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INTRODUCTION 

PRACTICAL RADIO FOR BEGINNERS is designed for the 
newcomer to the hobby of radio who wishes to commence the 
construction of receivers. 

There are numerous publications available, large and small, 
which discuss at some length the theory and mathematics of radio. 
This book comprises brief descriptions of the main components 

employed in the building of receivers, with the greater part 
devoted constructional details. 

For the first time there is described a " Progressive " receiver
a radio set which starts as a simple two-valve receiver and which 
is developed into a progressively ambitious receiver by clear-cut 
easy-to-follow steps. Each stage of the constructional work ends 
with a complete, working radio set j each stage is illustrated with 
theoretical and practical diagrams. In the succeeding volumes it 
is intended to cover all classes of receivers and radio equipment for 
both P.A. work and gramophone reproduction. 

CHAPTER 1 

RA.DIO WAVES AND WHAT THEY ARE 

Radio waves are a form of electro-magnetic radiation similar 
in many ways to other forms of radiation, such as light. Radio 
waves travel at the speed of light (approximately 186,000 miles per 
second or 300 000 000 metres per second in free space), but have a 
wavelength co

'
nsid�rably greater than the wavelength of light. Like 

light, however, radio waves can be reflected, ref�actcd 
.
or bent, 

diffracted and polarised, and can also be blocked, like a light ray, 
by an " opaque" object when the object's opacity refers to radio 
waves. It is well known that broadcast signals can be passed 
through many objects such as buildings which are opaque to light 
rays. . . 

It is difficult to form a mental picture of a rad10 wave, especially 
since science has disposed of the "ether" (a medium supposed to 
fill all space and act as an ubiquitous transporter of light and other 
electro-magnetic radiations), and the old analogy of the effect of a 
broadcasting station and the dropping of a pebble in a pool, 
although leaving much to be desired, is still a convenient way of 
visualising the transmission of radio waves. The stone tossed ii:ito 
the centre of a pond disturbs the water and sets up a wave mot10n 
which rapidly spreads until the whole pool is disturbed; at the 
same time there is no movement of the water along with the wave. 
A stick floating on the pond will rock up and down as the wave 
reaches and passes it but will not move forward with the wave. 
The wave can therefore be said to be a form of energy which is 

transmitted or carried across the surface of the water; in the same 
way a radio wave is a form of energy which is transported through 
space. 

Most newcomers to radio will be aware of the idea of lines or 
fields of force. A magnet when presented to a compass needle, 
causes the needle to swing and to take a position so that it points 

7 
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along the " lines of force " which are supposed to exist in the space 
about the magnet between pole and pole. In the same way it may 
be supposed that fields of force exist about a radio transmitting 
aerial, set up by the currents which are caused to flow back and 
forth in the aerial wire at very high speeds, the fields of force so 
generated spreading out, like the waves across the surface of the 
pond, though at a very much greater speed. The radio wave, how
ever, consists of two composite fields : lines of electrostatic force 
existing in one direction and lines of magnetic force existing at 
right angles to the electrostatic lines of force . A section through a 
radio wave travelling directly towards an observer would appear 
as in Fig. 1 if the wave were transmitted from a horizontal aerial; 
if the wave were transmitted from a vertical aerial the electro
static force lines would be vertical. 

The wave shown in Fig. 1 is thus said to be horizontally 
polarised; the polarisation always refers to the electrostatic lines 
of force. For medium and long wave broadcasting the polarisation 

-t - -
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of the wave is not of great importance; for example, the long wave 
Light Programme, transmitted from a vertical aerial and thus 
vertically polarised, and medium wave Home

. 
Programme t�ans

mitted from a horizontal aerial and thus horizontally polarised, 
can be received equally well on a vertical or horizontal aerial. IH 
short wave reception the polarisation of the receiving aerial 
becomes more important however, and in very short wave working 
-television, for example-it is essential that the receiving aerial 
be on the same plane as the transmitting aerial, which is vertical 
for the British system. 

A wave can be drawn as in Fig. 2. Imagine, first, that Fig. 2 
illustrates a section through a wave on the surface of a pond; then 
th-:: straight line drawn centrally across the \vave represents the 
undisturbed water surface and the curved line represents crests or 
peaks above the surface and troughs below the surface. It can be 
said that the straight line represents the water surface when no 
energy is being transmitted, i.e., zero power, and the peaks and 
troughs represent the transmission of power. 

The power at a peak is obviously acting in a different manner 
from the power at a trough-the power at a trough is " pulling in 
the opposite direction "-and when Fig. 2 is translated into terms 
of electrical waves the same holds good. The peaks above the zero 
line are said to be positive-in a radio wave they would be due 
to currents flowing in one direction along the transmitting aerial-

POSITIVE 
PEAKS 

NEGATIVE 
PEAKS 

_\ 
ONE WAVELENG hi 

OR CYCU 

} 

Fi8. 2. Rep_rewentation of a wave 
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and the troughs {or peaks below the zero line) are said to be 
negative; these, in the radio wave, would be caused by the current 
reversing its Row and travelling back along the aerial. If, in 
Fig. 1, the arrows show the direction of lines of force during a 
positive peak, the lines of force would reverse, and the arrows 
point in the opposite direction during a negative peak. 

\Vavelength i!> mea�ured between two similar peaks, i.e., between 
two positive or two negative peaks, or between two similar zero 
points, as shown in Fig 2. One wav�r, to give the correct name, 
one cycle-contains one whole positive and one whole negati\'e 
peak. The distance between two positive peaks can be measured in 
metres, yards or feet {it would be a fairly simple matter to measure 
the wavelength set up by dropping the pebble in the pond), but the 
distance can also be measured in terms of time. A stick stuck 
upright in the bottom of the pond could be used as a marker. and 
the interval between lwo positive peaks or wave crests timed as the 
waves passed the stick. If the wa\'elength was short the time 
interval would be short; for long wavelengths the time intervals 
would be long. The rate at which waves passed the stick could be 
called the frequency, and a little thought will soon show that the 
wavelength, multiplied by the frequency at which the waves pass 
the stick, is equal to the speed of the wave. 

The speed of a radio wave is the speed of light, 300,000,000 
metres per second, so if the w;ivclength of a radio wave is known, 
the frequency can be calculated and f1iu versa. For radio waves 
FX\V=300,000,000, where F is the frequency in cycles per 
second and \V is the wavelength in metres. For medium and long 
wave stations 1t is usual to calculate, for convenience, in thousands 
of cycles (1,000 cycles being known as a kilocycle or Ice.) and for 
short wa,·e working in millions of cycles (1.000.000 cycles per 
second being known as a megacycle or me.). A station working on 
30 metres thus has a frequency of 10 mes. 

Before a radio wave can carry intelligence it must be modulated 
in some manner. The plain carrier wave can be pictured as in 
Fig. 3A. This wave, if received with a normal radio set, would 
cause nothing more than a hiss from the loudspeaker. A sound 
wave, relative to the radio wave, has a Yery low frequency; a 
diagram of a sound wave is placed beside the radio wave diagram 
in Fig. 3B; but the difference in frequency is acnially very much 
greater than can be shown in a drawing. A sound wave can be 

+-

® 

+ ------------------ ---

© 

Fig. J, A. Plain o., unmotl11/ated carrier wave. B. Represc111atio11 of a 
.ound wav,. C. Sound wave impressed as modulation on a carrier wave. 
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converted
. 
into an equivalent electrical wave through a microphone 

and amplifier, and the elect'.ical (or " audio ") wa,·e can be used 
�o vary the strengt� or amplitude of the radio wave. This process 
�s termed m�dulf!lton, and the :csulting wave, after modulation, 
is

. as shown � Fig. 3C. If received by a radio set, this wave will 
give an audio .o�tput from the loudspeaker corresponding to the 
sou.nd w�ve on�inally employed to produce the modulation on the 
plam rad10 earner wave. 

�h e  me0od of mo�ulation sho\vn is used in all normal broad
cas�mg sta�1ons and �s termed amplitude modulation, because it 
v.anes amplitude or width of the carrier. A second type of modula
t10n,

, 
frequency modulation, which varies the frequency of the 

earner from instant to instant, is in the experimental stage in this 
country, and can be ignored hy the beginner. 

Note .that ch� amplitude modulated wave takes the shape of the 
modulatm� audio wave along both carrier edges-for this reason 
reference �s often made to the "modulation envelope 11 of a modu
lated earner. '\¥hat actually happens is that the central carrier 
fre�uency-1 me. for a 300 metres station, for example-takes on '.' s1deban�s 11 when modulation is applied, the sidebandi; broaden
ing tl1e signal to a width dependent upon the audio modulating 
frequency. If th.

e 1 me. signal is modulated with a steady 1,000 
cycles note two sidebands appear, one extending to 999,000 cycles 
and one to 1,001,000 cycles; the signal is broadened to the extent 
of 1,000 cy�les on �ither side ?f the central 1 me. frequency. 

Broadcasting st
.
attqns are assigned frequencies only 9,000 cycles 

apart on the medium and long wave bands, and so some care has 
to be taken to prc\•ent the sideband8 of different stations over
�apping when high frequencies are transmitted, which would cause 
mterference. 

It has been said that radio waves can be reflected and refracted 
in a. way simil�r to the behaviour of light rays. In ordinary broad
�astmg techruque the phenomenon of refraction is the most 
�portant, �s it is this characteristic which permits the reception of ?,istant stat:?ns .. A transmitti11i,: aerial. in �pace would literally 

b;oadcai>t. radio waves evenly 111 all d1recttons around it, but an 
aenal relatively near the ground has a radiation pattern-i.e. it 
sends out wa�·es in certain directions-which depends on the �ize 
and shape of the a�ri�, its height and various other factors. The 
waves leave the aerial 10 roughly defined beams (not to be confused 

l'RACTICAJ, IV\DIO FOR BHGlNNERS-BOOK ON.B 13 

with a true beam aerial which focusses the waves it transmits 
along certain required directions as a searchlight focusses light 
rays), some of these beams travelling along the ground surface as 
" ground waves" and some leaving the earth at a high angle as 
"sky waves." 

The ground waves can be used for reception over quite a wide 
area; long wave stations, for example, are practically always 
received by a ground wave; but as the frequency rises and the 
wavelength falls, the grow1d wave becomes absorbed more rapidly. 
The sky wave then becomes of major importance, for although it 
ri..;es at a high angle it is not lost. The earth is surrounded by a 
series of reflecting layers which vary in height and number with 
weather and seasons; the average height of the first layer is about 
70 miles, though other layers can extend to a height of 200 miles. 
These layers are actually areas of strong ionisation, regions where 
free electric charges abound, released from the rarefied air, it is 
thought, by the action of tlle sun's ultra-violet radiation. 

When a radio wave encounters such a region it is refracted; the 
section of the wave first encountering the region being speeded up 
or slowed down and so bent from its original course. If the angle 
of the wave permits, the wave is bent right round and re-directed 
to the earth, and in this way a signal can be received at excellent 
strength many hundreds and even thousands of miles from its point 
of origin. �1oreover, a signal once refracted and re-directed to 
the earth can be reflected from the earth back into tlle ionosphere 
(as the region of the reflecting layers is called) once more to be 
refracted and returned to the earth. A series of such " hops " 
often carries a short wave signal completely round the world, and 
it is not uncommon to hear a short wave programme which has an 
echo behind it, the echo being due to a second reception of the 
programme after the signal has circled the earth. The time delay 
for such a round-the-world echo is about 1/7th second. 

An aerial is used for radio reception in order that the fields of 
force may induce currents in the aerial wire, these currents, 
generally very small, being led away to the radio receiver. A 
current is induced in any conductor which is surrounded by moving 
fields or lines of force, and since current and voltage are always 
associated, there is therefore a small voltage set up across the aerial. 

The field strength of a radio wave is expressed in millionths or 
thousandths of volts per metre, and is measured by the voltage set 



14 PRACTICAL RADIO FOR BEGINNERS-BOOK ONE 

up across a metre of wire, acting as an aerial, suspended in the 
fields of force. The voltage induced either by the electrostatic or 
magnetic field can be taken : that induced bv the electrostatic field 
is generall} employed for the test. 

· 

For preference, an aerial should be high and in the open, so 
that it is not shielded by surrounding objects, aod should be well 
in!>ulated at each end to prevent losses of the minute currents and 
voltages set up. The aerial wire may be bare or in�ulated; the 
presence of an insulating covrring has no effect on the process of 
induction. 

The currents are led from the aerial to the receiver by the lead
in which should be as direct as possible and clear of all earthed 
metal objects such as gutterings, wastepipes, etc.; the lead-in 
should also be insulatr<l and should enter the house through a 
protected or insulated tube, to prevent losses. 

The lead-in brings us to the main point of interest-the receiver; 
but before we can commence to build even a simple set, it is neces
sary to make at least a quick survey of the parts and components 
used, so that their actiJns and operations may be understood. 

CHAPTER 2 

COMPONENTS 

Any radio receiver (apart from crystal sets) is built up from no 
more than four main types of components, if the purely mechanical 
parts of the receiver a1e omitted. Each main type of component 
may be present in several forms--outwardly, for e..'<ample, there is 
little similarit} between a tuning coil and a loudspeaker although 
a coil of wire is the important factor in each. The four main 
components arc valves, resistors, condensers or capacitors, and coils 
or inductors. 

A source of electrical power is necessary to supply the energy 
to make the componets operate. 
ELECTRICITY. 

Electrical power for the operation of a radio receiver may be 
d1 awn from batteries or from mains supplies. The input voltage 
for the majority ot mains sets is from 100 to 250 volts; the current 
drawn from the supply system depends on the type and number 
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of valves. The power must be supplied from a smooth D.C. 
source so thal receivers operating from the A.C. mains must have 
a syi.tem or " power pack" which will turn alternating current 
into direct current. 

A battery supplies direct curreat--one pole is positi\'e, the other 
is negative, and the current flows steadily from 01�e P?le to the 
other whenever they are connected by an external c1rcu1t. It was 
at one time thought that current flow was from the positive pole 
to the negative pole and for some electrical applicatio�s this flow 
is still presumed; for all radio purposes, ho\\"ever, 1t must be 
assumed that an electric current is a flow of electrons from the 
negative pole through the external circuit to the positive pole. 
Electrons may be visualised as pa.rticles of negative electricity, or 
negatively charged particles, which together with protons or 
po�iti\e particles, make up atoms. 

Electrons can move freely through conductors such as silver, 
co;>pcr and aluminium; but move with difficulty through a metal 
such as iron, and alloys such as manganin. The impeding effect of 
poor conductors is termed "resistance"; a common material used 
to manufacture resistors, suitable for radio receivers, is carbon. 

The current flowing between the poles (or "electrodes") of a 
battery connected together through an external circuit depends on 
the battery voltage and the resistance of the circuit. If two of 
these values are known the third can be calculated from Ohm's 
Law, which states : 

E E 

E=}R or I= - or R= -
R I 

where E is the voltage (or "electro-motive-force"), I is the 
current in amperes; and R is the resistance in ohms. For radio 
work: the ampere is too great a unit of current for many purposes 
and currents arc often expressed as thousands of an ampere; i.e. as 
milliamperes (also called milliamps. and abbreviated to mAs.). 
When applying Ohm's Law to radio, care must always be taken 
to convert a current in mAs. to amperes. 1 milliampere is, as the 
name implies, equal to 0.001 amp (one thousandth), 100 mAs. to 
0.1 amp (one hundredth), and so on. 

A well known law both of magnetism and electricity is that like 
poles repel anJ unlike poles attract. Thus, just as a north magnetic 
pole repels another north pole but attracts a south pole, so does an 
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electron repel another electron, though all electrons, being 
negati\'e, are attracted towards positivel} charged bodies. 

An alternating current is a current which starts at zero strength, 
increases to a maximum in one direction of flow, decreases to zero 
strength and then again incrtases to a maximum, but Hows in the 
opposite direction. Such a cunent, or the voltage associated with 
such a current, can be illustrated hr the wa\•e form already shown 
in Fig. 2. The alternating voltage supplied by the A.C. mains can 
be shown in graph form as in Fig 4-. An alternating voltage has a 
peak value

. 
reached only by each positive and negative crest, and 

tor all orduiary purpo:.es this peak value is seldom quoted since it 
is attained only twice in each cycle. A mean value must be chosen 
or calculated to show the equivalent voltage over a period of time 
and this value, known as the Root :riiean Square or R.M.S. value: 
calculated by taking the mean of all the instantaneous squares of 
the voltage values over a cycle, is the value always quoted. The 
R.M.S. value is, 

.
for the �.C. mains, 0. 707 of the peak value-i.e., 

the peak voltage 1s 1.44- times the R.M.S. voltage. Thus the mains 
supply, rated at 230 volts R.M.S. attains a peak value of 
230X J .�H volts twice each cycle, or 324.22 volts, which helps 
to  expla111 the apparently greater severity of an A.C. shock. 

The frequency of most A.C. mains in this country 'is 50 cycles 
per second (c.p.s.), so that the current reverses its direction of flow 
and the voltage re\·erses its polarity, 100 times per second. Th� 
waveform of the A.C. mains is termed sinusoidal, and the wave is 

0 

- R.M S. 'f'O'.TS 
230 v. __ ....... 

- PEAK \()LT$-- --
32.5·22 v. 

Fit. 4 An tt.C. wa�1for111 
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called a sine wa\'e, since the manner in which the current anti 
voltage grow and decrease is governed br .the rotati

_
on of a �enera

tor armature and thus by a trigonometrical law 10troduc111g the 
sines of angles. If a complete armature rotation through 360 
degrees produces one complete cycle. then clearly distances along 
a cycle may also be measured in degrees-90° equals 1 of a full 
cycle, 180° equals ! of a full cycle, and so on. 

It will already have been realised that the current flowing up 
and down the transmitting aerial to produce the fields of force 
mentioned in Chapter 1 is an alternating current, though in this 
case the alternations are verv much faster than are those of the 
A.C. mains. Very fast alte�nating currents are generally termed 
oscillatory currents the word giYing a better idea of the manner 
in which the current S\Yings back and forth. 

The term " electrostatic" has been used in describing the force 
fields of radio waves. " Static" electricity is an electrical field or 
nn electrical charge upon a conductor not associated with a flow 
of current through a conductor. A simple way of generating static 
electricity is to rub the barrel of a fountain pen, or a bakelite comb, 
upon the sleeve of a woollen garment. The pen or comb will 
become charged with electricity to such an extent that it will 
attract small scraps of paper by inducing an opposite charge on 
them, the two unlike charges then being attracted, but the current 
flow associated with these high voltage charges is infinitesimal. 

This simple experiment is of value in demonstrating how 
charges can be held on materials which are employed as insulators. 
Such charges can also be set up on conducting bodies, but they will 
then leak away rapidly unless special precautions are taken. 

In radio practice the holding of i:harges in this \\'ay is met with 
in the studv of condensers. 
VALVES . . 

The science of radio is based on the valve and it is essential 
that the beginner should have a clear understanding of how thel' 
are constructed and how they function. \Vhil.>t electron� normally 
flow along :ind through conductor,, early experimenters found 
that electrons could also be thrown off by somC' substances and 
cau�ed to tra\'el through space. Sir An1brose Fleminl! discovered 
th1t the incandescent filament of an electric lamp threw off or 
" emitted " electrons. He introdu::ed a metal plate into an 
ordinary lighting bulb and attracted the electrons from the 
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filament to the plate by charging the latter posicively and in this 
way made the first ,·alve. A short time after this discovery, 
Dr. Lee de Forest, an American, found that a third electrode 
could be placed between the filament or "cathode" and the plate 
or " anode " to control the flow of electrons from one to the other. 
This third clement wa� called a "grid," due to its physical 
resemblance to the grid of a stove. The insertion of this grid 
resulted in the most versatile of all valves, the triode. During the 
past twent)' years, other irrids have been added t o  produce various 
ch;iracteristic.o;, and these later types are called multi-element vahes . 
The name� for these types are obtained by adding the Greek 
prefix for the number of electrodes ro tl1e root-ode; so we have 
diode, triodr, trtrode, and pcntodc, for 'alves having two, three, 
four and five electrodes. 

The most important electrode in the valve is the cathode, since 
it supplies the electrons necessary for the valve to function, 
\Vhereas the remaining electrodes consist of plates and wire 
meshes, the cathode must be able to throw off or emit yast 
quantities of electrons. 

To enable the cathode to "emit," it is necessary to appl)• 
external energy in the form of heat and the resultant activity is 
termed thermionic emission. Different forms of cathode have 
different opernting temperatures and it is proposed to describe each 
of the several types in common use, separately. 

Cathodl·� u�ed to-day may be divided into t\\'O classes : the 
directly heated or filnment pattern and t11e indirectly heated or 
heater-cathode variety. Thi· fonnrr type may be sub-divided into 
three main group-;: the tung,tcn, thoriated-tungsten and oxide 
coated filament. 

Nearly all the \'al\'t'S of the e:irly 1920's used pure tungsten 
filaments operating at bright white heat (about 2,5000 K) with the 
result that thr listener ronlil rrad a book comfortably from the 
light radiated hr a 2-,·ah-e re1:ei,·er. 

�owarlavs their use is co111inecl to a few specialised high
powered types where other form� of cathode ha,·e prove.I 
unsuit:iblc. After �ome t"Xperiment with tungsten it was found 
that filaments ma<le from tungsten containing a small amount of 
thoria (thorium oxide) had a much greater emission th:in the pure 
tung�ten pattern. Sub�equent improvements have provided the 
modern carburized thoriated-tungsten filament which is used in the 
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majority of medium power transmitting vah·es. The filament. is 
processed to allow the thorium to difiuse to the .surfac� of the wire 
in the form of a la}er. It is this layer \�·h1ch erruts electrons 
thousands of rimes more rapidly than an equ1vale!1t pure tt

�
ngsten 

filament operating at the same temperature. Durmg operat1.on th.e 
thorium evaporates from the wire heater and. new thorium �s 
constantly diffusing to the surface. The operatmg temperature is 
abnut 1,900° K, which is a bright yello\v hea�. . The most efficient of all modern catho�es 1s the 0�1de-co�ted 
type which consists of a mixture of str?ntium and ban�m ox1dt's 
coated on wire or strip usually of a mckel alloy. T�1s cathode 
operates at a dull red temperature some 1,1000 � and 1s used f�r 
all normal receiving valves; it is, however, unsuitable for use . m 
vah·es opernting at high anode potentials, i.e:, over 600 vol�s. With 
this type, the thoriated-tungsten ca!11o�e 1s a more satisfactory 
proposition . The heater-cathode or 111d1rectly heated cathode was 
developed to provide a valve that could be opern.ted from .A�. 
mains supply without introducing unwanted !�um mto' the �1r�u1t 
and consists of a nickel alloy cylinder coated 111 a manner s1m1lar 
to the oxide coated filament. Mounted inside the cylinder and 
heavily insulated is the heater wire, usually of tungsten . . If a cathode is placed in an evacuated envelope together w1t�1 
an anode (Fleming's metal plate), such a two electro�e valve !s 
called a diode. This is the simplest of all valves and 1s the basic 
type from which all others are derived. 

If a diode is wired up to an external po.wer source as shown 
in Fig. 5A, the presence of the electrons will be detected by .the 
meter "A" which will indicate the strength of the current �owmg. 
The cathode is heated by the LT battery and the anode 1s i:nade 
po�itive with respect to the cathode by the HT battery .. The h1gl�er 
the anode potential the greater the electron stream. unul. saturation 
point is reached and no greater flow of electr?n.'.\ JS avmlable

l 
frof!l 

the cathode, however much the anode \'Oltage 1s mcrea..�d. No�': tf 
the potential of the HT battery were to be reversed, 1.e., pos1t1\'C 
to cathode and negative to anode, the electrons would no longer 
be attracted, in fact they would be repelled an<l the .curr�nt flow 
would cease. From this it will be realised that the diode 1s a true 
valve, since it permits current to flow in

. 
one <Jirection only. . Fig. SB illustrates the behaviour of a diode when pres�nt.ed with 

an A.C. input. It will be observed from the characteristic curve 
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that as the input voltage rises from zero to peak A so the electron 
flow increases and peak A is reproduced at the output. The input 
voltage now falls back to zero and proceeds to peak: B, this time 
the diode has no r�ponse and there is no electron flow. This 
principle is used when it is required to obtain a D.C. supply from 
A.C., as is necl!l)ijary with any receiver fed from A.C. mains, and 
is ralled rectification. It is also used for rectiiication or detection 
of radio signals. 

From the following paragraphs it will be realised that the advent 
of the triode, i.e., the introduction of a third electrode into the 
valve, had a profound effect on its operation as an electronic device. 

This new electrode, called the grid, is composed of a mesh of 
wires, and is placed between the anode and the cathode so that the 
electrons from the cathode pass through the grid before reaching 
the anode. If the grid is given a positive charge with respect to 
the cathode it captures a few of the electrons passing, but attracts 
many more from the cathode. The increased electron stream 
passes through the grid and reaches the anode; charging the grid 
positively therefore increases the current through the valve. 

1 

® 
l 

/ 

j 
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Pig. S, A. Pro111ng CllTMlt flow In a diode. B. How rh<I diode rectifies 
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If, on the other hand, the grid is charged negatively with respect 
to the cathode this negative charge relatively near to the cathode 
repels electro� about to leave the cathode's surface with the result 
that fewer electrons pass across the rnh·e and the current is there
fore reduced. The more negatively charged the grid becomes, the 
fewer are the electrons which pass through it and reach the anode, 
so that the grid forms a most valuable control electrode which �an 
affect a relatively large current with only a small controlling 
charge or voltage. The triode valve is thu� a� amplifier, and small 
variations at the grid can cause large variations at the anode. 

It was soon discovered that the triode worked well at low 
frequencies but poorly at the higher �requencie.-;, owing to t�e gr�d 
and anode of this type of valve for!llrng a condenser (e.xpla�ned 111 
following paragraphs) and other gnds were added to. the tnode to 
shield the control grid from the anode. A valve. with one other 
grid is termed a tetrode (f�ur electr?des) and this type of yal.ve, 
with modern developments, 1s now chiefly employed for amphfymg 
sound frequencies. A third grid added to the tetrode makes t�c 
valve a pentode, and pentodes of various types are now used .111 
almost all stages of radio receivers . Some are adapted to give 
very high amplification' to high frequencies. These arc known as 
R.F. or H.F. pentodes (Radio or High Frequency pentode:.) and 
other types arc adapted to allow the grid to have a wide co.ntrol 
on quite a heavy valve current; these are output pentodes designed 
to drive loud speakers . 

The symbols for mains-operated diodes, triodes, tetro
.
d� and 

pentodes are shown in Fig. 6. Battery types are drawn s1m1larly, 
but with the cathode omitted. 

Different valve types ha\•e different bases, but the majori�y of 
the valves described and employed throughout the construct�onal 
chapters of this book all have what are known as International 
Octal bases which fit into octal-i.e. 8-hole-valveholders. The 
valve base is fitted with a peg or spigot whic� h� a projectio? 
running down it; before the valve can be fitt�d 111to its hold�r this 
projection must be turned to correspond with a �ha111

.
1el in the 

holder. The valve is therefore located correctly 111to its holder. 
In the theoretical drawings the valve contacts are usually 

numbered with the pin numbers, and a key of the valve. holder 
given, as in Fig, 6. This allows the valve�ol?er to be wired up 
correctly without reference to valve tables; 1t 1s necessary only to 
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DIODE TRIODE TETRODE PENTOOE 

UY TO OCTA\. w.t..VINOl.OU 

Fig. 6. ThcorrtJca/ vnlvt .tymbolt. Th' numbers eorrespontl hJ I/it pin 
numbers on the holdtr when viewed from the rmdrr.side. TC indicates lop cap. 

remember that the key is drawn looking at the free end of the 
valve pins and at the underside of the valveholder where the 
connecting tags arc found. 

Some types of valve, chiefly R.F. pcntodes, have a top cap 
contact, which is generally used as the grid connection. The three 
grids of a pcntodc are rcferrcJ to generally as the " grid " for the 
main control grid, or first grid, the " screening grid " for the 
second grid and the " suppressor grid " for the third. 

. The tem1 " suppressor grid " is used, since this third grid was 
mtroduced to suppress secondary emission from the anode. 
Secondary emission consists of electrons which are knocked out 
of the anode of a valve by the arrival of high speed electrons from 
the cathode. In the triode this effect is unimportant ;  but in the 
tetrode valve the secondary electrons were drawn to the screening 
grid and this " backwards flow," as it might be called upsets the 
vah-e characteristics. ' 

The screening grid was found to be of such value that the 
suppressor grid was introduced between it and the anode and 
given a negati\'e charge to repel the secondary emission elec�rodes 
back to the anode. 

The heaters of ,-alves can be connected in series or parallel as 
shown in Fig. 7. \Vhen the heaters are connected in parallel

' 
as 

they are in receivers dr,igncd to operate only from AC. ma'ins, 
each heater muM require the same \'Oltage across it, though the 
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heaters may draw difiereot currents. For series operation, a form 
of heater connection found in D.C. mains and Universal mains 
receivers, each heater must pass the same current, though then the 
heater voltages may vary. In a valve which passes a hea..-y cathode
anode current the cathode must be more massive than that of a 
smaller valve, so that the cathode will in consequence require more 
heating. A typical Universal mains output rnl,c, the CL33, 
draws 0.2 amp. at 33 volts for its heater, and a typical R.F. 
pcntode, the EF39, draws 0.2 amp. at 6.3 volts. 

The wide range of figures and numbers by which various valves 
arc identified ran be rather intimidating to the beginner; but there 
is, especially at first, no need to remember more than one or two 
of the many available types. 

It will be noticed from a valve table or catalogue, that some 
valves in the R.F. penrodes range are cla!'Sed as variable-mu types. 
Mu is the symbol denoting a valve characteristic which controls 
the amplification given by the valve, and a variable-mu valve is 
one in which the grid is specially wound to give a vari:1ble ampli-

SERIES CONNECTION 

PARALLEL COHHECTIOH 

Fig. 7. Methods of connectilig valve heatert in rcc1frtr c1rcui11 
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fication factor. Most valves mu:;t be '' biased," that is, have a small 
negative potential on the control grid to hold the valve at the 
most favourable operating condition, and in a variable-mu valve 
the ' ariable amplification factor is controlled by varying this " grid 
bias " in one of several simple ways. 
RESISTORS. 

Resistors are components that possess the quality of resistance, 
and are found in all radio circuits in considerable numbers. It has 
already been shown that the current through a resistor depends on 
the volta� acro:-s its ends; similarly, from Ohm's Law, a current 
flowing through a resistor sets up a Potential Difference expressed 
in volts across the ends, the voltage depending on the current and 
resistance. A current of 1 mA. through a 1,000 ohms resistor 
sets up a P.O. or voltage of 1 volt across the resistor ; 10 mA<;. 
through the same resistor would set up a potential difference of 
10 volts. 

It has been shown that the control grid of a valve controls the 
anode current of the valve; but it is generally necessary to take off 
the signal thus appearing at the valve anode as a voltage rather 
than as a current. To do this it is only necessary to insert a 
resistor in the circuit, the resistor then becoming the " anode load." 
The current Rowing through t�e resistor sets up a voltage across 
its ends, but the battery end of the resistor, Fig. 8A, is held at a 
fixed potential or voltage by the driving potential. The anode 
end of the resistor, and thus the anode of the valve, is therefore 
varied in potential as the current through the resistor varies, and 
so the �ignal is available as a varying or fluctuating \'Oltage at 
the anode of the val \'C. 

A mains valve may be biased automatically by a resistor con
nected in a cathode lead as in Fig. 8B. The anode current flows 
through this resistor and thus sets up a potential across it, which 
is of positive polarity at the cathode end of the component. The 
grin circuit is returned to the negative end of the cathode bia:> 
resistor, and the g;rid is therefore negati\'c with respect to the 
cathode, thr. required condition. 

Cathode bias resistances are of the order of hundreds of ohms, 
anoed load resistances arc of the order of hundreds to hundreds 
of thousands of ohms. A resistance of one million ohms is termed 
a megohm. 

Resistors arc rated at the power which ca11 safely be lost acros� 
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them-there must be a loss of power whenever a current Aows 
through a resistance. The power is expressed in watts, the product 
of the potential in volts and the current in amper�. Thus l volt 
at 1 amp. rcpre.;ents a power of 1 watt, as also does 1 mA. at 
1,000 volts. The ratings most commonly employed in radio work 
arc � watt and ! watt resistors. 

The symbol for resistance has already been shown in Figs. SA 
and B. A further srmbol, that for a potentiometer, is shown in 
Fig. SC. A potentiometer is a resistor with a connection at each 
end and a variable connection which may be slid along the resistive 
track. If a potential is set up across the ends of such a device the 
\':triable contact can tap off any required fraction oi that potential, 
so that potentiometers are used for bias control, \'Olume control 
:ind for similar applications. 
RESISTOR COLOUR CODE. 

Present day resistor colour coding is carried out by one of the 
two methods illustrated in Fig. 9. 

· 

In method A the colours are read from the end of the resistor 

• 
T 
I 1H.T. I 

..L 

BATTERY T'Rl00£ _WITlf 
FIXED BIA&. 

MAINS TRIODE WITH 
CATHODE SIAS. 

© 

SYMBOL FOA 
POT£NT10METEA 

Fi1. 8. Show/111 the symbols mid uses oj resistors 
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adjacent to the colour bands. Band 1 is the first significant figure; 
Band 2, the second; Band 3, the number of noughts to be added 
to the first two numerals. In method B the sequence is as follows : 
body colour, tip colour and spot or band colour. This third or spot 
colour indicates the number of noughts following the two 
numerals. The code is as follows :-

Black 0 Red 2 Yellow 4 Blue 6 Grey 8 
Brown l Orange 3 Green 5 Violet 7 White 9 

\Vhen a fourth band is added on resistors coded by method A, 
or an additional tip in method B, it indicates the tolerance br the 
following code :-

· 

Gold _ ... 5% Toi. Siker 10% Tol. 
\Vhere this fourth metallic indication is absent tl1e tolernnce is 

assumed to be 20%. 
Example 1.  

Band 1 ,  Yellow = 4 
Band 2, Violet = 7 
Rand 3, Orange = 3 noughts 
Band 4, Silver = 10% 

E>:nm pie 2. 
Body, Brown 
Tip, ntack 
Dot, Yellow 

= l 
-= 0 
= 4 nou�ht., 

} � H,000 D 10% tol. 

I 00,000 .Q 20% to!. 

Fig. 9. Resistor co/OUT coding 

CAPACITORS. 
Condensers, now generally called capacitors, since these com-
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ponents possess the quality of capacitance, appear as often, and in 
even more widely different forms in radio circuits, than resistors. 

A rapacitor is, basically, two conductors, or two sets of con
ductors, spaced apart by an insulating medium. Inspection of an 
air-spaced tuning capacitor will allow the construction to be seen 
clearly. 

The conductors are generally in the form of plates, and the 
separating medium can be air, waxed paper, mica or similar 
insulators, or can be made of fabric soaked in chemical solution 
when the insulation between the plates is finally formed by a thin 
film of gas or a thin layer of metallic oxide on one plate. 
Capacitors in which such a separator is used are known as 
" electrolytic " capacitors, since an " electrolyte " or conducting 
solution is employed between the plates. 

The capacitance of a capacitor depends on the size of the plates, 
the number of plates in each set, and the distance l)f the plates 
apart, as well as on the characteristics of the separating medium. 
Large plates very closely spaced give a hif!her capacitance than 
small plates far apart; changing the separating medium from, say, 
air to mica or wa.xed paper would further increase the capacitance. 

Electrolytic capacitors have the largest capacitance of all, but 
since these are " formed " in manufacture, the film of gas or 
metallic oxide being set up by the passage of a small current, 
these capacitors must be used with the correct polarity, one con
necting tag being marked positive and the other nrgati\e. Re\'ersal 
of polarity would cause a breakdown in the capacitor and probably 
damage to the rest of the circuit. 

The unit of capacitance is the Farad, hut this b much too large 
a \'alue for radio purposes and a millillnth of a Farad, or 1 micro
farad, becomes a more convenient standard ; l'lectrolytic capacitors 
can have values ranging up to 50 microfarad., (mfd<i.) in normal 
circuits. The microfarad is still too large for small capacitors in 
high frequency and radio circuits, howeYer, and these are reckoned 
in millionths of microfarads, or micro-microfarnds (abbreviated to 
mmfds.). A normal tuning condenser has a value of about 500 
mmfds., which can also be written as 0.0005 microfarad. To avoid 
confusion it is now common practice to use the term picofarad in 
place of micro-microfarad, and so the value of the capacitance 
just mentioned is usually written as 500 pFds. 

The function of a capacitor is to hold a charge. If a capacitor 
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is connected accross a battery or other source of D.C. potential, no 
steady current can flow, since the plates of the capacitor are 
separated by an insulator; nevertheless there is a momentary flow 
of current from the battery into the capacitor which charges up the 
plates. The current at first flows heavily; but as the voltage on 
the plates rises the current flow diminishes and finally ceases as the 
plates attain battery potential. If the capacitor is now disconnected 
from the battery the plates are left in the charge condition until 
they are connected throuj?h some e.xternal circuit, when a current 
will flow in the external circuit, strongly at first but more and 
more weakly as the plates lose potential, until the plates are finally 
totally discharged when the current ceases. 

On an A.C. circuit the behaviour of a capacitor is, of course, 
basically the same ; but, in this case, the potential applied to the 
plates is constantly varying. As the potential applied to the plates 
rises from zern to full in one direction there is a flow of charging 
current into the capacitor, but then the potential commences to fall 
and the current must therefore reverse and flow back in the 
opposite direction. We therefore have the peculiar effect of a 
reversing current at the point where the circuit voltage reaches 
maximum and starts to fall, with the consequent further peculiar 
effect of maximum current at zero voltage. 

The chief point to be noted, however, is that the current Rowing 
into a capacitor on an A.C. circuit flows out again, so that there is 
no final power loss ; unlike the D.C. circuit, where the current 
flows from the battery into the capacitor giving, so far as the 
battery is concerned, a loss of power, though this power is stored 
up for u�e in the capacitor. 

The second important point is that a capacitor connected to an 
A.C. circiut always has a current flowing in or out of it-the 
current does not clie away as on the D.C. circuit. \Ve therefore 
say that a capacitor acts as a " block " or insulator to D.C. but 
passes A.C.-the terminology is perhaps rather loose but docs make 
obvious the fact that if two currents, one D.C. and the other A.C., 
are flowing in a single circuit the A.C. can be tapped off through 
a capacitor without the D.C. This condition is met with at the 
anotie of a valve. There is a D.C. current and thus a D.C. voltage 
at the anode of the valve, due to the driving potential supplied by 
a battery or power pack, and at the same time there is a fluctuating 
voltage set up by passing the varying anode currents (controlled by 
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the signals on the grid) through an anode load resistor We need 
these fluctuating voltages clear of the D.C. driving voltage and so 
we connect the following circuits to the valve anode via a capacitor. 
The fluctuating voltages appear much the same to the capacitor as 
an alternating voltage ; indeed we obtain an alternating voltage on 
the other side of the capacitor, in the manner shown in Fig. 10. 

Another use for a capacitor is as a " smoother." Refer to 
Fig. SB where a resistor in the �atho�e lead .of the valve i.s supply
ing a bias voltage. When a signal is applied to the gnd of the 
valve the current through the resistor will vary and thus the bias 
voltage will vary with the signal, which is generally undesirable. 
If we connect a capacitor across this resistor as in Fi�. 11 ,  usi�g a 
fairly high value electrolytic component, curr�nts will Row 1�to 
the capacitor when the voltage across the resistor tends to nsc, 
and flow out of the capacitor when the voltage tends to fall, and 
the result will be that the bias voltage remains constant. 

The same scheme is used for smoothing out the spurts of 
current which flow through a diode connected to an A.C. circuit ; 
each spurt of current can be used to charge up a capa�itor �hich 
will then supply quite a steady current when the diode is not 
conducting. 

It was mentioned that the triode valve was not of great use 
when employed on high frequencies since the grid and anode 
formed a small capacitor. It can now be understood that energy 
from the anode was " fed back " through th\! valve to the grid, 
thus upsetting the working of the whole circuit. 

0 

;- A '�.t:•HG 
• �U$(D T ttAOUG" • 

a C.U4Ctf0fli 

Fif. JO. Behavlow oJ a capacitor 
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The higher a frequency, the more readily do currents at that 
frt>quency " pass through " a capacitor; it is as though a capacitor 
has le.-s resistance to high frequencies. The term resistance cannot 
very well be uscJ since the true resistance of a good capacitor is 
practically infinite as the plates are separated by an insulator, so 
the term reactance is u�ed instead, though its value is calculated 
in ohms. All capacitors are rated at a working \'Oltage which must 
not be exceeded otherwise the insulating medium will break down 
and the component will be ruined. A common type of electrolytic 
capacitor used in most power packs is coded as 8 mfds. �50 v.wg.
v.wg. is the abbrtviation for Volts \Vorking. 

Electrolytic capacitor� are clearly coded with the polarity of 
their electrode;, but tubular paper capacitors merely have a black 
band at or near one end. This indicates the connection to the 
outer electrode which is conventionally connected to the more 
negative or " earthy " side of the circuit. 

Practically all British capacitors are stamped or marked in some 
way with their valut's, but some small capacitors are colour coded. 
This colour code is shown in Fig. 12. The two symbols for 

1 
i 

., , 
I 

Fig. JJ. An •ler:trolytfc condenser wed for 8moothirrg cathode b/{U 

� 
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capacitance are shown in Figs. 10 and 1 1 ;  note how the electrolytic 
caµacitor is distinguished from a plain non-polarised capacitor. 
CAP.\CITOR COLOUR CODE. 

Ill 
Up to six colours are sometimes used to indicate the capacity 

voltage micro-microfarads or picofarads, the dirert current 
rating and the tolerance. The sequence is shown in variou'> ways, 
usually by an arrow or some such de\'ice ac; shO\\ n in Fig. 12. 

The code is as follows : 
1 2 3 4 5 6 

Colour 1st Fig. 2nd Fig. 3rd Fig. l\lultiplicr D.C. Tolerance 
Voltage + 
Rating 

Black () 0 0 0 
Brown . .  l 1 1 X lO JOO 1% 
Rctl 2 2 2 x toz 200 2% 
Orange . .  3 3 3 x 101 300 3% 
Yellow . .  4 4 4 X JO• 400 4% 
Green 5 5 5 X lO, 500 5% 
Blue 6 6 6 X lOq 600 6% 
Violet . .  7 7 7 x 101 700 7% 
Grey 8 8 8 x 10� 800 8% 
White . .  9 9 9 X J09 900 9% 
Gold ' X0.1 1000 5% 
Silver X0.01 2000 10% 
No colour 500 20% 

Note.-102 = lOX 10. IO• = JOX lOX lOX 10, etc. 

-{Hlr 4 -=1>000> I 

..o.==-o 
0 @ 0 -© © 

Fig. 12. Capacitor colour coding 
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CoiLS. 
The fourth main component employed in radio receivers 1s 

coils of wire of various types and sizes. Some coils are wound 
on iron cores and consist of many turns; others are wound on 
open formers with air cores and consist of a few turns. 

If any coil is connected across a battery, current flowing 
through the turns of wire sets up a magnetic field within the 
coil, the strength of the field depending on the value of the current 
and the number of turns in the coil. Many turns will set up a 
strong field, a few turns, with the same current, will set up a much 
weaker field. Faraday discovered that if two coils are placed 
clo�e together and current is made to flow through one coil by 
connecting it across a batter} , a current is set up in the neighbour
ing coil. This is the process of induction, the current in the first 
coil setting up a magnetic field which in turn affects the second 
coil and causes a " secondary " current to flow. 

The secondary current flows only while the magnetic field is 
changing in value. A stable field does not cause current. Thus 
the secondary current flows only at the moments when the first 
or " primary " coil is connected and disconnected to the battery; 
at these moments the current in the primary coil is either reaching 
maximum of falling to zero. 

The effect can be improved by placing both coils on a common 
iron core. Two coils on a common core are •termed a " trans
former," and of the many types of transformer possible three are 
chiefly common to radio recei\ers, namely, R.F. transformers 
(relatiYely small coils on air or iron dust cores which work at high 
frequencies) ; output transformers, used to couple the loudspeaker 
to the output valve; and mains transformers. The outstanding 11 
features of the transformer are its high efficiency, and the fact that q a high voltage at the primary can giYe a low voltage at the 
secondary, anp t>icc versa. A mains transformer for example, takes • 
current from the mains at about 230 volts on its primary and then l: 
supplies from separate secondary winding, 4 or 6.3 volts for heater 
operation and 350 volts or so for the valve anode supplies. 

Obviously more power cannot be drawn from a transformer 
than is put in, but currents and voltages can be changed, through 
a transformer, tOI suit the needs of a circuit. 

A single coil of wire is affected by its own magnetic field. We 
have already seen that a magnetic field varying in strength can set 
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up a current in a neighbouring coil; clearly, then, the magnetic 
field set up in a coil will induce further currents in the coil. These 
currents always oppose the main current causing the field. \Vhen 
a battery is connected across a coil, the current rises relatively 
slowly a� the induced currents, caused by the magnetic field, oppose 
the battery current until the battery current reaches its full value 
and settles down. The field then becomes steady and the induced 
currents die away. The potential across the coil due to these 
induced currents opposes the battery potential and is thus called 
a " Back E.M.F." or " Back Electro-::\Iotive-Force." 

It can be imagined what effect the Back E.l\I.F. has within a 
coil connected to an A.C. circuit. The Back E.M.F. is always 
opposing the supply voltage and induced currents are always 
opposing the main currents since the magnetic field within the coil 
is always varying in time with the variations of the A.C. supply. 
The result is rather similar to the effect within a capacitor already 
discussed; the coil feeds back to the A.C. supply circuit almost all 
the energy fed into it, and on an A.C. circuit, again we have the 
peculiar effect of the current through a coil being greatest when 
the Yoltage applied to the coil is zero. 

There is, however, an important difference between the 
behaviour of a coil and a capacitor. For any given cycle of A.C. 
voltage the current in a capacitor is slightly ahead of the voltage; 
in a coil the current is slightly behind the voltage. These effects 
are termed " leading" and " lagging " and the beginner can learn 
more of this behaviour of alternating currents, described under the 
general heading of " phase effects," in any book devoted to A.C. 
theory. So far as radio is concerned, the important fact is that 
the effects of capacitance and inductance (inductance is the property 
exhibited by a coil of wire) are in a sense complementary, and 
when a capacitor is connected across a coil there will be one 
frequency at which the combined circuit will operate at maximum 
efficiency. Currents leaving the capacitor will be stored up in the 
form of magnetic fields, then released into the capacitor again at 
ex:tctly the correct instant to keep up an alternating or oscillating 
current flow. Under these conditions the circuit losses are practi
cally negligible and if a small alternating current is induced into 
the coil and capacitor combination, a relatively high voltage will 
be set up across the circuit. Changing the value of either the coil 
or the capacitor will change the frequency at which the effect is 
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observed. A coil and capacitor so connected form a " tuned 
circuit " which i:; '' resonant "  to one certain frequency. A coil and 
variable capacitor arc therefore used to tune to the frequences at 
which radio signal:) arc transmitted ; on either side of the tuned 
frequency neighbouring :;ignab have much less effect on the tuned 
circuit and so one :;tation can be selected out of many. 

The symbols for coils of various types are shown in Fig. 1+. 
The coil is found in many different positions in a recei' er. The 

output transformer has already been mentioned. This transforms 
the relatively low current (at relati,·cly high voltage) flowing in 
the anode circuit of the output valve into a hea\-y current at low 
rnhage wluch is then frd to a small coil of wire attached to the 
cone of the loudspeaker. \Vithin this small coil ,therefore, magnetic 
fields arc set up whose strength and direction depend finally upon 
the �ignal applied to the grid of the output vah·e. The small coil 
of the 1011dspcah r is arranged to work over a powerful magnetic 
pole, and thus the fields set up within the coil by the varying 
currrnts interact with the steady strong magnetic field of the pole
piece. Quite powerful forces arc thus set at work, and since the 
magnetic polcpicce is rigidly fixed in p(1Sition the small coil moves 
back anJ forth, carrying the speaker cone with it. The cone in 
turn moves the air, and thus !>Cts up sot:nd waves. 

The property of inductance is measured i11 units called Henrys, 
a11J the inductance of coils employed in radio receivers vary so 
widel} for different type:; of work that it is also necessary to use 
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thousandthl> of a Henry. termed millihenry�, and millionths_ of a 
Henry, termed microhenrys. Thus 1,000 m1crohcnrys (�he Grctk 
symbol I' often takes the place of " micro," �o that . m.1crohenrys 
can be writte1\ I' Henrys or l'H) are equal to one 1mlhhrnr). 

Short wa\'C tuning coils ha\'e inductances of 2 or 3 I' Hcnrys, 
medium wave coils ha\·e inductances of about 150 I' Henrys and 
long wa\·e tuning coils have inductances of the order of 2 milli
hcnrvs or rnH. In the po'\\·er pack. at the other end of the 
recei�er, will be found a lo"· frequeac) choke or L.F.C. which 
has an inductance generally of the order ot 10 to 30 Henr) s. 

This choke has many turns of wire on an iron core and passes 
the current from a diode power rectifier to the rccei\ er. It has 
already been sho" n that a capacitor connected acros� the diode 
rectifier helps to smooth out the spurt$ of current p;1s�cd by lhc 
val\'e from an A.C. supply. The current still needs further 
smoothing howe\•er, and the choke greatly assists in P�O\ id ing su�h 
smoothing. \Ve have already seen that any ch:rnge 111 current 111 
a coil is accompaned by a corresponding change of nngnetic field 
withi� the coil ; the change in field causes a back. KM.F. and a 
back current which opposes the original current change,. The 
choke therefore, passes a smooth current without opposition ; but 
any ci1ange in current value is strongly opposed. The remaining 
spurts or ripples, of current from the diode-capacitor circuit are 
thus blocked by the choke and cannot pass through its winding, 
although a steady unvarying current is passed readily. The output 
from the choke is thus quite smooth D.C., and a :.erond electro-

. lytic capacitor gi\'es a final degree of smoothing to the current 
eventually pa5sed to the receiver. 

High frequency chokes, which are usually air cored, are small 
coils which have a similar choking action at the radio frequencies. 



CHAPTER 3 

THE BEGINNERS' PROGRESSIVE RECEIVER 

The following chapters and companion volumes introduce a 
number of receivers, the construction of which will take the 
beginner progressively through various types of radio sets from 
the simplest 2 valve circuit up to an advanced superbet. The 
complete work will present an intensive practical course. 

The circuits have been chosen and designed so that they can 
be built up, one after another, on a single chassis, with little, if 
any, wastage of parts. Commencin� with a 2 valve receiver, com
plete in itself, the constructor will ad� parts and valves . as 
experience is gained, so that the expense 1s spread over a period 
and the final high quality receiver is built up. piece �y piece. . . Many beginners in radio are . under the 1mp�ess1on that 1t. 1s 
easier and much cheaper to built battery r:!ce1vers than mams 
operated sets. This is an entirely erroneous idea and provided the 
constructor has mains facilities, he may proceed with every 
confidence to construct a mains driven receiver. The chassis on 
which the receivers are to be constructed is shown in Fig. 13 and 
to avoid complication the same design is used for constructing all 
the receivers. Punching and drilling should be completed before 
any constructional work is undertaken. 

The radio designs shown in this volume utilise an A.C./D.C. 
power pack (this type of supply is sometimes called a Universal 
power pack) and the necessary conversions to full-wave rectification 
for A.C. operation only will be discussed in a later volume. 

Drillin!I the Chassis. The chassis is made of stout sheet 
aluminum and measures 10" X 8" X 2-!". This is a stock size and 
a ready-made chassis can be procured from any good radio dealer 
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should the constmctor not \Yish to bend his own sheet metal into 
shape. 

Hole sizes are as follows :-
A to J inclusive, lt" diameter. 
K to S inclusive, and holes \V, 6 B.A. clt>arance. 
T. U, V. iH diameter. 
X and holes AD to AI indusi,·e, �" diameter. M, AB, AC, 5/16" diameter. 
Y, Z and hole AJ. 4 B.A. clearance. 
AK, AL, 6 B.A. clearance. 
A�l to AR inclusive, !" diameter. 
Unmarked holes, 6 B.A. clearance. 

Holes to clear 6 B.A. bolts should be drilled with a No. 32 
twist drill, and 4 R.A. clearance holes arc drilled with a No. �6 
twist drill. 

The li'' diameter holes are made with a chassis punch, which 
can be obtained in one of two styles. One type of punch hns the 
die nnd bed cl rawn together by a bolt, whilst a second type of 
punch has the die hammered through the chassis material into the 
bed. I n  either case, a hole !" or i" diameter is drilled through the 
chassis dead centre with the large hole, in order t11at the punch bolt 
or locating pin may be passed through the chassis. The punch is 
then operated and the hole taken out cleanly. 

The large holes of 1 i" diameter are for the valveholders and, 
later, for I.F. transformers and, in the case of hole D, for an 
electrolytic caparitor. 

Throughout all the radio recei\·er designs it is intended that 
one or two components shall remain permanently in place on the 
chassis ; thrse components are the power pack parts, whether for 
AC. or Uni,·ersal mains, and the tuning capacitor which is 
mounted in a central position and supported a. little above the 
chac;sis on two end brackets. These brackets are c;hown in 'Fig. 13 
and they should be cut from stout sheet aluminium or brao;s, Tht> 
purpose of mounting the tuning capacitor above the chassis is to 
pmvide for the easy fixing and coupling of a tuning drive and 
scale when this becomes desirable. 

In :ill designs a three-gang tuning capacitor is needed (the 
Jackson Bros. Trpe MG). This should be ordered by name, since 
the chassis drilling is shown to suit this type. The term three-gang 
capacitor means that there are three variable capacitors ganged 
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together in one framework, so that three tuned circuits can be 
tuned simultaneously. 

The prdiminary designs use only one sectio1� of thi3 capac!tor 
and the tluce c;ections are not used together uanl tht: final Jes1gn. 
Nevertht'le ·-s, il will be found economical to buy the three-gang 
capacitor at the start. 

The capacitor is mounted so that its spi11dle points to the front 
of the chassis and falls over the cha�sis centre line. The moving 
\'ant�s of thl' capacitor must open on to the left hand side, and it 
will be found that each set of fixed vanes has a small connecting 
tag to each end. The moving vane; are automatical_ly connected 
to the chas�is through the frame and metal supporting brackets. 

At the bottom of each end plate or end frame of the capacitor 
two "mall holes will be found. The upright tabs of the supporting 
brackets are bolted to these holes, the bolts being passed through 
the end frames of the capacitor with their heads inside, so that 
there are no long bolt shanks which might touch the fixed or 
moving vanes of the capacitor. 6 B.A. bolts and nuts are use�. 
The two supporting brackets are tl1en bolted down to the chassis, 
using the hole5 marked Q. \V, \V, vV. This places the capacitor 
in the correct position. In the designs, connections are made to 
the underneath t.1gs of tl.1c capacitor sections, but it takes only a 
moment's work to unholt the fixing brackets, raise the ::apadtor for 
the wires to be solclerrd to the tags, and then bolt the component 
hack in pbce. 

Other components permanently fixed to the chassis are the lnw 
frequcncr choke, employed for smoothing in the power pack which 
is fitte1I below the chas;is anti bolted in place b� holes Z. Z. Z. Z, 
with + RA. bolts and nuts. The rcctifil·r \'alveholder i:. bolted belO\\ 
ho!e I ; all ,·ah·eholrlers are bolted beneath their re:'pecti\'e hole.; 
and sccurecl by 6 B.A. bolts and nuts. 

For sm'>othing purpo�es a double electrolytic capacitor is em
ployed. The first srction, \'alue 8 mfds, is the capacitor connel"ted 
across the rrctifirr \'al\'c ancl is known as the rcser\"Oir ; the second 
section, \'alue 16 mf<ls, is the smoothing capacitor. Thi' double 
component is bolted to the !>ide wall of the chassis by a clamp 
bent u p  from !'hret aluminium or brass; the clamp is shown in 
Fig. 18 and the hole AJ provides the fixing position. 

Hole H ha.; a British + or 5 pin valveholder bolted below it to 
hold a �arretter valve (which is explained in the following chapter). 
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The \'ah·e holder may need drilling wit11 new holes to lit the 1 �" 
fixing centres of the 6 B.A. clearance holes on each side of hole 
H ; but this is a simple matter. 

One or two rubber grommets o.;houl1l be obtained as bushings 
for some holes. Grommets mav be described as thick rubber 
washers with a central hole for the passage of a leail or cable and 
a circumferential slit which grips the edge of hole in the chassis, 
the hole thuc; being completely bushed and insulated. The holes 
m:uke<l AI for the mains lead ; A� for speaker le.ids ; XX for 
transfom1er or choke leads; and AO brside hole G should be 
grommetted in this wa}'· 

Note that there is no provision on the cha�'is for mo11nri11g a 
loudspeaker. If the chassis is mounted in a cabinet the speaker ma\· 
be bolted to the front of the case above the chassis ;  if no cabine

.
t 

is used at fitst, as will be most likely, the speaker may be fastcn<'d 
to a separate baffie board or in a separate cabinet. 

A loudspeaker should always be pro\'ide<l with a firm, strong 
mounting as large as possible, and secured with large bolts or 
screws. In a veneer or plywood cabinet the speaker should have a 
thick board screwer! or glued to the interior of the case to art as a 
mount, this board being cut with a circular aperture of suitable size. 

The ideal mounting for a loudspeaker is a flat batlle board about 
� feet square, the speaker being mounted centrally if the baffle 
bo.uJ can be suspended or raised above tloor level, or rather above 
the centre line if the bottom edge of the board is at floor lr\'el. 

For the designs shown in this \·olume the loudspeaker must ha\'e 
it::. output tranc;former mounted on the loudspeaker framework ; 
the speaker ,Jiould not be positionetl too far from the 1Wt'i\'Cr. A 
length of no more than a yard for the 'pr.1ker Ira!!' should gi\'c 
ample flexibility. 



CHAPTER 4 

DETECTION : TWO SIMPLE RECEIVERS 

A radio wave pas..�ing a recei,·ing aerial, sets up oscillatory 
currents in the wire which are supplied to the input circuits of the 
receiver connected to the aerial lead-in. The currents in the first 
circuit of the receiver may therefore be represented as in Fig. 3C, 
they will rise and lall in value from positiYe to negative peaks and 
the strength of tl1e currents at any instant will be dependent on 
thr modulation or sound content of the radio wave. 

It is obvious that the tiny currents will need considerable 
amplification before they can operate a loudspeaker; not so obvious, 
perhaps, is the fact that in their present form (Fig. 3C) no matter 
how amplified they may ht\ they are quite useless for operating any 
mechanical reproducer. 

The positive peaks and the negative peaks of the current follow 
exactly the same curve imposed upon them by the modulation ; 
they innease and decrea�e together in amplitude. I f  such a wave
form were to be supplied to a loudspeaker, these currents operat
ing in the voice coil to produce magnetic fields, would ca�cel each 
other out. for no sooner would the coil commence to move to a 
position dictated by a positive peak, than it would have to reverse 
and move to a position dictated by a corresponding negative peak. 
In fact the coil would not move at all, for the mechanical system 
could not respond to the immensely fast reversals of current Aow. 

The waveform must therefore be rectified or, to employ an old 
term still in u.e, " detected," by passing the currents through a 
device such as a diode. If this is done only half of the peaks of 
current will Aow, the opposite peaks being blocked, and the result 
on the wavcfonn of Fig. 3C can be seen in Fig. 1 5  which shows 
the same modulat� wave after detection. Refer also to Fig. 5B. 

The effect of this waveform on a mechanical device such as a 
loudspeaker i� very different. The current is still risina from zero 
value to peak value every half-cycle; but there are �o opposite 

-l-0 

PRACl'lC.\L RADIO FOR BEGI.NNERS-ROOK o:-.r. 41 

peaks and so a mechanical system could re:;pond to the overall 
slow variations in the peak value of the current. These \'ariations 
of peak value, however, constitute the sound wave originally used 
to modulate the radio wave, and so the chief requirement-that of 
separating the sound wa\'e from the radio wave-is satisfied. 

There are, however, the rapid fluctuations of current from zero 
to peak value still to be dealt ·with; but if a small capacitor is 
connected across the diode circuit as in Fig. 16 it ,,m present a 
small reactance to these very rapid changes of current while 
presenting quite a high reactance to slow current value changes. 
(The general term " impedance " is more usually employed than 
the term " reactance "). The rapid current fluctuations will thus 
be " by-passed to earth " through the capacitor, and the sound 
waveform will be set up across the capacitance as a varying charge 
in the way shown. 

A diode is not the only detector which can be used and, indeed, 
it is rarely employed in simpler sets, since it gives no amplification 
to the signal ; a detector often employed is shown in Fig. 17. In 
this circuit a pentode valve is used, but instead of a normal and 
fairly low bins resistance, the cathode resistance Cr has quite a 
high value. This has the effect of making the anode current 
through the valve very small, since the grid voltage is very negative 
-the vah·e is said to be " biased back to cut off," that is, has 
such a high negative bias that anode current almost ceases. 

Imagine now that currents of the waveform shown in Fig. SB 

· - - - - - - - - -- - - - - --- --

Fit. Jj. The wo1·eiorm of Fig. JC alter rcc11fit-011on 
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Fig. 16 

PR.\CTlCAL RADIO FOR BEGlNNERS-BOOK ONE 

c 
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Fig. 17. BaJic circuit of a grid blar or a11ode bend detector 
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applied to the grid of the valve from the tuned circuit shown. On 
each positive peak the bias will be neutralised co some degree so 
that the negative bias on the grid will drop a little. This allows 
the anode current to rise and so produce a signal at the valve 
anode. On the negative peaks the negative bias on the grid is 
augmented so that the already high negative bias becomes more 
negative still. In a normal circuit this would have the effect of 
reducing the anode current below its original level; but in this 
circuit the anode current is already so low that it cannot fall 
further. On negative peaks, therefore, the anode current simply 
falls to its original level, rising once more when a positive peak 
follows the negative. The signal at the anode is thus produced 
by positive peaks only, and once again the waveform is rectified 
and, moreover, is amplified through the valve. 

The first simple circuit has such a detector, known as the Grid 
Bias Detector or Anode Bend Detector-the latter name describ
ing the curve of a graph which depicts the behaviour of the anode 
current of the valve. The detector is followed by an output stage 
which gives the rectifier signals further amplification, enabling a 
loudspeaker to be opratcd. Since it is anticipated that most con
structors will have a source of mains power available, the first 
receivers to be described are mains operated and are suitable for 
A.C./D.C. mains. 

The receiver is shown in theoretical form in l<'ig. 18. The 
currents from the aerial Row through L 1 ,  an air-cored coil, and 
induce corresponding currents in L2, the tuning coil. The�c t\\'o 
coils arc wound side by side on a single former. A transformer is 
employed so that the aerial need not be couplc1l directly to the 
tuning coil; it is permissible to use such a direct couplin�. but 
changes in the aerial then upset the tuning of the rccei\·er while 
the aerial can also act :t'> a load on the tuning circuit and rrducc 
it, efficiency, which must always be kept as high as poso;ible. 

C l ,  the aerial capacitor, is chiefly used as a safrtr clc\'icc. The 
lini\·cr!'al mains rccei\•er always has its chassis tlirectly connrctecl 
to the mains supply, and one regulation states that there must be 
no direct connection between the mains and an aerial. Cl allows 
the pas�age of high frcqucncr currents but allows no direct acrial
mainc; connection. 

C2 (note the �ymbol for variable capacitor) t11nl'S tlw rnil T ,2 
to an} required frequency within the medium wave banJ, since a 
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me<lium wave coil is employed, and Vl, a �'lullard EF37 pentode, 
acts as an anod.e bend <letector. The cathode resistor, R3, is by
passed by a high value electrolytic capacitor and the rectified 
signals appear at the anode as changes o f  \'oltages across R2, the 
anode \'Oltage rising and falling with the signal. 

A small capacitance, C6, by-passes the radio frequency signal 
from the anode of VI  to earth, leaving the audio signal for 
transfer to V2. 

Note the connection of the suppressor grid of V l  to the cathode 
and also the method u�ed to feed the screening grid of the detector 
valve. The screening grid is directly connected to the earth line 
by a capacitor, so that any Yoltage fluctuations on this grid are 
smoothed out, the gri<l thus operating on a fixed voltage. 

It will have been noticed that the base line of the theoretical 
di�gr�m �s termed the " earth " line; in British circuit drawings 
this lme ts also taken as. the chassis of the receiver, and the con
nections to it in the diagram arc taken to the .:hassis in the 
actual receiver. 

No direct earth connection is shown to the earth line or chassis 
in the d.iagran!, tl�e �arth li!1e being shown, instead, taken through 
a capacitor. flus 1s a po111t of the utmost importance for the 
chassis is inJirectl� earthed through the mains leads, and a direct 
earth to the chassis could mean a serious short-circuit across the 
mains if the mains plug were inserted in such a wav as to connect 
the chassis to the line or " live " side of the mains: 

Cl l ,  the earthing capacitor, must have a rated working voltage 
of 750 volt�, and must not be higher in capacitance than the 
0.01 mfd shown. 

To retl!rn to the. operation of the .circuit. The audio signal 
from V l  1s taken via C7 to a potentiometer whose other end is 
ea�thed. �he signal is thus s�t up as a fluctuating voltage across 
this potentiometer and the rnnable contact can tap off any desired 
percentage of the sie;nal \'Oltage, <;O that the final voltage presented 
to the grid of V2 is variable from maximum to zero. RS is thus 
a volume control operating on the audio signal. 

R6, in series between the potentiometer variable rontact and the 
grid of the output valve, acts as a filter in co-operation with the 
input capacitance of V2, the input capacitance of a valve being the 
small capacitor-effect set up between the grid of the valve and 
earth. The resistance and capacitance together acts as a filter 
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which has very little effect on the audio frequencies; but whid1 
blocks quite effectively any stray radio frequencies not by-passed to 
earth through C6. 

Another type of filtering circuit is formed by R l and CS. At 
the anode of the output valve a large voltage S\\ ing is set up, and 
should any of this energy be fed back to VI through the H.T. line 
serious instability could result. In a 2-valve circuit there is, in 
fact, small chance of trouble arising in this way ; but as a �afety 
measure the " decoupling circuit,'' Rl ,  C5, is included. �ote that 
R l  supplies the H.T. current to both the anode and screen of Vt. 
Any " feedback " from V2 \\;JI vary the voltage of the H.T. 
supplr line in time with the fluctuations of voltage on the anode 
of V2; but with R l  in circuit, these fluctuations of voltage must 
be set up across RI bdore they can affect the anode and screen 
voltage of VJ. R l  is, however, by-passed to earth by C5, a large 
value capacitor which smooths the voltage at the junction of R2 
and R4 with Rl and so prevents feedback from affecting the 
operation of the first valve. 

V2, like VI, is self biased; R7 in the cathode circuit of the 
valve makes the cathode more positive than the grid. The bias 
voltage is smoothed by CS. 

The output valve is coupled to the loudspeaker by the output 
transformer Tl.  The required load of the valve, for optimum 
working conditions, is given by the manufacturers as 4,500 ohms 
and the voice coil impedance of a normal loudspeaker is 3 ohm�. 
Tho transformer must, therefore, match a load of 3 ohms into a 
load of 4.500 ohms. \Ve have already seen that a transformer can 
" match " one voltage into another with a corresponding change 
of current ; matching one load resistance into another is much the 
same thing. For example, a transformer of 100% efficiency might 
be used to drop a 200 ,·olts line supply to -100 ,·olts from the 
secondary. If the current drawn from the secondary is 1 amp the 
current drawn by the primary from the supply line will be ! amp, 
for in halving the ,·oltage we double the current �o that the -power 
used in or supplied from each winding is the same. The circuit 
impedance on the two sides of the transformer are by no means the 
same, however. It is not proper to use Ohm's L;i.w for A.C. 
circuits. without corrections but, as an example, we may say that 
the resistance coupled to the secondary of the transformer is 100 
divided by 1, i.e., 100 ohms, and the resistance ronnected to the 



46 PRACTICAL R \nl() FOR lffCHNNl!RS-ROOK ONF. 

primary of the transformer is 200 divided by i, i.e., 400 ohms. 
The transformer is thus matching two resistances and this is 
exactly the task of an output transformer. 

In dealing with the output transformer, so far we have employed 
two tenns--resistance and impedance-and it will be as well to 
define these two properties. In dealing with direct currents we are 
concerned only with one circuit characteristic, that of resistance
a coil will present to direct current the actual resistance of the wire 
in its windings, a good capacitor will present a resistance of infinity 
and a resistor will present to the current just the actual resistance 
in ohms marked upon it. On A.C. circuits, however, both coils 
and capacitors present a reactance to the current, the reactance 
being measured in ohms and varying with the frequency of the 
alternations, falling in value as the frequency rises. A resistor still 
presents to A.C. the resistance marked upon it. 

Reactancc and resistance cannot be directly added together, for 
we have seen that in coils and capacitors the behaviour of the 
current and voltage change differs from what would be expected. 
In a resistor tbe current and voltage rise and fall together-they 
keep in phase-but in coils and capacitors the pbase varies and in 
different directions. When resistance and reactance are present in 
a circuit they must be added by taking the square root of the sum 
of the squares of the v:ilues, and the result is known as impedance 
still measured in ohms. ('Vhe1i both types of reactance are present. 
both inductive and capacitive, the calculation becomes more 
involved.) 

We must, therefore, speak of the impedance of a voice coil, for 
this is made up of the resistance of the wire and also the inductive 
reactance of tbe coil, and since the reactance varies with frequency 
a particular frequency must be specified. For all voice coil calcula
tions a frequency of 400 cycles per second is understood. 

To discover the ratio of the transformer required (by ratio we 
mean the number of turns in one winding compared with the 
number of turns in the other winding) we use the formula : 

Ratio = y Load resistance 
Voice coil impedance 

and if we evaluate this for the actual circuit of Fig. 22 the output 
transformer ratio for a 3 ohms impedance voice coil is found to be 
38.7 to l .  One winding is therefore made of a few turns of heavy 
gauge wire; and is connected to the voice coil. The other winding 
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is made of many turns of finer wire, and this is generally brought 
out to connecting tags on the transfom1er, which is connected into 
to the output valve's circuit. 

The power supply circuit, consisting of R8, V3, ClO and C9 
and the low frequency choke L.F.C. is of the haU-waYe type, so 
called since the rectifier valve, V3, supplies one pulse of power ver 
cycle. Power packs operating from A.C. only are termed full
wave packs, since they supply two ·pulses of power per cycle. 

The pulse d1arges up ClO, which then Sllpplies a smoother flow 
of power to the choke and the smoothing capacitor C9, the output 
to the receiver circuit being drawn from the charge on C9 and 
thus being fully smoothed. 

R8 is not always fmmd iu half-w:we power packs, but it serves 
to give valuable protection to V3 and ClO. Since the power is fed 
to ClO, the reservoir capacitor, in separated pulses there is a heavy 
ripple voltage across this capacitor which therefore passes quite a 
heavy alternating current to earth. This ripple c1trrent, as it is 
termed, might damage the capacitor by overheating it, and might 
also damage the rectifier valve, so that a limiting device of some 
sort is desirable. R8 acts as such a limiter. For a normal current 
flow the voltage drop across R8 is negligible ; but for a heavy 
pulse of current the voltage drop across the resistor is much higher. 
This causes a drop of voltage on the anode of the rectifier, and 
in this way heavy current pulses are smoothed out to a useful 
extent. The smoothing cannot, of course, be carried out beyond 
a certain limit, otherwise the ripple on ClO will be increased and 
the final output current will be less smooth than is desirable. 
This would lead to objectionable hum from the loudspeaker. 

Special attention must be paii:l in all A.C./D.C. circuit drawings 
to the manner and order in which the valve heaters are connected 
ia the chain shown between V .+ and the earth line. Note that VI 
has one side of its heater earthed, V2 and V3 following in sequence. 
The detector/first audio stage (in a receiver, a stage consists of a 
valve and its associated components) in a Universal mains set, is 
always the stage to have one side of its heater earthed, and there 
is very little difference in potential between the heater and catl10de. 
A high potential strain across these valve elements would almost 
certainly again cause an annoying hum. 

V4, although included with the valves in the components list 
and coded as a valve in the diagram, is actually a special type of 
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resistor enclosed in a glass envelope. In a Uni\·ersal mains receiver, 
where the valve heaters are connected in series, the total voltage 
across the heaters will not amoum to the mains voltage, and there 
is thus a surplus voltage which must be " dropped." A normal 
resistor or a resistor made up to look like ordinary connecting cable 
and called " linecord " can be used to drop this voltage, but the 
supply mains are liable to quite wide voltage fluctuations, so that 
when a dropping resi.;tor is employed in an A.C./D.C. receiver 
there are times when the valve heaters will be over-run and other 
times when they will be under-run ; both conditions are to be 
avoided. 

A barretter or regulntor lnmp, as V-J. is called, has the great 
advantage that it is self-regulating. It is made up of an iron wire 
held in an atmosphere of hydrogen gas within the glass envelope, 
and it is found that such a device will pass a certain fL-xed current 
although the voltage across the ends of the wire varies between 
surprisingly wide limits-between about 100 and 200 volts in the 
case of the chosen barrettcr. The barretter is chosen to pass the 
0.2 amp required by the series-connected heaters, connected as 
shown, and the constructor can then be sure that the valves arc 
always running at the correct rating, no matter how the mains 
voltage may be fluctuating. This great advantage is gained at the 
expense of one small disadvantage, since the barretter filament is 
of iron wire the valve must not be placed anywhere in the stray 
fields of a choke or, more rspecially, of the permanent magnet of 
the loudspeaker. The filament is carrying a fairly heavy current 
and thus has n magnetic field around it and if this field interacts 
\\·ith a second m;1g11etic field the filament will be made to move. 
\Vhen the barrcttcr i� passing A.C. the effect is Yery serious. since 
the filament will then vibrate at the ma!ns frequency and soon 
break down. The effect is avoided in the progre<:sh·e receiver, as 
the loudspeaker is not mounted on the chassis. 

The mains switch of the st't, S I  a and S 1 b, as shown is of the 
doublt' pole type, and is ganged with volume control arm one 
componet thu� serving for two functions. A double pole s�vitch 
should always be used in a Universal mains receiver for, if a sin.,.Je 
pole switch is med, the set is 11.'ft connected to one side of ;he 
mains, which is ddinitely unsafe. 

In the constructional diagrams t11c switch poles are drawn to 
show the connrctions clearly, but on the actual component, dt>pend-

rRACT!CAL RADlO .FOR BECINN.ERS-BOOK ONn 49 

i11g on the make, it may be difficult to decide by visual inspection, 
the pole connections, when the switch is closed. 

If this is the case the constructor should test the con11cctions 
with a torch bulb and battery, and code them before connecting 
the switch into the receiver circuit. 

If, for any reason, only a single pole switch can be obtained, 
this pole should be arranged to break the line or li\'e side of 
the mains circuit. 

Throughout the description of the receiver it has been as:.ume<l 
that power is being drawn from A.C. m:iins. If the set is connected 
to D.C. mains the receiver works in the same way, and the mains 
lead marked " Linc " in the diagram must be connected to the 
positive side of the supply before the receiver will operate. The 
working of the power pack is also rather different, for V3 acts only 
at quite a low resistance, the anode always being positive with 
respect to the cathode, so that current is always Rowing through 
the valve. Nevertheless, V3 serves to protect the electrolytic 
capacitors C l O  C9, for, if the mains plug were incorrectly inserted 
into a D.C. supply socket, no current would flow through V3. A 
direct connection wider such circumstances would ruin the electro
lytic capacitors, as well as blowing the mains fuses. 

The operation of this simple receiver has been described in some 
detail in order that the passage of the signal from the aerial to the 
detector, and the separation of the audio modulation from the 
carrier, with its subsequent amplification and presentation to the 
loudspeaker, may be thoroughly understood. In the case of the 
following receiving circuits such detailed discussion will be 
unnecessary. 

There follows a components list of the parts required to build 
the set. As further developments are described, each will be 
accompanied by a list of further components required, so thnt it 
will not be necessary to sort out from each list those parts already 
possessed. \Vhere parts are specified by maker's names and code 
numbers, there is good reason for making the c;pecification which 
should be adhered to rigidly; but such parts as resistors, valve
holders, etc., can be purchased at practically any radio store. 
Components such as tubular and electrolytic capacitors should be 
bought as required and not obtained from surplus stocks, since it 
is essential that these components are in perfect condition ; but it 
is sometimes possible to buy mica capacitors, resistors, valveholders, 
etc., in bulk at favourable prices. 
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CO:\IPONENTS LIST FOR THE StMPLE 2-VALVE PLUS 
RECTU'IBR SET. FIC. 18. 

Ll, L2, 
C l ,  

Wearite PA2 tuning coil. 
O.ot mfd. 750 v. w. Tubular TCC 743. 

C2, 3-gang 500 pFds tuning capacitor, Jackson Bros. 
Trpe l\IG (one section only used in this set). 

25 mfds. 25 v.wg. Electrolytic TCC CE32C. 
0.01 mfds. 350 v.wg. Tubular TCC 346. 

C3, CS, 
C4, C7, 
cs, 8 mfds. One section of an 8 plus 8 mfds. 450 v. 

wg. Electrolytic TCC CE27P. 
C6, 100 pFds. 350 Y.wg. "hlica TCC CM20N. 
C9, Cto 16 plus 8 mfds. 450 v.wg. Electrolytic TCC 

CE28P. 
R I ,  33,000 ohms, ! watt. 
R2, 330,000 ohms, i watt. 
R3, lS,000 ohms, i watt. 
R4, 680,000 ohms, i watt. 
RS, 0.5 megohm poteniometer, with switch. 
R6, 10,000 ohms, i watt. 
R7, 180 ohms, � watt. 
RS, 47 ohms, 1 watt. 
V I ,  EF37A 1 
V2, CL33 
V3. CY3 l 
V4, ClC 

l\1ullard. 

3 International octal chassis mounting valveholders. 
1 British 4-pin chassis mounting valveholder. 
Tl with Spic. 8" loudspeaker, Rola, permanent magnet, 

with output transformer to match into 4,500 
ohms. 

L.F.C. 10 henrys 80 mAs. 300 ohms. Partridge 
EEC/3/VDL. 

Sla, b, 2 pole on-off switch, ganged with RS. 
2 Round control knobs. 
1 Grid clip. 
Aerial socket, Belling-Lee L315 with plug L378/3. 
Capacitor clip for CS, TCC " V3." 
Mains lead and plug. 
4 and 6 B.A. nuts and bolts. Connecting wire, sleeving, etc. 
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CoN STRUCTIO�. 
An under chassi,; view showing the wiri11g of the 2-val�e plu� 

rectifier receiver for A.C./D.C. operation i:. gi\'en in F_'1g. 19. 
Before wiring up, the various components should be bolted 111 place 
in the position<; given as follows :-

Bolt the 4-pin valveholder below hole H. 
Holt the octal valveholders below I. B and E. 
Before bolting the variable capacitor in place, solcl1!1· a ?" lead 

to the underside tag of the centre section fi�ed plat�s, pass111g the 
lead clown through U, tht;n fasten the capacitor by Its brackets as 
already described, using a long 6 B.A. b�lt through hole 9· In 
later receivers this long bolt supports a coil below the duss1s. 

Bolt the choke to the Z holes, and clamp the 16 plus 8 mfds 
capacitor to the side chassis wall by hole AJ. 

. Bolt the capacitor clip type V3 over the chassis hole D. . Through hole R pass !'' 6 B.A. bolt �o that the, ?o_ltheaJ 1s 
above the chassis and the screwed shank 1s below. 1 his can be 
done before the tuning capacitor is in place, although the bolt can 
easily be slipped in place by using long-nosed pliers. �he P A2 
coil like all P type coils will be found to have a brass fixmg plate 
nea� the base of the f�rmer, and the coil is secured below the 
chassis by means of the t" bolt and this plate. 

Note the coil key diagram shown in Fig. 22, which shows the 
numbering of the coil tags viewed !rom above; !he two lo�g 
upright tags are connected to the mam tuned wmdmg of the coil, 
and the red tag is No. 1 .  

The volume control/on-off switch i s  mounted through the h�le 
AF in the front chassis wall. If the component has a small locatmg 
pin or lug, a small hole should be drilled for this beside the main 
hole. The threaded spindle bushing is then passed through the 
chassis fixed by the shakeproof washer provided, and the nut. 

Re�ember to tighten all nuts with spanners ; never use pliers. 
Large nuts can be tightened with .an �djustable spanner. . Many connections to this chassis will have to be made 10 the 
course of constructing the series of receivers. Below each 4 and 6 
B.A. mounting nut a suitable soldering tag should be fastened; 
each valveholder, for example, will then haYe two soldering tags 
fixed under its securing nuts. The tags are, of course, mounted 
like the components, below the chassis. 

The soldering tags should not be included below the fastening 
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bolts of the rectifier and barretter holders, however; it is a wise 
precaution to keep earthed connections away from the power points 
and in any case only one main earth is required in the power circuit. 
This is provided by a tag bolted down with the capacitor damp 
at hole AJ. 
SOLDERING. 

\\Tith the main componcms in place, the wiring can now 
commence, all joints being soldered. The constructor who has no 
soldering e.werience <;hould first practise on some scraps of wire 
and metal; the secret of good �oldering is to keep all the tools and 
m:uerials absolutely clean. 

An electric iron with a medium or <;mall sized bit should be 
obtained. For radio work a pencil bit is excellent, since it can be 
applied to a joint without touching nearby wiring or components 
mounted in the wiring. An ADCOLA miniature iron is highly 
recommended. The solder used should include its own flux, and 
Ersin Multicore cannot be bettered; thi<; should be bought by the 
pound reel. 

For wiring up, use 2.2 S.\V.G. tinned copper, bought in i or 
! lb. reels, insulating each length of wire with U millimetre 
in�ulating sleeving. 

-

To make a joint, measure off the wire required, and add a half 
inch to the length for jointin� before cutting off the wire. Pa&S 
the first end of the lead to be joined through the hole in the 
connecting tag, for example-bend the end of the wire round and 
clamp it down on the tag tightly. Remember that a joint mu..;t be 
mechanically sound before it is soldered ; the solder is to make 
an electrically efficient joint, not to add mechanical strength. Apply 
the end of the solder to the joint, then the soldering iron. As the 
solder melts the resin core runs out over the joint as a flux, and 
the solder follows it, running smoothly. Remo\'e the end of the 
solder and keep the iron in place, heating up the joint for a few 
seconds, then remove the iron. Allow the joint to cool naturally 
without disturbing it in any way. The final cooled joint should 
have a smooth bright appearance; a dull joint is probably " dry." 
In a dry joint, dirt or too little heat or some disturbance o f  the 
p�rt joined has spoiled the Aow of solder and the joint will soon 
give trouble, owing to a high resistance being set up. 

Note that no other flux i:. used with cored solder and that the 
resin within the solder ibelf is sufficient. Many other fluxes will 
in time cause corrosion of the joint and should be avoided. 
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\Vith. the wire joined at one end, measure off the correct length 
of slecv1n� needed to insulate the lead, slip it over the wire then 
join up the other end. Care must now be taken not to char or 
he:it up the sleeving. This may be found difficult at first but 
practice in soldering soon makes perfect. 

' 

Avoid blobs of solder on joints, using onlv as much as is 
required to Aow smoothly over the metal. \Vatch the body of the 
iron as a joint is made, so that it does not accidentally touch a 
resistor or capacitor. 

\\Tith new components there is no need to clean the metal before 
soldering. The plating on soldering tags, vah•eholJer lugs and 
similar connecting points is designed to take solder well. I f  the 
metal looks dull or discoloUJ·ed, tin i t  first before making the joint 
by flowing a little solder over it and appl) ing heat until the solder 
runs smoothly and takes perfectly. 

\Vhcn using cored solder, never melt the solder on to the iron 
and transfer it to the joint. This burns up the flux before the 
iron reaches the joint. Always apply the solder to the joint first, 
then the heat to melt both solder and flu'X together on to the pnr ts 
to be connected. 
WtRING. 

.1!' m.1y receiver, no matter what its type or dc.,i�n, the first 
w1 nng JOb should he the complete heater chain. The he.1ter leads 
sho�1ld be as short .and direct as pos�ible, and kept l\'l'll pre�scd up 
against the underside of the chassis. On A.C., the leads have an 
alternating field around them and could thus c�use hum if bro11�ht 
into proximity with other circuits. Keeping the leads against the 
ch:issis provides a mea�ure r,f shielding. These lead<;, like all 
others, must be perfectly insulated. 

After the heater circuit, wire up the power supply circuit 
includinir the mains l�ad. Support R8 betw�en the correct tags of 
the barretter and rectifier valveholders, ensurmJ! that the resistor i� 
well spaced both from the chassis and the bodv of C9 CIO so 
that there is not the slightest chance of a short

· 
circuit. 

' ' 

The wiring of C9, ClO cannot com·eniently be c;hown in Fig. 19, 
but the leads are coded. Remember that the black (negati\·e) tag 
of the capacitor must be connected to a solderine; tag under the holt 
holding the capacitor clamp. The red taa is C9 the yellow CIO. 

\Yhen wiring resistors and capacitors
"' 

into �ircuit remember 
first to cut their leads to the correct length, then t� slip on a 
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suitable piece of insulating sleeving before making the joint. 
With the heater and power supply circuits completed-the H.T. 

supply line from the power pac� to the circuits shoul.cl n_?t be 
included vet-transfer the attrnt1ons to the cathode c1rcu1ts of 
ea.:h stag� in turn. N'ole that in the case of VI the No. l tag of 
the valveholder mu�t be earthed to connect the metallised coating 
of the valve to the chassis. This coating acts as a screen to protect 
the valve electrode, from e:..ternal fields. Connect tag S to tag 8 
on the Vt holder. then take mg 8 co the nearest earthed soldering 
tag through R3. Support C3 between tag 8 and. ear�h as sho,�n 
in Fig. 19. Although C3 is a large component 1t will be easily 
supported in the wiring. 

'Vire the cathode circuit of V2. 
Now wire up the screen aad anode by-passes. On VI this means 

taking C-1- to rarth from tag 4-. Before applying the solder, �vire 
in the end of ]{4 to the snmc tag. From tag 3 of Vl run C6 direct 
to earth adding R2 and C7 to the tag before applying solder. 

On the V2 holder, wire R6 right at the grid pin, which is 
No. 5. Note by-pass capacitors and grid stoppers, such as R61 
must always be connected right at the appropriate valveholder pin 
to be fullv effective. 

Tag 6 on the holder of VI  is not used for any valve connection, 
and the pin on the valvr base has no connection to any valve 
electrode. This tag may therefore be employed as a " tie-point," 
that io; a tag or connector where a number of leads may be brought 
together, joined and anchored. R2 and R4 anchored together 
with the lead to CS, as shown. 

Ta<> �o. 4- on the Y2 holder connects the screening grid of the 
output \'ah·e to the m:iin H.T. line and can thus also be employed 
as a tie-point for components taken to the main H.T. line. RI,  
one �pcaker lead and the lead from the power pack therefore meet 
at this tag. 

The speaker lead� are best made of light rubber-covered Aex, 
the two cables being twisted together and carried across to their 
grommetted hole. . 

The grid circuits of rhe two valves are now wired up. 
The lead of the grid ot Vl is taken from the upper tag of the 

fixed plates of the tuning capacitor's centre section, and so is the 
only lead above the chassis. Thin rnbber-covered flex wire should 
be used for the lead, measured and cut to length with Vl in its 
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holder. Taking the lead to the top grid cap from the capacitor in 
this way keeps the lead short and direct, and also ensures that the 
grid circuit is as isolated as possible froru the anode and power 
circuits of the stage. This connection is shown in Fig. 20. 

The lead from the volume control to the output valve is rather 
long, and should therefore be screened. 22 S.\V.G. wire can be 
used, screened sleeving being used as a covering for the wire instead 
of plain sleeving. Screen� sleeving is insulated sleeving of normal 
type with a loosely woven wire mesh surrounding the sleeving, and 
the lead carrying the signal is thus protected from stray fields and 
external influences which might induce small potentials on the grid 
of the output vah·e. 

At each end of the screened sleeving the wire mesh should be 
unravelled for a short distance and twisted up into a pigtail. The 
pigtail at each end of the screen is then taken to n convenient and 
nearby earthing point. 

Add the II.T. supply line from the power pack. 
Wire up the aerial connection through Cl between Ll and the 

aerial socket on the rear of the chassis. No earth socket is !>hown 
and C l  1 is clcliberatcly omitted from the parts list, since the earth 
provided by the mains connection in the A.C./D.C. set is invariably 
perfectly satisfactory. If the constructor wishes to experiment with 
an earth connection he may add a second socket by the aerial 
socket, remembering that this earth socket must be connected to 
the chas�is via Cl 1,  which has the same value and v.wg. as Cl.  

Fii. 10. Showing how IM top cap of VJ Is comitcttd 
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Connect the speaker leads to the output transformer on the 
loudspeaker before the \":tlve' arc inscrte<l. The recei\'cr must 
never be switched 011 and the valves powered without the speaker 
connections being made, otherwise the anode of V2 \\:ill draw no 
current and the screen of the ,·alve will have to carry a heavy load, 
which might well result in serious damage to the ,·al\'e. 

Before inserting the valves, carefully check oYer e\·ery wire. 
Insert the vah·cs and, before conncctin� up the mains plug, 

fasten the two control knob!> to the two spindles-those of the 
tuner and volume control. Connect up the mains plug. From now 
on do not touch the chac;sis of the set until the mains plug is 
connected in the correct sense. Switch on by turning the volume 
control knob right up. Let the "t"t warm up until a faint hum is 
heard from the speaker-allow a minute for this, then reverse the 
mains plug in its wall or lamp socket. The hum heard from the 
sc:t will either increase or decrease. Connect u p  the mains socket 
in the way which gives least hum from the receiver ;  this will 
mean that the chassis is connected to the earth line and may be 
handled with safety. 

Connect a good aerial to the aerial socket, and then rotate the 
tuning capacitor throuj!h its whole travel. Reception with this set 
will deprnd on the nearness of a radio transmitter and the 
efficiency of the aerial ; in remote and country areas it is probable 
that reception will be rather weak. That, however, can be 
improved \'Cry rapidly as will be explained shortly. Note the 
difference in reception between day and night conditions. 

. Although there is no tuning scale to the set, this is of no 
disadvantage. The range of the receiver is from about 200 to 500 
metres, and the position of the moving vanes of the variable 
capacitor will give a good indication of the wavelength tuned. The 
high frequency end of the band is received with the vanes fully 
out, and lo"·er frequencies (i.e., higher wa\·elengths) are tuned as 
the mo,·ing vanes are turned inwards. Rotate the tuning control 
slowly, as there i:. no .,low motion drive as vet. 
Co::-;\'ERT1:-;o TO G1uo LEAK DnrcTIO". 

• 

The anode bend detector, although excellent for many applica· 
tions, has the double disadvantage that it is not a highly c:ensitive 
detector. nor is it a high gain amplifier. It suffers in both these 
respects becau"e of the fairly high bins voltage applied to the grid 
of the valve. I f  the anode bend detector is found to give poor 
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results i1.1 the constructor's reception area, the circuit can be 
changed 111 a few n:io�ents to a grid .leak detector. The simplicity 
o.f th� c�ange m•er 1s illustrated in Fig. 21 where the new detector 
c1rcU1t 1s shown. 

R3 and CJ, the b�asi�g components of Fig, 18, are remO\'Cd 
and the cathode of \ 1 1s taken directly to earrh by being con
nected to the nearby soldering tag. The direct lead from the 
upper tag o! the section of the tuning capacitor to the top cap 
grid of V 1 is also remo\·ed, and in its place is connected Cl 2 a 
]00 pFds. mica capacito�, with a .grid resi�tor or grid leak R9. 
fhc earthed en� of R9 1� taken directly to the earthed soldering 

lug , on th.e tuning capacitor, as shown in Fig. 22. 
1 he grid leak detector operates by the grid and cathode of the 

,·ah·� forming � .diode and rectifying the modulated carrier by 
pa!.S1ng. the. pos1t1vc . peaks and blocking the negative peak�, as 
s�ow!1 111 Fig. 15. Sine: th� �rid of the valve i« not biased by nny 
c1rcu1t components but 1s ongmally at earth potentinl, each positive 
R.F. pe:ik c;rnds the grid positive and as a result current nows 
through the ! megoh� resistor R9. This causes a voltage drop 
acros� the res1s�or which makes the grid end of R9 negative. This 
negative potential or charge is held by the grid capacitor, C J  2, and 
so can only .leak away to earth through R9-\\'hich is therefore 
called �he gn� �cak. As the charge leaks away it is replenished by 
follow111g pos1t1vc peaks, and the value5 of C J  2 and R9 arc so 
chosen that the cha�ge pr�ent on the capacitnr, anti �n on the grid 
of the \'ah-c, Yanes with the variatiom in potential of the 
m?dulated carrier. peaks--that is, the charge 011 C9 rises and fal!s 
'' 1.th the n�odulat1on. This causes a rising and falling bias on the 
grid and .m co_nsequence a varying anode current through tht' 
\'alv�, which gives an amplified audio signal at the anode foi 
pass!ng on t? the output stage. 
. 1 he comhmed effect of R9 and C 1 2  in this cirl·11it is measured 
111 terms of ." time-const�nt," a term which rrfer� to the time taken 
for a �ap�c1t�r to lose its charge through a resi,tor. The values 
�or this c1rc�11t are ch�sen s? th.at the timc-con�tant is high when 
(Ompared \nth the rapid osc;1llahons of the radio frequency carrier, 
but lo\� when compared w1th much slower aurlio frequencies. 

It will be found that signals which can be barely heard with 
th� anode bend detector, come up with increased volume with the 
grid leak detector. In many areas, results may still be un-
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satisfactory, however, and for a further improvement in output 
(and a remarkable extension of reception range) the grid-leak 
detector can be converted into a regenerative or reacting detector. 

Extra Components for the Grid-Leak Detector, Fig. 21 
C12 100 pFds. 350 v.wg. Mica TCC CM20N 
R9 1 megohm, f watt. 

CONVERTING TO A REACTING DETECTOR. 
The grid-leak detector converted for reaction is shown in 

Fig. 23 with the rest of the receiver and power pack circuits. The 
main circuit change to be noted is the new arrangement of LI, now 
connected via a capacitor between the anode of Vl and earth ; and 
the aerial connection through a small capacitor to the grid coil L2 . 

\Ve have already seen that at the anode of a detector \'alve 
there appears a rectified ,-ersion of the carrier wave, the audio 
frequency section of which is transferred to following stages and 
the high frequencies are bypassed to earth. The high f requencics 
then, shown in Fig. 23, will flow through C l 3  and Ll on their 
way to earth. 

Ll is coupled to L2 by being wound on thr same former in 
close proximity to the main tuning coil-it was formerly employed 
in coupling the aerial to the tuned circuit. Now, however, it is 
coupling the high frequencies from the anode of V l back into the 
grid circuit of V l ,  that is, there is induced into the grid circuit 
a signal corrrsponding to that already fed into the grid circuit 
from the aerial. 

If the signal is induced into the grid circuit in the correct sense 
it will obviously add to the signal already there, so that at the grid 
of the valve there will be presented for rectification and amplifica
tion, a more powerful signal than that supplied by the aerial alone. 
The sense of the induced signal is made correct by connecting L I  
i n  the correct �ense to the anode. Induction from anode to grid is 
called " feedback," for ob,·ious reasons, and since the induced signal 
is made to agree with, and add to, the original signal, the effect is 
further described as " positive feedback," " regeneration " or 
" reaction." Reversing the connections of LI would give " negative 
feedback " or degeneration with a resultant loss of signal strength. 

In any circuit where currents are Rowing, losses must occur 
and this holds good for the tuned circuit L2-C2 connected to the 
grid of Vl. As more and more energy is induced into L2 from the 
anode circuit, however, the losses of the grid circuit are increas-
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ingly made good until a point is reached where more energy is fed 
into the grid circuit than is being lost. The valve then goes into 
oscillation and generates a radio carrier at a frequency dependent 
on the setting of C2 and the inductance of L2- the detector 
becomes, in fact, a midget transmitter. 

If the constructor has a milliammeter this can be connected in 
the supply line to the valve's anode circuit, when it will be found 
that there is a marked drop in anode current as the valve goes into 
oscillation. This is because the grid is now driven stronily positive 
on half of each oscillatory cycle, and the grid current through the 
grid lcalc and the grid bias, are increased. This type of oscillatory 
circuit is therefore " self-biased." 

For reception the efficiency of the circuit is at its greatest just 
at the point where oscillating conditions are reached, when the 
circuit is said to be at tpe " critical point." It is very desirable, 
therefore, that there should be some method of controlling the 
reaction so that the detector can be brought up to, or near, this 
critical point to give high amplification to weak signals. In some 
circuits this control is effected by making Cl3 a fully variable 
capacitor with a panel control, and increasing the capacitance of 
Cl3 causes more and more energy to be bypassed from the anode 
through the coupling or reaction coil. In the present circuit where 
Vl is an R.F. pentode, the control is obtained by varying the 
potential on the screening grid of Vl. 

RS is taken from its position as a volume control into the grid 
of V2 and replaced by a resistor RIO. The potentiometer is joined 
between the end of Rl and earth, and so has a steady potential set 
up across it from which the screening grid of Vt is supplied. RS 
still acts as a volume control as well as a reaction control, for, as 
the potential on the screening grid of VI is reduced, the valve 
givl'S less and less amplification. This controls reaction for, if the 
amplification of the detector is reduced, there will be less energy 
available at the anode to feed back. 

The screening grid requires a fairly high potential for best 
results so that the valve is working well as an audio amplifier, and 
only a very low feedback capacitance is required at Cl3. This 
capacitor is accordingly a small semi-variable component, which is 
indicated by the T-shaped line passing through the symbol, and is 
known as a trimmer. 

C13 is set by trial and error for best results. 
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It will be noted that R3 separates the audio coupling capacitor 
C7 from the anode. This resistor is acting as a filter in conjunction 
with Cl3 and C6, in the same way that R6 acts as a filter for the 
grid circuit of V2. The. high frequei;icies are th� prevente� being 
passed on for amplification along with the audio frequenoes. 

As the coupling coil L l  is being used for reaction, the aerial 
must now be tapped directly on to the grid coil through Cl4, a 
low capacitance being used to reduce the loading of the aerial on 
the tuned circuit as much as possible. It will be found, neverthe
less, that the receiver tunes a little differently, and that the tuning 
capacitor vanes will not need to mesh so far in to receive stations. 
With a good aerial and favourable receiving conditions the range 
of the receiver will be found to have increased by hundreds of miles 
through the use of reaction, and several foreign stations should be 
heard at good strength. When tuning the set the reaction/volume 
control should be gently advanced until the critical point is 
reached, when the detector will be heard to go into oscillation, and 
whistles will indicate the position of signals as the tuning capacitor 
is rotated. RS is then turned back just sufficiently to stop oscilla
tion. This critical state should be reached with RS turned well 
up towards the full position, and if the detector oscillates too 
readily, C13 must be reduced. This capacitor has two concentric 
cylinders, one ridin2 ovt'r the other, and the movable cylinder 
must be unscrewed a little-i.e., moved outwards-to reduce the 
capacitance. A suitable starting point for Cl3 is with the cylinders 
meshed about half way. 

Extra Components for the Reacting Detector Receiver, Fig. 23. 
C13 3-30 pFds. concentric trimmer, Mullard-Phillips. 
C14 100 pFds. 750 v.wg. Mica TCC M2U. 
RlO 470,000 0 iw. 

CoNSTRUCTION. 

Only a few minor changes in the wiring of the grid-Ieai: 
detector receiver are required, and the new arrangement is shown 
in Fig. 24. C13 has connections made to a centre spindle and a 
side lug, which can be soldered directly to tag No. 4 on the coil
former, as shown. When adjustments are made to C13 the 
receiver should be switched off. 

Never use the set with the detector actually oscillating, for this 
causes serious and perhaps widespread interference in neighbouring 
receivers. Always lccep RS below the critical point, and tune slowly, 
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as the tuning of the receiver will be found sharper, that is each 
signal is tu.ncd. in and out with a smaller rotation of the tuning 
knob than m either of the two circuits previously described. This 
is due to !osses in the tuning circuit being made up, and the coil 
and capacitor arc therefore working more efficiently. 

The greater the range of a receiver becomes so should its 
tuning become sharper, in order that neighbouring �ignals may not 
interfere one with another. The range can be further extended 

�nd its selc�ivity .(i.e., �arpoess of tuning) increased by amplify
ing the received signal m a stage before detection. Such a stage 
also prevents interference from a reacting detector as the 
oscillations do not reach the aerial. A stage placed before the 
detector, and used to give amplification to the small potentials set 
up across the first tuned circuit is known as an " R.F. Amplifier " 
or, more generally, an " H.F. Stage." This together with other 
improvements will be fully dealt with at a later .;tage. 
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