belore they were brought clese together a
higher potential difference will have to be applied.  Thix is
an arrangement whereby increased capacit can.hc abtained
and the instrument, or component, used for this purpose is
known as a condenser,  Comilensers miay be varizble or fized,
TMow take the case of o charged condenser.  The negative
charge coming from the batiery to the megative plate of the
condenser vepels 2l electrons (they also being mi;t} anl
drives these that are free miuupmt;:ﬁgxt They cannot
move Erther away because the dieectric (alr, paper or mica)
or gap that they bere encounter offers a very high resistance
w tt?-ut ir passage. :
But EXCTCRE &
lrtmc.rg:m attrag-
tive force upom the
positive fons of the )]
plate which crowd
o saidiiiasdess O
Fig. 39). The
atoms in the air gap
have their nucle
strained towards —
plate A and their Fip. sn.—Disleciriz sirain in chamed rondevier,
electrons towards )
plate B, This is known as diefciric strain,  Asume the two
plates of a conderser, like thwose in Fig. 54, are given a positive
and negative charge, I we connect the plates together with
Gy

L ii—
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p\v{mtﬁgmplm n-ngatim: t]l:l;mnn'rh:nqcpdivz plar.e
rish wiolently along Ewwg:mjuin t'hﬁﬁhfﬁainmmtht
pasitively-charged plate. great is that too many
electroms crowd on o the positive ard, finding that
ﬂ:fhmcmmmgc&lﬂveiommw' they can join, they
rush back again to their orgginal plate.  Iere the same thing
happens again and =0 & number of suspe to-and-fro take
the wire wntl equilibriven is rvestored. It is
:mpmﬁnttﬂlmdmtmﬂmmaﬂthisubﬁplweinmin-
finitesimal part of a second. If a5 is shown in Fig. 4o, the
cmmbﬁjgadwiﬂ&amlhuuugmmﬂlpﬁtht
surges of electrons will oceur at a lower rate,  Om their way
from one plate to another they, 20 (o speab, bose time in
huilding up lines of force around the coil.  As these lines of
foree collapse energy iz prven back to the creoit and the
plates become eharged in the oppesite direction. s
Nmmﬂummﬂmpﬂwmmthwmmmawg

affect Ohm's Law as it relates to DWG.  The formula 1 = —
24

no In applies, and for p of caleulation we must
malu:ﬁrod' Ohm's Law fo:ré"l. .» which 1s;

1l =—
el
where [ — Bequency
L = inductance in henries
o = 51416 ]
The expresion 2ef1L is known as the frfurlice renetonee (L),
For a circuit having inductance and resistunce the forrla s
WV

Ie= o fe

EE 4 (2L} )
The denominator of this formula gives imedince which you
will find in rulio formulae dencted by the letter £, Impedancoe
is always expresed in ohms, :

Solenoid.—A coil such as that formed by winding a layer
of turns of wire om to a tubular former i known as a mlmond,
Tfa enil of this kind is made and connected to a battery it will
exhibit all the properties of & permancat magnet. It will

INCUCTANCE AND CAPACITY T

attract iron and steel filings and, again like a permanent
magnet, it has a porth and south pole.

Ampere Turns, Flux and Density.—[t can be found by
experiment that the strength of the dectro-magnet, so called,
depends upen the number of turns which it contains and the
amount of current which they earry. This relationship is
knonwn ad amyere fmis,  The flux is the number of lines of
ﬂm:epmn‘ngr}srmghlham&!arﬂthﬂu:dm.ﬁmhtba
vmber of hnes of force per sgquare centimetre of the eoil’s
section.

Electro-magnets.—hAn clectro-magnetr & formed i 2
solenotd is wound on & core of soft iron.  If an ivon core is
“inserted in & solennid it will be found that the fux will be
considerably increased beyond what it would be if air were

2!

Fig. gro—Ciresd) élfnctrating mutsal fndvectian,

wiexd a5 & cong, This increass of the flux varies with different
aqualities of iron and also depemnds on the extent to which the
i.ran ﬁu& il nugﬂerjt l‘:i.Tl;l.L.il.. T'Hh ch"uj IHI ]nu'mwn A8
permeability, and it is & property which s sometimes wsed for
tning purposes, . e .

Like the t‘h&sla.hng in an electric cincuit sefectanee s the
e aticn which 0 be overcome in & magnete ciroit
1:5":: the flux can be patablished. The reluctance or mag-
netic resistance of a piece of particolar material depends upon
its length £, cros section & and permesbility g,

Mutual Induction.--Now consider a coil A, Figz. 41, joined
to a battery and svitch and placed near or indurtively coufled
to a eoil B across the termi of which is joined & resistance
E. When the switch in crcuit A makes contact the current
takes a fraction of a seoond to reach & maximuom steady value,
The magnetic field created by this current cuts the ccal B and

J*. 40, — Londeer
Wlmﬁmim
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an electro-motive force is induced in it which will cawse a
momentacy curvent to fov through the resistance . When
circuit A is hroken B will be cut by the decreasing number of
lines of foroe amd & reverse or fock EMF will be momentarily
induced in B, Thus each circuit will exert an inductive
elfeet on each other and henee the teem mutnal indnction.
Mutual induction, then, it defined as follows: Ifa curremt
changing in cne circuit at the rate of 1 ampere per second
produces in the other circuit an EMF of ¢ volt, then the pair
of circudts ase sabd to have a co=elfcient of metual indueetance
of 1 henry, :

. When the currents in the two coils are in such direction
that the magnetic fields oppose cach other, then the effective
inductance of the two coibs will be decreased by the amoust
of mutual indection.  If, on the other hand, the direction
of the currents is such that the magnetic felds do po oppos:
bust assist each othwr, then the effective inductance of the two
coils will be increased By the amount of the mutual -
duetarce, This effect ocours in coupled oscillatory circuits.

LESSON 1y

Condensers Explained

Anoraer type of condenser in use to-day i the

i conclirisey (o2 Lesson 14).  In this type two plates of
different metals are used and they are immersed in a chemical
sedution or paste. . Whena ial is applied, it causes a film
to form over one of the plates, and this film forms the in-
sulator or dielectric,  Electrobitic condensers have positive
and oegative poles and it is the positive pole which takes this
[l The vesult of the film formation is o cawse the fow o
current to cease and so the two plates formn the two electrodes
of a condenser.

drna:;; Itth:i“ b
secit that metal
plates are separated Conagceind  afetal fo Chnneriing
Hﬁdmnfw' Dielnetric Bhoen thod TR

ch, of course, in- i : 5
sulates the two et & $1 dapemmelc refmmtulion. of o fd
of plates 1o which
thee Wnnbc-l;lng wires are attached, The diclectric may be
air, paper, glass or mica,

Variable Condensers—Fig. 44 shows a wm?akl' - com-
“denger. This i3 mainly used for tuning purposes. It consists
ol & seriea of fixed and rooving plates which do not wuch one
another, and, indeed, are insulated from one another. The
ﬁrmhﬂwﬂnt&ﬁ:ﬂmﬂmﬂﬂuﬂ:ﬁmthe
diclectric. lthll:m;da\wiab]c cm;mb&mw lhri'
capacity is variab t is neoessary to the capacity o
this conderser which is, ufmw,tmmcminmhlwith
the tuning coil {one end of which is connected to the asral
and the other to earth) in order to tune the recdiver to the
desired wawvelength, On the mediim waveband receivers
are designed to tune from about soo metres to about /50

k]

L T
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metres, Thus the moving conderser vanes should be half in
{or half out) of the fixed plates when receiving a station on &
wavelength of between goo and goo metres.  In passing it
may be mentioned that the moving plates arc always con-
wectod tr carth in order h:h:hﬁnnw what is 1:5:1:;;& hand
capacity. Il connected other way rou tuning
wiou {n affected when the hand is placed on the tuning
knol, the hand itself providing additional cagacity to earth.
The earliest variable condensers were of the steaight-line

v 43— Dhetaily af ghe ] Fig. —ad
Fig. 43+ “ﬂg"wﬁnp:wgf .g-t-lm

capacity type in which the plates were semi-circular with the
apirsdle i the exact centre,  In this type the capacity changes
in proportion to the anghiar wovement of the tuning knch.
That is to eay, for every 1o deg. movement of the tuning
knoh the capnn;tg will vary exactly the sme amount.  As
the wavelength of the tuning coil is not direcily proportional
o the eapacity of the variable condenser the e of this type
caumec] all the stations to be bunched at one end of
the tuning seale but widely separated at the other.

To eliminate thi trouble and emsure that stations were
mere evenly distributed around the tuning seale the square-
law condenser was introduced, This has vanes which are
serni-circular and the capacity does not vary in proportion Lo
the ar mevement of the tuning knob. For example,
if 40 deg. on the dial represents goo metres and o deg.
movement represents 4oo metres, then a Go deg. movenent
woukl indicate g50 metres. For station identifieation this
it admittedly extremely useful althoagh it does not overcome
entirely the disadvantages of the struightdine capacity Lype.
For example, it is ofien found easier to separate two stations
at gro and §oo metres than it is w0 eparate two stations of
expcily the sme pewer working en wavelengths of oo and

CONDERSERS EXPFLAINED ?ﬁ

fio metres respectively. It will be observed that in beth
cases the stations differ by 10 metres, but actually one pair
will be closer topether on the tuning scale than the sther,
A square-law condenser B 80 termed becawse the capacity
increases as the square of the angular movement of the 1
plates; and it will therefore have a straight wam
curve insted of, as in the old semi-cireular type, a straight-
line capacity curve. The wavelensth will vary directly as
the movement of the plates.  In other words, if & rmovement
of 10 deg. of the moving plates varics the wavelength say
1o metres, then every 1o deg. movement will vary the range
by 1o metres.  OF course, this will depend to a cxtent
oar whether the set is a “steaight ™ or 2 super-het, length of
aerial, desipn of tuning el, ete,

Dﬂ't:rmtﬂpcu of variable condenser are the sireiphi-line
Jrequincy Log-law condenser, or more eorrectly the logarith-
rmc;mda_ﬂu. With 1!1.1:& ithmic eondenser where each
set of moving vanes can be moved separately, it i simply a
matter of advancing one sét in Font of the other, so that
mﬁ:@ngﬂﬂ&&% at the top of the scale, when the

pe vanes will result in ing being pre-
served throughout the whele length, gn‘?l?‘l‘.|:1:]lg,,’l-ﬂlzﬁ' mm,ptht
trimmers hive been adjust=d (o mm capacitics.

Condenser Values.—The following shore table ghoes
approximate values for condensersi— o

Acrial Condensers, -0001--o00g uF,

C.;:Hiu! Tuning
wlenser,  WLW, i

LW. 0005 pF, @ e — sty iy

5.W. rooo1 pF,

U.5.W. roooog

Anode Tu ning
Conderser, MW,
L.W. ooooy er

000§ pF.
Ancede  Coupling
Cimdemer, «ooon=

Meral canp

ooy pF, Ciic _
Grid  Cond 3 Fig. _4‘,.—-0.".: _ﬁﬂr;ti;km
o =g, L shote mathed af consfructizg,
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Direet Anode Bypase Condenser, «coor—oong pF.
Remtance-capacity Coupling Gmdmw ol 1-pF.
Decoupling Condenser HF. (MW, LW, and S.W),
1=1 pF, USW. o1 —-|FF.F
Mrﬁlmg Conmlenser (LF.), 2-& pF,
Sonoothing Conclenser I:Mu.ru Umt}. z-fio .
Condensers in Series and Parallel.—Unlike coils and
reszstances, condensers connected in parallel will have a total
capacity equal to the sum of the values of each condenser,
whilst condensers connected in series will have a total capn.ci:}.r
ciganl to
1
+ — ete.

I 1 T
c G 'C.‘,
Ilmﬂﬁctcfcmmmmmndminpuaﬂdjstu
increase the capacity and in series to reduce it

The ity of & fized condenser nils the num-
ber of plates amnd their total area, formula for
ﬁﬂh‘gdﬁamdnnﬂdmhaﬁﬁﬂlﬂh&{ﬁmﬂlﬁmin
inches) @

o2es KA EKExN

1, o060 000 1
Where K — the dielectric constant
N = the number of insulating strips
I} = the thickness of the insulating material in

inches.
A = the area of one metal plate in square ine
T]:u:rﬂ-m't,. to Aod the capm:. of a coo ur BAY,

6 copper foil plates each 1 in. § in. with mica frmulators
esch oooog i thick, proceed as before;
o5 ¥ (1 X o5 X106 x5

1,000,000 ¥ On00e
57315

=

O
= ool F.

LESRON 14

I save already briefly touched upon electrelytic condensers,
but it i pecsssry now to explain in greater detail how they
work,

The main advan = the relatively IEI.I‘FI: capacity
obtxinable for mtﬂgcw d.ummw Ihey  differ
radically from cther types,  We have seen that o condenser
is & deviee for storing electrical and that in §ts simplest
form it consiets of two small meral gﬂﬂ separated by a layer
of irsulating material, such as ebonite, glass, waved paper or
air, We have seen that an eleciric current s in rpeality the
moverment of small particles ealled electrors amd that o
conderser acts as & sort of clectron reservoir,  IF we apply
the poles of a battery, which is in effect a kind of electron
purnp delivering electrons at its negative pole and receiving
thean back at the p-cﬂtrrc]:-c-lc.tn the plates of the condenser,
then ourd;?]‘g:c aoquire an excess of electrons and the
other a 8 Thcanmmtafdcﬂmm which can be
* poured * dnto one plate of a condenser or drain from the
ather constitutes
the * charge
The ameunt of
the charge pro-
duced by unit
[ressure (1 mlt}
J& 3 mesEsune
the ecapacity n&'
the condenser.
We  kmow
the capadty of a
condenser is
ysually meca-

syured in micro-
farads and thae 1
Hm -c,npa.cit:.r . Fg.g&ﬂ.ﬁn‘#rnf:\ﬁmmmJn

Cr

o g e e o e e

e T
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controlled by three
things: the effective arca
of the plates, counting
both sides; their dis-
ance @ aml the
AT the dislectric.
D B
g 47— The Japular " Arger

= me;rhm Te the eapacity, and the

cleser they are placed
togetbeer the mode tee capacity will nerease.

.n"..cf.uaﬂ}' the 'I'_I:I?ﬂti.t}l not vary ﬂirﬁ:l‘]r with the dis-
tance between the plates, but is inversely proportional o the
square of the distance, Thus, i the datance &&= halved the
capacity becomes four fimes as great, and vice-versa, [t is

kv that seme dielectric materials give a ‘capacity for
a“g:-m size and distance apart of the plaes 1 do others.
! is called dislectric consterd.  That of air is taken as unity,
whilst most other

substances show .

a higher figure.

If two plates arc
fized 2 certain
distance & in
Rir, iding a |

capacity of, say,

1 rmcm&.ml:l and |
a piece of ebonite
is slipped be-
tween the
samme sixe and
distance apart,
their capacity

will be increased |

two or three
timses, IFin place
of the ebonile a
piece of ruby
s i used the
capacity may in-
cresse as much
a5 eight times,

. gl omdond aw AL ] "
i ernﬁmﬂjfw. e

THE ELECTROLYTIC CONDEHEER T4

Thus, the didectric constant of mica & eight. The di-
eleetric, therefore, B of great ir:pou-um in considering
the efficiency of a condenser, for i it & a insulator
the dectrons collected on one plate will slowly leak
through to the other side and so the condenser will beeome
discharped. A pood condenser will held its charpe for some
considerable time. In the timehase of TV receivers it i
necessary to control the time of charge ard discharge,

If a condenser is momments
arily connected across a hi
tension  battery  and ¢
remmoved, it should be possible
unitninirn the two terminals
of the condenser together after
several hours to get quite a |
fat crisp spark,

A H" from a r's
ability to retain its charge
and hence to give back as
mich EEEY as 15 pot into
it, there is the question of
the dieleciric stremgth, I the
plates are very close together |
and the voltage (presmre) of izl
the charging current is very
high, it is possble for the
ingulation between the plotes
o Break down altome !
This is & common fault with
some of the cheaper receivers.
A spark jumps between the
plates cutting its way thro

the dielectric and so J
condenser is completely dis-
charged.  Dielectric strength, therefooe, & of great i

amce, especially in the power circuits of maing sets, the
various sulstances used as diclectrics, mica has the greatest
diclectric strength, paper is next and air lowest of all,  Thus,
the cllillffi:jtlllaliﬁﬂ-ﬁnﬂs of a frced condenser are good insulation
and high tric: steength,  Inosome cases, more especially
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when used in HLF, circuits, a condenser must also e non-inducitos.
This means that it Tust in no way have the properties of a
tuming coil. It must have no dnduebeece,  You may often
see condensers marked = non-inductive.”  How it & possible
for a condenser 1o aet ke a tuning inductance may ot at
first be very chear, but if you comsider the erdinary paper
condenser you will see the resson.  This type consists of Two
Jong strips of metal foil separated by layers of paper. The
two stripe form the plates and the paper the diclecinic. In
order to make the condenser compact, the whole thing is
rolled up inte a litle bundle with the paper between e foil.
Obwiously the strips now form small coils and i the con-
nection o each strip i taken from one end only, they will act
s mintature tuning coils. The remedy for this consists in
making contact with cach mrm of the foil.  This is done by
mangingﬁnrﬂmﬁuﬂﬂlmpmm:ﬂghﬂ}'ﬁmtm
sacdes of the bundle— one strip 1o one side amd one to the other.
These are over and coated with solder 5o thae all
turns of each strip are connected together.

Mow comdensers of this type are very efficient and quite
eompact in sizes up 1o 1 or 2 aF, but above this capacity they
become mather bulky, Clearly there i @ practical linit to
the thinness of the fuil employed, and also the paper di-
electric cannot be reduced in thickness beyond & certain
limit, ctherwise it will be Lable to puncture.

This is where the clectrolytic condemser stops in I you
compare the size of that shown in Fig. 45 with the equivalent
mn&mrm will see the consideralle swving in space

by the elecirolytic t There arc other
advantages, such as its sel e ies, but we will
deal with these while describing the principle and construction
of the condesser. .

Electrolytic condensers are of two types—" wet™ and
“dry.” They are both much the same in TAnoe, A8
will be seen from the two typical examgples illustrated in
Fir. 48, hu;u]t.::l’ﬁl&l the former rmtﬁ:'m a Diguid ms the
clectrolyie, the latter oys & paste, jolly, or steme alsodbont
material soaked in a :E'Iﬁun. i

The corstruction of an clectrolytic condenser is somewhat
similar o that of a dry ccl. Fig. 40 represents it dia-
grammatically, Tt consists of a centre electrode of aluminium
surrounded by the clectrolyte (Hguid or paste) and sn outer

THE ELECTROLYTIC GOMDERIER i

nxetal ense,  The centre electrede forms one * plate ™ of the
condenser arad the liquid (or paste) the other.  How a fguid
can take the place al?lz.u:ia more emsily understood il you
remember that the Hguid es ie a conductor of elec-
tricity—it is not an inmulator like ail.  Now, i the aluminiem
tod in the centre i one plate and the Tiguid surrounding it is
the other, wheee does the diclectric come in?  This has to be
“ formed.”  This is done by connecting the centre electiode
to the positive pole of 2 battery or other source of current and
the outer cose 1o the negative pole.  The cuwrrent from the
fhowws. first ﬁmm electrode then :]ulﬂuz other rhmngh&l‘.'lu
cloctrnlyte, in doing so E:nrh deposits a in
filtn of alaminiom cxide on ol.‘ntrl electrode. ".IN':I';’L: fillm
has a very high resis-
tance, and the thicker
it gets the more the
currenit s reduced
until a peint is
reached when only
the smallest carrent
pasEeE; in other
words, the film i to

sists of two plates (the
centre alumininm
rod and the electoo-

Iyte) sepamated by a
dielectric isti
of the mwr;}'m
film of oxide,

In practice the
centre dectrode
not & = aluminium rod, but asumes more oomple
shapes, his is in order to increase its effective anea. Wik
typical anndes are shown in Fig. g0, In each case a sheet of
alumirium foil supported by an aluminiom rod i used.

R yo—Tio st e dasigrs ueed in

DG Ooly—Yeu notice that T mentioned the cendre
elecirode as being connected to the positive pole when the

e T

et
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condenser 3 formed,  This polarity must alzo be observed
when it is connected in cirewit.  IF it is connected the wrong
way round, so that the centre electvode becomes negative
and the comtaines positive, then the flm will pass into solution
and the conderser will ceass to function. OF eourse, this
:Elhd Tirnits ;}':l'::d-.f tE:i comdenser to direct current cireuiis.
t cannot in alternating or high-frequency drouits,
for in such cases cach electrode becomes altematively positive
and negdtive.  Any degree of ripple can be imposed on the
D.C., providing it is not great encagh 00 cause o reversal of
polarity, that i to say, that so long os there is a igi
1.0, voltagre it does not matter what form the current takes.

In rmains seceivers where condensers are used for smoothing,
flter and decoupling circuits, the electrolyviic condenser is
ideal. It is easy to arrange for the anode to be connected to
the positive line.  [n facr, with the many types of electmo-
Iytic cordenser the container i ftted with a locking nut for
secufing the eondenser to the chasss the one-hole-fixing
method, and 30 if a metal chasis is w connection is aukp-
matically made between the negative electrode and the
earthed chisis. The positive connection & then taken to
the centre werminal, which ks screwed on the end of the anode
and i, of belirer the chasss, Inﬂzn,aa\ld«:{h‘g
tag takes the place of the screwed end, and the condenser iz
mounted by means of 2 speaal chip,

With dlectrolytic erisers the insolation ties are
noe quite =0 pood as with the ordinary type, as - s
a very slight leakage of current owing o the flm of oxide not
being such a pood insulator as some substances. In the
ciFciiits mentiomed- a.'l'.u:m.rl-1 hnwuu:n thix 1% of small conse-
quence,

(e ?‘rﬂ advantage of the clectrolytic condenser i that it
is * sell-hemling.” Should the film puncture owing to a
sudelen increise in voliage, the comdenser will nod be rendered
useless.  When the voltage drops again the puncture will
nl:a] up.  This property s, naturally, of great mmportance in
mains sets where the beeakdown of a smoothing or filter
condenser would put the whole set out of commision. [A
punctiwed dielectric with an ordinary condenser means the
doatruction of the conderser), i

Since this basic electrolytic condenser was produced there
have been many improvements.  As an example, the pro-

THE ELECTROLYTIE CONDENSER By

duction of really effident  dry ™ and * semi-dry ™ types is
very noticeable.  With these types much ingermity has boen
ﬂ:umninmcm:ttcro[thtdnctmlmamitglwdmignnflht
electrodes,  OF course, the advantages of the dry type over
the aquesas are obviows when it s remembered that with
wet types 2 small vent hole s necessary.  However carefully
this is desi there is always the possibility of some of the
electrolyte being spilt if it is of a liquid nature.  The advan-
tages of the latest electrolytic condensers are: small leakape
current (a fraction of a milliimpere in most coses), quick
recoyery after a period of rest {when first used after standing
idle for some tme all decirolytic comdensers take a larger
current than normal for sore seconds), and low internal
resieiance, This means a low o factnr.  The W
factor is really a measure of the efficency of 2 condenser,
An ideal condenser would have a power factor of e,

(e very important point to remember in connection with
thi=e condensers is that they " age™. If such a condenser
has been on a dealer'’s shell’ for some time it neay need o
be ¥ reformed * before it i used.  To do this it is connected
to a low-valtage source, and the voliage is gradually incrensed
up to the maximum rating of the condenser.  Similady, if
a set is unused for @ consl e tirme, there may be a rik,
if the full voltage is applied by switching the set on, that
the comdensers may break down, .

In mains receivers, when first switched on the HT. rises
to @ very much higher value than when all the valves are
heated up and aking their normal current.  As a result, &
condenser ratedd at, say, 950 vols, might have 500 or more
applied to it wetil the set has settled n and the normal
vdja.gchmdrﬂp‘p@ﬂw g5 This 15 known as u“uurgr"",
and in sorme parts of & receiver @t i important o calounlate
this =surge voltage and select electrolytic condensers desipned
to take this excess.  Special condensers are available for the
purpse.  There is also the question of the ** ripple " which
iz applicd o an elecolytic condenser, and this must also be
taken into acoount.
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The Superhet

Tue word “ superbet ™ ix an abbreviation of the more com-
brons superheieradine,  Most receivers o-day are superhets
and it is o system of circuitey concerned with selectivity,  In
the older style of tuning circuis, with which we have been
concerned up o the present, sharp tuning is mod possibile and
it will be found in some cases that bwo or more stations can be
heard at the same time, due to the closeness of their wave-
lengrths, o the eardy days of madio when comparatively fow
stations were operating, the problem did not occur; but now
that the broadeast band s crowded with stations having
wavelenths only a few metres apart, it is pecessary o design
the funing eircuit so that overapping does not occur,  The
superhel principle. provides the solution, In bref, it con-
sists Of meocving a station at one particular wavelength or
frequency and o ing it to another by means of & fequency
changer stage and an intermediate-frequency transdormer.,
In brief, the superhet is a method of obtaining high selectivity
by converting a received si into 4 different and lower

i ; and then smplilying this pew requency. The
f;';].mjt?ﬁm the ﬁ‘l’::lu;'llrlg I;J'La.ll.gcd, Ay, H'mtlwh’ Wi
or more high-f stages, mgrin detected and then
passed to the ILF, stage or stages,

The intermedia vency transformwer consists of two
coils of wire coupled together and tuned, by pre-set con-
deneers or metal cores, to the Intenmediate frequency, and
connected between the intermediate frequency valves.

In the ordinary tuned radio frequency or * straight ™
receiver each tuned HLOF. circuit *at the carmer
{original) frequency of the s being received,  If, for
X e, A §00 metre o 1,000 kofs sgnal is received in the
aerial circuit, the oscillations will remain at 1000 ks in
every circuit right up to the detector. It 8, of course,
necessary for every HoF. cirouit in the receiver to be variably
tuned to allow for the reception of signak of various carrier

By
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frequencies.  Inoa superhet, however, enly & certain number
of the tuned H.F. circuits ace vanably wmed, and operate
at the carrier of the signal. Thes circoits (there
may be only one, of course) come first, counting from the

The remaining HLF. circuits are fised tuned, or pre-set to a
particular frequency, and, as already mentoned, & koown
as the intermediate frequency.

In the case of an intermediate-frequency stage in 4 srper-
het receiver there is only one (converted) carvier frequency to
be eatered foe, and the typical tuned primary, tuned second-
ary, LF. transformer can be designed for some particular
selectivity characteristic,

Owing to the eoon in tuning components which realis
from this amgcm.tn?:.’lh.c superhet is ponw abmost univesslly
employed, not only for normal radio, but alio for Frequency
Modulation and Teevision roocivers,  Special valves have
been produced to reduce the noise resulting from the e
of a large nuember of valves, and so that the receiver may
be used fo cover a very wide band-width (wery short waves,
short waves, medinm waves and long waves) special frequency-
changers have been developed. As a result, it is ke to
make & receiver which is really simple to construct but which
mives mazimum perfoomance on, perhaps, os many as four
or five wavebands, and it has the maximum of selectivity
and sersEtivity.  Somse ts hobd that it is not the best
arrangement r high-quality reproduction, but it is posible
o adjust the LF, transformers in such a manner that they
wi.'I!LEhm the maximum band-width whicli can be coployod
on the medium waves, il interference from adjacent stations
is to be avoided. The FAL receiver is, of conrse, noted Bor
its high quality, and this employs a superhet cirenit.
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LESSOM 16
Radio Trassmission

It B now necessary (o explain what happens at the trans-
mitting end, and how
radio waves are radiated
into the ether.  We must

first Brasp how a =
x'\ul'lagt = d:v:dnl;ufn&n'

Wehave already seen

what happens to it as it
pases through the re-

Hg. 51.—The waogrn o ax womsdnlsisd
sarrier mans, ceiver.  Fimt let us con-
sider what hnppcns

during a pnusr in the Fﬁ“mﬂt‘ whilzt the microphones are

idle. actively radiating, and the voltage
gcnﬂatud i ﬂ:u: receiving aerial has the simple sineeoae firm
shown in Fig,

1. These &~ ]| n, AT %,
oacillations ¥ i
wre of unmodu- b

=l lﬂlﬁﬁ‘ﬂ I iﬂf'ﬁ'ﬂ”ﬂ
Fepresint the \ \l Lul UJJW W jil

quency which
carrier fre- L

quency of the e |
transmitter. el i
The camblitude Fig. 50— The form of the madubited corrier cove.
of thess cscillations is the distance of their pesks or nodes abeve
and below the neutral line, and the distance between each of
these nodes is the wavelength,  Now the wavelength is equal
Lo §O0,000 divided I'.l}' the El.'l.'l'.ll'.l.l'_ﬂ.l.'r, t]'u: HITEWET hﬂ.ﬂﬁ m
mﬂnﬁa'a,nd'l.trn“uw:ﬂ\at nﬂ'inevﬂ'yl:nm.:r
frequency there is a particular wavelength,

Tt 18 interesting to note that the speed of light (186,282 miles

BE
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per second) & the same as the speed of wireless waves. Tt
ig important t0 remember that wawlmzﬂ'l in metres molti-

plied by the frequency in kilocycles
Thus, if we gnugdn: Foo,000 by the I‘Pﬂucn.cy m“Lik:c].'tlu pr.r
secand, the answer will be the wavelength in metred.  Simi-
lardy, i we divide 300,000 by the wavelength in metres the
answer will be the frequency in kilocycles per

For emmple: IF the I'mqu:m:y 10,000 Itlln-:pdu per
second, the wavelength will be

ot e = 30 melres,
10,000 X o

and i the wavelength is s50 metres the frequency in kilo-
cyeles per second will be:

000, N0

= 1,200 kilocycles per secomd.

Mow, as soon a8 the transmitter commences Io muliate 2
programme the oscillations at the receiver take on 2 com-
plicated character, Superimposed upon  them  are the
sounds picked up by the microphone and this canses a varia-
tiem of the amplitude [see Fip. 52).  This varistion & con-
tinually changing throughout the broadeast according to the
volume of the sound, and the natre of the instrument or
voice creating it Flg,:,nuacas.cu!’muduhmd H.F. oscilla-
tions which is compartively simple. It will be seen that the
amplitude variation follows a simple sinc-wave curve and this
would be the kind of medulation produced if the scund con-
trolling the transmitting microphone was of a single [re-
quency, wadotwdmmlﬁg 52 are konown as the
modulition If A in Fig. 52 represents the amplitude
of the camier oscillation when unmodulated, then the depth
of modulation & given by the rato BfA. If the unsmodulated
voltage amplitude in onc of the roochver cirouits is 1 valt,
then with 5o per cent. modulation the amplitude would rise
amed fall at medulation frequency between the extreme of
1-5 volts and o5 volt, whilst at 100 per cent. modulation the
extremes would be 2 volts and zero,

Sideband Frequencies.—Again referring o Fig. 52,
s the carrier frequency & F cycles per second and the
ulation frequency M eycles per second, it must not be

assumed that modilated ucillaticns are the result of

these two components which one might at first suppose.  An

S
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analysis shows that three unmodulated components together
make up a resultant of the form shown in the ilustration,
The three components are all of high frequency and the
relative freguency values are: F, F 4 M, and F — M,
Whether we refer to the oscillation in terms of the graphical
mterpretation of Fig. e, or whether we substitute the idea
of the three unmodulated component oscillationg, we are
really dealing with the same thing.  With modulation of the
normal breadeast kind, these is net just a sople medulation
frequency to comsider but a range of them.  “This means, in
effect, that the radiation of a broadcass transmitter spreads
over & band of fequencies kom F 4+ M o F 4 m, and from
F-Mto F—m, where M is the highet moedlation
frequency used and m is the bowest,

The Water Analogy.—When a wave @5 radiated we can
secure an almost exact analogy of what happens by con-
adering the effect of a stone dropped into the centre of a pond.
Suppese a piece of wood is floating on the surface of the pond.

5 - =-» When the stone

; is dropped
wa.';js will
spread cut in
ever-widening
circles from the
spol where it
entered until

they reach the boundaries of the pond, Yo will observe that as
ithe first wave hits the plece of wood it tilis and rises above it,
the piece of wood snks a8 the wave pawses, only to rise again
tos peoeive the next one, and it comtinees 1o rise and il undl

RADIO TRANSMISSIOIN g

the wawes have
ceased, The
stone can be
conaidered as
the transmit-
ting station,
the water as
the ether, the
waves as the
wireless waves, ! -
and the picce of wood as the receiver (see Figs 55 and 54).
We have seen above how the waves produced by the trans-
mitter differ from these en the surface of the pond.

Wireless waves, we have seen, on striking the aerial, cause
an electric current to fow, or escllate, upon i surface.  The
aerial is connected to the acrial coil and aerial condenser, the
whole constituting what is known as the aerial d.rr:mt,la.lﬂ it
i in this circuit that the electric currents oscillate or vibeate,
Ifit is tuned correctly it will oscillate in sympathy with the
inceming waves, but if it is out of une it will not respond w
anythirg like the same extert. Cosider that something i
producing a succeshon of wares in a steady procesion from
left to right on the surface of a pond, and imagine a pen-
dulum to be rui above the w5.§wr:d the ﬁ.'rﬂn:.-:m-: 15
shown approach gee Fign. 55, and 57). et
instant ﬂ?.fruawl:l.gntﬂ th’:ﬁmﬂuhm aunch mi it swinging
to the rght. The first wave pases on, and the pendulum

back. Immediately it reaches s highest point at the

left = seromd wave hits it and swings it over to the right again.
"This cycle of operation is repeated and the waves keep the
rmnd;?m swinging continuously,

Wavelemgth.

—This exxmple

& is sirmilar to the
aerial when it is

= tuned to the on-
< f§ coming waves.
= The swinging
= of the pendu-
== = == lum is depen-
Fig. 5 —The fandulim rficraing o met the dent upon its
e i oS being of a
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sultable length so that it swings back at just the right speed to
be in the correct position when it receives the impact from the
sugeciling wave. In the case of a pendulum that was oo Jong
it would move slmwdy, and possibly be on the retum swing to
the left when the second wave reached it The movement
would then be arrested rather than assisted; conversely, if it
were a short pendulum, it would be muoch quicker in fts move-
ments and s get out of step with the waves,

We the pendulum analogy a little rther.  Suspend
aﬂﬁgmnpinc: of string and swing the weight., If,
whilst it s swinging, you hold the centre of the string you will
notice that the rate of swing inereases. IF you suddenly
increase the length of the string while the pendulum is in
motion i speed will be reds In this example, the pen-
dulurn may be consdered as the acrial circuit of a receiver.
If the pendulum is of the right length, so to speak, it will
swing in harmony with the waves, but ifit i not it will get out
of step.  In other words, if the aerial circuit of the receiver is
accurately tuned it will resonate in sympathy with the
incorning wireless waves, but not etherwise,

Siation Selection.—-It is because a et must be tuned to a
particular frequency in oeder to receive a particular pro-
gramme that it
15 possible for
a number of
itransmitting
stations to
broadecast at
the same tme
and to receive
only one of
them. Each
brondoasting

d. h (length of pendul m;ﬂﬂm
on adifferent wavelengt o L . Befer
back 1o Figs, 55, 56 and 57 on pages 8g and go. “The pen-
dulum i shown swinging continuously. MNow suppose that
the waves becorme move crowded (of shorter wavelengeh) so
that before the m has time to swing back firom the
firat stroke it receives an impact from another wave,

Obvipusly, the swing of the pendulum will be upset and it

RATHD TRRANSHIRIION g
woald not respond to the action of the waves.  In the same

way, if the waves were more widely "E:;d {lorger wave-
length) there will still be no response the pendulum.
These three conditions correspond to the conditions prevailing
when & set is tuncd to a particular station while two other
stations are also transmitling, one on & shorter and the ather
on a longer wavelength,  Omly one station weuld be received,
not three, To pick up either of the other two stations the
aerial circwit must be retuned in the same way as the length
of the pendulurm would have to be altered iF it were to keep in
synchronism with shorter or longer waves,

The Aerial Tuning Coil.—Acrial tuning coils take many
forma.  We have seen earlier that it may consist of a simple
hank of wire, a number of turns wound round a cardbeard
former or it can take the more © licated form seen in
receivers toaday,  The wire for the cods is copper and it is
covered with either cotton or silk so that the tums are in-
sulated from one anciher. This s pecessary in order to
compel the small electric current picked wp by the aerial to
travel from one end of the wire to the other and not to jump
acrees from one turm o the next.

The simplest way of connecting the aerial codl B w join one
end of the wire to the zevial and the other to the e This
lagter may be a metal rod or plate bedded in the carth, a
water pipe or some piece of metal in connection with the
carth. The tuning of the acrial circuit is de nt on the
size of the aerial coill (number of turns) and the capacity of
the tuning condenser.

The T-nin‘ Condenser.—The use of the tuning cons
denser is to vary the ity of the aerial circoit. Tt s a
sort of vernier device. aerial coil 15 wound with sufficient
turns to peceive all statioms on the particular wavebands to be
covered—medium and long, and sometimes short, medium
and lemg (a2 in the case of all-wave receivers).  The condenser
is used] to vary the range of the coal.  The tuning knob varies
the mterleaving of the fixed and moving plates and by
ratating the knob you can ne the receiver Lo various wave-
lemgths, ‘This is similar to being able o adjust the rate of
the pendulum in the examples previously given, I you wish
to receive a station on the lower wa gths the plates are

T e e i
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moved outside
the fixed ph[i.".'.l
and the reverse
for the higher
Wl

The Carrier
Wave (see Fig.
1) —As soon 85
E"!ue broadcasi-
ing station is
switched om, and
before anyone
speaks into the
microphone,
wireless waves
are being radi-
mied. These I
r i liken to waves
Fg. 5b— The elemlr off i nﬁd tuning corouit sheun 0 vhe gurface ol
Wh;y{h ull water, and, as
previously explained, they are all of the same height and follow
un.tanul'l?sle:r ar the same inerval of time,  What happens when
ALY ks into the microphone is that the waves no longer
remain the same height, but fluctuate in accordance with
every variation in the tone of the speakes’s voice.  Of course,
they do not vary in length (distance between cach crest),
but only in height. Naturally, the length of the waves must
not vary, otherwise we should not be able to tune them i
This means that the waves will still cawse electric currents o
surge up and down your aerial, but they will vary in strength
according as the waves vary in beight, these variations in turm
having been caused by the luctuating sounds of the speaker’s
voige. Thus, the height of the waves varies while the length
s constant.

The Speed of Waves.—It is perhaps s well at this stage
to make some mention of the velocity of wircles waves,
Actually they travel ineredibly fast, something like goo,000,000
metres per second.  This means, for instance, that waves
200 metres in length sent out by a broadeasting station winld
strike vour aerial at the rate of 1,500,000 per
in turn set up electric eurrents in your aerial circuit which

EADID TRANEMIRNN a5

surge up and dowm it ar the same speed.  Owing to their
very rapid escillations these currents are known as high-fre-
quency currents. It is with these that the first valve in our
receiver has wo deal.  In onder to explain the action of this
valve we shall have to male ene or two elementary studies of
electricity,

V.HF.—Recently very high frequencies, which in every-

* day language means very short warebengths, have come ino

use,

(i the tning dial of the domestic wireless set you will
generally find a lang-wave band, marked in metres from about
oo0 1o 2000, and a mediomewave band, with macdkings
from about 185 to 570 metres.  These wavelengths ase wsed
for comparatively short broadeasting, that is, over dis-
tances of @ few hundreds of miles, and on them you will find
the BERC. Home, Light, and Third Programmes, and
numerous forelrn stations in me

Some sets have ore or more -wave bands, marked in
metres, from say 16 to 50 These wavelengths are wed for

i broadoasting amd enable you to hear broadeasts
frore Australia, Americe, and so on,

The new V.H.F. sete will have a band marked with ﬂgurﬂ
from 85 o o0, or thereabouts,  These figures are not wave-
! but frequencies, very high fequencies in fact (in

i aof cycles per second or megacycles per second) and
they are put on the dial b“;-‘m-;c to use wavelengihs would be
confusing. A [Fequency of 88 megacycles secand, for
imm;fcmmpuﬂe to 8 wavelength of 3'% TOERrESe—
not a converient number to remember and 1o find on the dial,

All you need to know about the fiures on the dial 15 that
they are there to help you to find the programme you want
to hear.

The [hct is that there are many listeners in the Unived
Kingdom who cannot vely on satisbctory reception of the
BRC programmes.  Listeners in remote areas have to put
up with fading and the intrusion of unwanted foreign pro-
grammes, Even in some of the lem remoote arens there i
still foreign interference.

The only way to put this right is for the B.B.C. to baild
mAny more transmitting statbons, but these additional trans-
mitting stations cannoct be fitted into the present long-wave
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and mediume-wave bands.  There are abeady far oo many
stations in Europe wsing these bands—that is why we get 5o
much forelgn interference.  The solution is to use an entirely
new waveband, henee V.ILF.

V.H.F. transmisions cannot normally be received over
long distances so that no matter how many V.H.F. siations
may spring up on the Contivent, they are unlikely te cause
serious interference here,

F.M.—This stands for Frequency Modulation. This is a
new tramsmission bechniguee and a highly technical mateer
which it would be out of place to probe deeply into here.

Frequency Modulation means reception  for the
listener. It reduces still further the likelibood of inter-
ference from unwanted programmes and also helps to reduce
fomms of interference, such as the clicks and sizsling  nodse
cansed by domestic clectrical appliances, so that the pro-
gramumees can be heard as they are meant to be heard, agains:
a backgrowmd of silence.  Incidentally, it is not practicable
twr use FM, in the long-wave or medium-wave bands.  But it
can be used in the V.H.F. band, and the opportunicy has
been seized,

When V.ILF, comet to your arca you will need an adaptor
or & new receiver.  Your old wireless set was not designed to
wne to ;J;'.c V‘H_F._l-mmnf].l;udiml will I';allm the chﬁuﬂw
things. your set os you will an any case ]
have it pepaired from time o time, worn out valves and other
parts will have 1o be replaced, and you may decide that i
weald be better to start agnin and Luy & new set.

If you already have a faidy new set you may prefer o
bury an adaptor o use with it when the V.H.F. service reaches
your district.  I7 you are using a high l.w.“?‘ amplifier and
loudspesker, you will be abile o buy a.-%’.H. . tuner umit o
use with it.  “The Radio industry are now producing sets
which will tune to the new V.ILF, band a8 well as the present
mechivm and long waves, and V.H.F. adapiore for use with
existing receivers,  They will see that these are available in
different areas as the new stations are brengght into service
The V.HF. receivers will not cost very much more than
present midels,

..h_:rh.l.i _En- VHF.—In some cases you may need a
special aerinl for V.HLE.; it all depends where you live,
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Some V.HLF. sets will have an aerial ingide the cabinet
which may be all that & needed i yea lve Rirly close oo the
transmitting station. Further away a simple indoor serial
cither in the room or in the kit space may suitable, while
A still distances you will need an outdoor aerial above
the . In other w as with television, it depends very
much on local conditions and a local dealer who has
experience of V.H.F. reception in the neighbourhood i your
It g

If yeur do have to we an serial other than the one Insbde
the set itsedf, itwﬂl?q:na-ult be similar to n televison aerial,
but physically smaller and fized horizontally, For best
results the horizontal portion should be at right angles to the
direction of the transmitting station.

A prant to remember is that the freedom from interference
am] noise on a V.HF. sel depends parily on the strength of
the signal it gets from the transmitting station which, m em,
depends the recerving aerinl, Tt follows that the beiter
the n.ﬂ'iaiug:rimwﬂl be the umwanted noisss.

Owing to the nature of the V.ILF. waves you may find
that reception may be much improved if you move the
aerial only a few feet.  This can be done quite readily as the
V.H.F. awerial i very much shorter and easter to handle than
the arrial required for medium- and | ave recepbon.

Long-wave and medium-wave ing will eontinue
side by side with the new service,  If you are satzmbed wath
your present reception you will not need to make any change.

It is, however, important to mention that better quality
receplion, parteularly of msie, will be penerally available
from the V.HEF. transmitters. This i3 because the normal
mm!igmv? hasrh be designed e rﬂjcct.ﬁ far as
poesibile, i ce from foreign stations using wavelen
close to those of the BB.C stations, ‘In making a mﬁ
selective encugh to do this, quality sulfers and many of the
overtones of music and speech are inevitably lost. A V.H.F.
F.M. receiver need not suffer from this limitation and can
give a moee life-like guality,
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Abhout Electrie Current

TuE accepted theory of eleciricity is that all matter of what-
ever nature, whether it be solid, hguid or gaseous, whether
it be metal, wood, stone, water, air ar anything clse, s oom-
posed of minute patticles called atooms,  But these atoms are
not simply tmy pieces of ene sort of stff, They in them-
gelves are composed of & centre core o nucleus of positive
electricity. This
muclews  is  sur-
rmunded by a
mumber of neg-
ative particles
of electricity.
These latter arc
the electrons—
and in sze we
know  them 1w
beinfinitesimally
small—which
are  respons
for electric cur-
rents. These,
unlike the posi-
ot tive nuclei, need
B el e ot remaiy
e eircrmd ax af (o),
mmﬁm’ﬂ:um m%{;. ke substance, but
can move about.
If & vwmber of then are made to tavel to one end of
a wire it is said that an electric current flows along
the wire. )
In the credinary way there are just sufficient electrons in
each stom electrically to balance the pesitive nucleus; but
il sorne of the clectrons leave the atoms at ene erd of the wire
and go to the other end, then the end o which they have

56
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gone will have a larger proportion of negative particles than
nermally, and ia, therefore, said to be negative; in the same
way, the other end of the wire having a defichency of negative
particles will be positive.

Electric Currents in a Hadie BReceiver.—First the
clectrons mentioned travel to one end of the circuit and then
to the other. This is going on all the time your set 5 tuned
to & station, the only difference being that sometimes & larger
arad sometimes a smaller fiow takes place, according as the
wircless waves vary in magnitude with the speech or music
being transmaitted. By conmecting a wire to the first valve,
the rons are made to do some useful work.

The reason that we cannet connect up the lowds
right away and hear the music 15 that the currents in the
acrial circuit move too fast. We have already seen how
quickly they oscillate backwards and forwards, the rvesult
heing that the loudspeaker would be unable to follow them,
for @5 soon as it corumences to repond to the fow in one
direction, the current would have already changed and be
flowing in the opposite direction, the averape elfect being nil,

What we do then is to cut off all the curvent in ane direction

rmeans of a detector valve. The remaining currents are
thus all in cne direction.  Obvicwsly, they are still moving
uickly, h;::;r::rmi;fﬂshz Lo ﬁmﬂmum walue in one
Em:n' iem and, after dropping to nothing, rising to an equiva-
fent value in the Uw.l:;’: gﬁmtim arﬁ,m giving an average
effect of mo current, they now rise 1o full value in one direction,
dirop to sero, and again rise in the same direction.

It iz the average current o which the loudspeaker responds,
and it is ako this average current which alters in strength
with every fluctustion of the transmitted music or specch.
“Thase it is that the cone of the loudspeaker vibrates in sympathy
Wi::li. these Buctuations and so produces the sound from the
atudio,

|
|
|
|
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The Detector Valve

Havivo explained the reason why s detector valve s neces-
sary, we may now congider how it works In the glaes
envelope is a filament (cathode) similar to that of an electric
lamp, t that it does not brighter than a dull red.
It s a emitter unlike earlier valves which were bright
emitters, Surrounding the flament i3 a spiral of wire called
the grid and sw ing the grid is a metal sheath ksown
as the plate. Bo, 61 and B2 ilhstate the normal
electron Aow inside the valve and the signal electron on the

S 4 g

i , 61 and Ga.—(Lg®) The normal slastrom flun insidy the salos,
1?111-:; mw#wuﬂugﬂdm Id comtemrer.  [Fhight) The
¢ accnvalation on the grid ride of the comderier.

gnd au-l:l i conderser, It will be understood thae it is

ustrate the flament, grid and plate in their troe
mlan.m nurmwsiing one another, so they are shown one
ahove the other.

Mow let us consider what takes place ingde the valve, “The
filament is heated, either by a battery or from the mains by
means of a heater surrounding the filament.  As soon as the
filament is hot it gives off a streane of electrons and these Ay
off in all dircetions.  Best of them pas between the wire
mnu of the grid and are attracted to the plate.  Or, put

there is a steady flow of electrons from the
iy

plate—in other words a Bow of electric current.
The plate is connected to the positive terminal of the battery
and 5o is made positive, and this has the cffoct of attracting
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the electrons from the filament and ensures that as few as

ibike escape, This attraction is due to the principle dhat
ike mttracts wnlike, or in this cose that pomitive attracts
vegative.  Conversely, likes repel, such as two negatives or
T positives,

So far then we have mdumwtdmau‘rmtsﬂmmng
in the recever.  One, the -{n:?h: current pubating
in the aerisl circuit, and the other plate current flowing
steadily from the filament o the plate of the detector vabe,
We have already scen that the currents in the acrial dreuit

HRHE G
wdrch F— To pogeriew fesmend
\ of HT bareecy
Drectne
VRl
Y
- .
Grie ]
Edncienrer
Fracrie
s
=] Funing
eovdpans
Leal )
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i T m‘
# ookl
= To parrh nirm?-
ool T Batdory mniw

Fig. G3.—.A dnbical debsclar shage in fickoria! fivm,

are due to the pulating movement of the eloctron.  They
travel along the wire crowd up against one of the plates
mth:nﬂmingplnmuflh:mrﬂcmrﬂi&tqaﬂsm}ﬂﬂ
send them along to the grid.  The electrons en the grid
have a marked effect, ]ﬂnghﬁthr. path of the electron
strearn fowing from the filament to the plate, they repel seme
of the latter and so reduce the plate urent. This means
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that when the
current in the
aerial circuit
Hows one way
it reduces the
plate current
aml when the
aerial  current
flows in the
other direction
the oppaosite
happens,

As there is a
defciency  of

the right-
plate of the
conderser, &t-
tracted by the
positive state
of the other

attracts o
ative). This §
vish of elect-
rons away from
the grid leaves
it positive and
now atiract
the electrons
coming from
the flament
instead of re-

them.
. e

ally helps them
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across to the plate, and so incresses plate corrent. Thus
every fluctiation affects the plate current, and it is the later
mupmmj,numnﬂqeomerlmmhumﬂmapﬂh:rm
it is ore powerdul than the acrial ru.m:l:L

What happens is that every time the grid
ﬂmmafc\varthtdmmanﬁwnuh&mn l.mtut
o plate, These remain on the grid amd 5o asist in the
repelling action that it has when it i3 negative, and in this
mydmwhunmmbﬂmqul:htcm“mum
negative than when it is E:mlwr
of the average effoct on the plate corrent being zeros or nil,
ag it would be if the attrection and repulson were equal, the
average effect iz now a reduction of plate current below
normal.  The amoust of redwction depends upon the in-
tensity of the rapid changes of the grid from negative to posi-
tive, and this in turn depends on the strength of the current in
the aerial circuit which, of course, varies with the fuctuations
of the speech, music or other sounds being transmitted.

The Grid Leak—The grid keak 5 connected with the
Reaction ordemanr

grid of the valve
to prevent too
many electrons
reTOAining on it
Aul.i;: name
implics, it

vicea a path of g
ezcape for them
—=3 TIneaAns [‘L'HT
them to leak
AWAY.

We do not, of
course, pass the
currenl in the
aerial throwgh ]
tiht‘lmmhc E;: To L¥gaitery  TnHTbattery
t 15 the ] pecction ciuit.
current which is g P
used,  Mow et us consicer how a detector i connccted into
the circuit. At the base of the valve are the legs, and in the
batery gheee-electrode type there will be four such
Two of them are for connections o the LT, battery
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parpeses of heating the filameni, one is for connecting o
the plate, conneeted as we have already seen to the positive
of the source of HUT. supply, and the other is e grid cone
nectiom. Tt will be noted that the valve lege are unequally
spaced to ensure that valve is not inserted in the wrong valve
leg sockets,  Fig. 65 s a practical wiring diagram showing o
the detector vahwe 15 connected up, whilst Fig, 66 shows how me=
action s added. Fig, Ggis the theoretical circust of the detector
purtion of the receiver and Fig, 66 shows hattery connections,

Reaction.—Reaction, which iz a short term meaning
regenerative amplification, 5 a method of srengthening or
boosting wp weak signals. We have seen that the rapid
ucﬂ[.aﬁng rarrents in the serial ciroat J.ﬂim.g on the gm'd.
cansse eorresponding cscillations in the plate corrent and that
the latter is stronger than the acrial current, since it is derived
from the H.T. source and is not nt on the power of
the incoming radio waves, which gradually get weaker as
their distance from the transmitter incresses.  Therefons,
some of the plate current 3= allowed to through a ool of
wlrcaomhataimﬂumﬂ!enﬂ{al:n&.r:nﬂdlhhnnﬂmbc
wound on the same former as the aeral coil, the effect of this
being to indwee a current in the aerial codl which helps to

the original oscillations. In modern recsivers this
practice i3 not always There is always some loss
in the strength of the aerial current due o resistance of the
wire in the serizl coil and the placing of the resction coil near
it has the effect of nevtralizing any resistance.

Reacdon Condenser.—The effect of the reaction coil can
b varked at will by means of & reaction condenser, which is &
component similar to the tuning condenser and thus acts 58 &
volume contral. When the or vanes are wight in,
reaction is at a maxirmum and, of course, at a minimum when
they are all out. Chme practice is to wind the reaction coil
betwesn two aerial oodls on the same former.  One i cut out
of circuit by means of a switch, ‘while the other is in we.
The reason for the two serial coils, of course, is that they
each cover a different eange of wsvelengths, By the aid of
the tuning condenser, one of the coils will cover, say, from
200 to 500 metres, while the other will cover a range of
between 1,000 and 2,000 metres.  Modern mult-wave set
of course oover other ranges,

LESSON 19
Methods of Coupling Valves

Having explained how detection of the signal takes place
and the operation of the detector valve, we can mn'rmmd
er the

Y to consi
Brssfance |

%o HTa work of the secomd
valve,

We Bave already

seen that the cur-

rent ﬂmﬁn; in the

Detectar .'"mm.- E:ltr l.::cmt of the
vale Huctuates in
e accordance with
I3 the spesch or music
e I-1‘-- belng  transmite:d
- from  the broad-
To LT BKT= casting station. It
G gridl B follows that if =
Fig. 7. — Thesnatical circait of an JLC. eropling. E;fm m
circuit we  could
hear e signals,
and by doing so
we ghould be uﬁﬂg Jﬂbo'tllmm
the receiver a3 a
one-valve set.  In-
dm this method wer H
il A simple
teat of checking the
detecior circuit if Ernfx
faults develop. The igre G .
cignals, of course, :
would not be very g
eirong, and 50 we Larterss

must amplify the Fig. 68— Pictorial representation of Fiz. Gy,
tog
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currents by pasing them through ane of mere other valves
coupled 1o the detector circuit,  According 1o the ratio of
the transfirmer used, or other method of conpling, so will the
sigrials be amplified in that ratio.  If we wse a theee-to-one
transformer betwern the detector and the second valve of the
twovalve set, the amplification will be three. Readers will
remember that we dealt with the tranaformation ratio in an
earlier lesson (see Figs. 67 and 68).

R.C. Coupling.—Let uz ez how the second valve iz con-
neected up and how it increases the currents produced by the
first. There are two methods of coupling in general use,
one making use of a resistance and the other cmploying a
transformer.  In the receiver under discussion the resstance
method is used. New a redistanee, as its name implies, 5 a

ice which re-
1 To HT¢  gigts the passage
: of an  electric
current, and it
degree of resist-
aree in decided

Froams h]r it: nhrn:il:
e e e DR LT . Thus &

L . t

resistance having
& value of 1,800
ohme has half
the reaistance of
one of 2,000
e irasT- 0hms  You will
L 7 i pvias v remember  that
Fig. Bg—Grid-Fiar my be aplied thoph @ pridlacl, TCHSIANCES  may

be connected
either in series [as would be necessary if a single resistance
of a roquired value was unobtainable or not available), or
im parallel when it is desired to recuce the resistanee,
Sarmetimes resistances are conneeted in series-parallel, in-
volving caleulations according to Kirchhofi™s Law,  OFf course,
all eonductors of icity offer some resistance to current
fAowe—even thick co wire, The resistance of 8 wire is
proportional to its gth, That is to say, the resistance
of [y, of a particolar gauge of wire is hall thet of 2 yds. of
thie, same wire.

-
-

W

o nowrt
o

# R LT+

METHODS OF COUFLING VALVES o
- In the case of

| e 2 resisance for

P Erarve T wpeake coupling pur
the wvalye

poty g B comparativel

poieeve high, Ty

Potential

i e —1

];:;cw. x

Swfech y that

3 : Fe——sil+ an clectric cur-
¢ e por- Tent Hows in the
| plate circuit of

T i bl —

Fig, yo— T Feoretical ciuuif of tangforvar—conpin sogr.

clude the resistance in the wire lr:a.d.]n.gtpﬂ:u:platc. It is
known as an awds resisience, the term mnode being another

word for plate.

between the in-
let amd outlet
side. The lead
to the plate
of the valve
is, of course,
connected to
high-tension
pesitive. There

wire coming
from the plate
which leads first
to a fted con-
denser, called
the coupling
condenser, ancd
thence o the
grid of the next
valve. This

the detector
wvalve, and what
1= done s to in-

Its presence causes a difference in presuree or
voltage between one end of it and the other, just as a eon-
straction in a water pipe would cawse a difference in pressure

I L baive

To pasend
of 'T.r..n.-rrn?
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wire can be compared with a branch-pipe rising from a water
pipe just before the constricted part.  The presence of the
comstriction causes water Lo rise in the branch pipe, whereas
without it no water wouold enter it.  If the upper end of
the branch pipe were stopped up, the pressure inside would
e the same as in the main pipe.

In the same way, the pressure or voltage in the wires of the
ofmedenser is the same as in the main wire from the plate to
the resistance, We have seen that the current flowing in the
plate circuit of the detector valve flucthrates in strength and
speed in conscmance with the variation in power and pitch
of the muskc or speech which is being received.  Maturally,
this rise and fall in current will mean & fee and Bl in pressure,
and the preswre or voltage in the wire to the coupling
comlenser will rise and [ll, too,

How the Valve You will recall that when
the grid of the deteclor valve becomes alternately positive
and negative, it attracts and repels the eleetrons g
from the filament to the plate amd 2o increases or decreases
their Aow. Exactly the same alternating action takes place
in the ifying valve, although the grid in this case does
not vary pesitive to negative.  In the case of a battery
set the grid is connected by means of a grid-feak to the grd-
hias battery, which keeps it negative all the time.  The =
is the same, but insteard of altering from positive 1o negative,
the negative value imelf varies. This variation in the nega-
tive state of the grid causes the number of electrons flowing
from the filament to the plate to vary also, and i@ gives rise
to a similar variation in plate current.  The valve thus
amplifies because small variations in the voltage of the grid
cause large vanations in the plate current.

aI;J'.'Iz.l: amplifying valve has a grid-leak just as the detector
valve fas.

What ie Low Fregquescy?—I explained that the speech
o music sent oul was represented by a vardation in the
amplitude (height) of the waves. “This means & rise and fall
in the strength of the HF. cwrrenis. This rise and fall
OCCUTS At a cmu{m,mﬁvrlruluw rate, or Euwlﬁ'ﬁgﬂtﬂj'v It is this
L.F. variation in the strength of the H.F. current which
correspends with each vibration of the voice or of the musical
instrument  being broadeast. You will recollect that by

METHODE OF COUFLING VALVES oy

means of the grid in the detector valve these variations in the
strength of currents in the acrial drooit are able o make
similar variatiors in the plate current.

There are thus LF, varations in the plate current of the
detector vabve, and it is because the werk of the iollowing
valves is to amplify these that they are called T.F. lifiers.
The ane we are going to study in the next lesson i d the
power valve, hecause it has to handle larger fluctuations in
current than either of the other valves and produces mare

power. :
Practically all of the quality of the modern receiver de-

pends w the design of the L.F. ifying stages. To
abtain be quality than may mmw a single
valve, two such valves may be used conneceed wgether (in
parallel) or in aspecial arrangement known as ** push-pull ™.
In this latter arrangement the signal is applied to two vales
connected * back to hack ™. In this way the signal, which
iz an oscillating current, as already described, only affects
each walve when the swing = in the rght direction, and
thus ore valve * pushes ™ whilit the other “pulls ™. In
other words, each only deals with half the . The

t froan the twe separate valves 15 then ined, and
delivers a better signal due to the cancellation of certain
forms of distortion, Briefly, if the signal is too great o be
handled I:ryaﬁnglemlw,:tmavhcqﬂitmuihdmmin
push-pull, whilst 1f Joucler st are needed two valves may
be connected in paraliel will give twice the cutput from
the sarne input.  The ﬁnﬁa? recuiremnent of the LF. stage
is that it should mn;gﬂfy frequencies equally, otherwise
distorted muse and signals will arise. It 15 very difficult to
design a really straightline amplifier, but special drcuits
have now been produced which enable really high-quality
signale to be obtained, and with improved h:rud'ipcs.l:m re=
production almost indistinguishable from the original may

[ ra—



LESS0ON 2o
The Transformer and OQutput Stage

Ix the set under dicusion we are using an L.F, transfirmer
w couple the last valve. OF course, a resistance could be
used just a3 for the second vabee, but a transformer has certain
advantages.  IF we intended to use resstance coupling again
we should insert a redstance from the plate to the HT.
battery (see Fig. ¢7), ) )

I hawe already dealt briefly in carlicr lessons with the trans-
former, explaining why it i wed and what is meant by trans-
formation ratie.  An explanation of how it is made will help
1M.anM£im function. The action of a trans-
former differs from that of a vesistance.  The simplest wrans-
former consists of two coils of insulated wire wind round an
irem rod anad the colls may be wound eithes side by side o
one over the other, When a Huetuating nunmtnfu passed
threugh one of the coils (the primary) a difference of pressure
{voltage or potential) arises between one and the other.
Also, the current passing through one cosl feduwes a current
in the gther coil.

This is where the usefulnes of a transformer beoonses
spparent. [t enables the voltage 1o be stepped up any
desiredd amount (1 am, of eourse, referring o altermating
current; it is imposible to step up direct curvent).  Thus,
il the second coil has twice the number of turns as the firs,
then the voltage across the second will be twice as much as
the first, and if the second coil has three times a5 many uns
the voltage will be three tirmes as great as the fist. A trans-
former can be wound to give any desired transformation
matio. ‘This Tatio is selected according to the characteristics
of the valve it i to * feed,”™ I the transformation ratio is too
high, distortion will ooour. Generally, a low-frequency
vamsformer coupled to the output valve has a ratio varying
between, 54 to 1 and 6 1o 1. output valve selected must,
of eousre, be  matched * to the loudspenker, It would, fer
example, be wrong o use a r and cutput valve

]

THE TERAKEFORMER AND CUTFUT ETAGE T

glving an owtput of say, § watts undistoerted, in conpection
with a loudspeaker which would overload at less than this.

Transformers ﬁ&wﬁlﬁﬂ SEL8 a.; |I1I.nr. e mq;?:
slmple fines just i purposes of illustration.  Such
would indeed be very inefficient,  Wireless transformers have
soft iron eores, net in the foem of a rod, but in the form of
thin plates. These plates interleave a3 will be seen in Fig 72
so that they provide a e with a bar connecting two
of the sides, A well-Enown material for these cores is Stalley,
and it & available already stamped in varows siees. Tt will
be seen that this ectends right round the outside of the coils
as well 2z pasing through the middle of them, The eoilk
are, of course, very carefully insulated from one X
are nearly always wound on the same boblbin.  First,

rimnary winuding s wennd on then a layer of wax paper or
insulating mat-
erial such as
Empire tape and,

ly, the sscon-
dary winding s '
put on.

The prwer vabve
actz in exactly  Secondary
the fame way BAS Primary
the: previous valve, i

Brimary

grid giving large
e carveny, @ socmasty
The amplifying
of the
vilve lsell added
to the step-up ) .
. 2T he eunestial sl
efiect of the mns- ﬁﬂ, o ond b nm’:uaujﬂfm mmIEﬁ
former causes the wereeformer asowed frt @ asinebees axt.
tetal amplification
to be considerahble.

At this stage we may connect up the lowdspeaker.  In s
connected in the plate drowit of the cutput or power valve,
that i bo say, between the plate and the postive end of the
high-tension supphy.

T RT EI e
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The Loudspeaker.—To understare the lowdspeaker 1
will deal with the very simplest type, one consisting of a
vibrating reed, not wed nowadays. Tt consisis of a per-
manent magnet, a strip of fexible iron known as the ceed,
a coil of fire nsulated wire and & come attached to the reed
by a small metal rod.  The coil i wound on a small babbin
which fits over one end of the magnet, while the reed, which
iz of a springy mature, I= screwed to the other end of the
rru-ﬂc(. Its action is as follows: the current from the plate
of power valves through the col; this tends o
increase the of the magnet, for it is a well-mown Gt
that if an rie current is pased through a ool of wire
wound round & piece of iron the iron will become magnetized
—in other words an electro-magnet or solencid. T the cise
of the speaker, however, the iron is already magoetized, In
other words, it is a permement magnet. The current pasing
throwgh the eodl, therefore, increases the magnetim, We
have already seen that when music or speech or any other
sound is being seceived this current fuctuzates in harmeony
or pymiary with the sound vibeations of the instroments being
played and this means that the magmetism produced by the
current will also fluctuate, thus cavsing the resd W vibrate
and communicate the sounds to the cone.

Whatever type of speaker is ued (and thers are several

i i aﬂ?ﬁmku

Imfortunately, the miust be E]Epcrhr housed
in order to reproduce the music y. arate cabinets
are now availabde which must be in conjunction with
the leudspraker which B wed, and these enable not only
much better reproduction to be chtained st dhe very low
notes, but also give better radiation of the high notes.  In
some modern high-quality receivers or amplifiers two or three
are used together, special circuits htirl%ﬂ;m—
ployed so0 that certain parts of the musical scale are to
the separate speakers, and thus more even reproduction is

ohtained. '

LESROMN =1
Reading a Circenit

Ix the early part of this book T illustrated a wery simple
circuit with diagrams showing the theoretical circuit and the
wiring diagram, numbering the to correspond. A
the circuit made use of very simple components, such as a
home-made coil and a trode detector valve, which is scarcely
ever wsed to-day, I think it advisble, now that the reader
has become accustomed to more medern components, o

Fig. gp~Thwrstical crodt of o madern threeanler roorioe,

illustrate @ medern three-valve dreuit in theoretical and

aeal with each componest numbered to correspand,

Bis circuit not make use of triodes but employs two

pentodes and a tetrode valve,  “The pentode valve, of eourse,
gives much greater amplification,

Figs. 75 and 74 shew the circoit and the practical wiring

i relating to it "I‘I]':: dircuit indudﬁs: 2 madio fitv

uency stage, a detector with reaction, and ¢ output valve

iqs, of course, tramsformer coupled.  All the theoretical signs

used in connection with radio are given on pages g and 100

S err——— e -
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READNMG A CIRCLOT g

A list of ralio uyl:l:lim]:., hmmtr, diocs not 1l the bﬂg:!'lﬁﬂ
sufficient. Tt tells him that a particular sign stands for a

rricular compenent, hat the begimmer seeds to koow when
E: sers a particular circuit what it means in terms of a parti-
cular st until he reaches tne stage when he can dispense with
wiring diagrams.  He should learn not to depend on a wiring
diaggram abways being available.  In fact, a circeit diagram
i very dnuch more graphic than a wiring dingram.  Manu-
facturers, for example, do not isue wiring diagrams, only
theoretical cicuits.

A circuit is really 2 number of different cormponents linked

together, and Fig. 75 indicates this in diagrammatic form.
I all the components were strung together i a straight line
the set itaelf O————O———0—0
wollld be un-
necessarily  lang

@)
and shallow, as
thown in the first Eﬂ_ﬁ
diagram. The
@ (]

COMPONENEs  are
therefore ar- il
ranged in a com-  Fg. 75— (a) A awieless gl iy menlly o ¢ i of dos
pact form as is fmmis gaine - hﬂ!mwn o
ndicated by the T O s o
other two dia- ) -
grams. The third arcangement i3 best in that it leaves a
central space for the mounting of the tuning condensers or
speaker. In reading a circuit diagram it is important o
remember that an arrow throogh a eomponent means that
it is variable. WVariable resistances and vadable condensers
are typical examples of conventional signs where the armw is
useed, It &5 alsn important to remember that electrolytic
comelensers have prsitive and negative poles, unlike the usual
type of fized condenser. . i
In this connexion note that the electrolytic condenser in
Fig. 73 (part M) is connected with its positive side to the
earth or chasis [ine, and therefore i metal chassis is used
it would be necessary to insulate this condenser or mount
it 5o that the case (which is normally negative) s not touching
the chassis,

- T
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LESSCIN 22
Using Testing Instruments

It iz seldom that o receiver is buile which works satisfactorily
gtraightaway, It may not work at all, it may give distoroed
© gignals, it may lack selectivity or the station may not be
received at the correct point on the tuning scale.  Adjust-
ments have o be made and quite often it is pecessary to take
r.nrn'.rl'L and voltage measurements throughout the circuit to
quite sure the correct voltage is being applicd at

the plnttﬂ-ﬂl'ﬂu' walves and that the corvect current is Bowing
in the varous parts of the circuit.  For this purpose we must
umh:zt::curs,mhaaudhmdﬂg,mwmra,mﬂ;mnmﬁeﬂ,
and =n on. It is ible to purchase a meter which will
cazble one o all ef those measwrements instead of
having a number
of separate in-
struments. In an
earlier lesmon 1
explained how
somme  fests  coubd
be made withoust
instruments at all.
y Of ecourse, it &
| only the advanced
| experimenier who
needs elaborate
test gear and the
bheginner may
find a simple in-
strument for
TreAsn Curnent
an.d ::;:E.Et sul-
ficient for his

St reafstancess

test immediate needs,
ﬁ-?&ﬂmq-mﬂmmm m?m““."f
take readlings bepond the range of Bhe mater, fact, it is guite

1y

USING TESTING INETREUMENTE IR

ible to ke all of the usual mensurements by means of a

~class millimmmeter used in comjunction with suitable
resistances or ¥ shunts.” The ammeter must be of the moving
coil type and it should have a full-scale deflection of about 5
milliamps, so that it may be wed to take measurements of
current down to about -5 milliamp.  Iis range can be increased
up o i, 0, 50 and foomilliamps, as well 8 to 1,2 and 5 amps,
merely by connecting * shunt " resisiances  between it
terminE.

Mo, before the commect value of these resbtances can be
determined the resistance of the meter itself must be known
and then the valwes ean be found by simple proportion,
For g:xamEI:., if the resistance r-l‘th:mm:cr iz 100 ohms, and

it is in to take resdlings up to with a meter
whose fill-scale deflection & 5 mi 8, meter st
only pass 5 malliarmps, and ﬂuh‘u:ﬁ.mf l.!u: TEEiSIATICES
will have to carry the remaini arm;

in ancther way, the meter will t r m'l.r lrnth and the resst-
anee nine tenths of the tetal current. It follows that the
resistance will have a value of one ninth of the resistance of
the meter, or 11°11 ohms, By this method the value of any
other shunt can be foand by dividing the multiplying Tetor
fess 1 into the resistance of the meter.  In the example given
aboree the multiplying factor was 1o (5o divided by 5). T give
below a short talile ing the values of resstances for other
PRI,

M rsanueren Giving Maxmwun DErFLscmon oF
5 Ml iiasrs

Maximum Defloction | Multiplication | Roistance
Reguired Frctor of Shunt
10 milliamps g 2 1o edhrns
W g, " o 4 4535 ohma
[ i 1o 11411 ohms
100 . v o0 526 ohms
I amp . I 200 5o ohms
2 ANpE . - v Fii] =251 ohms
L - . 1,000 -1 ohm
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afwam by Fig.

O-5 Al amps

Aessstande
derng Aeasured

].—m_ .rrl'.l'.l'mffr

dary be need for measuring renistances,
m"m Kre,
Fig. E—{Right) A resfatonee beiidge,

Eesistances 1o
the values can be
suitable lengths
of resistance wire
on tosmall ebonite
rods. The wire
mist be  chosen
=0 that It will
safiely carry  the
NECESsATy  curment
and the proper
gauge can be
obtained [lrom
wire gauge tables,
such as those given
in my Vest Pocket
Buﬂ}:, entitled
“ Wire and Wice
Ciauges ™ {;’? wl,
by pmtil, ig. 76
shows the methed

of connecting

LUSING TESTING IMSTEUMENTS 1y

them.  Ome end of each 5 connected to one terminal of the
meter, the other ends all being taken to sockets into which a
PILE,-ﬁm the second meter terminal can be irserted accordi ng
to the range required,

Yaoltage Measurements.—The same meter can be wsed
for measuring valtages by connecting vesistances in series, as
already explained.  Here agnin, it is necessary to take the
resistance of the meter inte comideration when determining
the sive of the resistances required.

The method of caleulation, however, i different and it is
necesmary o employ Ohm's Law.  We know that the resist-
ance of a cireuit in ohms &= equal to the voltape acocss the
circuit, divided by the current in amperes fowing in it
Therefore, i the meter & to read 5 volts whilit pasi
5 milliamps, the resistance should be 5 divided by /200, whu:rﬁ
equals § ¥ goo, which is 1,000 chms. We must remember,
howewer that the resisiance of the meter, oo obims, as well s the
series Tesistanes ie in ciroudt and the wine of the latter muse,
therefore, be-only goo ohms, Tt follows that if the meter were
required to resd wp to 50 volts & series resistance of goon
ohimns {10,000 — 1oo) would be required.

Resistance values for any other voltage ranges cin be
workeel oast in the same way., It will be obwviews that when
the voltage to be messured is above 5o the resistance of the
meter can be ignored without affecting the accurscy of the
Imeasurernent i ary great extent,

Resistance Mensorement.—The milliammeter may be
used o measure resistances by connecting it in series with a
resistance (Fig, ;?'Ell.n"."-'hm meanwing the values of small
resistances (less roo chme) this method B net very
suitable for extreme accuracy.  In this case wse should be
made of & resistance bridge, the circuis arrangement of which
iz shown in Fig. 8. The resistanees B, Re and Ry ane of

value, whilst R is the unknown and B1 and Re are

adjusted until current ceases to flow through the galvanometer

marked . The value of K can be found from the egquation
RefBz = R/R3.  Simplified this becormes:

Ei = Ry

—— =R

R
A dmple resistance brldge is shown in practical form in

[
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i .
Bo—{Lgff) Cir-
}1&#’: -nﬂ[fir}}w, by pison sams -H-nm'llruf
feriitic parpes cam b

] Moted,  Fig. 8= To WE Sartery
[Right) The ineudf o B G Maine *
desting resdifomces, I
ssing a neon Lamp. Fegiytor uode? teed
Ehmen &y Fig. Ha.

Fig. 70, where it can be scen that the resistances R, and Ra
are replaced by a length of resistance mma}mrdlmtgallaﬂmd
to a base-board 10
which isattacheda
~q R orule. Rgls
of known walue
whilst thegalvano-
meter should be of
the centre  2ero
. The battery
an ordinary fash-
type will do,
: 1 or an accurnula-
up and the crocodile dip is connected to ene gabvanometer
terminal and pressed against the length of resistance wire
and moved al it until
a gern reading 18 shown |
on the Eah-n. Then the ¥ X L
shove ealeulation can be e )
made, taking R and R A
as bei ional to
the jﬁtﬂnrunr the _ |
clips from the two ends g
of the resistance wire.
This is, of course, a very ™
sample arrangement in- "
tended for demeonstration %

purposes.
A simpler formula, for  ©

0 5 MO 2o M 4 B &

calculating shunts is Fientan gar s
Bs = u where £
W—is F&!&ia—wmﬂl:mfiﬂﬁ

UEING TESTING INSTRUMENTS 11g

R = the value of the shunt, Bm = the value of the meter
resistance and N the multiplication factor.

A Valve Tester.—A valve tester which will enable the
experimenter to plot characteristie curves of valves can be
quite simply e from the circuit shown in Fig. Bo. This
tester is, of enurse, intended for battesy walves but 2 similar
ane could be made for A, valves,

Measuring Resistamnces.—The circuit necessary  for
mezuring resstances by the ™ flash ™ method is shown in
Fig. 81. It consizts of 8 2 pF conderser in series with a
neon lamp, and an HT. battery or other divect current
souree, whilst the mam under test is placed across the
eondenser.  (See Fig. 82.)

When the current is mtchrd an there should be po glow or
flashes from the lamp uniil & resistance is connected across the
condenser.  The lamp will now commence to flash at regular
intervals. There may be five, ten, twenty, or more flashes per
minute until the lower values are reached, “anﬂ:rﬂaﬂmhe-
eormee too fst to count, or else inbo one continuous glow.

By placing three or Ewr“mml resistanees of known
values across the foeed condenser in turn 2 table, such as the
following, may be compiled.

Fesistance Flashes per Minute
gmegohms - - - - 13
u maguhlm f - - - T
1 megohm - - - of
tmwogobm - - - - 53

Fram thiz it will be a smple matter to compile 5 graph as
shown in Fig. 83, The resistances chosen vary from §
to g megehms, therefore we divide the graph vertically into
equal increments of resistance to cover this range.  Along
the base we mark the number of flashes per monute from
o onwards,  From the fiest figures in the table a 5 megohm
resistance gaw: 14 flashes. Run a pencil along the hoszontal
line marked and one along the vertical line
marked 14. %hﬂf they intersect at A place a eros.  Carry
out the same procedure for the other points, thus 2 ml‘;g]’!3
meets zo at point B, and so an.  The poins A, B, C and
are then joined up with a hne as shown

Cince: the g it complete it s possible to vead off the
valie of any unknown regstance within the limitsof the graph.
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Testing Cofls.—It is sometimes interesting to compsare
the efficiencies of various types of twning coil and in this case
a valve valtmeter should be wed.  This consists of a circuit
e ing a single valve, arranged for anode bend recti-
ficatwom ancd h:wmg a milliamemeter connected in i anode
circuit, A simple armngement of such & device is shown in
Fig. 84 Eu_q case, the milllammeter should have a

maxirmm dﬂflnctmn of 1 milliamp.

Using WValve Voltmeter.—In
w4 #r+ using a valve volimeter adjust the

7~ Brid-hias voltage by altering the posi-
— umut'llu: megralive: tapping and by

the potenticrneter setfing
ird u;nl.'l.l tEr mil iammeter shows a read-

abé * = ing of abowt -5 miliampe. When
L that is done, any tuned circult which

is ponnected to acrial and earth bead

P — ean be connected o the two termin=
“Fia. wruit errngr- als marked ¥ Input™  The direuit is
| ek of a ol wﬂmdwnﬁmndmthzlumlmaumwm

| de pieble for ‘W‘::ﬁ tir e frequency of a bocal escillator, and
- g oo el evenserd veading of the instry.
ment noled,
Thecoilswhich
are to be coms
parred can then
be connected
in eircuit, one
at o time, and
the readin
carefully ;m:lwi
in each case.
In each in-
atance, the
efficiency of the
coil i repre-
sented by the
in an-
ode current
when it B in

& -The corrert oy fo fest the vollage of an
i eodle it iy amcler lewd, Bhal ir, cohile o s Er
cemnected b 1he s amd soetichesl en. CAFCHEE.

LESSON 23

Varve manufacturers isue useful beoks on thedr valves,
giving what are known as the characteristics of the valve.
In addition to tabulated details there is a graph, Tt will be
foussed that the bottom line of this graph bears a nurnber of
r marked “ Grid Volis” The right- or left-hand cige
of the graph bear: a mumber of figures marked * Ancde
Gumm”nrﬂtbcthckhnurmmnﬂmﬂm SUATES Are
T T T Inbelled  * Anode  Vol™

EREEENE Ayl Sometimes these three sets of
! | -'* fgares arereferred o by their

¢ technical abbreviations,

L
L .ﬁg,a_-g :lr'}“"”*éa
I N i ] R T =
_I T 'r_ ] % | /! 4 u e ts
q‘l’fﬁ?h -‘{‘_i a -f 1.”
TR T s L S oy
e aney O e En el R AT
4 L i
.-._c;u-.“-‘iz___}e"f L _‘% i f
-1 T 1 4 i
13 ] - -
T I S e o o e $
W e R s T O i a2 3 F 4 oD
Grsd wedtn

Vg for Grid Valts, Va for Anode Vaolis and 1a for Ancde
Current, Thlfncgnhi volts Fne is ua;:n}- divid:gl into m
parts, & DeTO plasced near right-hand edge,

the volts to the left of this being marked ™ nagative ™ and
these to the right ** positive.”  This set of curves provides all
the details which are known as the charscteristics of the valve,

B s Bl e L g ot 2

e
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Flotting n Characteristic Corve.—You may plot vear
own characteristic curve in the fellowing way, Connect up a
valve hobder, & grid-bias battery, an H.T. and a LT,
batery in the wual way., A millammeter sfould be in-
serteel in the anode lead between plate and H.T. positive,
HMow prepare o pieee of squared paper with a grid potential
Ene and mark the right-hand line with a series of numbers
from o to go.  Imsert the valve in its holder,  With no grids
bin: and 6o volts H.T. note the current indicated by e
millinrnmeter, On the squared paper make a dot on the
zero line where the
line eorresponding to
the anode current in-
m Mext
1 id-biss plug into
A the 15 walt grh't.
“| and node the anode
current, making a dot
on the chart above the
15 volt line at the
point of intersection
with the mew anode

carrent figure,

Pmcuaﬁuin thiz way
with various H.T. and
G. B values, joining u
all dods for each 1P
; value, The resudt of

Fig. BB.—Seiogp for taking solbe musiaremmes, thie will be a set of

curves shmilar o these

supplied by the valve makers, and the variow figures such
a3 amplification ratio, slope, ele., may now be foumd.

Amplification Ratio—Amplification ratio is the ratio of
change in anode voltage to o in grid velts, In pre-
piering the characteristic curves you will have neticed that
as the grid bias was incrensed, the HUT. wolts being left un-
altered, the anode current decreased.  For example, it may
Iﬁw bﬂmm;r:;d;hﬂ with too wolts HT. amd no xlrluan on
the gri current was approximately 15 millinmps.
When the grid bias was hcrms:gpm- e E;IIE, the anode
cwrrent dropped to just wnder to millamps, a dvop of
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approcimately & milliamps, [t & obwvieas that to obtain the
game anode corrent without altering the bdas, &t will he
necessary o increase the HU'T.  In this case, it will be found
that about 24 wolts are required to obtain the same anode
current, and we must add 24 volts H.T. for every § volts
({TB. acdded, and this ratio 245 I8 the amplification retio, in
this case 8,

Blope.—The slope refers to the mutual conduetance, and is
the change in anode current divided by chenge in pricd volts,
or to put it another way, the anode current change per wolt
grid potential change, To obtain this Belor the anode
potential of H.T. must be left unaltered, and the grid-hias
ooty varied,  As the bias iz increased we have al ¥ noted
that the ancde current decreases, and thesefore we can
obhtain a et of figures from which it will he observed that the
mdnwn'ﬁmintlwmmxl:giumahnwdmmma
milliarnps for every volt that grid-hias was incressed, and

therefore the slope is two milli eeutﬂt.m‘asitism
pressed on the valve chart, 2o s

Impedance.—The impedance of a vahe is one of its most
impm'tant characteristics, for upon it dq’;c;rl.ﬁa the value of
resistance, condens- i ;
ers, etc., which i3 te [T
be nsed in coupling | o
the valve to a sulb- =t

went No f f——— =1
ﬁ:q;ﬂmm;lt.u:ulmm %_
5 pecessary to obe Du, frd
[EACAR A
et
A

tain the i ance
il :m“l?,

WL PAMPE
#r{q

e

ANDDE CLORSNT i

A

K
K

value, & the two

previcus items dis- -

cussed, namely, o

dlope e amplifi- Fi }

cation  ratio, are {_,.’ I P

wsed  to ascertain ,,/ AT
the impedance 11 et ]
value. cBEEREBREY
Itnmﬂymr; ANGBE r

o divide the ampli-

fication ratio by the

Fig, Bg—{iwavse palos curoes,
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slope and multiply the answer by 1,000 which, in the example
A 1, 0HE

I hawve wsed is — %
] i

ohms.  Figs. #6 and 87 should make these points clear. It

is a simple matter to

build ar}‘p:ntﬁ
the

Zore . TECessary
i gt messuTements  re-
ﬁimd to plot a
ArACIETIStIC CUrVe,
It s important,
Dowkie | howewer, 10 TENenm=
wﬁsbﬂ'ﬂm‘t the charpe-
i lerisdic  curwes as

ANOOE WOITS supplicd l&;lh:
3 arc L is
Fige goo—Liymami curved sipljfied, known as * static

characteristics™
which in other words mean that Ilu:{ are only applicable o a
valve which receives constant voliages, T have already
explained that when the valee is receiving dgnals the grid
and anode voltages are constantly changing, Henee it iz
impossible to ascertzin from the curves which 1 have dealt
with so far 3 much more fmportant valee, viz * Maximom
undisioried outpu, as well as the correct anode load and the
percentage of second harmonic diswrtion,

e Curves.—We mmust, therefore, prepare 2 new
st of curves known as dynemic curves. These curves are
msch more difficult to prepare, and it & unfbetunate that some
valve manufacturers hesitate 0 give them.  Fig. By shows the
waty in which dynamic evrves are drewn, and it will beobeaered
that the values of both grid biss and HT. are camied to a
value higher than that which is normally wed. In Bect, in
order to rrake use of these curves we must show the current at
the correct working point, ie., al correct anede volts and cor-
rect grid volts, and in addition at half and double these values.

the operation of the valve (remember we are dealing
with the valve as an L.F. amplifier) the grid potential varics,
when the valve is ing om the proper part of its chameter.
istic curve, from the applied biss to deuble that bins,  If

s gyo0on and this gives the value in

ANDOE CURRENT
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does not do this, distortion is taking place,.  The effect of the
varkation in biss is, as our other curves have shown s, equiva-
bent e & ehangein anode volts, and therefire the dynamic curves
will show the anode current at varicas grid and anode velts.

Undigtorted Owtput.—The curves shown in Fig, 85 may
be expresed in a much simpler way for the purpose of ex-
plaining the method of ining, the undistarted oupmt
of the valve, and Fig. go ic an indication of hew the curves
may be simplified. Tt shows the anode current curve at
normal grid bias, double and half grid Has, all the other
lines in Fig, Bg being omitied.

The diagonal line running acress the curves s known as
the * load line," and this gives the value of the resistance
which must be included in the anode lead 1o obtain the
maxirm  undistorted  cutput from the  valve—in other
waords, the correct matching resistance.  The line is drown

-placieg & ruler on the curves with its edge at the point
W the normal grid bies line, normal anode current line,
and normal ancde voltape fine all intersect. The ruler is
then swung about this point until an equal distance separates
the o gricd volis line and the Jine ruling to double the

grid bias. In practice the distances should net be

:ll;'t, omne side being slightly larger than the other to oheain

is known a3 a § per cent. distortion seale. We can,
however, & this for the moment.

Having drawn this line we drop a vertical line at the point of
intersectican of o grid volts and draw a horizontal line at t';n;:'nt
of intersection of the load line and the line corresponding to
double grid biss, This gives us a triangle asshown in Fig, ge.
Nowe the formula for Anding the ondistorted outpat i

(E max, — E min.}
(1 max, — T min) x e

Expressed in another way, it is the anode current difference
multiplied by the anode voltage difference, divided by 8,

Undistorted output is ome of the & t valve details, as it
gives @ true indication of the pu-mrwf:' -h the valve will deliver,
For example, if we know that a particular valve will give an un.
distorted output of Koo milliwatts (or «5 waits) and that ancther
valve gives an undistorted oulput of @ milliwatis we know
that the latter valve has twice the mﬁ:rmd output.
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Transformer Curve.—In addition o the valve curves
the makers of LF. transformers also publish similar curves
which indicate the degree of amplification which may be
cbiained with thos components &t vardous fegquencies, Tt is
thus o simple matter to design the amplifier so a3 to oltain
even amphﬁmﬁ:-n by choosng bwo wansformers so that the
deficiencies of one are compersated for by a high performance

Hermal is to say if one
b translommer  curve
nh:ml: that that par-

ticnlar  compomnent

Lawble M:‘snﬁahnmz,m,
cyles it is posible

to chomse a second

Sy transformer  which

/ * has a rising char
acterigtic  at  that

HORMAL ANGOE LAy

MORseL  ANODT VOLTE %
Fig, 91— The powe bringle manked owt,  Eo “.hfmmﬂd A
response will be even,
Pick-ap 3 The makers of
pick-upe also pubdish curves, which are similar in principle
to those mentioned above.  That i w say, they indicate the
level of the respomse which the pick-up gives, and their use
is the same, namely, to enable the nrl'q'fﬁl:r te be designed
so that even reproduction of all freguencies is obtained,
h Ilkﬁ'ﬁ.p;:fif:h freq'umm s e i
gve for Lt ies s extending from
about 20 cycles to 10000 cycles, aniuf!lfelrm-urdnam% es ars
given in terms of amplification. The performance of the
eomponent is then indicated by a heavy line running acrose
the graph, and the straightriess of the line shows in goodaess.
. Very few manufacturers of receivers or amplifiers
istue charncteristic curves of the complete appavatus, and
manufacourers of loudspeakers are also not, a3 a rule, willing
to jesue such a curve,  The design of the st may, therefore,
only be worked out with respect to the choice of the trans-
formirs, pick-up, valves and, in some cases, the condensers,
The above remarks should, however, be sufficient to enable
a really stmight-line reproducer to be designed in such a
manper that all compenent deficiencies are compensated for,

LEXSSON ag
The Loudspeaker

Tue loudspeaker iz the instrument in the set which transmits
o our cars the result of what has been happening within the
studio itsell, No matter how earefully 5 sef has been deipned
ar made, if the speaker is wrongly maiched or unsuitable for the
set, the result as far as the ear = concerned is unsatisfactory.

The sounds we hear are set in motion by means of the loud-
speaker cone, and therefore the poation of the speaker in a
roant Lo relation to curtaing and furniture §5 very important.
When, as i m.r.m:ly the case to-day, the :laenlncr is built into
the: receiver, it & somstimes diFﬁL'u{l o 50 site the s so that
best results are obtained. Mostly a set is placed near a win-
diow to facilitate the fitting of short aerial and earth leads, and
50 the best position for the et cannot be ueed.  The desium of
the receiver isell ofien means that the 5 is ot locaned
in the best position in the cabinet. lts position i often
Aecrded |.1:|.- that of the Imﬁn-_g; contral and the g‘ramnpl'm:;
turntable.  These are pesitioned for comvenience of operation,
and this means that the speaker has to be placed at the botom
of the cabinet and close to the foor.

We are pocustomed to hearing the sound of the human
voioe from & pomt at an & height of from 5 fi. to 6 fit.
above the ground, and therefiwe the hest height of the speaker
it between & ft. and 6 [ If the speaker is fixed low and the
cabinet is standing en a thick pile earpet, close to heavy cur-
tains, as 18 oflen the case, the air vibrations are bound to be
damped considerably, and will affect the tone of the repro-
duwction. Those who seck aler high hdelity reproduction
will prefer to have the spealer separate from the se, and
away from ity so that the best posible position for it can be
found. A corner can often be utilized to advantage owing
to the reflection caused by the dummlg walls, and requently
e EE:EISL!‘!.E resulis are olbaained w the speaker is placed
fairly high so that there is & fair amount of sound reflcction
fronmn the ceiling, ™

=y
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The Output Filter.— There are two reasons why an cutput
filter i fitted to & set; first that the filter propery arranged
will help to match the impedanes of the with L
of the ouwtput wvalve and, secondly, the isolates the
speaker from the anode current Bowing in the owtput valve,
Omly the low-frequency signal current prsses throngh the
|ml.dsr'ﬁﬁlser, and this ix 5 tamnt In maing pets, I not on]y
eliminates all chance of shock if the L.5. terminals are acci-
dentally touched, but in some cases it will minimize hum,
Fig. ga shows a typical outpet filter arrangement.

There are twa types of output filters—the cutput choke and
the transforemer, '

Fig. g2 shows the choke method which has the advantsoe
of low eost since the only compenents required are the output
choke and a fixed condenser.  The outpat choke generally
should have an indwctance of about 20 henries, and the con-
&hut:rnlmr.ﬂ&b:u{':cur uFm{nr.'lL, mndm of
this scheme is that menEmm'.ﬁrFm I:nl:hnmumtﬁ:is
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anly necessary Lo ran one wire from one of the fixed con-
denser terminals of the cutput filter to the speaker and the
other wire from the speaker to the nerest easth point.

The Outpnt Transforser.—When n trarsformer i
used the Iatter components should be of first-class manu-
facture, The impedance of the secondary s often bess than
that of the primary, but in seme models the primary and
secondary are :xa.diytl‘u::m, In some cases a dop in
signal strength may be noticed when wing a 1-te-1 trans-
former s compared with o choke cutput, i i alten due
to a poorly designed transformer.

Maiching the Speaker to the Ouiput Valve.—It i
first necessary to remember there i a certain current passing
through the
speaker, anad that
there is & certain
Wi across its
mmalg. We
hawve seen in an
earlicr lesson
that volts multi-
plied by cum:nt_l
in amps equa
watts, and that
watld Are 5 e < b ek i S
surement of U% 4§48 bvmsreiir - ik okt BT
power, We want mwhm;::y{d h‘lrﬂﬂmm
to get a5 much
[POWET OF RS TANY Watls a3 le into the speaker.  Take two
extremes, I the speaker has a negligible resistance we should
obtain a large current but practically ne voltage across the
terminals and thersfore zero watts, But the other extreme
i%, if the resistance of the speaker i very high, we should get
i high voltage but no current.  The result as before would be
zero walts,  Somewhere between these two extremes there
i= @ vahcﬂfhi&:h will give maximum m@mﬁacmm

i speaker depends upon ing that v
(which depends upon the characteristica of the output valve
terined the optimum load) for that valve

The only [nstruments uired for testing are & milli-
ammeter and a wire-wound resistance of, say, 1,000 L

E
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The meter should have as low resistance s possible so thae

We can ignore s mmﬁe in ariving at resmlis. The

Mow, disconnect the speaker, and connect up the milli-
ammeter ard the resistance to the output termivals of the
receiver 28 chown in Fig, g4

The resistanes should be screwed down on te a fat piece
af wood covered with white paper.  Mark out & seale o the
paper, vp the length of resistance into 10 equal
%E:x.auﬂmm divison pepresents a resistance of 1,000

his provides a temporary and inexpensive variable resistance
Now take the erd of a lead as shown in Fig. g3 and
prese it on o the resistance at the rst mark nearest the meter
terminal, YEprEsenting a resistance of 1,000, Toake & mote
of the meter reding, and take similar readings of all the ot her

markings on the resistance seale, and make 2 small tahle of
them as below:

Anode volts 100, Grid hing 1.6

Resistance Curreng Valve Chatput

{ohms) (milliamp) {m.iﬂ.iwntts}
T K B i)
2,000 g-.u o
000 2 I
00D 5.8 194
Swooo 5 156
Byoo0 4.8 158
e 45 141
Hoon 43 140
G000 5-B 150

1,000 55 . 123

These figures will, of course, only provide data fir the fst
two columns, and we must caleulats from thess two columns
the figures for the third colummn,

The watts absorbed by the reslstame equals resistance
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ied by the square of the current. For example, the
first reading 8, the square 8 8w #, which ecnal Gy muli-
plying this by 1,000 = G40008); but this must be divided
again by 1,000 to bring it to millivatts {1,000 milliwatts
equals 1 watt), s0 the answer is G4 milliwatts, which is pat
down in the third colwmn,  The second Ene will be:
?’

%

= off milliwatts

[ Maala] T oy
and so on for all the olher readings.  If you can 1=e a slide
rule you can read off all the answers direct; otherwise yoo
rmust caleulate them.
is to plot a g.n'p‘::‘ o T I
Iq;u:uent:u:we i
m1[|1'.m1.tn for any I . ve".'."r T
walue of resistance, /
Mark the milli- £ K ™

".'rl:ﬂl .I.EI'I.F TEPTC—
senting & Tesis-
tiance 10008} ] y
ﬁm"fkct mt:mf;.: ) ¥ NEmTNCE focet oF comss

L']hrli mﬂlla:’:}h Fig, syp—Filatting o grogh for the odpat siage,

- 15

fior all the other values and then eonnect the points with & free-
hand curve.  Almost certainly you will not be able to dras
a smooth curve touching all the dots.  This is probably due
o inacenracy in your reading, but a curve which * "
the dots will give the imate mesn of all the resubts,
The highest point on this corve represents the highest or

A i 8 o ot v S

ST L P Y

s




152 A BEGINNER'S GUIDE TO RADIO

timum of the valve under the conditions of this test, In
ﬁ graph it is shown that the optimum {5 at about 7,0000,
and this should b the (impedance is the resistance
Plus the inductance) of the :

Enowing the optimum load for the valve, on referring to
your table you find that at this load the current iz, sy,
45 milliamps. By connecting up the milliammeter in serics
with the speaker while it is wor ing, if the meter reads 4-5
nilliampe, the speaker is right. The fipure 45 will 'pmlmglf
b:djfﬁ:mtinywrﬂmmﬂismﬂygimhen as an example,

When two or mare speakers of the moving-coil type are to
be operated from one recciver it s often Iound most satis-
Bictory to wse a single output transfirmer o feed them all
In that case the speaker speech eoils should be of simiar
impedance, when they may be conpecied in parallel.  The
transformer ratio shopld naturally be selected to match the
comhined impedance of all the s added topether.

Here it should be stressed 1 the impedance should
preferably be the same, IF they are not, not only will it be
difficult to match them to the outpul stage correctly, bt
they will produce uneven signal strengile, The lower re.
sistance speaker will probably produce 3 louder signal than
the higher resistance. If it is not possible to use
with the same impedance, mparate ransformers must be
used, or sepamte controls placed across each cr 5o that
d::mlpmmyallbeadjmdtoth:m . In the
macofmummmﬂmhnbcingumdmimpmrcpm-
duction—eay, a 1z-inch speaker for the bawm, and a Geinch
speaker for the or treble—a specdal crosover network
should he mdb:l;.c for twe reasons. I"'uﬁ-tly, if the large
signal in the range were applied to the f-inch speaker
it would probably damage it, whilst the high notes applied
o the 12-inch speaker would probably make the disphragm
=plit up its vibrations and give distorted signale. The cross-
over network is a special arrangement wsnally of chokes and
condensers, so arranged that all ,the frequencies below a
cortain value are applied to the large spenkers, whilst all
above that fgure go to the small « These two speakers
are usually commonly referred 1o as a * woofer {the bass
speaker), and a * tweeter ™ (the high-note speaker).

LESSON oy

Mains Valves

Hrrueero T have chiefly dealt with hat sets and battery
valves, When a set, however, is ing for operation on
the mains, different types of value ape needed, and althowgh
the fundamental principle s the =ame, the methods of heating
the Glament vary, In a battery the filament or eathode 35
connected directly to the low-tension source of supply—the
accumulator,
Most mains valves
to-day, however,
have indirec iy

heated  cathodes,
which means that
the emitting cath-
ode is not divectly
amnnected to the
supply,. There
are, of oourse, val-

ves with directly
heated  cathodes,
and in this respect
they are similar to
battery-
operated valves, Fi TR ;
The emitfing cath. & $-—Themetiol ciri of o R frangmas ded
ode in ll::glﬂ-tbtr ) ;
CARE 15 A wire cossted as alrendy dhescribed, and it sy be heated
by & raw alternating current supply.  An indirectly-heared
valve is indicaied in Fig. gk,

Mains Teansformer,— Iy 5 mains receiver, the alter
nating current from the mains 5 connected to the heater, and
surroumding this is the cathode,

vently, @ maing power section must be included,
and this i the chiel differenes betwetn a batiery receiver

- and mains receiver, The power pack for an altemating

LE=)
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curment receiver corgists of & mains transformer o convert
the voltage of the mains supply o a desired value, which
may be 250, ﬂo'g.m violts or even higher, and a low-tension
mpﬂy-—uma‘lity G-3 volts, to heat the cathodes.

Most maine valves to-day are designed for G-3 volt working,
and It is necessary therefore to recapiiulate o some extent
the principle of the trandormer. It @5 an instrument for
stepping up or stepping down an AC. voltage, in this case
for the purpose of feeding the heaters and anedes of ihe
valves. Alernating current is extremely valuable a3 a
hasis of design of mains receivers, becuse the voltage can be
changed to any required figure with the greatest ease, whilst
it s, of course, koposible to step up DO, Al that & needed
in the case of AL s
a siepeup or A s
down transformer. As
v have seen earlier a

core on which  are

placed the primaryand

seenndary  windings

mﬁeﬂ of core n}m

y used for

fer  gmall transformers is

that condsting of U

and T-shaped stalloy

: stampangz, TheT bix
Fig. gi—in inddy-teatad cathods and the 35000 yhe T, formin
alemmeris g an maabroc -l ot a semni-solid core wi

two * windows ™ and & centeal Bmb wvpen which the windings

are placed.

The number of turns per volt for both primary and seeand-
ary windings depends upon the croseedtional area of the
winding limb and the frequency,of the mains supply.  For
example, if the area is 1 sq. in., and the frequency 50 cycles,

m purtaoe

8 turns should be allowed for every volt,  IF the aren i3 half

this, the mumber of turms must be doubled and viee vera,
On the ather hamd, if the frequency is doubled, the turn
should be halved and vicee versa.

This rule is inwariable, and is the bass of all maine
wandormer design.

MAINME VALVES ] 35

In order to as-
certain the most

I i
suitable size of
B stamping, it B
necessary to
know the power,

ac has to handle.
mans  For example, as-
sume that the
tramsformer  has
tosupply 20 volts

al 2 amperes;
the wattage
would be 2o mul-
tiplied by 2, or

HT= 40 walls, @:sgu-
) ming an cffi-

ciency of oo
per cent.  Ba
as the actual effi-
ciency is only
about Bo per
cent., it s neces-
sary to increase
tll;r. valve by
about 28 per
cent., which .-
grves the power |
to be handled as ~ “rammit- Fardh

wiatls,

It must be remembered that Ohm's law for aliernating
curvent, or rather the formula relating to it, differs from that
n-,]alﬂag ter direct current,.  We have seen thet in an alter-
nating current cireuit, Oha's law expresses 5 relation betwesn
the ELMUF., of the circult, the current flowing and the cineudt
impedance (E, I and Z respectively) from which E equals [Z,
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This brings us to the question of what is known as the B.M.5.
value, or the root mean square value of alternating current
o voltage. It s the sguare roct of the mean value of the
squares of the nstantanecus values taken over a complete
q_yf.i:, and when an alternating current or valtage is specified
it i almost invariably the root mean square value that is
used, It is sometimes refiereed the as gfectioe vale.  In brief)
this mesns that 230 volts AJC i not the same thing as 250
wolts 1.C.

For this reason cave should be taken in choosing certain
CoTHponents, such as, for !Jma.mr., dial l[gllts. These are
usially rated at a DG rating, and if you have a receiver
with a gvolt AC. heater winding, it would not be correct
to use a g-volt pocket-lamp bulb for the dial light. As the
AL value would excced 4 volts, the proper lamp to use
would be a Bvolt rating. In AC. practice any reference
to val i or currents where no indication is given as o
which value is mmmdnd,shmﬂdkmtakmxshmn%ﬂlc&hﬁé
value. Most measuring imstruments are usually calibrated
in BLMLE. values of currents and voltage,

Mo should be made to operate D.{,L-t}g:(valm
from an ALC. supply, not only on aceount of the
tinmed u:!rbl:eminﬁ the higher voltage, but ako because the
usual battery type of valve iz with a thin filament
which will give rige to Irumﬁzl with mkﬁlﬁlﬁ- The tc‘.
type of valve is supplicd with a special thi ment taking
a much higher current than the hattery type of valve, and
this is wed only to make the cathode hot so that it will emit
the necessary electron flow.  In the case of the ordinary low-

voltage (1-4-volts) battery-mains valves, are operated
from mains units or batteries; these have been specially
designed for the r|:u:m: and do not, therefore, come under
the above class

LESSON =6
Rectifiers, Chokes and Smoothing

It is important to remember in mains transformers that after
transforming the voltage it is sl altermnating current and moust
therefore be con into TG,  This is achieved by either
fal or full-toeve rectification, and this achieved by a parti-
cular type of rectifier.

Even after rectification, the current is still too ™ rough ™ as
it is pulsating D.C. supply, and smoothing must be introduced,

Bectifiers are of two types, the valve reéctifier and the metal
rectifier, although there ase other types, suwch as chemieal
rectifiers, the Tungar rectifier, the vibrating reed rectifier, as
used in car radio,

the rotary con-
wertor, the mercury
vapour rectifier and
the copper-oxide
rextifier.  For radic

purposes, aselenium
metal rectifier is

mtl wied to-da - rectifier, & mafal
o moetd h‘g‘uﬁmﬂaﬂmm-ﬁr

n:r_'nhl:'m are avail-
able in halfweve or follwave types; the symbols for thess
are illustrated in Fig. of.

MNow a rectifier suppresses the flow of current in one dir-
ection and it therefore follows that a halfwave rectifier gives

ulses at half ﬁ-ﬂluency, and a fullamve rectifier at double
Eﬂqu:mr. Neither, however, actually delivers direct current
bt o pulsating current of fixed polarity.  Rectifiers are used
for rectification of the H.F, signal, or to put it ancther way,
femr |'I.|ﬁ| neney rectification as well as for p‘m‘u‘:d:l‘tg power
supplies for high-tension p

vectifiers, whether of the valve or metal lype_are

m.u(:h u.m.aller thar, those required for power supplics since
the requirements are smaller. Typical signal rectifiers are

L3y
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the Westector and

& germanium diodes,

i- ’l J It is impertant to

i + l'bﬂ!ﬁr!:hra.l halfwave

! 3 rectifiers for power
AL 5 ]- supplics are only

very small. If

oc.

. - used where the

T A T i current supplies are
- ' = B CUFTEnt greater

Fig. gt melal sectifer voltage dowbler cirsit.  ¢hon that of an
individual walwve,
whether employed for fullwave or halfwave rectification 1=
called for, then two or more valves may be connected in

rallel

PBMmI rectifiers ave alse wsed in valtage doubler or
circuits, as shown in Figs, o and 1oo, The woftage dowbler as
showm in Fig. 6 wses & metal rectifier, and it is connevtod
together with duuxdemnmmpmidnabu-idgcc[mdt,
resulting in a p in wvoltage, The condensers used in
the voltage dm cireuit are of critical value, amd the
makers’ resommendation moust be adhered o,

In the eircwit shown, the bare recifier circuits are illusteated ;

the A.C. input may consist of & matns supply or, as is more
usual, & maing transformer, The D.CL wﬂ“ will, of course,
be fed into a sultable smoothing circuit to be dealt with Luter,

Bmmnhl.nﬁ Chokes.—FReference has been made to the
necessity for

smoothing and

for this purpose o}

a choke is cm-
poyed. A choke
15 & simple come-
ponent consist-
ing essentially
of a length of F. -
wire wound on
a formmer built up
from a number of
i |ﬂm=.l1ﬂﬂﬂm DAL,
by the method Fig. 100~ brifgs rectifler circiie,

Iﬁd-
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already described for Low-fi uency transformers, The simplest
type af iron-core choke isr:ml.c intended for coupling T.rgh:r
two valves on the choke capacity principle, or For CONNECHnE a
loudspeaker toan output v The essential design data is an
inductance of not less thar 50 henries at the normal werking
current, a DL, resistance of 2,000 ohms or less, and o safe
curent carrying capacity of net les than somA, When
dealing with currents above, say, 50 mA, it is advisahle th
cm|pluy a smoothing choke of greater dimersions and having
a lower LG, resistance. Tt &5 also an adeant for the
choke to be of the constant inductance , 80 that its in-
ductance does not vary mezsurably when the current s
through the winding i varied.  Tn arder that a choke shou
show such chamcteristics, there must be an air gap in the
core.  That is to say, the T- and the Uspirers should not
touch cach other, but should be armanged with a small gap
between them. The iron-cored choke can he wsed for oo
purpose where a choke is required, but it is specially Ruila.b{
for use in powerful mains recelvers Tor smoothing or feedi
the loudspeaker. It can also be wsed succesfilly as a boud-
speaker field replacement choke. Smoothing choke gemer-
ur:lwujdhammindmmufpmjmq 50 henries,
when carrying the maximum D0, current,  Im some ine
stances it is founl

convenlent to - 1

emplay the Geld Areeow 2000

coil of an ener- i P! e
gized moving- asyang I]

eail loudspesker i = Mg
a5 8 smoothing

choke, but in =3 ‘?ﬁ ‘ ™
that case it is Gt

essential that > ; :
there sheuld be & 10 A Mol e oo it esisonce

a fairlyleonsider-
able surplus BLT. voltage, since the resistance of the feld
1 generally about 2,500 ohrs,

Resistance for Smoothing, A resistance ma
fior mml.'lmm where the current Teguirements of | t:::?ﬂd
low, but it must be remembered that whereas a chobe has a
low resistanee, a resistance will cause & mugh, greater voltage




140 A BECINNER'S GUIDE TO RALIG

drop and necesitate adjustment of cther values in the crenin
The circuits in Figs. 1o1 and 1o% show resistance and choke
smoothing respectively, -

It is important to remember that any coill may be con-
sdlered as a choke, even a tuning coil, for the correct definition
of & choke is that it & an inductance, and all coils have in-
ductance. Inductance s & term often misunderstood, but
an wlea of its meaning can be grasped considering it as
providing resistance to alternating or HF, curent. No
matter how a length of wire is coiled, its resistance to DG,
which is governed by Ohm’s law, docs not change, the
resistance of a wire bemg proportienal o s length,  That is
to say, the resistance of 2 yds. of wire of a given gauge will be
twice that of 1 yd. of wire of the same gauge. The m=
pedance or reactance of the coil, however, to alma::ﬁ
current varies greatly,  For example, the length of wire
fior the average FLF. choke has a resstance to DLC. of about
goo ohms, whilst it inductance may be approximasely
250,000 micro henries.  This means that its impedance to
low-froquency current at a frequency of 1,000 eycles per
m:]:q( wivalent to the highest note of the human voice),
is 1,500 chms, whilst the impedance to & current Too,000
times per second (the frequency equivalent to a wavelength
of go0 metres) i 1,500,000 chms.

Low-F Chokes.—A  dimilar state of affais

e exita with regard
o lowesfrerpuency
c]mkw:s,ﬁ;'?r one
which is raped at,
say, 20 henries
waould have an
approximate
DO, resistance
of 2ro ohima. But
the impedance
of the choke to
an alternating
current of Ro
cyeles would be about 6,000 chms, or |2,o:louhmii'lh:f?b—
quency were doubled.  These examples show one important
use of inductance, An inductance coil or choke can be

HT#3

HTHE

-'-',.lf=
BT

L

Fig, 1og.—dA strmilar ciruiy, bat oeith chake 1
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designed to provide an easy path for dircet current whilse

a considerable resistance to alternating current, or by
wing A smaller inductance value to offer o comparatively low-
i to low-Frequency alternating current, and 2 high-
impedance to high-frequency current.  This, in bried , HEa
that the impedanie of & increases with inductanice and
frequency, and vice versa,

Swinging Choke.—The ordinary type of choke referred
to, and illustrated in Fig. 102, is not intended to use in &
cirenit where large changes of current oocur. In some special
circuits where there are large changes of current and a more
or leas comstant inductance 18 required, a special choke known
as & “swinging™ choke is wsed, This is specially wound, and
usually has an air arranged in the core.

Another point which oceurs in the case of these smoothing
chokes is concerped with the type of rectification which is
employed. With halfowave rectification the hum fre uency
is at the normal mains frequency, whilst with fulc!-“m
rectification it i3 at double the mains frequency. This fact
should be remembered when trying to trace hum troubles
in a faulty set.

The thickness or size of the core is an important Ftor in
the design of chokes, and it should be noted that a very
small core s not sultable for & choke carrying a heavy current,
The core becomes * saturated ™ in such a case, and it fails
to function as intended.  Large cores prevent this risk, and
mpdn1]]§::in the case of mains chokes, adequate insulation
should afforded between the actual windings and the
corc—especially if the lamer s intended to be mouwnted on
# metal chasis which may be in contact with ene side of
the rmains in a circuit such as an AL DO receiver,
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Accamulators

We have now, I hope, obtained a dear idea of how wireless
transmission hrings the signal to your set and what ha
to the signals within the set. ' We have traced the function of
each component and seen how the very weak signal picked
up by the aerial is amplified, how the signal is detected and
11!:: recedver tuned to the wavelength of the transrisioon.
We have also noterd that a receiver may be operated by the
mains or by batteries ;
1 hmhr{m, horwever, explained what an accumulator s,

Fig. wg—Acowanlabon [ix peaflel

and how it works. It is a device for storing electrical energy,
and it consists of a container made ol either glas or plastic
in which are fitted two sets of plates—psitive and negative,
The number of the plates and their area devide the capacity
of an aceumulator in ampere hours and the number of celis
will govern the voltage.  The E.MF. of an acid oell is 1-75
valts appreximately. Thus, to obtain a particular woltage
valme, any number of cells mmy be connected in series.
Sirnilarly, if we wish to increase the ampere-hour capacity
the cells may be conpected in parallel.  Henee, it will be
olwious that a large aceurmulator posseses grester stor

capacity than a small one, and that size doea not al?er.-:

voltage. To connect cells in parallel, all the negative ter-

i
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minals are connected together, and also all the positive. To
conmect cells in series the negative terminal of one cell i
comnmectod to the positive terminal of the other,

The ampere-hour capacity of an accumulator is abways
stated according to a known rate of discharge, but its real
miw is obviously determined '12' the amount of current

framn it and the time during which that current is taken,
If an accumulator has an Bo-ampere-hour capacity, and is
fully charged, it may be connected to any eircuit taking
t amnpere, for example, and under these conditions its charge
will last for 80 hours,  If it is connected to a circuit taking
half' an ampere it will last 160 hours,

L]
that the ampere-hour eapacity of an aceamulator i dependent
an the current taken from it.
The two plates are, of eourse, immersed in a solution of
sulphuric acid, and this slution is known 28 the electralyte,
In certain cases the acid is in paste or jelly form, as in the

Fig. rwmhm

case of portable battery sets, where a wet ccll would be likely
m‘ﬂ. An acenmulator differs from & dry battery in that it
1 o be . That is to say, an cleciric current
must be through it. It is thus known as 8 seendary
eell. A dry battery is a primery oell, becanse it provides an
eleciric current the immersion of two disimilar plates,
such as carbon and #ine in a chemica) salution,

I mentioned that the electrolytic epnsiss of dihete sul-
phuric acid, and the dilutant s distilled wates, 1t is neces-
gary [rom time to time to * top-up * the battery, becawse the
water from the acid evaporaes. Remermber that the acid
never eveporates. Acid of the correct strength can, of
course, be purchased, but should an cccasion asise when you
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wish to dilute sulphuric acid yoursell, remember that the
acid should be to the water, and not the water to the
acid, In the latter ease, a miniature exploson would ocour,
with ible to your fsce, hands and eyes.

e A T,
with a neutralming sclution, such as ordi washing-soda
enlution, or ammeonia and water. Far:tm}r is this neces-

if the acid is spilt en carpets or ing.
m?lf'ym intend to charge accumulators yourself, it is im-
Egﬂammmmb&ﬂntﬂtmrrmldmrgﬁlgmmshmﬂd
emploved.  The maximum safe ing rate of an ac-
cumulator is approximately ooe-tenth of ite actual capacity,
For instasmce, the charging rate of a Go-ampere-hour cell
would be 6 amps.  An excess would cause damage,

In the case of an AC mains supply the voltage must be
transformed to a low value and then rectified, but i the case
of a DG, mains Bl.l'pplr some form of reistance & merely
added to reduce the voltage to a suitable value.  The valve
of these resistances will differ according to the voltages of
charging sup and alse with cells of different capacity.
The ideal for ing a six-volt battery would be

ximately 8, and in this case there woukd be no necessty
to interpese & resistance, the difference of the voltage of supply
anel that of the battery being charged not being sufficient o
ease an exces amount of current to Aow,  With increase
al the vol supply, however, such as by the wse of lighting
mains, sl resistances are necessary, and the hi the
voltage the greater must be the resistance.  Incidentally,
high woltages are wasteful; inasmuch as no use is made of
ihe exoes, :

Electric fires, and lamps wed for normal room lighting,
may be wsed For voltnge dropping to reduce the oosts.

]L the case of the A, sugzly the transformer ard rectifier
will be expensive initially, but will enoble costs to be kept
down during 'nE‘, a1 there i not so much waste as with
D.C. Chargers of this type may deliver small currents, ie,
a quarter or half an amp,, in which case are known as
trickle chargers, delivering the charge in the o a trickle
of current, or larger currents of the order of § or 4 amps.,
bt in all cases 5 series resstor and ammeter are worthewhile
additions to ensure that the accumulator is not damaged due
w0 ¥

ABBREVIATIONS

A—Ancde, ar Fhk

i.-*\-—ﬁrl.i.ﬁ.:iu_ werial.
ey e rmantingg GurTent,

Ar—derial,

AP —Audicfrequency (anme s bow

AF O —Automatic Trequency
crmtrol

AT —Aerial tuning _Wl'dmrlﬂ'
AT L—ferial tuning indurtanee
AN C—utarmatic volume comral
ANVE—Auiomatic  valume -

tion
D.F —Differcnece of i
D,I'E'I'.—lhl.lh!e l';?:‘;lhublz

throw
D.PS. T ~=louble throw
D Dt ak o

t45

Dx.—Laong distance

E.—Earth y

E.M.F.—Electro-motive force

F.—Filament

F.M.—Frequeney modulation

F.F.5.—Foot-pound-sceond

G—Grid

G.E—Grill Besttery or geid bins

G —Grid condenser

G.L—Goridl beak

H.F—High foquency (ame ns
i

il
ILF.C—High froquency choke

I'L'P.J"'“IITHE [ponuer
HER.— I PERIAA R
L T.—High tension

L0 —Tntermittent curnent

LOW,—Interrupted  contisoes
Wives

LF.—Intermediate frequency

LP~—In primary {of transformer);
start of primary

L8 —Insscomdary (of trarafcamer) ;
start of secondary

EW.—Kilwalt = 1,000 watts

U?lﬁﬁn'wlmrm} {same a2s
ALLCID

LF. O —Lenw-redp pl choks or
Twdrequency coupling

I..lt.—L-:rwan:mm:

0,L—Output load
OF—Chat primary (of trons
former); end of p Alsa

outpiul
0.5 —0Out secondary  [of trans
foameT) s :nrlnl'm:iuy
ﬂ—l:'ln?&,utmd.t—
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F..A.—Ph.l.ﬂ.l.c S P —Beries

FTJ,.—MH:] diference, same a5 5P, DT%&L: dauble throw

FF R s;.v,s:.r.—s.ﬁr poe sngle. throw
5.5.C.—Simgle allk evered

&T. E‘..u—Senmd.u.ry tming  com

CLA.‘-’.Cu—Q:':lwmma.tkun}mm "!\-Tl.—Swmd.l.qr tuning  in-

mic isnprdence T.R.F—Tuned radin fraquency
BF—Ralin frequency (same as  T.5F,—French  abbrevinsion  for

h Bency el * Telegraphi "
Kﬁ%ﬁ—%ﬂﬂm ?n ot u-rﬂmmu w-:u[_:}r-]-‘h
value ‘T.T.—Temic train

BT —Radic telepheny Tw.—Television
T cowered ]T_]lI_-E-F i
cotion L ~Ultrn high lrequency
Sh~Gereen grid . Y.H.F.—\Very ﬂ?&wﬂ
S.HLML nple Barmonic motion 3T, —Wirehess Tebegraphy
&1 inductive capasity X
SYMBOLS
won Facter - - o ORI,
Admittance = = = ¥ gﬁlﬂwy - - = r
Amplification Facter - Current and Potenial Te, Vi
uupudt&e} e i - LR
- Ra,Be Magnetic Ficd - -
Anode Gircuit Inductance Ia anu‘:l'hu - - II:I'-I
e Chrrent = - Ia m.cm Density - B
Ancde Potential - - Va Ti - . s
= - = 0 Permitfivity - - - .
Conductance - - - & Phase Eoaan =
e inaies. | e D i1
rren = i - = .
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Dhelectric Consting - A Rehcmmmee - ") - A
- = i by Flesisfanee - - = R
Electroatatic Fluw Denssiy - Id Reesbsrlviey - - €
I-'ILF..{IIP]‘I‘.IG:C":I - = E Sellinductance - L
- UNITS
Ampere - - - = K Caulomb - = =
e = e T
A l—lm watts entry - - - - H
bours, or o ddlowate-Teour N |

UNITS 147

Jovolti-ampere = = KVA \'oh—mpm . Va
K i Wit - - W
Vnle - = v \'-:n-lmw - = Wh

PREFIXES

Kils - - Koor k Milli - - = = H
Mega - - M Ficn = = - L
Micre - - = "

The Morse Code

W ] #t——— 5 sssw
B c=wsss K =t T =
0 —s—=n L s==s L&}
N —=ss M —= v
E = M w
F sn—=s o x
G ——n F Y
H ssss il z
T - R
Phonetic Alphabet

To avoid the posthili of the letters of = call-sign pinsmiberstond,
inu.nnltomﬂ:.ehgthgm :-g'h:znfhr, . For ex-
ample, GEFY would be given a¢ U6 Peter .

Letters do e gpelt Phenatie Wend Laiters ta ba spelt  Phovetic Word

A Abl N Huts

B Bertie ] Orange

a Charlie P Peer II“P}
D Donald {Doa) Q Chaeerie

E Edward B ey

¥ S % Tomey (Tod
G Uiearge Y

H Harry u Uncle

1 Tndia v Victary

I Johnmis w William,
4 King X Moray

L Landan ¥ Yarker

.Y Mnnkey z Fehra
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A BECINAER'S GUIDE TO RADIG
The Morse Phonetic Alphabet

A dit dak - ™
B dabditditdit —wsaw 0
O dehditdahdit —e—wm P
[ dak dic die -— [a3
E R
F 5
G T
H i}
L Y
.L w
X
L ¥
M Z
Number
it dah dah deh dah
it dit dah dah dah
it dit dit dah dah
it dit din 4t dak
it dit dit it dit

dah kit dic din e

O S DOt Ol e 2 65 =

dah dbih elat it die ——ass
dobi dab dahi ditdit ——— s
dahddoh dah dahdit ————
dabi dah doh dob doh — — — e

Fote of interrogation. ot dit dab dah e dit
Note of exclomation  dah dah din dit dah dah

dic dab dak dab dah dit

Hyphen dab dir dit dit die dah
Fractinnal bar dlah die dit dah ie
Brackets dah dit dah dak diedakh
Lreveried comenas dit dah dit dit dah din
Undedine it dit dah dah dit dak
Preliminary call dah dit dak dit dah
Break sign dah dit dit die dah
End memmge ie diah dit dah it &
Error oie it it die die it di i s A,
w[’wm
\"-L.F I\-m'ylwﬂ'uql.mrh;y] i i “Ww‘tfc-
ﬂ““ uency} i t:.u_
M-l' fam frequency] . i
H.F. irnqum'u:ﬂ TR i 3 ..FDOEC.I"!-
VAILE. Whn’l‘rm’.l-- 14 4~ M fs.
LLHF. ul.l.r-n.l.$| i me‘,
ee BOOD=0,000 Mef.
ﬂl?.&:xm;ﬁ vr  30,000g00,000 ML

Wavelengths amd Freguencies of the BRC.

HOME SERVICE

Froqueney A‘frprm

Region Kilocycles mee

per lezgth.

Secand Mletres
Murtbern. . Bz 434
1 B
Senetich .. gy a71
Welsh il 41
Lemdon ., .t { 1.3!.?.; ﬁ
West of England 1k aBg
] ‘anifi
Middland . . 1B 76
Fiorthorm Ereland | 015 i

o Marthern |
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Wavelengths and Frequencles on the B.B.C. Wavelength-Frequency Conversion Tahle
[ontined) Meives fo Kilsgwoles
LICHT PROGEAMBME Metren Kilocyches Kilpeyeles
Freguenscy Approm. Bro
Kilgeyels | Wavelength Mame of Station PE:E E egini ﬁ 2B
e secoad Metres d 45857 a0 B
; Hhhe = ;{;: ¥
410 :
gro 1,500 Deaitwich e a Soao $om Fid
B | E | B
Brookmasns Park B 50 440 1
Mircmade Edire 5B 100 2,000 fﬁ iy
Westerglen . 5o 150 2,000 finaa
Burghead .. u fre 1,500 ﬁ: GgBy
Linagarvey . . it & e 1405 Gan
Lal4 247 Mewcastle upon Tyne a0 atn 142 4o0 fiww
Bodmoes i 23 Pl =iy [P oo oo
Eedruth e g@rh = 1 i 1] iz
Phymonth . g =25 1,394 fao ;ﬁ'?
Londusdorry ol =0 1,554 550
D o35 1577 G4 ﬁﬁ
eatry .. 150 240 1,350 5 ;
Edintargh .. 20 1,225 .'-2: i
By 454 '[ﬂ*-mw o P ::E 1,500 gﬂ &-&
llm:wmﬂ: upon Tyne — ﬁ;‘) T e
Bedmom .. To LI5S g solls
afiy g 500
Belfast & o =70 ' Enn ;E:-_a
Bournernouib IE m gt PO 4l
Beighton .. ., Lot E 400
Duandes o i 20 1,054 375
Exezer o .| Between orag ag5 1,017 fiso imag
Furchamm aa| ool @ kwe 300 1 o 9585
1,546 0 Leods.. . e 10 «;E:; ey a5y
Liverpodd 3 §a0 G3TE 1,000 go0
Froston . . 0 1 Lo 240
FPhymouth 1 440 5 1,500 200
Rty : Byl 1730 gy
Socton-onsTerss ., % fy3y 2,000 50
Mo commart Ellocyeles io wivelengths in metres, divide go0,bo0
e numbser ol klbnoycles. -
EUROEEAN ERRVICE by"ﬁ'.\muwuth to metres in klocycles, divide 00000 by ke
mber of metres.  One le we @ oo eycles ar s 1000 kile-
a0 ouy | Crowborough 150 cycles, Thus: o000 kilos = g0 mgacyeles, Bl
Tt 2t —_— l&‘ o e
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a5 DLEC.
o D.C.C

g5
T0g

Resistance Values for Decoupling and Voltage r
Dropping . .
Veliage Drepied E’.ﬂ‘é =8 5|55
Charrent] |: i LIRS =1 -
mh 8 ] 10 o go |4 | o -
1 fooo0 | gooo | wooo | zomon | o000 | 4000 g I
-] 000 | o0 GylHO} 10,000 L5000 | BO0000 g E |TS g, w e
] 500 | 2,500 R o000 | 00000 | 15000 | E -
4 | moon | s T.500 5000 oo | io000 ii o
5 T B0 5,000 000 g o
16 T 1,000 2,013 e 5 o : 565
15 50 ] B gl 15000 ers) 504 u "-35 E am
an 500 ] oo 1,000 T80 B0 E R =]
a5 i e 5o 1,000 e ! w 22| B | BB
jo Joa Jo0 HOO [ LD L500 i
42 ape age fyon 500 1,000 1, oo Sy
50 @@ 500 o] 1,000 o %Ei o 5%
t matd 2 anaf H s e Ly
“TmA [ [T [ Bo o
[ aigon | Gopoo | opeoos [ Bogoo | oo 5 E 2
2 | m5000 | gooo0 | 35000] 40000 | 45000 5 g |lgz|a
g | 17500 | wooea | 25000 | secoo | gmeoe 3 Bl é
4 103, EHHy 1 G0 75000 Eeafeatid L] i
5 | wooo ! smeoo | ipeesl 13m00 | onooo e 'EEE il
i gooa | qooo | goon g B £
15 [ 5o ey g <y - E,E EE %
e L S000 | S50 .00 5,000 1 __J000 A e iy
] Sl 2, 00 | Geooe 5 exard =
30 g0 oo z5o0 @ 500 S P
40 I [CE ] __W ww____ﬂm-u 4 aded : "?’ s
5 150 1000 1,500 | 1500 000 | 5§ ik ] E s :
g matl 4 oeafd & it
“mA | o tag | 150 175 200 -
1 100000 | 125,000 | 1goooe | 175,000 | 00000 E szl s
2 sogeon | Bzg00 | gho00 | Bgsoo | leooco 2 al=
3 o o0 FLr i 0 G OHE g5a00 | 1 malf z
4 2,000 | G0,000 | 40,000 | 40,000 | 80000 2 I
.3 El b QOL0EHE A, DO ELILCTN £ L! %Q rici
o | 6000 |f 13,000 | agamaa |1 o mal B " U | e
15 000 To000 | Tne o0 | 4 et = hr:: ad |aa
w5000 ! e T0,000 | ead | &8 | BE
25 A000 0 | Soeo To000 | 00 | 5 anaid o
0 G000 || sce0 | seea ;1 O T :ﬁ b E ] :
Lo ﬂﬂ I —a E 3
. L “n—‘P“I 2000 § agcn | 5000 | iooed E‘Eh ] i £
5 walf 7 walt B ot g anal” o Bt
The palues given ars correct o Whe nearen sbeudend Dalse.
53
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