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1. INTRODUCTION,

1.1 Radio is the transmission of radio frequency waves through space,

and is a special case of the propagation of electrommgnetic waves.
The electromagnetic energy is produced when varying currents f{flow
in a conductor, or whenever an electrical charge is accelerated,
but mey also be produced by displacement currents or oscillating
dipoles. In order that the radiated energy may be appreciadble,
it is necessary that the system of conductors should not confine
the electromagnetic field, Thus, a vertical wire is a much
better radiator than a loop or coil because the radiation is
unimpeded by surrounding conductors,

2. RADIATED FIELD OF RADIO,

2.1 When a radiator or aerial (sometimes called antenna) is excited at

4305«2

radio-frequency by an electric current, an electromagnetic field
moves out into space with the speed of light, (approximately '
186,000 miles or 300,000,000 metres per second). The wave which
is set up is transverse, and the direction of travel is per-
pendicular to the wave-front. The wave has an slectrostatic
vector or component parallel with the radiator and an electiro-
magnetic component at right angles to it, and also at right
angles to the direction of wave propagation., These components
are incapable of existing one without the other, and reach
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their maximum and minimum values simultaneously, that is, they
are in time phase, but, due to their being at right angles to
each other, are said to be in "space quadrature,"

Fig, 1 illustrates this point.

DIRECTION OF

ELECTROSTATIC FIELD
PROPAGATION

~a

Q

T~ MAGHNETIC FIELD

L

RADIATED FIELD OF RADIO.

-
ARQIAL —

FiG, 1.

It will be seen from Fig,., 1 that the electromagnetic vector is

at right angles to the electrostatic vector which is parallel to
the radiator, and that both are at right angles to the direction
of wave propagation, Actually, the field shown would exist all
around the antenna unless it was a directive type. A theoret-
ical study of radistion shows the fields to have two components -

(i) A component (the electrostatic field) varying
inversely as the distance from the rediator,
termed the "Radiation Field."

(11) A component (the electromagnetic field) varying
inversely as the square of the distance from
the rediator, called the "Induction Field,"

The energy of the induction field returns to the conductor at the
completion of each cycle, whereas the radiation field detaches
itself and travels into space. Thus (i), the electrostatic, or
more usually termed "electric" fileld, is the useful cne,

The radiation and induction fields are equal at a distance % from

the radiator, (A = wavelength of signal in metres,)

2,2 Energy is radiated from a circuit in the form of Eiectromagnetic
Waves whenever the value of the current flowing in the circuit
changes. This radiated energy travels from the circuit into

/space
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gpace with a velocity equal to that of light. An alternating
current is a current which is continually changing in value, and,
therefore, it follows that from a circuit carrying an A,C, there
is a continuous radiation of energy. This may seem strange because,
in normal A.,C. theory, the energy input to a circuit is assumed to
balance the energy ocutput of the circuit without mention of an
escape of energy from the circuit in the form of electromagnetic
radiation. If an A.C, is flowing in a circuit of inductance (L
henrys) and resistance (R ohms), the energy supplied to the cir-
cuit is, according to simple A.C, theory, all dissipated as heat,
and it is assumed that -

Energy input = Energy dissipated as heat.

This statement is, however, nof actually correct, and it should
be re-written thus -

Energy input = Energy dissipated as heat + Energy radiated.

2.3 Radiated energy in ordinary A,C. theory is neglected because the
radiation effect is dependent upon frequency, and, at low fre-
quencies, the power radiated from an A.C. circuit is negligible.
The amount of energy radiated from an A,C. circuit rises very
rapidly as the frequency of the current rises, and this energy,
ignored by the power engineer, makes possible radio signalling.
Remembering that the frequency of the A.C. used for power and
lighting is usually 50 c¢/s, it will not be surprising to find
that the frequencies of the A.C. in radio signalling vary from
tens of thousands to thousands of millions of c¢/s,

2.4 The amount of energy radiated by a circuit carrying an A,.C,
depends not only on the frequency of the A.C. in the circuit,
but also upon the form and dimensions of the circuit. If an
A.C, of 2 amperes with a frequency of one million c/s ig flow-
ing in a 12 metre vertical wire, the lower end of which is
earthed, approximately 10 watts (10 Joules per second) will be
radiated from the wire, With the wire bent into the form of
a 12 turn loop, remote from earth, the radiation will fall to
about 15 UW with the same current of 2 amperes at the same fre-
quency. The practical Radio Transmitter consists of an
alternator capable of causing high frequency currents to flow
in an "aerial circuit,"” a circuit specially designed to have
good radiating properties, and the actual radiating portion of
the aerial circuit., The aerial itself is often a vertical rod
or wire with its lower end earthed,

The production of this radiation will now be discussed in more
detail.

/2.5
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2.5 When space is strained, by meens of an A.C. flowing in a circuit
designed to subject a8 maximum amount of the propagation medium
to the strain, two interrelated strains are produced,

When the voltage is a maximum, the energy in the circuit is
"potential”™ or "electric" and the electrons have ceased to flow.
When the current is a maximum, the energy in the circuit is
"kinetic" or "magnetic" and is due to the electrons in motion,

Both of these sources of strain are essential to the setting up
of wave motion, It is only by a combination of both an electric
field and a magnetic field that an electromagnetic wave can be
produced, in which the energy is continuslly being transferred
from the potential or electric form to the kinetic or magnetic
form. Despite the dependence of both forms of strain on
electrons and the equivalence of a magnetic and a moving
electric field, it is convenient to consider electromagnetic
waves as a partnership of moving electric and magnetic fields,
although these are really two different views of the same
phenomena.

2.6 Electromagnetic Waves as Travelling Magnetic Fields, Fig. 2a
represents a plan view of a vertical conductor which is carry-
ing an alternating
current, At the
instant shown, the
current is at max-
imum and the lines
round the conductor
represent the flux
of the magnetic
field surrounding it.

(27

PLAN VIEW OF VERTICAL CONDUCTOR As the current in the
CARRYING AN A.C. wire dies away, the
magnetic field
FIG, 2. surrounding the wire

becomes weaker and
weaker, and it is customary to assume thet when the current
reaches zero the magnetic field also becomes zero, that is,
the magnetic flux disappears when the current falls to zero.
This, however, is not true (for, if true, radio communication
would not be possible) and the state of affairs as the current
in the wire collapses is as followss when the current starts
to fall, the field immediately next to the wire starts to
decrease, but the more distant parts of the field do not begin

/to
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to0 decrease until a little later. It takes = definitoe time v
the effect of the falling current to make iiseif Folt in the wpuco
outside the wire, The farther a point is from the wire the groat-
er is the time lag between the falling current in the wire end the
decreasing field at the point, Thus, the inside flux ring of Fig.
2a will start to collapse a fraction of a second after the current
has started to fall, the second flux ring will start to collapse a
fraction of a second later than the first, and so on throughout

the whole field until the outermost ring is reached. The magnetic
field, therefore, does not collapse with the current but lags
behind the current, Thus, when the current reaches zero there

is &till a magnetic field outside the wire, that is, there are
still some rings of magnetic flux surrounding the wire,

2,7 The current in the wire does not remsin at zero, it reverses and
starts to rise in the opposite direction, and a new magnetic field
beging to build up in the opposite direction to the first field.
This new field may be imagined as pushing outwards on the remains
of the old field, and the latter goes travelling off into space
with the velocity of light. Fig. 2b shows the rising new field

pressing outwards on the flux

of the old field. In time,

this new field will reach a

meximum and then start to

collapse., Eventually it also
leaves a part of itself outside
the wire to be thrust out into
space by yet another new and
rising field., ©Every time that
the A.C. passes through a com-
plete cycle, two successive mag-
netic fields, opposite in direc=-
tion, are thrown off or "radiat~

ed" into space. Thus, the A.C.

in the wire causes the radiation

REPRESENTATION OF TR/VELLING from the wire of a continuous

MAGNETIC FIELDS. succession of travelling magnet-
ic fields which can be represent-
FIG, 3. ed pictorially by rings of mag-

netic flux drawn as in Fig. 3.
These travelling magnetic fields
may be regarded as electromagnetic waves,

Front
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3. BASIC PRINCIPLES COF HADTATION.

3.1 It is difficule¢ {te satisfactorily
illustrate the action of radiation but
Fig., 4 is an attempt to do this and may
furnish an idea of what occurs in and
near sn aerial, Fig. 4 shows a simple
type of oscillator circuit consisting
of two condenser plates joined to-
gether by an inductance, in the centre
of which is sn A.C, generator. This
simulates fairly closely the conditions
of an aerial., At the commencement of
the cycle, let the condenser plates be
charged to maximum potential so that
the upper plate is positive and the
lower one is negative, There is then
an electric field between the two
plates, the lines of force being as
shown in Fig. 4.

When the instant of maximum potential
on the plates has passed, current will
commence to flow downwards. The
electric field starts to collapse, as
shown in Fig. 5,

The current continues to flow after
the potential difference across the
condenser plates is reduced to zero,
and, in so doing, starts to charge the
condenser plates to the opposite polar-
ity, giving rise to new lines of force
in the opposite direction to the pre-
vious field., Due to the fact that the
velocity of lines of electric stress in
space has a definite numerical value
(300,000,000 metres/second), collapse
of the initial field lags a little on
the changes in potential which caused
it to take place, and the new electric
field (see Fig. 6) commences to build
up before the first one has completely
disappeared, '

Now lines of force are a physical con-
ception that is devoid of meaning um-
less the lines ars imagined to exist
either between points of different
8lectric potential, or else as closed

/loops
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loops., In this case, the lines most disgtant from the oscillat-
ory system have insufficient time to collapse entirely, therefore
they become closed loops and are forced outwards in this form
by the new electric field, The direction of the lines in the
inner surface of the first group of loops being the same as that
of those on the outer surface of the second group, As the
current oscillates in the circuit, a series of these closed

loops is sent off into space radially from the oscillatory
 system, each set repelling its predecessors,

This type of oscillation is produced by an oscillating system
excited in the centre (ses Fig, 4), In most of the National
Broadcasting Stations the radiating system utilises the earth as
the bottom plate of the condenser, and the radio frequency power
igs fed in at the lower end of the radiestor sc that it can be
regarded as the upper half of the symmetrical type of oscillating
system, as shown in Fig. 4, Fig. 7 shows how the electric

field from such an aerial spreads out in the form of annular

"loops of eover-
RADIATOR

increesing height

\\ " but sonstant width
\\\ (wavelength).

//f‘? 3.2 Polarisation,

\\ %/ i l

indicete the
direction of the
electrostatic
lines of force
of the electric
field., An electro-
magnetic wave which
i has its electric
RADIATION OF ELECTRIC FIELD IN ANNULAR LOOPS  component of force
vertical to the
FIG, 7. sarth's surface

is said to be
vertically polerised, and one which has its electric field
parallel to the earth's surface is said to be horizonmtally
polarised, Thus, vertical aerials radizte vertically polarised
waves, and horizontal aerials horizcatslly polarised waves.
Broadeast band (550-1,500 kc¢/s) aerials are slways vertically
polarised because the conducting esrth short circuits the
horizontally polarised component of the wave, and thus reception
in this bard is usually more efficient when a vertical aerial
is used,

_,;—/

the term used to
L 11
R T 7 t R
Pedo ot P
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\
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3.3 Wavelength, The electromagnetic radistion from an aerial may be

/specified
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specified in terms of wavelength (denoted by the symbol A) or in
terms of frequency. If the A.C. in the radiator wire T of Fig,
T has a frequency of f c/s, then f complste waves will be radiat-
ed from the aerial every second and the frequency of the elasiro-
magnetic radiation is f c/s. After the aerisl has been radiating
for one second, the travelling magnetic fields_in the space round
the aerial will extend to a distance of 3 x 1C” metres from the
aerial where 3 x 108 ig tne velocity in metres per second with
which the fields travel outwards., It follows, thgrefore, that

f complete waves occupy a total distance of 3 X 10* metres, then
one complete wave océupies a total distance of -

8 .
3—3%;9— metres.

The distance occupied by one complete wave is the wavelength of
the electromagnetic radiation, and the relation between frequency
and wavelength, therefore, must be as follows -

8

A= Xf1O metres

8
orf==)’-—)i,)-\-19-—c/s

where 3 x 108 is the velocity of the electromagnetic waves in
metres per second,

3.4 Attenuation of Radio Waves Passing over the Earth's Surface.
Screening Effects. When electromagnetic waves move outwards
over the surface of the earth from a vertical transmitting
aerial, voltages are induced and radio frequency currents flow
in the earth over which the waves are passing., Energy, there-
fore, is dissipated as heat in the surface layers of the earth,
and this energy is abstracted from the electromagnetic waves,

If an electromagnetic wave travelling over the earth's surface
ig continually giving up energy, it is weakened or "attenuated,"

It can be shown that the magnitude of the energy loss that occurs
when electromagnetic waves travel over the surface of the earth
is dependent upon the conductivity of the earth's surface layer
and the wave frequency. Energy loss increases as the conduct-
ivity of the surface layer of the earth decreases, If the
earth's surface were a perfect conductor thére would be no
energy loss. Sea water has a high conductivity, and the atten-
uation of electromagnetic waves passing over sea is comparatively
small, Wet soil causes less attenuation than moist soil, moist
80il causes less attenuation than dry scil, and so on, It has
been observed that electromagnetic waves are often heavily
/attenuated
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attenuated when a densely wooded region intervenes between trans-
mitter and receiver,

The attenuation of waves passing over the earth’s surface increas-
es as the wave frequency increases, that is, the shorter the
wavelength the greater the attenuation,

3.5 Absorption of Radio Waves. There is, however, an additional
reason for the diminution in intensity of radio waves as they
travel from the antenna, This is due to absorption. Some of
the energy is wasted in the surface of the earth, some in trees
and buildings, and some travels upward from the earth's surface,
These combined effects make the average signal fall off much
faster than in direct proportion to the distance from the trans-
mitter, The exact amount of diminution of the signal differs
for different localities, seasons, geographicel features, etc.
It is different in summer from winter, and entirely different in
night and day.

On account of absorption it is an uneconomicsli arrangement to
locate a broadecasting station in the vicinity of tall steel
buildings, as a great amount of its radiated energy is absorbed
in the immediate vicinity of the station. Thus, it is correct
practice to locate the station at a2 distance from the c¢ity, plac-
ing the studios for convenience in thes city and connecting the
station by means of high quality telephone lines,

3.6 Day and Night Variations in Signal Strength., At night, due to
variations in atmospheric conditions, the energy losses in
transmission are decreased and the attenuation of the wave is
correspondingly diminished, In practice, it is generally
found that transmission is very much more effective at night than
during the day, the range being considerably increased,

The electromagnetic waves are generally believed to be propagat-
ed through the layer of astmosphere immediately adjacent to the
earth's surface. Above this the atmosphere, due to its low
dengity and the ionising action of the sun's rays, rapidly in-
creases in conductivity and forms = beunding plane of high con-
ductivity for the layer of atmosphere =zéjzcent to the earth
whosge resistance is comparatively hi

During the day, however, this laysr al acent to the earth is

also ionised to a small extent, increasing its conductivity and
decreasing the efficiency of transmissicn of the electromagnetic
waves, wWhich is a maximum for a dielectric possessing zero con-
ductivity. With the removal of the sun and its ionising effects
on this transmitting layer of atmosphere, this efficiency is
ineressed and also the range of transmission.

' /According
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According to the theories of wave propagation, the shorter the wave-
length the greater is the absorption as far as the direct or ground
wave is concerned. Dealing, then, with the ground wave only, the
long waves suffer the least whilst the shoit suffer the greatest atten-
uation,

There is, however, the second wave to be censiduered, that is, the sky
wave or reflected wave, It has been stated thatv, for good reflection,
the reflecting surface must be large as compared witi the wavelength
being reflected, Therefore, the short waves undergo the greatest
reflection as compared with the medium and long waves. However, as
against this, they are more subject to fading due to the movement of
the Heaviside layer which will be referred to later in this book.

Furthermore, experiment has proved that as the wavelength for which
the receiver is tuned is increased, the static audibility increases;
this increase being roughly proportional to the wavelength.

Summarised thens

(i) The long waves suffer the least attenuation in the

ground wave,

(1i) The sky wave is only reflected to a moderate degree
with the long waves.

(iii) Long waves are more subject to static than the medium
or short waves,

(iv) Fading is not as pronounced with the long waves zs
with the medium and short waves,

It would then appear that the long waves are most suitable where a
constant field strength is desired over a given area, such as serv-
ing a clossly settled community. On account of their stability,
they are suitable for ships' stations and transoceanic communication
over certain periods of the day.

The short waves meet requirements of transmission over long distances
on account of the reflection phenomena, but, consequently, suffer from
fading, The medium waves are reasonably stable, covering mocderately
long distances with attendant fading, These suffer from the incid-
ence of stetic in the tropics end sub-tropics, but not to such an
extent as the long waves, '

The foregoing notes will now be expanded as they particularly apply
to propasgation in the generally accepted frequency bands -

(1) Ground Wave =

(a) Low frequencies,
(b) Medium frequencies.

(ii) Sky Wave -
(a) High frequencies,
(111) Ultra-high frequencies,

/Station
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Station VLG, 10 kW,

Station VLX, 5 kW,

RADIO STATIONS.
(LYNDHURST, VIC.)
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4, PROPAGATICON CHARACTERICTICS,

4,1 General. When a radio wave leaves the radiator and travels over
the earth's surfacs, it suffers attenuation due to earth losses
and spreading, The attenuation is a complex effect depending
upon the frequency, ground conductivity and dielectric constant
of the earth. The lower the frequency and the higher the con-
ductivity, the less the attenuation. Sea water is the best con-
ductor for propagation purposes, and, using & suitably low fre-
quency, say 500 kc/s, the intensity varies inversely as the dist-
ance, that is, there is no attenuation up to distances between
62-125 miles, Over hilly ground, however, the conductivity is
low and the wave suffers high attenuation, For example, a 1 kW
gtation over sea water may give an intensity of 2,500 uV/metre
at a distance of 60 miles, but over hilly country may only give
50 wV/metre or less. Flat country is the best type of land over
which to transmit, and some places give conductivity almost as
high as sea water, for example, Northern Victoria and Southern
New South Wales, Table 1 shows some typical values of conduct-
ivity and resistance -

Conductivity | Dielectric
Type of Ground or Water in E M.U. Constant *fc (ke/s)
Symbol = | Symbol = k
Sea water 4,64 x 10~M 81 350,000
Fresh water 1 x 10714 80 220,000
Moist ground 30 x 10-14 30 7,000
Pastoral, low hills, -4
rich soil, 30 x 10 20 4,500
Densely wooded, marshy
country. 7.5 x 10714 12 -
Inland soil 10 x 10714 15 -
Rocky soil, steep hills 2 x 10714 14 2,000
Dry sandy rocky soil 1.5 x 10714 8 1,400
Industrial city areas 1 x 10"14 5 1,400

TYPICAL VALUES OF CONDUCTIVITY AND RESISTANCE.

*NOTE - fc is the frequency below which the effect of the di-
electric constant may be neglected,

TABLE 1.

The effect of hills, city buildings‘and aridness of soil is
evident from a consideration of the above table.
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The value of conductivity and dielectric constant that is effect-
ive for radio waves represents the average value for a distance
below the surface of the earth, determined by the depth to which
ground currents of appreciable amplitude exist. This depth of
penetration depends upon the frequency, dielectric constant and
conductivity, and is commonly of the order of 5 to 10 feet at the
frequencies used in short-wave communication and 50 or more feet
at broadcast (medium) and lower frequencies. As a result, the
earth constants are not particularly sensitive to conditions
existing at the very surface of the earth, for example, after
rain or snow, The effective value of the earth constants tends
to be substantially independent of frequency over a relatively
wide range,

4.2 Groundwave Intensity. Transmission at low and medium frequencies
depends on the ground wave when both transmitting and receiving
antennae are located at the surface of the earth, the ground wave
being considered as that portion of the radiated wave that is
affected by the presence of the ground. For analysis it may be
divided into two components -

(i) Space wave.
(ii) Surface wave.

The space wave may be considered as being the resultant of two
component waves {as shown in Fig. 8), namely, a direct and a
ground-reflected wave, When the transmitters and receivers
are both located at or near the earth's surface, these two
components are of equal magnitude and opposite in phase, and,
thus, they cancel,

TRANSMITTER
AERIAL

RADIO
RECEIVIER

g7 ST
COMPONENTS OF SPACE_WAVE,

FIG, 8.

This leaves the surface wave as the only effective component

of the ground wave, and this is the actual "ground wave" re-

ferred to in medium and low frequency waves, As the antennae

are raised, the amplitude of the space wave rapidly increases

and it eventually becomes the principal part of the ground

wave., This condition is met only when the height "h" of Fig. 8
/2GB
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becomes a few wavelengths or more, as at ultra-high frequencies.
As stated previously, the resultant field depends on complex
attenuations factors, and the more important of these factors
are listed below -

(i) Resistivity and dielectric constant of the earth.

(ii) Frequency of the radiated wave.

(iii) Height of transmitting and receiving antennae
(in wavelengths).

(iv) Curvature of the earth.
(v) Distance from receiver to transmitter.

(vi) Variation of refractive index of earth's
atmosphere with height,

The electrical constants of the earth affect the rate of atten-
uetion of the surface wave and also the reflection coefficient
of the ground-reflected wave, The curvature of the earth
makes it necessary for the waves to diffract round the earth
in order to reach distant receiving points. Meny other inter-
related effects manifest themselves but would require too
lengthy an explanetion,

4,3 Wave Tilt. Another effect due to ground losses is the "tilting"

4L305-3

of a vertically polarised wave~front as it travels along the
surface of the earth. The tilt is caused by the energy loss
which occurs at the lower portion of the wave=front. As the
conductivity of the soil decreases and the resistivity in-
creases, so these losses increase and the wave-front tilts
forwerd towards the earth. At broadcast frequencies the tilt
never exceeds about 14°, but at higher frequencies it may be
about 22°, This tilt is an adventage in one regard as it
tends to make the wave-front follow the curvature of the earth
and thus improve the service area. One type of aerial makes
use of this tilted wave-front to obtain directivity and gain
at broadcast frequencies, Fig, 9 shows "tilt." The magnitude

/of

Ny
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of the wave tilt depends upon the earth's constants and upon
frequency, The loss

ANTENNA of energy which occcurs
at the lower portion of
DIRECTION ----u»m“ﬁﬁm" the wave-front is due to
—=  OF PROPAGATION the currents which
PROPAGATION = RESULTANT

penetrate down into the
earth, As these currents

//////;[///// flow into the earth they

ENSnEY BEPLABING are attenuated with

DIRECTION

i GROUND LOSSES distance at a rate de-
' pending on constants
FIG, 9, WAVE TILT, and frequency.

4,4 Waves_below 100 kc/s (low freguency waves). The propagation

characteristics of waves in this region are controlled by the
following factors -

(1) Ground wave attenustion is very small, so that good
ry
ground wave signals are receivable to 500 or 600 miles.,

(ii) Penetration of the lowest ionosphere layer is very
slight, resulting in less absorption of the signal,

Low frequency waves that have travelled = considerable distance
act as though they were propagated in the space between two con-
centric reflecting spherical shells representing the earth and
the lower edge of the ionosphere, The attenuation is due to
spreading, absorption at the edge of the ionosphere and at the
earth's surface,

Fading is rarely observed at these frequencies, changes of sig-
nal strength occurring only gradually.

4,5 Waves between 100 kc/s and 500 gg[§. These waves have similar
general propagation characteristics to those below 100 kc/s,
some of the effects of attenustion being more marked, The
same field intensity formula is applicable with fair accuracy
at least over water, The features which are more marked are =-

/(1)
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(i) Ground wave dies away more rapidly, reducing the
effective distance range.

(i1) Ionospheric absorption is higher during the day.

4.6 Waves between 500 and 1,500 kc/s. This is the normsl broadcast
band known as the medium frequency band, and the practical \
problems are primarily concerned with the fact that the object-
ive of a broadcasting station is to deliver to the receiver a
signal strong enough to override all ordinary interference,
thaet is, as free &8s possible from fading, distortion, etc.

The primary service area requires that the ground wave be
relatively strong as compared with any interference present,
and also that it be several times the strength of any sky wave
present,

The secondary service area, depending as it does on the sky wave,
must be a poorer gquaelity, since both selective and intensity
fading will be present.

Table 1 indicated the suggested field intensities for several
types of reception areas. In the Papers in this book on =erials
for these frequencies, it will be shown that much investigation
has been carried out with the object of improving the ground
wave and reducing the sky wave,

The primary coverage depends on the surface wave as previously
discussed in this Paper, and the curve of ground wave intensity
as a function of distance for a given transmitter power depends
upon the earth conductivity, the frequency and the directivity
of the transmitting antenns, The dielectric constant of the
sarth is not important to about 2,000 kc/s, so may be omitted
from field intensity calculations in this frequency band,

Figs, 10 to 12 show field intensity curves calculated for =
number of transmitter frequencies and powers, These curves
were based upon two formulae, one for distances to about 60
miles, neglecting the curvature of the earth, and the other
for distances greater than 60 miles, taking into consideration
the curvature of the earth. The formulae used were taken
from "Termen's Radio Engineers Handbook," 1943 edition.

/Fig. 10



PAPER NO, 1.

RADIO II.
PAGE 20.
i
\
T
1 \\\\
1IN
BN
2 \\ NN
T =
i\ "N
\ Tl
A T
L R
: \\\\ \ T~
: \\\\ \
LY
8 : %9\r\ 3
\\ \\ \\ N\
RV Y
’ 0 N
\ \ \
I \\ TN
\& \ \\\\\
\ \ N\
& \ \ LN\ | \i\
- % 8§ 3§ § &8 3 &
AN

FIG, 10. TYPICAL FIELD INTENSITY CURVES FOR _AVERAGE GOOD_SOIL CONDITIONS.
POWER = 1_LkW.




RADIO II, . PAPER NO, 1.

PAGE 21.
® MILES
~ - n o -
8 3 g g & g 3 3 o
= Y 13
%

(434

00t

/ 4‘)\‘
r
FA0°
/’,\Jp\\"”’*oog‘
ALIENZLIWG Q1314

~ ] \\
T~ N
™ \\\, ‘\ a
N \ \ e
N~ \ \
N\ ANY 1
N A 3

A
A
/,,»,74‘5

Ly
S
= N, A\ .
\%\5235 7 \
T~ \ \ \
> NIV
\ \ “
X \ R
A ni”
AN 1 .

(=4
FIG, 11. SHOWING THE EFFECT OF INCREASED POWER ON FIELD INTENSITY.
(MOIST GROUND)




RADIO II.

o0L

co®

kW

1

4> I
\ \r\‘ l.\l\\.\
\ \\_\ “‘l\ .
P Qo
\\\ \\ T ]
. \\ — S =" f : _ -
" = e R TS [
D I T e gty iy i e e N ot Eandk et St ot humiamtitl I .
AUOL 68 L L] <€ 2 AW 00S oo¢ 00} 0%0L/09 0§ 0¥ OC oz w/Amor

ALISWALNI Q1314

PAFER NO
PAEGE 22,

POWER

EFFECT OF SOIL CONDUCTIVITY ON FIELD INTENSITY.

16



RADIO II.

4,7 Distances Greater Than About 60 Miles,
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This formula takes into

account the curvature of the earth and is rather involved for

inclusion here,
details of this operation,
and joined by a transition curve, as shown in Fig, 13.
the graphs will be seen also the "inverse field" which is the
field that would exist were no attenuation or absorption

Reference to Terman's book will give full
In practice two curves were drawn

On

present, It varies inversely as the distance from the antenna.
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FIG, 13, METHOD OF JOINING THE TWO FIELD INTENSITY CURVES
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Examination of the given curves shows that the distance at which
the ground wave can provide primary service is very sensitive to
frequency and is much less at the high-~frequency end of the band
than at the low-frequency end, Earth conductivity 1s important
and has been mentioned in connection with the selection of a
transmitter site.

4,8 Sky Wave. This paragraph refers only to the sky wave as it is
related to the medium frequency band, Ionosphere transmission
will be covered later.

During the day the sky wave at broadcast frequencies is so
thoroughly absorbed that it is of negligible importance., With
the approach of sunset, however, the sky wave absorption decreas-
es rapidly, as shown in Fig., 14, and after sunset grows relative-
1y small, This condition persists through the night, but, with
the approach of sunrise, the sky

&; | ‘;; wave gradually disappears,
T
I
02 d The presence of the sky wave is
y responsible for fading and for the
0 secondary service ares of the
.08 ﬂ transmitter.
[
0z { f The intensity of the sky wave is
01 L variable and depends upon many
: factors, It is weak close to
2005 - o the broadcasting station because
z most antennae radiate negligible
"002 < energy at high vertical angles,
.001 '_ However, this vertical angle
4 3 2t ot 2 3 4 decreases with inereasing distance
BEFORE <> AFTER to the receiver, and the sky wave
HOURS FROM SUNSET intensity thus increases with
SKY WAVE VARIATION distance, It then goes through
DURING SUNSET PERIODS. a maximum and dies off with still
greater distances. Fig. 15
FIG, 14. gives some idea of the relation

between the radiation angle and
the distance at which the signasl returns to the earth,

/Fig. 15.
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Fig. 16 shows the different coverage obtained from a high power
broadcast transmitter during the day and night,

The intensity of the sky wave can be calculated to a reasonable
degree of approximation by assuming -

(1) That the night sky wave is perfectly reflected at
about 60 miles in height,

(ii) That the angle of reflection at the layer is equal
to the angle of incidence.

(iii) That the reflection coefficient is independent of
the angle of incidence and frequency (in the band
500 to 1,500 ke/s).

(iv) That the field intensity of the sky wave is inversely
proportional to the distance travelled by the wave
in going from itransmitter to ionosphere and back,

/Fig. 16.
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Fig. 17 shows the relation of actual path distance to ground wave
distance as stated in paragraph (iv).
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Fig. 18 shows the result of experimental observations of sky wave
field intensity in the medium wave band for a transmitter having
a radiated field intensity of 100 mV/metres at one mile.
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4,9 Day Coverage. As mentioned previously, the ground wave furnishes
the useful signel and its intensity can be calculated as discussed

above.

4,10 Night Coverage. At night the received field the vector sum of
the ground and sky waves as indicated in Figz., i%. Clogs to the
transmitter the ground wave is the dominsut ¢ie, while at large

distances the sky wave is the strongest. At gcuws moderate
distance the two waves are of approximately equal amplitude, and
the resultant field obtained will depend primsrily upon the phase
relations of the ground and sky waves. This relative phase is
dependent upon frequency, and may be substantially different for
the various frequency components contained in a modulated wave,
Furthermore, the ionosphere conditions will vary from moment to
moment sufficiently to cause the relative phase to vary continual-
1y. As a consequence, the resultant signal in the region where
ground and sky waves are of substantially equal intensity can be
expected to exhibit severe selective fading, with accompanying
distortion,

The distance from the transmitter where this region of bad dis-
tortion occurs will increase, as the earth's conductivity in-
creases and the frequency is reduced, because these factors in-
crease the strength of the ground wave. The distance will also
increase the more the transmitting antenna concentrates its
radiation along the horizontal, since such antenna directivity
causes the ground wave to be stronger and at the same time re-
duces the strength of the high-angle radiation producing the
part of the sky wave that returns to earth close to the trans-
mitter, The effect of antenna height on the location of the
region of high distortion is indicated by Fig. 19. It will be
seen from this how satisfactory the 190° padiator is in this

regard,

The position of this region is independent of transmitter power
but will vary with ionosphere changes from hour to hour and from
day to day. With high~power broadcast transmitters, the field
strength in the high distortion region is adequate to give good
service if it were not for this distortion. In such cases, the
primary service area tends to be smaller at night than during
the day.

Fig, 20 shows the manner in which the distance to the severe
fading area varies over country and over sea water, The sky
wave curve is intervolated from the 10 per cent, curve of Fig.
19. Sky waves from a distant transmitter always exhibit fad-
ing. (This should not be confused with the ground wave-sky
wave fading mentioned above.) The fading is usually relative-
ly slow, commonly taking some mlnutes to go from a maximum to =

/Fig, 19.
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minimum intensity, although in some instances it may be more
rapid, This fading is the result of interference between
waves that have travelled slightly different paths in the
ionosphere, The fading is sensitive to frequency, the result
"being that with a modulated wave the carrier and the various
sideband frequencies do not necessarily fade in and out
together, This is termed "selective fading" and introduces
distortion in the received wave, which is particularly great
when the carrier wave fades to a small emplitude in proportion
to the side bands, Fig, 21 illustrates selective fading on
two different days. The intervals between the frequencies
are short enough to admit considering the fading as taking
place simultaneously. This shows how distortion will arise
due to the different periods and depths of the fading with
each frequency, since a modulated wave rarely contains only
one frequency at a time,

5. TEST QUESTIONS.

1. Explain the following terms - Radiation Field, Induction Field,
Wave Field,

2. What is the reason for fading as experienced with signals in
the medium wave band (550-1,500 ke/s)?

3. Define the following terms and state their relationship -~
(i) Wavelengih.
(ii) Frequency.

(iii) Velocity of propagation.

What would be the frequency of a radioc station héving a
wavelength of 384 metres?

4, Attenuation of a radio wave is due to many causes. Discuss
three of these causes,

5. How does ground conductivity affect the propagation of radio
waves?

END OF PAPER,
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1. INTRODUCTION.

1.1 The transmission and reception of electromagnetic waves used for
radio communication are accomplished by radiators and collectors
exposed in space, and are commonly termed Antennae or Aerials,

An gerial is a device composed of a system of one or more linear
conductors, usually of large electrical dimensions (from a
fraction to several wavelengths) which is used to couple a high-
frequency A.C, generator or receiver to space, Thus, it is
necessary to obtain a circuit which will not confine the useful
fields-to the immediate vicinity of the coil and condenser con-
stituting the closed oscillatory circuit, where it would be ab-
sorbed, On the other hand, it is found that an open oscillatory
circuit, such as capacitive or resistive aerials which have their
inductance and/or capacitance distributed over a large area, will
radiate a large proportion of the energy flowing in these.
Therein is found the chief distinction between radio and wire
propagation, In Redio it is required that as much energy as
possible be radiated from the circuit, In wire propagation

the aim is to prevent radistion from the lines to avoid cross-
talk, etc.

1305



PAPER NO, 2. RADIO IT,
PAGE 2.

LOOKING UP THE MAST OF A RADIO STATION.
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The principles of propagation of radio are dealt with in Paper
No. 1.

Radiation of energy takes place from linear conductors which are
electrically unbalanced, When it is desired to prevent radia-
tion, two parallel conductors are placed very close together
electrically, and equal and opposite charges are distributed
identically along the conductors, To produce radiation, the
spacing between conductors is increased and the balance of
charges upset more and more, The ultimate in this direction is
that of the familiar simple aerial, a single straight wire which
is completely unbalanced,

2, CURRENT AND POTENTIAL DISTRIBUTION IN STRAIGHT WIRES.

2.1 Radiation is basically dependent upon the current and potentisl
distribution in the ogcillating wire comprising the aeriesl,
These distributions in turn are dependent upon the manner in
which charges are propageted in the wire under various con-
ditions of excitation by a transmitter. If an uncharged wire
is connected to a source of high-frequency energy, charges move
from the generator into the wire, travel along the wire and,
after an interval of time, depending upon the length of the wire
and_the velocily of propagation of the charges, arrive at the
distant end, If the end of the wire is &n open circuit, as
mogt aerials are, there will be a transformation of ecnergy =i
the end which causes the potential there to double and the
current to become zero, The high potential at the end, due
to the accumulation of charges which continue to arrive from ths
generator, causes waves of energy to be propagated from the cpen
end back to the generator,

When the wire is "tuned," the reflected energy arrives at the
generator when it is reversing its polarity, in which case the
energy of the reflected wave is absorbed by the generator and
is not re-reflected. Thus, in the typical aerial, the
characteristic current and potential distribution is the result
of a simple reflection - a wave of charges moving from the

~ generator towards the end of the wire, and the reflection from
the end back to the generator,

/An
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An aerial may be represented by a series of constants, as shown in

Fig. 1, R being the resistance of the wire, C being the capacitance
of the wire to earth, and L the inductance of the wire. These con-
gtants will vary according to the length of wire, its distance from
the earth and the plane of the wire relative to the earth's surface,

SIS ST

TYPICAL AERIAL CONSTANTS.

FiG, 1.

Thus, different current and potential distributions are present with
different lengths and heights of aerials. Radiation phenomena are
usually studied in terms of the electromagnetic field, which is
associated with aerial currents. Thus, the basis of reference is
usually the current distribution in the aerial, and this varies with
the length of the wire, It is customary to refer to this length in
relation to its ratio to the wavelength of the transmitted wave, and
this brings us to the basic aerial,

/Dual
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(See also page 6 and Fig. 11b).




PAPER NO, 2. RADIO II.
PAZE 5.

ELECTRIC FINGER IN THE CLOUDS.

TOP OF 3LO/AR RADIATOR.
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3. BASIC AERRIAL,

3.1 The shortest length of wire which will resonate to a given fre-
quency -is one which is just long enough to permit an electric
charge to travel from one end to the other and back again in the
time of one radio frequency cycle, It is apparent, then,that a
wire one half wavelength long will meet this requirement, since
the charge will travel to the end during one half-cycle and re-
turn during the following half-cycle (one cycle equalling one

wavelength). Fig, 2 illustrates
I the conventional representation of
e ~ the current and voltage distribu-~
tion on a helf~wave wire, It

| will be noticed that the current

e = ﬁé et and voltage curves are 90° gut of
phase, which corresponds to the

ELEMENTARY HALF-WAVE AERIAI, conditions associated with an

SHOWING CURRENT AND VOLTAGE open-circuited 2-wire telephone

I

DISTRIBUTION. line. These curves actually
exist as standing waves when the
FIG, 2. aerial is excited, and may be

observed by measuring the current
at different points along the wire or using a neon lamp to
indicate voltage maxima and minima, A maximum point is termed
an "antinode" and a minimum point is termed a "node."

It will be noticed thet a half-wave aerial is characterised by
voltage maxima (antinodes) at the ends of the wire, with a
current antinode at the centre. The impedance, therefore, is
g minimum where the current is a maximum, end vice versa.

That is, the impedance is a minimum at the centre, and for =a
half-wave aerisl averages about 73 ohms, while at the ends it
ig of the order of 3,000 ohms., It is useful to remember this,
as it enables lines of different impedances to be matched to
the aerial by suitable spacing from the centre,

3.2 Electrical Length. Since an aerial possesses both inductance
and capacity which will affect the electrical charsacteristics
of the wire, the "physical" length of the wire is always short-
er than the actual length in metres of a half-wave, Perhaps
this is easier to visualise by considering the time taken for
a charge to travel and return, as mentioned previously, The
effect of the aerial constants is to reduce the velocity of
the wave slightly (the figure of 300 x 10® metres per second
being in free space), therefore it would take the charge long-
er to travel to the end and return (with the lower velocity),
and this would not be accomplished in the time of one radio
frequency cycle. Shortening the wire, however, would enable
this to be done, and the ‘'physical" length is ususlly taken as
about 95 per cent, of the required half-wavelength,

/Bottom
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BASE OF 3LO/AR_RADIATOR SHOWING THE INSULATOR ON WHICH IT RESTS.

(Picture taken during erection of mast.)
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Approximate formula for length of half-wave aerial -

A (zeet) = f‘“’s (Mc/s).

3.3 Radietion Pattern. A horizontal half-wave aeriasl radiates max-

imum energy broadside to its length, and has a certain broad
directivity. Fig. 3a shows a plan of the pattern, and Fig. 3b
the pattern looking at the end of the aerial.

CO O

Sectional Plan of Broad- Looking at End
side Radiation of %:Wave of Aerial,
Aerial.

FIG, 3. RADIATION PATTERN,

One of the lobes can be reduced by using a reflector spaced a
quarter wavelength behind the aerial, which would give it a uni-
directional pattern. It is not usual, however, to use a single
half-wave aerial for short-wave broadcasting, but to use arrays
of these in vertical and horizontal combinations, By the use of
arrays the directive patterns may be sharpened and the gein in-
creased., (A more detailed reference will be found later.)

It wes stated before that the current distribution depended on
the electrical length of the aerial, Fig. 4 shows this dis-
tribution for several lengths, the distribution for intermediate
values will vary according to their electrical length. These
lengths are sometimes referred to in electrical degrees, that is,
a quarter wavelength = 90°, a half wavelength = 180°, etc.
Reference to Fig. 4 will explain this. In Fig, 4a, the current
distribution curve is a quarter of a full cycle, that is,

3600 . .
== = 900, in Fig. 4d this curve is a complete cycle .°. Jg= 360°,

A AT A1 1T
\
A/4 !' A/2 \\ 3A/4 N 9 A
] \ | ~ ! ,l {
g \L_i_ __l_L_i. — bl j,
a c d

CURRENT DISTRIBUTION FOR VARIOUS LENGTHS OF AERIAL,

rlG, 4,
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4, RADIATION OF ELECTROMAGNETIC WAVES FROM AERIAL.

4,1 Effective application of the abovementioned principles to pract-
ical communication problems meakes use of special radiating
characteristics, made possible by the disposition of radiators,
their length, current distribution, current phase and amplitude
relations, All radiastion control, such as gain, directivity,
etc., is due to wave interference, and the space characteristics
of aerial and arrays result from interferences between the
fields produced by all the infinitesimal portions of all the
radiators when currents flow in them. For grounded aerials,
interferences result from weve reflections from the ground
(image radiations) and, for this reason, the electrical constants
of the earth have an important influence on the radistion
patterns,

4,2 Radiation in Free Space. First consider a straight wire in
free space (the ideal conditions), Fig. 5 shows polar diagrams
of radiation for straight wires having the current distribution
shown,

(a) 1/2 wavelength aerial (180°)
or operating at fundamental
or 18t harmonic,

P

(b) 3/2 wavelength aerial (540°)
or operating at fundamentael
or 3rd harmonic,

S

(¢) 5/2 wavelength aerial (900°)
@) (b) (€) or operating at fundamental
or 5th harmonic,

(d) Full wavelength aerial (360°)
or operating at fundawental
or 2nd harmonic,

P raind. Y
p g

Seo”

(e} 2 wavelengths serial (720°)
or opsrating at fundamental
or 4th harmonic,

P

{(#) 3 wavelengths aerial (1080°)
%, or operating at fundamental
(d) (e) () or 6th harmoniec.

P s N

FREE SPACE RADIATION PATTERNS OF WIRE FOR VARIOUS CURRENT
DISTRIBUTIONS .

FIG, 9,
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These lobes are shown in cross-section but actually continue right
around the wire like the rim round a wheel, znd are, as shown,
broadside to the wire., Looking end on to tha wire, the pattern
is as in Fig. 3b, It will be noticed that the wires of even and
odd wavelengths have different patterns, this effect is made use
of later, The formation of these patterns could be achieved by
applying high frequency currents as follows =

Suppose a frequency “f" produced the pattern of Fig. 5a (for

example, 5 Mc/s),

then 3f
5f
2f
af
6f

5b
Se

would produce Fig.
would produce Fig,
would produce Fig. 5d
would produce Fig., 5e
would produce Fig. 5f

(15 Mc/s)
(25 Mc/s)
(10 Mc/s)
(20 Mc/s)
(30 Me/s)

It will be seen then that a A/2 aerial designed for 5 Mc/s could
be used for operation at integral multiples of 5 Mc/s. This
principle is useful for amateur stations which have 7, 14, 28
Mc/s bands allotted for their use,

4,3 Effect of Earth., Since it is not practicable to have an aerial
in free space, broadcast aerials are usually close encugh to the
ground for their effects to be noticeable, and it is necessary,
therefore, to consider these effects on the radiation character-
igtics.

When an aerial is near the ground, energy radiated towards the
earth is reflected, as shown in Fig, 6a, so that the total field
in any direction represents the vector sum of a direct and a
reflected wave (not to be confused with the direct and indirect
waves, that is, ground and sky waves),

®

P
(DISTANT
POINT)

(=

-

AERIAL
P .74

IMAGE : P \: ,}’l \ ; ‘\}’\"‘\ N
% h \ \\\' RN
L ] 3 A ez N\
'y q - \
(a) Effect of Earth (b) Grounded Aerisl Images (¢) Ungrounded Aerial

Images.,
FIG, 6. AERIAL IMAGES,
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For purposes of calculation, it is convenient to consider that the
reflected wave is generated not by reflection but rather by a suitable
image aerial located below the surface of the ground, This image
aerial has a physical configuration that is the mirror image of the
actual aerial, as illustrated in Fig, 6b, Fig, 6¢ shows the image of
an ungrounded aerial,

The fields produced by the joint action of the actual ameriasl and its
image are the same as exist in the space above the earth, with the
actual aerial in the presence of a perfect ground. Referring to Fig,
ba, it will be seen that the height of the aerial above earth will
affect the length of the path of the reflected ray, and, consequently,
the phase difference between the two rays. Since the radiated wave

is the vector sum of the two rays, it follows that for differing aerial
heights we will have different radiation patterns in the vertical plane,

Thus, the height of the aerial above earth can be varied to obtain

radiation at desired vertical angles, and this is a point that has

considerable application in practice, The intensity of the signhal
at a given angle may vary from zero to twice the signal due to the

aerial without its image.

The type or nature of the ground will vary the magnitude of the re-
flected ray but, for most practical purposes, the earth may be con-
sidered as a perfect reflector of radio waves. Fig. 7 shows the
radiation patterns of several vertical grounded aerials with the
current distributions as shown,

Aerial arrays will
n&? be discussed later,

but, at this point,

FUNDAMENTAL 2MD HARMONIC it is of interest
{ to compare Fig. 7
\ with Fig. 8. In
; h Fig. 8, the current
\ ! distributed has
. . ,V been modified by
H ) { phasing the success-
"L' Q rd Q ‘H ive dipole (half-
L Y wave) sections so
3% HARMONIC 5T" HARMONIC 7T HARMONIC that the current
distribution is as
RADIATION PATTERNS OF GROUNDED VERTICAL AERTAL shown in Fig. 8.
WITH THE CURRENT DISTRIBUTIONS SHOWN, The effect on the

radiation pattern
FIG, 7. should be noted.
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pLALE. .

(3 (b) © f

-

(d) (e)

EFFECT OF PHASING THE CURRENTS IN SUCCESSIVE DIPOLE SECTIONS OF VERTICAL
GROUNDED AERIAL,

FIG, 8.

The effect of the earth is noticeable, of course, on horizontal as
well as vertical aerials, and Fig, 9 shows how the height above ground
varies the radiation pattern of a horizontasl half-wave merisl.

O Q&&

AERIAL CLOSE HEIGHT HEIGHT Hs SEVERAL W/U'S
TO PERFECT /
“GROUND 2 T

HOW_THE PATTERN OF FIG, 3b IS MODIFIED BY THE HEIGHT OF A
HORIZONTAL HALF~WAVE AERIAL ABOVE GROUND,

FIG, 9.

The requirements of aerials for medium and high frequency transmission
differ, so each case will be considered separately,

/5.
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5. BROADCAST AERIAL 550-2,000 kec/s_(MEDIUM FREQUENCY BAND).,

5.1 This service requires an aerial system that will radiate maximum
energy at low angles to the horizon and a minimum at high angles,
in order to reduce the intensity of the sky wave and so reduce
the fading due to interaction of the two waves.

Early transmitting stations used relatively inefficient forms of
aeriaels, such as "T", cage type, etc., but modern developments are
in favour of what might be termed "oscillating towers." In this
type of aerial or, more correctly, "radiator," the structure it-
gelf is the radiating element,

Broadcast aerials may be classified as follows -

(1) The high vertical single-wire aerial suspended from
a triatic between self-supporting towers (widely
spaced) and having a fundamental frequency lower
than the operating frequency.

(ii) The high single-wire T aerial, similar to (i) but
with a relatively short T flat top and operating
above its fundamental frequency.

(iii) The guyed cantilever steel tower having a height
somewhat greater than one-half wavelength, the
tower itself forming the aerial conductor.

(iv) The self-supporting steel tower, from one-quarter
40 more than one-half wavelength, the tower
being the eerial conductor,

(v) Directive arrays of two or more vertical elements,
designed to improve radiation in specified
directions or to reduce it in others to minimise
interference.

Types (i), (ii) and (v) need no detailed treatment since their
radiation patterns are similar for radiating towers of similer
electrical heights.

Fig. 10 shows the vertical radiation patterns of grounded vertical
aerials for different electrical lengths, and, from this figure,
it will be seen that an aerial having an effective height of

less than 225° (0.625N) but greater than 180° (0,50\) should have
good radiation characteristics,

The A/4 has undesirable radiation at high angles such as T1, T2,
while the 0,625M (225°) has an undesirable lobe at a high angle,
/Fig. 10
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RADIATION PATTERNS (VERTICAL PLANE) FOR_GROUNDED VERTICAL AFRIALS

OF 0.25\, 0.5\ AND 0,625\ HEIGHT (90°, 180°, 225°),

FIG, 10.

The best radiation pattern obtainable from a linear vertical radiator is
that produced by a 190° radiator as shown in Fig. lla.

180°

SIS S S

CURRENT DISTRIBUTION IN A 190°

RADIATOR .

FIG. lla.

The usual method of feeding
guch a radiator is through &
geries inductor as shown., The
value of this inductor is

ad justed to tune out the re-
actance of the aerial and the
impedance at the input term-
inals is then a pure resist-

ance.

A matching network is

used to match this resistance

to the line impedance,

Radia-

tion from the inductor is
negligible compared with that
from the radiator and the
current distribution in the
gerial is similar to that in
an open-circuited transmission

line 190° long.

Fige. 11b is & sketch of this
type of radiator, and a pic-
ture of the radiator is shown

on Page 5.

/ Pig. 1lb.
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The radiastor usually consists of a fabricated steel tower and is in-
sulated from the ground. It may be made self-supporting to heights of
about 200 feet, but over that it is guyed. When the tower is to be
used as a half-wave radiator, it is especially desirable that its
capacity to earth be as low as possible, The tower rests on an in-
sulator (see pages 8 and 9) since it is earthed only through inductance
L (Fig. 11a).

The effective height of the radiator may be obtained by having a tower
of the correct height, or a shorter tower (see Fig. 11c¢) with "top
loading," usually an inductance, to give it the required electrical
height, Both types are in use at National Broadcasting Stations, and
also a later development whereby the one tower radiates two frequencies
(for example, 3AR/3LO, 2FC/2BL).

By tuning the radiator to resonance with the frequency to be radiated
the impedance of the system is reduced to a minimum, and a relatively
small applied voltage produces a large current and hence a high
radiated energy.

The over-all efficiency of the aerial may be greatly improved by lay-
ing down a network earth system, In the case of the "oscillating"
tower, this ususlly consists of a system of base copper wires radiat-
ing from a main bus located near the tower base, It has been found
that, in the case of a half-wave radiator, ground losses increase
rapidly to a meximum at a distance of about 0.35A, decreasing there-
after, This would indicate that the ground system should extend

for a distance of at least a quarter wave from radiator, (Fig. 11c
illustrates a typical broadcast radiator of the top loaded type.)

The importance of the ground terminal for a radiating system cannot
be over-emphasised. If there existed such a thing as a perfectly
conducting earth, any sort of a firm connection to the earth would
suffice for a terminal, Soils, and even salt-water marsh, at best
are poor conductors at radio frequencies, The ground system used
with an aerial must meke the best possible contact with the existing
ground substances found at a station site. The major function of
the ground system is to act as a reflecting surface for the down-
coming waves from the aerial, and, for this purpose, it must extend
outward for a considerable distance., The more nearly a system of
ground wires approaches a continuous metallic sheet of great extent,
the better it is as a ground system.,

Table 1 gives some representative aerial data.

/Fig. 11e.
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BIMILAR RADIATORS.
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| Low Cost Efficient
Frequencies Installation Installation
000-1,500 kec/s8
(i) Form of aerial T Self-gupporting oscillating
tower,
(ii) Height 1/8=1/4 A 1/4-1/2 wavelength,
(iii) Land required 1 acre 14 acres.*
750-1,000 ke/s
(i) Form of aerial T Guyed oscillating tower,
(i) Height 1/8-1/4 N\ 1/4-1/2 wavelength,
(1ii) Land required 3 acres 5 acres.*
1550-250 ke/s
(i) Form of aerial T Guyed oscillating tower,
(ii) Height 1/8=1/4 A 1/4-1/2 wavelength.
(ii1) Land required 15 acres 25 acres.*

5.2 Coumterpoisge.

TABLE 1.

- *¥ Dictated mainly by ground system,

Where a buried ground system cannot be employed,

a counterpoise is frequently required as a high-capacity

In general, the same considerations which
apply to radial ground systems apply also to counterpoises.
Where extremely high electric fields exist near the base of a
radiator, a small counterpoise will help to reduce the potential
gradients in imperfect dielectrics, such as soil or wood, and

ground terminal,

thus decrease losses.

Counterpoises are also of great use

where the aeriel must be located on the roof of a building,

5.3 Coupling and Feeder Cifcuiig Used for Broadcasting. Aerials are
either fed directly from the transmitter or at a distance from

the transmitter by using some form of radio frequency trans-

mission line,

This latter practice is adopted, wherever

possible, to minimise the distortion of the radiated signal
which would result from the presence of the transmitter build-
ings, etc., near the merial,
are listed in Table 2,

" Typical types of lines in use

/Table 2,
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Type Approx. Characteristic
Impedance Zg.

4-wire open line with two opposite
wires grounded., ' 235 ohms,

Concentric tubular lines. 70 "
2-wire open balariced line, 600 "

3-wire open balanced line (middle

wire grounded). 600 "
4-wire balanced line, Jarge v
1=-wire open line with ground return. 500 "

6-wire four outer wires grounded,
inner two are conductors. 190 "

TABLE 2,

Transmission lines require equipment, suitably adjusted, to be
capeble of transforming the aerial impedance to the character-
istic impedance of the line. A line, terminated in its
characteristic impedance, Zo, provides a unidirectional flow of

" power from the transmitter to the aerial without the losses due
to reflections of energy in the system. Additional information
on transmission lines will be found in a subsequent Paper,

5.4 Impedance Matching. Impedance matching will be discussed later
in more detail, but it will be appreciated it is important that
the aerial should be the only source of radiation. The lines
connecting the asrial to the transmitter should not exhibit any
standing waves, which represent wasted energy. These standing
waves will be present should any mismatches of impedance occur,
and the importance of correct matching cennot be overstressed,
especially in the case of high power transmitters.,

Self-Impedance of an Aerial, The impedance of an aerial, as
seen from the point where power is introduced, is usually com-
plex. The resistance is made up of the radiation resistance,
the conductor resistance and the ground resistance, The re-
active component is determined by the characteristic impedance
of the aerial, the electrical length and the influence of any
loading. Distributed capacitance, due to base insulators,
/protective




PAPER NO, 2. RADIO II,
PAGE 22,

protective gaps, drain coils, etc., also affect the aerial imped-
ance value,

At the resonant frequency (f,) of the aerial its impedance
approaches a pure resistance, but, when the frequency of ths in-
duced e.,m,f. is increased above fy, the aerial reactance becomes
inductive and increases in value as the frequency approaches 2f,,
Just before 2f, the aerial reactance is inductive and very large;
just beyond 2fy it is capacitive and very large, As the fre-
quency is increased ftowards 3fy the capacitive reactance decreases
and, at the frequency of 3f, the aerial reactance becomes zero,
The variation of aserial reactance with frequency of induced e.m.f,
is shown by the curves of Fig. 12.

AO AO 300 At frequencies fg,
L= vy = 4 A0 3fo, 5fo, etec., when-
over the length of
w the serial is an odd
= number of quarter
m?, wavelengths, the
ge aerial behaves as a
Bw fo 2{fo 3 [fo 4/f0 resonant circuit of
5?_. FREQUENCY - small resistance,
&y At frequencies 2f,,
< 4fy, 6fo, etc., that
v is, whenever the
length of the aerisl

is an even number of

VARIATION OF AFERIAL REACTANCE WITH quarter wavelengths,

FREQUENCY OF INDUCED E . M.F. the serial hehaves
as a resonant ocircuit
FIG, 12. with a large resist-

ance, Note that,
when the length of the aserial is an odd number of quarter wave-
lengths, the bottom of the aerial is a point of maximum cwrrent and
minimum voltage, whereas the opposite is the case when the serial
is an even number of quarter wavelengths long,

5.5 Standing Waves. When the current and voltage along a wire vary in
the manner indicated in Figs, 11a and 13, the wire is said to carry
"gtanding waves" of current and voltage., At a point where the
current is a maximum, it will be noticed that voltage is a minimum;
conversely, & point of maximum voltage is a point of minimum eurrent,
A point of minimum current is a node of current; a point of maximum
current is an antinode of current, The terms node and antinode are
also used to indicate points of minimum and maximum voltage. Notice
that the distant end of an amerial is always a node of current and an
antinode of voltage.

/Current
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Current distributions of the type shown in Fig. 13 are sometimes
encountered in short-wave aerial systems, In systems other than
ghort-wave systems, it is customary to make the dimensions of a
transmitting aerial of such a value that its natural frequency is
well above the highest frequency it is required to transmit, that
is, the aerial®s resonant wavelength is smailer than the smallest
wavelength that it has to transmit., Now, at frequencies below
its netural frequency (wavelengths above its natural wavelength),
an aerial behaves as a capacitive reactance (see Fig. 12), Hence,
if an aerial has a resonant frequency of, say, 1,500 kc/s (200
metres) and it is required to transmit over a frequency band of
1,000 ke/s to 300 ke/s (300 to 1,000 metres) inductance must be
added to the aerial in order to make its reactance zero. The
greater the difference between an aerial's resonant frequency and
the frequency at which it is required to work, the greater is the
amount of added inductance necessary to make the aerial reactance
zero at the transmission frequency.

\
{ E\
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\\ \
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FIG, 13. STANDING WAVES.

6. RADIATION RESISTANCE.

6.1 The energy supplied to an aerial is dissipated in the form of =~

(i) radio waves,
(ii) heat losses in wire and nearby dielectrics.

The radiated energy is the useful part but, so far as the aerial
is concerned, it is a loss as much as the heating is a loss, In
either case the dissipated power is equal to I2R, in the case of
(ii) R is a real resistance, but, in the case of radiation, R is
an assumed resistance which, if it had actually been present,
would have accounted for the power that disappears by radiation,
The total power loss in the aerial, therefore, is I° (Rg + R2)
where RR is the radiation resistance and Ry the effective resist-
ance of the system,

The current I is usually measured at a current meximum or antinode
point, any other point should be specified since the current varies
at different parts of the aerial.

/The
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The I.R.,E, standard definition of radiation resistance iz = "The
quotient of the power radiated by an aeris] multipiied by the square of
the effective aerial current measured at the point where the power is

gsupplied to the aerial.”
For normsl purpogses the radistion resistance may be defined as follcws -

The radiation resistance referred to a certain point in an aerial system
(usually at a current loop unless otherwise specified) is the resist-
ance which, if inserted at that point with the assumed current flowing,
would dissipate the same energy as is actually radiated from the aerial
system, Thug =

Power Radiated
IZ

Radjiation Resistance =

(this definition assumes R[, negligibly small, which is reasonably
correct for a well designed aerial system, where Ry = losses resist-

ance),

The current I may be measured by inserting a meter at a current loop or
more readily by connecting the transmitter through a suitable meter to
an artificial aerial possessing an equivalent characteristic impedance.

The radiation resistance may be calculated by integrating for the total
power radiated through the hemisphere surrounding the aerial,

2 1,2 12
Total pover radiatsd = 188 "}\2’“ L vatts.
where I = r.m,s. vélue of current,
h = effective height of aerial in meters,
A = wavelength of signal in meters.

from this we obtain -

Radiation Resistancs

2
12%3.1_ ohms

1.76 x 10~8 12 £2 opms

or Radiation Resistance

where h is as above
£

frequency in ke¢/s,
From this we can also derive an expression for radiated power, W,

W = IR = 1,584 (h2I2/A2) W,

/Aerial
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7. EFFECTIVE HEIGHT,

7.1 Transmitting Aerials. The effective height is defined as the
length of elementary serial which, when carrying a uniform current
equal to the current flowing at the reference point in the actual
aerial, will produce the same field intensity as is actually
radiated,

T.2 Receiving Aerials, The effective height can be defined as the
ratio of the equivalent lumped induced voltage that can be thought
of as acting in the aerial system divided by the field strength
of the wave that induces this voltage; or, if we can measure the
voltage induced in the aerial and the voltage induced in an aerial
of known effective height, then the ratio of these voltages is
the ratio of the effective heights of the respective aerials,

It is a simple matter to determine the effective height of an
aerial by using it as a radiator and measuring the field strength
several wavelengths away, transposing the following field strength

formula -
1,26 £ I h
- d
where f = kc/s

h = effective height

I, = aerial current

d = distance in kilometre

¢ = f.8. in pV/metre.

Knowing ¢{ we can transpose for h thus -

d

h:_—L——
1.26 £ I

metres

or, alternatively h = §$$%inmtres

where A = wavelength in metres,

Fig. 14 shows the variation of radiation resistance with height
of a half-wave horizontal aerial,

Some typical effective heights are =~

1/2 wave ungrounded vertical aerial,

heff = .1_1.4_11"
m

1/4 wave grounded vertical aerial, . .
hefs = 2_x actual height in metres
T

2 _NA
A

it

Loop mserial h

where N = number of turns
A = loop area in square metres
A = wavelength in metres, /Radiatio:
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Radiation resistance of 1/2 wave aerial at centre % 73 to 80 ohms..

it

Radiation resistance of 1/4 wave aerial at bottom % 36 to 40 ohms.

AN -

N

RADIATION RESISTANCE

i

o

$ 15 2 28
HEIGHT IN W/L

VARIATION OF RADIATION RESISTANCE WITH HEIGHT, (1/2 WAVE AERIAL)

HORIZONTAL.,

FIG, 14.
8. EFFICIENCY.
8.1 The efficiency of a radiator may be expressed as the ratio of

radliation resistance to total resistance, that is -

Radiation Resistance X 100
Radiation Resistance + Loss Resistance

Per cent. efficiency =

_Rr x 100
“ERTR

where RR = radiation resistance
Rl, = loss resistancse.

The resistance R, is made up of the following =~

(i) The A.C. ohmic resistance of the aerial conductors,
transmission line and aerial tuning inductance, if
an L]
(i1) Theyresistance of the earth,
(iii) Dielectric loss, since aerial system has capacity.
(iv) Eddy currents in conductors nearby such as guys,
masts, ete,
(v) Leakage over insulators,

How ver
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However, these may be reduced to very small values by good design,
and it is usual to assume a short-wave zerial about 90 per cent.
efficient,

9. EFFECTIVE_RESISTANCE.

9.1 In the definition of radiation registance given above, it was
stated that R}, was assumed to be negligible, This might not

always be the case and, when Ry, must be considered, we may define
the power radiated as being equal to -

W

IZReff

]

where Rgpp = effective resistance of asrial system,

The effective resigtance of an aeriasl may then be regarded as
being made up of the following -

(i) Radiation resistance RR; ‘radiation resistance in-
creages with frequency f and is proportional to f<,
(11) A resistance R, such that IZRO accounts for the power

losses arising from ohmic resistance and from eddy
currents induced in neighbouring conductors., Rg
may be taken as proportionsl toa/f.

(iii) A dielectric loss resistance R such that Isz ac-

counts for dielectric loss and for loss resulting

from leakage., Rq is approximately inversely pro-
portional to f,

If the various resistances of an aeriel are plotted against fre-
quency, the result is a ser-

N Reff ies of curves of the tvpe
:t?"‘h-.__—”/, shown in Fig. 15. The ef-

N Re ficiency of an aerial is
W S (Ro+Rd equal to the ratio of the
2 S~ power radiated to the power
h T~ - actually fed into the aerial,
g Ro In terms of the various re-

sistances, and expressed as
a percentage, the efficiency

‘ of an aerial is given by -
= (Br)
FREQUENCY *R ) %X 100 per cent,
Reff = Ro+ Rp+ Re off o _
AERIAL RESISTANCES. -4 R ____) x 100 per
FIG. 15. (RR + Ro + Rg) cent,

Aerial Logses, It is evident from this expression that it is
desirable to make the radiastion resistance Rg of an aerial as
large as possible, and the totel loss resistance (Ro + Ry) as
small a8 possible, An aerial should not be erected near
/conductors
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conductors in which eddy currents may be induced, and the ohmic
resistance of an aerial should be kept as small as possible by
using stranded wires and by ensuring that good contact exists
between the bottom of the aerial and earth, The resistance of
the earth contributes a great part of the total ohmic resistance
of an aerial system, and it is difficult to reduce earth resist-
ance to & low value unless elaborate buried earth, or counter-
poise earth, systems are used; such systems can be installed
only in permenent stations. Dielectric losses are caused
largely by the surface vegetation on the ground under an aerial,
The vegetation is a very poor dielectric, Experiment shows
that the dielectric loss resistance of an amerial tends to become
abnormally high when there are trees or buildings on the surface
of the ground under the merial, and that a counterpoise earth
gystem can cause a very material reduction in the value of an
aerial's dielectric loss resistance. Even in permanent
stations, where great care is taken to minimise aerial power
losses, it is difficult to obtain high aerial efficiency, for
example, the English long-wave station (18,800 metres) at Rugby
has an aerial efficiency of about 11 per cent, However, as
the frequency becomes higher better efficiencies are obtainable,
due to the improved aerial design possible. The above effects
may be conveniently summed up in the following "tree" -

Effective Total Resistance

|

Loss Resistance Radiation Resistance
I I [ 1 | l
Loss in Brushing IR losses Loss by Loss in Loss by
inferior losses. in aerial leakage ground eddy
dielectrics, and earth over in- connec- currents
circuits, sulators, tion, in neigh-
bouring
conduct-
ors.

10, MISCELLANEOUS.FEATURES.,

10.1 Since rediators have heights up to about 750 feet, it is nec-
essary thet indication of their presence be given to aircraft,
This is effected by painting the mast in alternate bands of
orange and white for daylight indication and the provision of
warning lighting for night,
Aircraft Warning Lighting, High radiators are a potential
source of danger, and suitable warning of their presence must
be given to sircraft,

Daylight. The masts are péinted in alternate bands of white
and orange-red to provide daylight warning. /Night
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Night. British Standard Specification No. 563 (1937) covers full action
to be taken for warning aircraft at night, but the relevant details are

given below -

Lights. (General)
COlouro
Character,
Angle of
Emission.,

Intensity.

Number.

Aviation Red,

Fixed,

From 5° below horizontal to zenith for 360° in
azimuth,

Maximum intensity horizontal. 30 candles 5° above
horizontal, Total flux shall be not less than
60 lumens,

Mast Height. Number Location

200~350 feet 1 At highest point,

350-425 2 Second at 200 f£t. up,

425=-575 v 3 Top, 200 ft. up and midway

between these,

575-725 " 4 Top, 200 f£t. up and 2 equal-
ly spaced between,

Lights shall be duplicated or fitted with automatic replacing

device,

The above procedure shall be applied as follows =

i |
SUPPLY

TYPICAL MAST LIGHTING FILTER, ally from sunset to sunrise and-

TO LIGHTS (1) All masts over 500 £t. with-

in 10 miles of capital city
aerodrome, 40 miles of the
coast and 20 miles of recog-
nised air route,

(ii) All masts 200-500 £t. within
3 miles of capital city

L3 aerodrome, 40 miles of the

coast and 20 miles of recog-
nised air route,

(iii) A1l other masts over 200 f£t.
high from sunset till normal
closing down time of station
and during periods of low
visibility,

(1) and (ii) shall be lit automatic-

during periods of low visibility,

01-04 0.1 IJ.F mica 5 ampo 500 V-

D.C. 500-1,500 ke¢/s, Fig. 16 shows a typical mest light-
L1,Lp, 12" 16 S,W.G, on 6" former., ing filter, and Fig. 17 a typical
L3 12" 22 D,C,C, on 6" former. mast lighting installetion,

FiG, 16. /Fig. 17.
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60w

Lamrs —(X)-
MAST TOP V"&
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PLATFORM
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Lightning rrotec.io;

tion against the ef

T s

#5615 ©

v type radiators require adequate protec-
lightning,

5»\

=
T

H\
O

The protection usually takes the form of a horn gap fitted at the
bass of the mast as shown in Fig, 18.

The gap is adjusted o flash over at the point of connection.

COPPER ROD WITH
TIPS AOUNDED AND
SWEATED IN

2 no.16 swa.
COPPER TUBE

DETAIL OF LIGNTNING
DISCHARGEP

q

BOTTOM
OF
RAMATOR
ADJUSTABLE GAP_ZERQ
To3

R.F. CONDUCTOR
TO TUNING HUT

HORN GAl

NSULATOR

/[ —\

TO EARTH
IKT\

FIG, 18. LIGHTNING DISCHARGER ON RADIATOR,
11. TEST QUESTIONS.

1. State the factors on whic» radiation of electromagnetic waves
depend,

2. What are the essential requirements of a transmitting aerial in
the broadcast band? .

3. Give the classifications of broadcast aerials,

4, Sketch a typical top loaded transmitting aerisl.

5. Why is a counterpoise used?

6. Discuss standing waves in relation to broadcast aerials.
7. What is radiation resistance?

8

« What factors contribute to the effective total resistance of an
aerial?

END,
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AERIAL COUPLING CIRCUITS.

CONTENTS .
1. INTRODUCTION.
2., DITECT COUPLING.
5. TRANSMISSION LINE COUPLING.,
4. IMPEDANCE MATCHING.
5. TERMINATION ADJUSTMENTS.
6. DUAL COUPLING UNIT.
7. TRANSMISSION LINE THEORY.
8. APPLICATIONS OF TRANSMISSION LINES,

9. TEST QUESTIONS,

1. INTRODUCTION,

1.1 This Paper deals briefly with the coupling of Radio Transmitters to
aerials, (Aerial coupling circuits for radio receivers are
discussed in Paper No. 5.)

For full efficiency, the power amplifier valve of a radio

transmitter requires to work into a pure resistance of optimum
value. This is usually a rather high value - several thousand

4305-6
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ohms., A tuned circuit is provided to tune away stray capacities,
but the resistive load must come from the aerial,

As the optimum loed resistance rerely equals the aerial impedancé,
it is necessary to use some form of transformer to step the aerisl

impedance to the required value; the anode tank circuit of the
final stage forms the basis of this transformer, ’

Two conditions of coupling ere required -
(1) Where serisl is 6oupled directly to the tramsmitter.
(11) Where aerisl is coupled via e transmission line.

2. DIRECT COUPLING.

2,1 There are two classes of aerials to be considered -

(a) Resonant.
(b) Non-resonant.

The resonant aerial calls for two basic adjustments only - tuning
of the &anode "tank" and ad justment of the load, whilst in the
case of the non-resonant type an additional process is needed,
namely, bring the aerial system into resonance.

2.2 Resonant Aerials. There are many circuits to choose from, and
Fig. 1 shows some typicel coupling circuits for resonant eerials,
both balanced and unbalanced types.

In Fig. la the transformer ratio is ad justed by variation of the
tapping point, end in Fig. 1lb by moving the coupling coil.

In these the anode is tuned for minimum feed, and the tap or
coupling increased until a point is reached where the current in
the aerial ceases to rise,

In Figs. 1lc and 1d the transformer ratio depends on the ratio of
Cy to Cz. The theoretical reactance value of Cp is -

Jaeriel impedance x valve load resistance.
The procedure of adjustment is to short-circuit Cp, tune to

regonance and then adjust the load on the valve by varying Co
whilst meintaining resonance with Cj.

/ Pig. 1.
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2.5 Non-Resonant Aerial. Fig. 2 shows typical circuits for systems
requiring an extra element for bringing the aerial system into
resonance. The actual choice of aerial tuning circuit is
dependent upon the type of aeriael. There, again, use may be
made of variable tap and fixed coupling, or vice versa. In
these couplers, starting with loose coupling or "high" tap, the
circuits are first set in resonance and then the couplings
increased or the tap lowered until optimum aerial current
occurs.

When one part is balanced and the other unbalanced, special
arrangements are necessary to avoid unbalance or stray capacity
coupling. The balanced coil may be split in the centre and the
other inserted in the gap, using any of the circuits shown in
Figs. 1 and 2, although link coupling is the best method in such
cases.

~
K

+—4k

yu
M«
jz

of

HT+

(a) (b)

COUPLING METEHODS FOR NON-RESONANT AERTALS.

FIG. 2.
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These line terminating units are essentiel accessories to all tranamitters
as they provide the means for matching a line from a broadcast transmitter
to the aerial. As normal practice demends that these be mounted externally,
usually at the base of the aerial, all parts asre enclosed in a metallioc
weatherproof housing, which is fitted with a removable front cover for ready
access %o the interior. A circular window allows the aerial ammeter to be
easily read, and a switch is provided to short-circuit the meter when
readings are not being taken.

Each unit is designed so that a transmission line of impedance between 70
and 120 ohms, of which one side is grounded, may be matched to an aerial
having a reactance of plus or minus 200 oms with a resistance between 20
and 200 ohms. Electrically, the units comnsist of "T" type networks,

having adjustable line and serial loading inductors and shunt capacitors,

AERTAL COUPLING UNIT 500 WATT TRANSMITTER.
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Circuits for link coupling asre shown in Fig., 3, and may be used
generally for any type of circuit or aerial. They are somewhat more
difficult to adjust than the others, but offer greater flexibility and
simplify the station lay-out.

Ot et

LLE™S

(a) (b) (c)

ot 73 =T

(d) (e) (f)
LINK COUPLINGS.
FIG. 3.

The link may be either twin low impedance or concentric feeder,
preferably earthed at some point, and adjustment is made by the number
and position of the turns.

0000

In order that the introduction of link coils shall not affect the tuning
of their respective circuits, due care must be taken to see that it is

a true inductive coupling and not a capacity coupling. For this, the
link must be applied at the "cold"™ or "earth" end of the coil in the
case of single-gided circuits, or at the centre in balanced cirecuits.

Ad justment is made by tuning the output tank circuit for minimum feed.to
valve, and the coupling at both ends of the link gradually increased
until the power amplifier is correctly and fully loaded.

In all serial coupling networks which use an serisl tuned circuit as
well as the anode tank, the serial coils should be chosen, or the taps
and couplings adjusted to give fairly heavy demping (flat damping) of
the circuit, as, in this way, the loss in the circuit is minimised.

These are universel and will couple any type of transmitter to any
aerial, / 3
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3, TRANSMISSION LINE COUPLING.

3,1 The means for connecting the source of radio frequency power to
the aerial is closely related to aerial design. It is generally
desirable to erect aerisls at a distance from the transmitter.
Several kinds of line have been used for this purpose, such as
the balanced open wire line, the concentric tube type, etc.
Owing to the large surface area and to the shielding effect upon
the inner conductor which eliminates radiation losses, the
concentric type is one of the most efficient. The costs of the
systems favour the open wire, but a brief description of seversal
systems will be given after a short definition of transmission
lines.

Definition - Transmission Lines at Radio Frequencies. Any
arrangement of conductors used for transferring electrical energy
from one point to another may be regarded as constituting a
transmission line. In radio frequency practice, where the
distance concerned is more than a small fraction of a wavelength,
such lines usually take one of several well established forms.
The most important of these forms are described.

The 2-Wire Open Line consists of two wires of equal diameter,

as nearly as practicable uniformly spaced throughout their length.
The wires are supported by insulators at such intervals as

required by the consideration of maintaining the uniformity of
spacing, and are surrounded by air. It is desiresble that such
lines should be operated in a balanced condition; that is, the
currents in the two wires should be equal in masgnitude but opposite
in phase, as also should be their voltages to ground; this should
hold good at all points along the line.

In the construction of open wire lines, certain precautions must
be observed. The lengths of the two conductors should be equal.
Dissymmetry is apt to arise at corners; insulator tie wires,
joints and even insulators themselves are irregularities,
Opportunities for spurious coupling between the aerial and the
line should be minimised, particularly near the aerial., The
currents so induced flow in the two wires, acting as a single
conductor (longitudinal currents), and may affect transmitter
operation. Some control is obtained by circuits which bring
these currents to a junction exactly out of phase, details of
which are beyond the scope of these notes,

/ 4.
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4, IMPEDANCE MATCHING,

4,1 To reduce standing waves, losses, etc., it is very desirable to avoid
any impedance mismatches between the transmitter and the serial.
The best place for this matching to take place is near the junction
of the aserial and the transmission line.

When a transmission line is terminated with a resistance equal to
its characteristic impedance, power is absorbed by the resistance
as fast as it is supplied. There are no standing waves along the
line, and the current distribution is uniform along its length.

The loss in the line is then a minimum and the impedance at the
sending end is the same as at the load end, irrespective of the
length of the line, If the load is not of the correct value, the
line is "mismatched". Standing waves are formed by reflection at
the point of mismatch with a consequent loss of power. The process
of matching is best considered as the combination of two main
steps, firstly, neutralising any reactance which appears across
the aerial feed terminals (that is, tuning the aerial to resonance)
and, secondly, transforming the resistance of the aerial so that

it is equal to the characteristic impedance of the line.

4,2 There are several devices avallable for tuning serials. The most
simple consists of selections of transmission line known as "stubs"
or building out sections. This is the most economical system, and,
when only one frequency is transmitted from an zerial, is very
suitaeble., In Fig. 4a, Ly, C5 and Ry represent the inductance,
capacitance and resistance of an aerial, respectively. If the
reactances Xy, and Xp are not equal, then the aerial will not appear
as a pure resistance across the points AB, but will possess a
reactive component. This component may be neutralised by
connecting a circuit across the terminals AB, consisting of an
inductance and capacity L and C, and adjusting for over-all
resonance. When using transmission lines, the circuit LC may be
replaced by & "stub" section of line with an adjustable short
circuit, as shown in Fig. 4b.

\\"/'/ | v
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STUB TUNING.
FIG. 4.
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If the stub line 1s made less than a quarter wavelength long by moving
the shorting bar, it will possess inductive reactance, while, if longer,
it will have capacitive reactance (provided it is less then one half
wavelength long). Therefore, the combination of studb and aerial may be
tuned to resonance by altering the position of the shorting bar,

In order to metch the transmission line characteristic impedance to the
aerial, a second short-circuited stub line one quarter wavelength long
may be connected across the aserial terminals as in Fig. 5a. This will
not affect the resonance of the aerial becasuse a quarter wave line ia
equivalent to a resonant circuit, The line may then be matched by
connecting it to suitable points PP on this second stub. Moving the
connection points towards the short circuit lowers the apparent
impedance of the aerial and so enables a match to be obtained,

provided that the impedance of the line is less than the resistance of
the aerial at the points AB.

If the impedance of the line is higher than that of the aerial at the
points AB, the short circuit may be removed from the end of the atub.
Now, movement of the connection towards the end of the stub will
increase the apparent resistance of the aerial and enable a match to be
obtained.

These two operations may be performed with the aid of & single stub by
connecting it to points PP on the trensmission line and simultaneously
ad justing the length of the stub.

Resonence is determined by the length from the terminals AB to the
shorting bar of the stub.

Resistance matching is determined by the length from the points PP to

the shorting bar. (See Fig. 5b.)
La
4:_J———JUUUUU\———
Cq

W%
R

LINE TO TRANS

() (b)
USE-OF SHORT-CIRCUITED STUB.

FIG. 5.
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The principles upon which the above operation is based will be briefly
reiterated here in view of the many applications of standing wave

theory in radio communication.

When standing wave conditions exist on a line, the impedance looking
towards the line termination varies from point to point., For instance,
at a point of maximum voltage, the current is a minimum, and the
impedance will then be high - actually a pure resistance higher than
the characteristic impedance of the line by a factor equal to the
standing wave ratio. At a point a quarter wavelength from the voltage
meximum, there will be a voltage minimum and a current maximum; the
impedance will be a resistance lower than the characteristic impedance
of the line by a factor equal to the reciprocasl of the standing wave
ratio. At intermediate points, the impedance will have intermediate
values and will also be partly reactive. It is possible to find a
point where the line impedance is equal to its characteristic impedance

" shunted by a pure reactance, If, now, an equal and opposite reactance
is connected across the line at this point, the resultant shunt
reactance becomes infinite; +the impedance at this voint becomes equal
to the characteristic impedance of the line and the remainder of the
line back to the source of power operates under matched conditions with
no standing wave. The added reactance for tuning the line usually takes
the form of a stub or short branch section of transmission line of
similar construction to the main line, terminated in either an open or
a short circuit; the short circuit is in practice much easier to
adjust.

Other means of metching, of course, such as radio frequency
transformers, may also be used, and in Fig. 6 are shown some other
methods of matching.

Fig. 6a shows what is known as the "Y" or "delta" match. The distance
"d" determining the aeriel impedance (remember the impedance of a
half-wave aerial is about 70 ohms at the centre and tapers out to
about 3,000 ohms). Variation of this enables a good match to be
obtained. Dimension "e"™ is a function of wavelength and serves to
provide a smooth tapering transformation of impedance between the line
and the aerial,

Figs. 6b and 6¢ are termed "quarter wave transformers"; Fig. 6b being
used when the a@erial is a whole number of wavelengths long, and
Fig. 6c when it is an odd number of half-waves,

.

/ Another
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~ Another method of interest is shown in Fig. 6d, and is known as the
"Q" bar, In Fig. 64 the quarter wave bar is built to have a
characteristic impedance equal to JRp where R is the line impedance,

and r is the aerial impedance, This system is not practicable ror
matching to a voltage point.

]
’ % ' te——A 2\ 3\ frC. —
! ‘e § —! c: ‘
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eﬁ XA
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(a) Delta, (b) Quarter Wave Transformer.
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LINE /
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(¢) Quarter Wave Transformer., (d) "Q" Bar.

ALTERNATIVE MATCHING SCHEMES.

FIG. 8.

The Coaxial Line consists of a wire, rod or tubular conductor suspended
inside a larger conducting tube so that the axes of the two coincide.
In large lines of this type, the central conductor is carried by
insulating supports at intervals, Otherwise, the dielectric may be
air, or, for high-power work, dry nitrogen under pressure; the latter
is capable of withstanding voltages several times the maximum which air
at normal pressure will withstand, In smaller lines, the whole of the
space between the two conductors is occupied by a solid dielectric,

The outer conductor is normally operated at earth potential,

/ The
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The main difference, apart from construction, between open wire lines and
concentric lines is the impedance. Concentric lines, generally, have an
impedanse of the order of 73 ohms, snd, in a large number of cases, this

is leas than the serial impedance. In general, there are three cases to
consider -

(1) When the aerial impedance conteins a resistance component only.

(11) When the aerial impedance contains a resistance component and a
reactive component, either capacitive or inductive.

(111) When condition (ii) obtains but the reactive component is

partially compensated for by an added reactance of opposite
sign. See Figs. 7a and 7b.

The formulae for calculating the values of L, C and ¥ are not given
since they are somewhat complex.

(b) Case (iii) Where X = Added Reactance.

COAXT AL LINES.

FIG. 7.
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5. TERMINATION ADJUSTMENTS.

5.1 The usual procedure in adjusting a transmission line terminetioﬁ
for a condition of no-wave reflection on the line is as follows -

(1) The number of coupling turns is calculated so as to
give the proper value of M, With the tank circuit open,
the aerial is tuned to exact resoneance by means of an
external oscillator loosely coupled to it at the
fundemental frequency.

(11) The tank circuit is now connected into the circuit and
tuned to resonance. This i8 indicated by a condition
where the current in the aserial circuit becomes a
minimum, :

(1i1) The trensmission line is then connected across the tank
circuit without meking any chenges in the previous
adjustments.

(iv) Correct termination may be checked by measuring the
trenamission line currents at the ends and quarter wave
points along the line by means of suitable meters. When
proper termination has been effected, the trensmission
line currents will be identical at all points along the
line .

A convenient method of measuring these currents 1s by means of
a stending wave detector, such as shown in Pig. 8.

[

= = e

STANDING WAVE DETECTOR.

FIG. 8.
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The frame is of light wood and the wires from the meter hook over the
line. Alternatively, the loop may be closed by a wire along the top,
parallel to but not touching the line. In coaxial lines, fittings are
sometimes provided for reading the voltage on the central conductor
with a high impedance meter.

The voltage across s balanced line may be measured with a device known
as a quarter wave voltmeter - a quarter wavelength stub line connected
across the main line and shorted et its other end through a thermo-
couple emmeter. The line voltage is equal to the indicated current
multiplied by the characteristic impedance of the stub. If, on a line
workizsz under standing wave conditions, the maximum and minimum
volteges are thus messured, the transmitted power is equal to the
product of the two voltages divided by the characteristic impedance

of the line. (See Fig. 9.)

e T
\ \ $

3

QUARTER WAVE VOLIMETER METHOD ¢ POWER MEASUREMENT,

FIG. 9.

In constructing an open wire line on poles for high frequency service,
and where only a single frequency is involved, it is good practice to
make the distance between poles an odd number of quarter wavelengths.
The insulators supporting the wires introduce a smell shunt capacity
additional to the ncrmal line capacity, and, consequently, some
reflection occurs at each pole; by spacing the poles as indicated,
the reflected waves from adjacent poles very nearly cancel one
another out.

In & coaxial line of given outside radius, it is possible to show

that the attenuation is a minimum when the ratio of outside to

inside radius is about 3.6, giving with air dielectric a characteristic
impedance of about 77 ohms. However, the ratio of radii may vary from
2.5 to 5 with very little change in the attenuation.

/ 6.
1305=7
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6. DJAL COUPLING UNIT.

6.1 Of interest here is the dual coupling unit as used in Melbourne and
Sydney to couple two transmitters on different frequencies to a
common radiating system (190° radiators).

The coupling system provides a means of feeding power from each
transmitter simultaneously to the aerial tower, and prevents
power from being fed from one transmitter to the other., The type
of coupling system employed is shown in the schematic diagram of
Fig. 10.

Power is fed from each transmitter by means of separate coaxial
trangmission lines to the coupling, but at the base of the mast
the coupling system employs five units, namely -

(1) Two 7 type coupling units provided for matching the
characteristic impedance of each transmission line to
the aerial resistance at the appropriete frequency.

(ii) Two 3-element selective units are designed to be resonant
to the frequency of its corresponding coupling unit, end
anti-resonant to the other frequency provided in series
with the output of esch coupling unit. The low frequency
selective unit thus passes power from its own coupling unit
to the eserial and offers a high impedance to the high
frequency voltages on the serial, which would otherwise be
fed back through the low frequency coupling unit to the
low frequency transmission line,

(111) An aerial tuning unit in which the power from the two
tranamitters is combined, provides reactance elements which
tune out the serisl reactance at each frequency. Looking
from the low frequency coupling unit towards the aerial,
and neglecting stray capacitances, the impedance presented
is equal to the aerial resistance for the low frequency,
and is very high for the high frequency.

The circuit of Fig. 10 includes the mest lighting filters, since
these are also located in the tuning hut.

The Balanced Screened Line consists of two wires, rods or tubes,
of equal dismeter, symmetrically suspended inside a conducting
tube. The same types of construction are used as for the coaxial
line. The two inside conductors are operated in a balanced
condition, with the outer conductor at earth potentisl.

/ Fig. 10.
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L3, L4, C6., w Type Coupling Units for matching Transmission Line to
Aerial. 770 ke/s.

Cl, €2, L1. 1 Type Coupling Unitd for matching Transmission Line to
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Al, A2, A3, Lightning Discharger.

FIG. 10.
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Multiple Wire Lines of various forms, both balanced and unbalanced,
are sometimes used. Fig. 11 shows cross-sections of typical lines.
Applications of the different forms will be referred to later.

je—d —+ S
d Q=r r?

{a) 2-Wire Open Line. (b} Coaxial. (c¢) Balanced Screened Line.

b 127 | |
? ? { o-—o |
] | ] !
! ! | |
i ! - S
o ) =
(d) Balanced 4-Wire Line. {e)} Unbalanced 6-Wire Line.

TYPICAL TRANSMISSION LINES.

FIG, 11.

7. TRANSMISSION LINE THEORY.

7.1 Although the theory of transmission lines is covered in Long Line
Equipment I, it might be as well to refresh it in this Rsdio Course,

since it has very important applications.

Propagation. The conductors forming a transmission line may be
regarded as possessing series inductance and shunt capacity

uni formly distributed throughout their length. They also possess
series resistance and shunt leakage, but these will be neglected in
the first stages of this discussion; this approximation is
justifiable at radio frequencies.

On applying an e.m.f. to one end of a long transmission line, the
first effect is to charge the capacity of that part of the line
immediately adjacent to the input terminals. The extensicn of the
charge to more remote parts of the line is delayed by the
inductance of the line; ©but the charge does continue to extend
down the line, a charging current flowing from the source of e.m.f.
If, at the end of a short interval of line, the e.m.f. is reduced
to zero, the current at the input terminals will slso fell to
zero; but the inductance of the line will again delay the
disappearance of the current at more remote points. The initisl
disturbaence will continue to travel down the line in the menner
of a wave.,

/ It



RADIQ II. PAPER NO, 3.
PAGE 21.

It will be observed that the disturbance produced in the line by the
applied e.m.f. depends only on the e.m,f. and the properties of the
line, and not on the impedance in which it is terminated. The
disturbance will eventually reach the termination, and some of the
energy in it may be reflected and travel back to the input end., If

the input voltage is a sustained alternating voltage, the apparent

input impedance will depend on the way in which the reflected wave
combines with the originel wave at the input terminal., This will
involve the impedance of the termination. However, considering only

the wave travelling forward, the input impedance of the line depends
only on the constants of the line. At radio frequencies, where the
series inductive reactance per unit length of the line is large compared
with the resistance per unit length, if L and C are respectively the
inductance and capacity per unit length of the line, the input

impedance is for practical purposes a pure resistance of magnitude equal
to Jf7§; This impedance is known as the characteristic impedance of

the line.

The velocity of propagation of the wave is also a characteristic of the
line, and is equal to :é?:’ the same unit of length being used to express
C

the velocity as that for which L and C are given.

The characteristic impedance of a transmission line may be expressed in
terms of the geometrical dimensions of the cross-section of the line.
For a 2-wire line, the usual expression is -

20 togo & (see Fig. lla.)

JK

Here 4 is the centre to centre distance between conductors, while r is
the radius of the conductor section, and X is the dielectric constant

of the surrounding medium (for a vacuum, and sufficiently nearly for

all gases, K = 1). This expression becomes inaccurate when the clearance
between the wires is smell compared with the wire diameter; an accurate
formula for all spacings is -

il

Ze

Zo = -LE-Q-cosh"l A

Jﬁ 2r

The first formula is, however, more than sufficiently accurate for all
normal wire line construction.

For a coaxial line -

_ 188 1o 2
¢ K 10 ry

where r] is the outside radius of the inner conductor and rp is the
inside radius of the outer conductor., / The
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The velocity of propegation depends only on the dielectric, not on the
geometry of the line, It is 300,000,000 metres per second., Changes in

the line geometry affect both the inductance and the capacity in such a
way that their product remsins constant.

The characteristic impedaence being a pure resistance of constant value,
and the velocity of propagation being constant, the voltage and current
observed at any point along the line as the wave passes will be a
replica of the input voltage and current delayed by the time taken for
the wave t¢ travel from the input end to the point of observation.

Also, the current and voltage wave forms will be similar, their magnitudes

being related by a tonstant which is, of course, the characteristic
impedance.

Reflection. The relation between voltage and current in the wave
travelling forward on the line is given by the characteristic impedance
of the line, the relation between voltage and current into the
terminating network is given by the impedance of the network. If these
impedances ere equal, the wave on the line passes into, and is absorbed
by, the network without change. If the terminating impedence is not
equal to the characteristic impedance of the line, the incident wave
alone cannot maintain a voltage and current equal to those at the
termination. In order to make the line voltage and current equal to
those at the termination, there appears in the line, superimposed on the
incident wave, a second wave travelling in the opposite direction, .
that is, a reflected wave, The voltage and current in the reflected
wave are also related to one another by the characteristic impedance of
the line; but the phase relation between them is opposite to that in
the incident wave. If the impedance of the termination is Z;, the
voltage of the incident wave Vy; and the voltage of the reflected wave
Vy, then -

Vr 24 %
Ty T2y + 2

If the termineting impedance is reactive, then Zi will be a complex
number; the above expression will then indicate the phase relation
between the incident and reflected voltages at the end of the line as
well as the ratio of their amplitudes.

On shifting our point of observation back towards the input end of the
1ine, the phase of the voltage of the incident wave will appear to
advance, while that of the reflected wave will appear to be retarded.
Thus, we will find points where the two are in phase with one another,
and also points where they are oppositely phased. The line voltage is
the resultant of the two wave volteges; in the first case, the
emplitude of the line voltage will be the sum of the emplitudes of the
wave voltages, while, in the second case, it will be their difference.

/ At
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At intermediste points, the line voltege will have an intermediate
value, Under these conditions the line is said to carry a standing
wave, Between two points, half a wavelength apart, the phase of the
incident voltage advances 180°, while that of the reflected voltage is
retarded by 180°. The relation between the two is changed by 360°,
which is equivalent to no change, Thus, the standing wave pattern of
voltage distribution along the line repeats itself at half wavelength
intervals. The line current varies in & similar menner, but, at points
where the wave voltages are in phase and the line voltage a maximum,
the wave currents will be opposite in phase and the line current a
minimum,

Where the line is terminated by &n open circuit, a short circuit or a
pure reactance, the terminstion asbsorbs no energy from the incident
wave, The amplitude of the reflected wave must, therefore, equal that
of the incident wave; the minimum values of line voltage and line
current in the stending wave pattern will then both be zero. Also,
once the standing wave has been established after applying the input
voltage, the line can draw no energy from the source; its input
impedance will then be & pure reactance, unless the input terminals
coincide with a point of either zero voltage or zero current; then the
line will present the equivalent of a short circuit or an open circuit
respectively to the source.

Fig. 12 is a diagram of typical standing wave current patterns
corresponding to typical terminating impedances.
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(e) (d)
TYPICAL STANDING WAVE CURRENT PATTERNS.
FIG, 12,
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It will be seen how the nature of the termineting impadsrcs - high or
low, inductive or capacitive - can be deduced from %a2e location of
current maxima or minima relative to the terminatiocn.

Attenuation. So far, the effect of loss in the line has been neglected.
It will be obvious that loss will aslways occur; it is not possible to
construct & line whose conductors have no resistance., If a line is
terminated in its characteristic impedance so that there is no reflected
wave, then, if the current at a certain point in it is I, the power
transmitted will be IEZC; the power dissipated in a short section of
loop resistance R will be I2R, The transmitted power, and, consequently,
the line current, will decrease from the input to the termination.

The attenuation in db of a transmission line (essuming copper loss only)
is given by - :

4.34R

where R is the loop resistance of the line. It must be remembered that
R is the resistance at the operating frequency, not the D.C., resistance.

Where the line terminating impedance is not equal to the characteristic
impedance, the incident wave is attenuated as it travels forward, and
the reflected wave is again attenuated as it traveld back, Thus, the
standing wave ratio (ratio of meximum to minimum line current) will be
greater near the termination than near the input end of the line, The
total power lost in the line is the sum of the losses from the incident
and the reflected wave; the power transferred to the termination is
the difference between the power in the incident wave eand that

carried by the reflected wave. Hence, in order that the power lost may
be a minimum, there should be no reflected wave; the line should be
terminated in its characteristic impedence.

Fig. 13 shows variation of resistance with frequency of various line
wires,

/ Fig. 13,
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8, APPLICATIONS OF TRANSMISSION LINES.

8.1 (1) To transmit power from one point %o another.
{(11i) Shorted or open sections are used as inductance or capacity
elements in circuits,
(111) As impedance transformers.
(iv) PFor impedence messurement.

8.2 In eddition, resonant sections of line are sometimes used to
prevent power from being transmitted from one point to another,
The choice between types of line depends on practical
consideretions. In most cases, the choice will be between a 2-wire
open line and a coaxial line. Considerations of convenlence in
relation to other parts of the system play a part; for instance,
where the output circuit of a high-frequency transmitter and the
aerial system sre both balanced, the balanced line is the obvious
choice from this viewpoint. Other considerations are -

The coaxial line is completely screened, and the outer conductor
may be earthed., Proximity to the ground or other objects causes
no extra losses., In the case of the open wire line, losses,
either eddy current or dielectric, may occur in nearby objects,

For a given loss, the open wire line contains less copper; it is
also eagier to construct and, therefore, cheaper than the coaxial
line. The open line is easier to repair in the event of &
failure.

The balanced screened line is used where both screening and
balanced operation are essentisl, At Shepparton, the sections
leading from the transmitter terminals to the outside wall of the
building are of this type.

Multiple wire lines are sometimes used for high-power work, as at
Shepparton; owing to their low characteristic impedance in
comparison with the 2-wire line, the operation voltage will be
lower, and, consequently, there will be less risk of corona
discharges leading to destructive arcing.

The 6-wire line shown in Fig. lle has been proposed for use at
medium frequencies as a cheap substitute for a coaxial line,

Line applications other than simple transmission of power are
almost entirely restricted to fairly high frequencies, where the
lengths involved are manageable., A variety of applications may
be seen in the impedance matching procedure known as the stub
method. This procedure has been described.

/ 9.
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9. TEST QUESTIONS.

1. Whet is a "standing wave" and what is the reason for its formation?
Has it en adverse effect on the performance of a radio transmitter?

2. Briefly explain the principles of "stub™ matching as applied to the
connection of an aerial to a transmission line.

3, Glve a sketch and a brief explanation of a type of coupling to
sult -

(1) Non-resonant aerial,
(ii) Resonant aerial.
4. Give the formula for calculeting the characterlstic impedance
of -
(1) Concentric or coaxial cable transmission line,

(11) 2-wire open line,

5. State some practical uses of transmission lines.

6. Using No. 8 S.,W.G., design a 2-wire transmission line to have a
characteristic impedance of 200 ohms,

END OF PAPER.
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1. INTRODUCTION,

1.1 Radiators for medium=-wave services have been discussed and we come
now to those used for short-wave services, The primary differ-
ence is that radiation is required to take place at angles be-
tween 7° and 30° from the horizon, in lieu of along the surface
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of the ground, It is also usually required to make short-wave
transmissions directive to certein areas instead of radiating
omnidirectionally, as is usually the case with medium waves.
We may sum up the requirements of short-wave transmitters as
follows -

(i) Radiation at angles from the horizon,
(ii) Minimum ground wave radiation,
(iii) Directive transmissions,
(iv) As good an average depth of modulation as
possible to improve signal to noise ratio,
(v) Facilities for radiating on different frequencies
as required by varying propagation conditions.

(1), (ii) and (4ii) may be accomplished by aerial design, (iv)
by equipment design end (v) by both aerial and equipment design,

The principles of current distribution and the effect of the
earth on the radiation pattern were discussed in Paper No. 2.
A half-wave dipole (either vertical or horizontal) would be
regarded as the basic aerial for high-frequency transmission,
the chief developments being the arrangement of these in tiers
and groups to produce certain radiation effects, particularly
es regards directivity and gain, If we can obtain 3 db gain
in a given direction it is equivalent to doubling the trans-
mitter power, and if we are using powers of the order of 5

or 10 kW the economic advantage is thus appreciable,

2, DEFINITIONS OF TERMS USED IN ARRIAL DESIGN.

2,1 Aerial Array. An aerial array is a system of serials coupled
together for the purpose of obtaining directional effects, or,
alternatively, an aerial array is an arrangement of aerials so
spaced and phased that the fields radiated from the individual
aerials composing the array tend to add in some preferred
direction and to cancel in other directions, It is possible
in this way to obtain very great directivity and consequent
large merial gain,

Note. When the unit aerials are arranged in a line perpendicular
to the direction of transmission, it is called a broadside array;
when arranged in the direction of transmission it is called an
end-fire or alignment array (see Fig. 1).

- BROADSIDE
END=FIRE (DIRECTION OF o o ® 610
© 0 00 0 0 0 0 O —F TRANSMISSION) o ° o
ELEMENTS (DIRECTION OF
TRANSMISSION)

FIG, 1. BROADSIDE ARRAY.
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Tier Array. A tier array is an array of aerial elements, one above
the other,

Reflector. A reflector is a rear portion of a directional aerial, not
connected to the transmitter or receiver, designed to increase the
effectiveness in the forward direction,

Director. A director is a front portion of a directional aerial, not
connected to the transmitter or receiver, designed to increase the
effectiveness in the forward direction,

Periodic Aerials, Periodic smerials are these in which the impedance
varies with frequency due to reflections or standing waves within the
aerial system, Resonant aerials of all kinds are periodic aerials,

Aperiodic_Aerials. Aperiodic aerials are those designed to have a
constant impedance over a wide range of frequencies due to suppression
of reflections within the system, These include terminated wave
aerials and rhombic aerials,

Wave Angle., A wave angle is an angie at which a wave arrives or is
propagated, The two wave angles are the azimuth angle and the
elevation angle, the former usually being expressed as the Great
Circle Bearing in degrees from north, the latter in degrees above
the horizontal plane,

Gain, Gain is usually expressed in db relative to a standard refer-
ence aerlal, and may be defined as follows - "The ratio, expressed in
db, of the power that must be supplied to a standard comparison aerial
to the power that must be applied to the directional system to give
equal field intensity at a distant point." Since the radietion
characteristics of a half-wave aerial are readily calculated, it is
customary to use this type of aerial as the reference aerial, It is
considered as being at the same height above ground and in the same
plane as the aerial being measured, In the case of arrays, the height
is taken as being the centre of the directional system,

. The term directivity is used to express the "sharpness"
of the radiation pattern in either the vertical or horizontal plane.
It may be defined as relative to the radiation pattern as follows -
"The directional pattern of an aerial is the polar characteristic which
indicates the intensity of the radiation field at a fixed distance in
different directions in space,"

- The patterns are usually plotted on "polar co-ordinate" paper, which
will be discussed lster,

/3.
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3. AERIAL ELEMENTS.

3.1 There is possible a large number of arrangements of aerial elements,
and discussion, therefore, must be restricted to some typical
designs. Those that will be dealt with comprise =

Periodic.

Colinear arrays,
Broadside arrays,
End-fire arrsys.,
Fish-bone arrays,
Parasitic arrays,

Aperiodic.

Long wire.
Rhombic,

Receiving Aerials.

Aerials for Low=-Freguencies.

Colinear Array. A colinear array is one in which the half-wave
aerial elements are arranged in line (linearly). They may be
either horizontally or vertically arranged as in Fig, 2.

(2) HORIZONTAL COLINEAR |
{(l6) VERTICAL COLINEAR

COLINEAR ARRAY,

FIG, 2.

Colinear elements are excited in phase, Maximum radiation is
broadside to the axis and is modified by the earth as in the case
of a gingle element,

For wavelengths greater than 10 metres (frequencies below 30 Mc/s),
a limited use only is made of the array of Fig, 2b, since the
height of the poles required makes such a system uneconomical, and
good directivity and gein may be obtained from arrays made up of
horizontal elements,

/LYNDHURST
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Fundemental horizontal colinear arrays are shown in Figs, 3a, 3b and
3¢, together with their broadside radiation patterns, (The vertical
plane pattern will be the same as a half-wave element at the same

height.)
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BROADSIDE RADIATION PATTERNS OF HORIZONTAL COLINEAR ARRAYS,

FIG, 3.

The sharpening of the directional characteristic associated with the
increage in the number of elements should be noticed, The quarter-
wave phasing sections are necessary between the half-wave elements,
in order that the rediation from each element will be in phase and
add in the desired direction.

Adding elements in the horizontal direction, as above, has the effect
of sharpening the directive pattern in the horizontal direction, thug
also increasing the gein.

Fig, 4 is the vertical version of Fig. 3, "h" being the height to the
centre of the array. The effect 1s to sharpen the vertical pattern
(lower angle of radiation), but the horizontal pattern is the same as
that of a single vertical element. (As mentioned above, to get
gsatisfactory
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satisfactory heights "h" is not always economical for the case of Fig. 4b,

| - although Fig. 4a is a use-
- ,Iz % ful aerial,)
A/z —-- Broadside Arrays, The gain
— ';f and directivity of broad-
FEED 7K~ /2 side arrays depends on the
| == =% 4
N —E=S-—3 number of elements and the
| 2 b », I spacing. Half-wave spac-
| - ! ing is generally used to
:222;77777722§27n -—-r h 8implify the feeding prob-
GROUND ko d, ! lem when more than two
3) !4 _2 elements are involved.
W Broadside arrays can be
GROUND 1sed with either vertical
(b) or horizontal elements,
FIG, 4. VERTICAL COLINEAR ELEMENTS. the difference being -

(1) Vertical. Horizontal pattern is sharp. The vertical pattern is same
as for one element, and depends on the height above earth (see Fig. 5a)
/LENGTH OF ARRAY = 2 WAVELENGTHS )

| (B ELEMENTS AT
| 4 WAVE CAPACITY!

oP

HORIZONTAL PLANE PATTERNS
SINGLE ELEMENTS

-lE A
EFFECT OF INCREASING NUMBER [FLENGTH =10 W/l= 40 ELEMENTS AT %/,
OF ELEMENTS IN VERTICAL

SPACING
i — %—: —

ST TS S et G vmmim M GEmams e G e oamte  Gateen iy et Wamn  Gmemn iy S Sy o— —t—— S— —

QD%

SINGLE ELEMENT %,
ABOVE GROUND

© ELEMENTS o SPACING
(b) Herizontal.

F1G, 5. VERTICAL AND HORIZONTAL PATTERNS.

(ii) Horizonmtal. Pattern is sharpened in vertical plane, giving low angle
radiation, Horizontal plane pattern is the same as for single
element at the same height (see Fig. 5b).
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4, REFLECTORS.

4,1 Before discussing practical arrays the use of a reflector will be
discussed, since it is only in a few instances that a transmitting
array will be used without a reflector,

Fig, 6a shows the horizontal plane pattern of a vertical half-wave
aerial, If a second similar aerial is placed near the first and

fed in phase, the pattern will be modified according to the spac-

ing, as shown in Fig. 6b for several spacings. If the phasing of

the currents is varied, many different results may be obtained,

according to the amount of phase difference. Since 90° phasing
is the most convenient, let us consider the effect of feeding the

gecond aerial b 90° out of phase with the first aerisal a,

Fig. 6¢c shows this effect with two spacings, and it is apparent
that a second aerial spaced a quarter wavelength behind the first
and fed 90° lagging on the first produces a practically unidirec-
tional pattern, The pattern of Fig. 6¢ can be produced without
actually energising b, for if aerial a is excited, a current will
be induced in b which will lag 90° behind the current in a, pro-
vided the spacing is a quarter wavelength. The angle of lag will
vary according to the spacing, but a 90° lag simplifies feeding
and gives a good directional pattern,
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FIG, 6, PATTERNS FOR AERIALS.
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Thus, by placing behind an aerial array a reflector, which is a
duplicate of the array, and spacing it a quarter wavelength away,
the transmitted signal may be made unidirectionsl. It also is
equivalent to doubling the transmitier power, the power gain due
to the use of a reflector being 3 db.

An aerial array, therefore, usually consists of a number of spaced
aerials backed by a similar row of reflectors giving a sharply
defined beam in a direction perpendicular to the line of the array,
Fig. 6d shows the horizontal directional pattern of an array com-
posed of 24 vertical elements spaced a quarter wavelength and
backed by a similar reflecting structure having the same spacing.

5., PHASING,

5.1 When an array is being used it is necessary that the currents in all
the radiating elements be in correct phase relationship, so that
the radiated signal will possess maximum gein and direetivity,

Fig. 7a shows the principle of phasing, Two helf-wave elements are
phased by the quarter-wave action C, Consider a portion of an A.C,
wave A B C, If the wire were continuous, as in Fig, 7Tb, the
negaetive halves of the wave C would tend to cancel the positive
halves A and B, and there would be no radiation from the wire,

If we cut the wire into half-wave sections, as in Fig, Ta, and

Join each section by a closely spaced phasing section C a quarter
wavelength long, the undesired half-wave will be in section C and,
due to the length and closeness of the latter, the quarter-waves

X and Y will cancel out, leaving only effective the required half-
waves A and B, This process may be continued for a number of
colinear elements, Another way of looking at it is from the
transmission theory aspect. The outer ends of the half-wave sec~-
tions possess a high impedance, and the inner ends 43ue to

their proximity, possess a low impedance which effectively absorbs
the undesired half-wave.

Consider now the effect of "stacking" elements as in Fig, Tec,
which consists of two sets of half-wave elements spaced vertical~
ly one half-wave apart, In this case the quarter-wave section is
not required, but is replaced by the transposed feeders ab and cd,
Examination of these will show that curremts of opposite polarity
are flowing across these and will thus cancel, and, since these
are each a half-wave long, the undesired half-waves are eliminated
from the radiating system, If the transposition were omitted
Fig. Tc would become Fig. 7d, and it will be seen that the upper
and lower colinear elements are in opposition and no radiation
would be effected since cancellation would occur,

/F18- Ta.
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FiG, 7. PHASING.

This principle may be applied tc multi-elemeut array as shown in Fig. 8.
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6. PRACTICAL EROADSIDE ARRAYS.

6.1 From what has just been written, it may be seen that an aerial array
may be composed of a number of half-wave elements arranged in a com-
bination of vertical and horizonmtal groups, forming what is known
as a "curtain." Fig., 9 shows a typical array composed of 16 horiz-
ontel half-wave elements arranged in four horizontal rows and four
stacks, A reflector is added behind to improve the characteristics,
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FIG, 9. HORIZONTAL HALF-WAVE AFRIAL ARRAY WITH REFLECTOR.
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Fig. 10 shows an array composed of vertical dipoles, and also has &
reflector behind it,

END VIEW
H REFLECTOR AERIAL

A
A

= 1"
B |

A
A

T M
T

VERTICAL BROADSIDE ARRAY, (REFLECTOR )\/4 BEHIND,)

FIGo 10-

Approximate Rules Concerning Arrays.

Doubling the number of elements colinearly (that is, horizontally
in Fig. 9, vertically in Fig. 10) increases gain by 3 db,

Doubling the "stacking" (vertically in Fig. 9, horizontally in
Fig. 10) increases gain by 2 db.

Addition of reflector increases gain by 3 db,

Thus, if a 2-element horizontal array had a gain of 3 db, the
addition of a similar element above would give it a total gain of
5 db, If, however, this unit were duplicated, the gain would then
be 8 db, and, if a reflector were added, the total would be 11 db
above the reference level, or 8 db above the 2-element unit (see
also Fig. 11).

/FIG. 11.
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level., level, +11 db,

+10 db (and with reflector +13 db.)
FIG, 11. INCREASING THE GAIN.
7. END-FIRE ARRAYS,

7.1 The end-fire array consists of a number of identical aeriels arranged
along a line, carrying equal currents excited so that there is a
progressive phase difference between adjacent aerials equal in c/s
to the spacing between these aerials in wavelengths, Thus, if
ad jacent aerials are a quarter wavelength apart, a phase differ-
ence of 90° is called for. The radiation is concentrated in a
unidirectional beam coinciding with the line of the array, and is
directed towards the end in which the phase lags when the spacing
between the elements is an odd number of querter wavelengths and
the phasing is an odd number of quarter periods. When the spacing
and phasing are both an even number of quarter wavelengths and
quarter periods, a bidirectional characteristic is obtained,

The beam is much broader than that for a broadside array of the
same total length, It improves as the total length of the array is
increased, but at a much slower rate than with the broadside array.
The directivity in the vertical plane is similar to the horizontal
pattern, Fig. 12 compares the horizontal plane directional pattern
of a broadside array and an end-fire array having the same total
length and similar spacing and size of elements.

~

et 2A
I ]
! l ok ol !
b2 A~
(a) End-Fire Array. (v) Broadside Array.

COMPARISON OF DIRECTIONAL PATTERNS.

FIG, 12.
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Fig, 13 shows the effect of array length of an end-fire array with
A\/4 element spacing and element length of )\/2, while Fig. 14 shows
the effect of various element spacing with elements of A/2 length
and an array length of 3A,

L=2a

- AA ’BA

EFFECT OF DIFFERENT ARRAY LENGTHS WITHOUT ALTERING ELEMENT SPACING
(A/4) OR LENGTH (A/2), _END-FIRE ARRAYS.,

FIG, 13.
PLANE

SPACING SPACING SPACING
SMALL /8 h M
M VERTICAL
M Z /" PLANE
b £=3A )
EFFECT OF DIFFFERENT ELEMENT SPACING, KEEPING TOTAL LENGTH OF ARRAY
CONSTANT, AND ELEMENTS ALL OF THE SAME LENGTH (A/2).
FIG, 14.

This type of array is of use in locations where space might not permit
the erection of a broadside erray, otherwise the broadside has some
advantage as regards gain and directivity.

/20 kW
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8. FISH-BONE ARRAYS.

- 8.1 A fish-bone aerial, so called from its aspparent resemblance to
the backbone of a fish, is illustrated in Fig. 15, It is a
special form of end=-fire array in which the necessary phase
relations are maintained by a non-resonant line, The outstand-
ing characteristics of a fish-bone aerial are its ability to
operate over a considerable band of frequencies without any
read justment whatsoever, and the smallness of the minor lobes
in its directional pattern.

1 Ll L 1 | [
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HRE e = .3 -~
= W T o e e
COUPLING
CAPACITANCES
sy J- e Jb po o S
T T T Tr—
S
= '-L '-L "L = 1 ::
T T T ]
(a) Normal. (b) Improved virectivity.

FIG, 15. FISH-BONE AERIAL,

The aerial consists of a series of collectors arranged in
colinear pairs loosely coupled to the transmission line by small
capacities supplied by an insulator, as in Fig, 15. The collect~
ors are usually, though not necessarily, horizontal, and the
phasing is obtained by the transmission characteristic of an
unloaded transmission line, which, when terminated in its
characteristic impedance introduces phase shift proportional
to length., This phase shift is 360° per wavelength.

/Arrays
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Arrays are commonly 3 to 5 wavelengths long, the length being
limited by the reactive loading that the coupled aerials place
upon the transmission line.

The terminating resistance used in a fish-bone aerial should approx-
imate the characteristic impedance. By varying the magnitude and/or
phase of the terminating impedance, it is possible to arrange for a
null in almost any backward direction that may be arbitrarily
chosen., The directivity in horizontal plane may be materially
improved by placing two fish-bone aerials broadside, as in Fig. 15b,
giving a power gain of approximately two.

9. PARASITIC AFRIALS.

9.1 If a section of wire approximating a half-wave in length is
brought near a half-wave transmitting eserial, it will intercept .
some of the energy radieted by the serial and will re-radiate it.
The re-radiated energy will combine with that directly radiated
by the serial in such a way as to modify considerably the direc-
tional pattern of the aerial alone, depending upon the relative
positions of the two wires, the magnitude of the currents flow-
ing in them, and the relative phases of the curremts, The "free"
wire is said to be parasitically excited, and is called a parasg-
itic element,

The reflector referred to in the previous paragraph on arrays is
one form of parasitic aerial, another is when an element is
placed in front of the array and is termed a "director."

The simplest possible parasitic aerial arrangement consists of a
single eserial with a single parasitic element, A wide variety
of directional patterns can be obtained, since two varisbles are
involved, namely, the spacing between aerials and the tuning of
the parasitic aerials,

Typical arrangements are shown in Fig. 16, consisting of a
radiating aerial, a reflector and one or more directors with
spacings as indicated, Fig. 16¢c is often termed a Yagi array,

DorR @ - ;'0 R o R L ] o [ ] ]
04;0045A 0:1 TO 0-5A
-Jg A e A
A e 0-1A 0-1A g * x ® o :
01A
e D
Q) (b) ) d) (e) (F

FIG, 16, TIYPICAL ARRANGEMENTS OF DIRECTORS.
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Fig. 17 shows the field distribution in the horizontal plane from an
array of vertical aerials arranged as shown,

» 0.
o 2484 %5 4

= 0-535 A-»\if)-»- 0-535A > ®

DRIVER AERIAL

FIG, 17. FIELD DISTRIBUTION IN HORIZONTAL PLANE,

The performance of reflectors and directors is improved by tuning
these elements. It is usually necessary to make the impedance of a
reflector appear inductive, and this is readily accomplished by cut-
ting it to a length slightly longer than X/Z. On the other hand, the
performance of a director is improved by cutting it slightly shorter
than A/2. A sketch of a typical aerial array using one reflector and
two directors is given in Fig, 18.

FIG, 18. 4=ELEMENT ARRAY (YAGI TYFE).

A disadvantage of the periodic or resonant type of aerial is that
where transmission is desired in a number of directions and in a
number of frequency bands, & separate array is required for each
direction and firequency. This involves fairly complex interlocking
aerial switching systems, but has the advantage that each aerial may
be designed for maximum gain and directivity.,

Fig. 19a shows the aerial layout of Radio Australia at Shepparton,
and Fig, 19b a typical array at the same location,

Fig, 20 is a layout of the building of Radio Australia,
/Fig. 19a.
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The general switching scheme is developed from the same basic
principles as the Studio Switching Scheme (Paper No, 7, Radio
(1), but whereas the latter circuits have to deal with very

small amounts of audio power, a transmitter/aerial switching
system has to handle hundreds of kW of radio frequency power.

These factors call for rugged design, careful layout and full
interlocking protection,

10. APERIODIC OR_NON-RESONANT AERIALS,

10.1 So far we have discussed resonant aerials, that is, those whose
dimensions are a function of the wavelength being transmitted.
There are other types which have proved useful and which are
fundementally related to the radiation from a long wire
properly terminated at the end remote from the transmitter,
The current in such a wire dies away exponentially with
distance from the sending end, and the wire has a directional
characteristic depending on the length of the wire in wave-
lengths of transmitted signal., This type is illustrated in
Fig. 21, which indicates the manner in which the major lobe
tends to lie along the wire as the length in wavelengths in-
creases, The point of interest is that the radiation is
essentially unidirectional when wire is properly terminated
non-resonant

We can combine two such wires to form a “"V" aerial system and,
by suitably tilting (inclining to one another) the wires, the
radiation from the two legs will add in the direction of the
bisector of the apex in the case of Fig. 22a and along the
line jointing the ends of wires in the case of Fig. 22b. The
angle é is known as the "tilt angle," and it could be shown
that the optimum value of this angle varies very slowly with
increase in wire-lengths over two wavelengths., As a con-
sequence, a non-resonant V with long legs will maintain its
directive pattern reasonably well over a considerable fre-
quency range. Fig., 22¢ shows the relationship between the

length of the side ‘A" and the optimum tilt angle.

/Fig. 21.
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LOBES_TO APPROACH CLOSER TO THE LINE OF THE AFRIAL.
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11. RHOMBIC AERTALS.

11.1 4 dovolopmont of the longewire "V" nerial eonsists of four non-
resonant lines arranged in the form of & diamond or rhomboid.
The normal radiation pattern is bidirectional, but m=y be made
unidirectional, if desired, as mentioned later.

The main disadvantage of this type of serial is that for trans-
mitting unidirectionally, one-half of the available power is
digsipated in the terminating resistance, Some of its ad-
vantages, however, are as follows =

(i) Is non-resonant and can be used over a frequency
range of 2 3 1 with little loss of gain, while
& 3 3 1 range may be obtained with a slight re-
duction at low frequencies,

(1i) Gives good directivity in both vertical and
horizontal planes,

(iii) Possesses a reasonable amount of discrimination
against interference occurring in a plane at
right angles to its normal plane of polarisation.

(iv) Gives a higher gain than any other aerial as
simply and inexpensively constructed,

(v) Is not critical as to adjustment and operation.

(vi) Does not require a ground connection that will be
independent of frequency and have the same
resistance in all weather.

This aerial is mostly constructed horizontally since it is
difficult to erect a vertical rhombic at frequencies below
about 50 Mec/s,

Characteristic Impedance. In order to obtain the desired uni-
directional radiation characteristic, it is necessary to ter-
minate the rhombic in its characteristic impedance, For
receiving aerials, this termination may be a simple non-
inductive resistance, but, in the case of trensmitters, since
the resistance is required tc absorb from & quarter to half
the total power of the transmitter, it is necessary to provide
something more elaborate, A convenient method is to use a
2-wire transmigsion line having a characteristic impedance
equal to the terminating resistance required and employing iron
wire to give high loss. This line can be run back from the
terminating apex, and, after being sufficiently long to dis-
sipate most of the power, can be terminated in a. low wattage
/Hont
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resistor, The characteristic impedance varies from about 860 to 550
ohms over the range 6 to 22 Mc/s, but can be considerably improved by
using three wires bunched at the apexes and spaced at the side poles.,
The impedance in this case varies from about 650 to 570 ohms over the
same range,

Design Characteristics.

The designer has three variables at his disposal -

(i) the tilt angle "¢". .
(ii) the length of the side L .
(i1i) the height of the wire above ground "H",

It is possible to control the angle above the horizontal for maximum
response by varying the tilt angle while leaving the length of the
legs constant, Similarly, the effect of insufficient height on the
directional characteristics can be compensated by suitably increasing
the leg length and modifying the tilt angle, The power gain of a
rhombic aerial depends upon the length of the legs in wavelengths as
well as the other proportions of the aerial, thus the gain increases
as the frequency increases,

Increasing frequency also affects the radiation angle,‘ZS, which, in
typical cases, may vary from 26° at 7 Mc/s to 8° at 20 Mc/s.

The relation of these three factors to give maximum output at a pre-
determined wavelength, A and radiation angle, s is -

Cos & = Sir ¢
H (metres) = M4 sin A
) A
£ (metres) = ————————m
2 8in2 A\

/Aerial
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Fig. 23 shows a typical terminated rhombic, and Fig. 24 typical
vertical and horizontal radiation patterns at different frequencies.

/’ TERMINATING
' y RESISTANCE
< 2 4
| !
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——
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P = SUPPORTING POLES

(v)

PLAN AND ELEVATION OF A TYPICAL RHOMBIC AERIAL,
THE_PATHS OF A REFLECTED AND DIRECT WAVE ARE SHOWN IN FIG. 23b.

FIG, 23.

Fig. 25 shows the three design factors menticned above plotted for
easy reference,

A recent development of this aerial in connection with a high-power
(200 kW) short-wave tranemitter is known as the "re-entrant® rhombic,
the name being derived from the fact that, in place of the wasteful
terminating resistance, ths energy is fed back in correct phase to
the input of the rhombic and thus augments the radiated power. A

gain of the order of 2 db is obtained with this design (see Fig. 26).
/Fig. 24,
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FIG, 26.

12. RECEIVING AERIALS.

12.1 Most aerials designed for transmitting are also suitable for
receiving, but there is no particular advantage in building
elaborate arrays for this purpose., Extreme directivity is a
disadvantage because of the random angles of arrival of radio
‘waves at the receiving location, The rhombic aerial makes
a good relatively wide-band receiving aerial, as do the "V"
types.

The ordinary broadcast receiver has enough sensitivity so
that an aerial with an effective height of only a few metres
is adequate to provide a signal that will override the
ordinary set noise,

/Aerial
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Details of some types of receiving aerials, together with coupling
circuits, are given in Paper No. 5. A few others will be mentioned
here,

All-Wave and Noise-~Reducing Aerial System. All-wave broadcast re-
ceivers operate most effectively when used in conjunction with

special aerial systems designed to give adequate pick-up over a wide
frequency range with a minimum of directivity, but which, at the

same time, minimise noise pick-up. An example of a wide-band aerial
gystem is shown in Pig. 27. This employs a horizontal doublet aerial
having an over-all length slightly less than a half wavelength at the
highest frequency to be received. ZEach half of the aerial consists
of two wires arranged in a V, as shown in Fig, 27. The aerial has
its own ground and is coupled to a balanced non-resonant line by an
aerial coupling unit,

b I
fj¢————— 15 METRES —————>
| {

— e —_— e cammn  Gmemm ot ———— —

| N
] I [ l m{gzgﬁ?xnc |
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AERIAL

| ! TERMINAL
AERIAL F’\ us“‘nomnssonmr' }: USE
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g E !qua(rwxs;rm ain)|

%soo“' IS L ' '
AERIAL RECEIVER COUPLING

GROUND . NETWORK

—— —— i i b

ALL-WAVE NOISE-REDUCING AERTAL SYSTEM.

Fig, 27.
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Another simple noise reducing serial arrangemernt is shown in
Fig. 28, making use of a balanced transmission-line input, which
is mechanically and electrically symmetrical and electrostatic-
8lly shielded. This arrangement affords a marked improvement
in signal-to-noise ratio, particularly if advantage is taken of
the fact that the transmission line permits the aserial to be
placed some distance away from the receiver, where there is

less noise,

The fish-bone aerial, described under transmitting aerials, is
v also a good re-

teiving aerial
ELECTROSTATIC SHIELD possessing ox-

: 15T YALYE cellent direct-
g ivity and fre-
i o

quency coverage.
! It also has the

further advantage
of having a dir-

|

!
5

NOISE VOLTAGE

A
-~
-

SIMPLE NOISE REDUCING AERIAL., ectional pattern
characterised by
Fig, 28. smell minor lobes.,

13. LONG WAVE_ AERIALS.

13.1 Rerials for the longer wavelengths (low frequencies) cannot be
designed for such efficient operation as those for the rel-
atively high frequencies, since so much of the efficiency is
dependent upon dimensions in terms of wavelengths, For ex~
ample, one wavelength at 30 Mb/s is 10 metres, whereas at 30
ke/s it is 10,000 metres (about 6-1/4 miles),

Fig, 29 shows a typical flat-top aerial for very long waves
with some illustrative dimensions. It will be seen to cover
a large area and to require very high poles.

-
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FIG. 29. FLAT-TOP LONG-WAVE AFRIAL,
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Another type for reducing loss resistance, and known as the multiple-
tuned aerial, is shown in Fig. 30

460 FT.

L

- MULTIPLE-TUNED AERIAL,

F1G, 30.
14, TEST QUESTIONS.

1. Btate the requirements of a short-wave transmitter aerial,
2., Define -

Aerial Array,

Directivity.

Wave Angle,
3. Why are reflectors used with transmitting arrays?

4, Why is it necessary for all currents in an array to be in
correct phase relationship?

5. State the advantages of rhombic aerials for short-wave
transmitters,

6. Compare broadside arrays with end-fire arrays,
T. What is the effect of stacking elements?

8., What is a Re-Entrant Rhombic Aerial?

END,
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1. INTRODUCTION.

1.1 A Radio Receiver is a device for intercepting radio frequency
waves (which have been radiated by a radio transmitter) and
extracting messages from these waves, A large number of
varieties and types of radio receivers hes been developed
for many different purposes, although the basic circuit
principles are similar, These principles will be discussed
as applied to radio receivers for general communication
purposes, including broadcasting,

1.2 Receiving Circuit Principles. Receiving circuit principles
will be considered under the following broad divisions in

this Paper and Papers Nos, 6, 7 and 8 -

Types.
Radio frequency circuits -
(1) Input circuits.
(i1) Amplifiers.
Intermediate frequency amplifiers,
Frequency conversion,
Detection, .
Audio frequency amplification,
Performance tests.
General principles of fault location,
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1.3 Functions. The functions of a Radio Receiver are -

i} (1) To select a particular signal from a number of signals
. ' picked up by the aerial, and reject others,

(ii) To amplify the selected radio signal.

(iii) To demodulate or detect the signal to obtain the
audio frequency currents,

(iv) Tc amplify the audio frequency signals.,

(v) To reproduce the amplified signsl on a loud-speaker
or head-phones,

2. PES.

2,1 The basic type of receiver is that consisting of a tuned circuit
connected to an aerial, and a detector such as a crystal or a
thermionic valve operating head receivers, Selectivity and
output of this simple set are low, though the output may be
increased to operate a loud-speaker by adding an audio
frequency emplifier, Selectivity can be increased by
additional tuned circuits between the aerial and the detector,
With certain types of valve detectors selectivity and output
mey be increased by applying reaction, that is, feeding radio
frequency modulated carrier energy back from the anode to the
grid circuit,

For adequate selectivity and low detector distortion, xadio
frequency amplification is essential. The selective property
of a tuned circuit cannot be fully utilised if it is coupled
to another tuned circuit, for each tends to damp the other,

By separating tuned circuits with valves, maximum selectivity
is achieved and the signal is also amplified, Most detectors
are only linear over a limited range and above a given value

of input signal, and radio frequency amplification is necessary
t0 raise the modulated carrier to this level.

A possible type of receiver, therefore, is one having radio
frequency and audio frequency amplification, Owing to the
difficulty of maintaining stability and the mechanical limit-
ations imposed by the ganged variable condenser, two stages of
radio frequency amplification are seldem exceeded for medium or
long-wave receivers, The amplification of a radio frequency
gtage is not constant over the wave band but tends to decrease
with increasing frequency, thus, selectivity tends to fall as
the frequeney is increased, The value of inductance is so
/small
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small in high-frequency receivers that the radio frequency stages
rarsly contribute amplification to the signsl, but meostly serve to
improve selectivity and reduce interference and noise.

The difficulties of obtaining adequate carrier frequency amplifica-
tion and constant selectivity over a given tuning range can largely
be overcome by using the superheterodyne principle and generally con-
verting all incoming radio frequency carriers to a constant low

radio frequency, at which high amplification and good selectivity
can be obtained, This type of receiver will, therefore, be treated
in some detail in these notes, since it is probably the most commonly
used,

Summing up the foregoing notes, radio receivers may be classified
into the following general types -

Crystal receiver.

Regenerative valve receiver.

Tuned radio frequency receiver, and
Superheterodyne.

2.2 Crystal Receiver. A Crystal Receiver circuit is shown in Fig. 1.
This receiver comprises a tuned
Y circuit, a crystal possessing
unilateral conductivity and head-
§5§i¥ﬁb phones., Selectivity is poor and
volume low, but it is simple and
inexpensive,

L L, € T PHONES

2.3 Regenerative Receiver. Fig,
2 is a single valve Regenerative

Receiver, the regeneration being

provided by feedback from coil

L3 to Ly and controlled by vari-

CRYSTAL IETECTOR RECEIVER. able condenser C2, (Alternative-
ly, L3 could have variable coup-
Fig, 1. ling to Lp,) The sddition of

the audio frequency amplifier

shown by dotted lines enables a loud=-speaker to be used, This is a

popular type of receiver since it is economical, reasonably select-

ive and has fair volume.

/Fig. 2,
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FIG, 2e SIMPLE REGENERATIVE RECEIVER.,

Note. Battery omitted when audio amplifier added.

2.4 Tuned Radio Frequency Receiver, Fig. 3 shows a Tuned Radio Fre-
quency ZT.R.F.i Receiver, Valves V4, Vo and V3 function as signal

frequency amplifiers, V4 is the anode bend detector and V5 the audio
frequency amplifier, The tuning condensers Ci to C4 are usually
ganged, and mey be fitted with small "trimming" condensers to assist
in ganging. This type of receiver, with three radio frequency
amplifying stages, requires careful design, shielding and sereening,
and is capable of excellent performance., Additional refinements
could be the provision of a diode detector, automatic gain control
and a push=pull audio output stage with negative feedback,

A later type of T,R,F. receiver, having the abovementioned improve-
ments, is shown in Fig., 4, the power supply being omitted. When
shorn of decoupling condensers, decoupling resistors and voltage-
dropping resistors, the circuit is similar to Fig. 3.

Vi vl V4 vs
{ST R.F. 3RD RF DETECTOR AUDIO AMDP.

AAA-
A4 4

+
HTo—¢

g

FIG, 3. SIMPLE T,R.F, RECEIVER.
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This type of receiver is unsuitable for high-frequency reception, but
is very satisfactory at medium and low frequencies, The notes to
follow on radio frequency amplifiers and detectors in connection with
superheterodyne receivers also apply to the design of radio frequency
coils and associated circuits of the T.,R.F. receiver, and will not be
included here, It is not necessary, of course, to have a number of
radio frequency stages in a T.R.,F. receiver, and a useful type of re-
ceiver can be made having a radio frequency stage, a regenerative
detector and an audio amplifier. A circuit is not given here, but
many types will be found in current radio megazines and handbooks,

2.5 Superheterodyne Receiver. This receiver derives its name from the
fact that the desired signsl is heterodyned to a lower frequency but
is still above audibility (supersonic) and is subject to fixed
amplification at the new frequency. There are certain advantages in
changing the frequency of the incoming signal so that the resultant
frequency is constant for all signal frequencies, These advantages
include -

(1) Fixed tuned circuits for amplifying the new frequency.

(1i) More nearly constant sensitivity and selectivity over
the wave band,

(1ii) Higher possible gain per stage in the intermediate
frequency amplifier than in a radio frequency amplifier,

(iv) Improved selectivity, especially when the intermediate
frequency is lower than signal frequency. '

(v) Better control of over-all fidelity by means of variable
selectivity,

Fig. 5 is a block schematic diagram of a superheterodyne receiver.

L AERIAL

| R.F. | _JFREQUENCY | _ | 1.5, DETECTOR AUDIO POWER
INPUT AMPLIFIER CONVERTER AMPLIFIER | | (218) AMP — AMP
S | SS— LOUDSPEAKER
= |OSCILLATOR
POWER
- SUPPLIES

FIG, 5. BLOCK SCHEMATIC OF SUPFRHETERODYNE RECEIVER,
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3. AERIAL INPUT CIRCUITS.

3¢1 The first radio frequency circuit in a receiver is the aerial input
circuit, and the difficulties of design are largely due to the
fact that the type of aerial with which the receiver will operate
is unknown, For example, the aerial may be erected indoors,
where it will have poor pick-up qualities and large capacitive
and resistive components in its terminal impedance, On the other
hand, the aerial may be erected outside a&s & horizontal wire with
a long lead-in, or as a short vertical wire at the highest point
of the building and connected to the receiver by a screened cable,
These aerials all have different characteristics and will have
widely differing effects on the input circuit. Aerials will be
discussed in a later Paper,

3.2 An aerial may be coupled to the first tuned circuit of a receiver
by inductance and capacitance, separately or combined, and an
efficient aerial circuit is a criterion for good receiver perform-
ance, although, where field strengths are high, a large aerial
may tend to overload and impeir the selectivity of the first tun~
ing coil, Also high input voltages invariably mean high values
of bias on bias controlled (automatic volume control) stages.

The nett result is that the intermediate frequency amplifier may
have to handle large inputs when operating towards the lower bend
of its characteristics, "Envelope distortion™ results, contribut-
ing to over=-all distortion. Well designed receivers, such as are
available for high grade work, will usually handle up to 1 V, in-
put satisfactorily.

The merial to grid coupling should be arranged so that the energy
transfer is relatively uniform over the entire band without being
too small, This coupling must also permit the tuned circuit to
track properly with other adjustable circuits in the receiver,

In the broadcast band, it is usual to use a complex coupling
system involving a high-inductance primary resonated at a fre-
quency just below the band to be received,

In short-wave bands, the usual aerial coupling system is a simple
mutual inductance commonly proportioned to operate from a 2-wire
transmission line of about 100 ohms characteristic impedance,

An aerial is essentially a circuit for transferring voltage in-
duced in it to the grid of the first amplifier valve of a
receiver, The voltage induced in the aerial circuit is the
product of the field intensity at its location and the "effective"
height of the aerial in metres, (This will be explained more
fully in a later Paper dealing with field strength measurements,)

/3.3
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3.3 Aerial input circuits may be subdivided into three mein classes -

(i) Circuits operating from capacitive gerials (usually
below 2 or 3 Me/s).
(ii) Circuits operating from resistance aerials (usually
above 2 or 3 Mc/s).
(1ii) Loop aerials,

3.4 Capacitive Aerials. Capacitive aerial couplings may be divided into
five specific types -

(i) High-impedance capacitive coupling,
(ii) Low-impedance capacitive coupling.
(1ii) High-impedance mutual coupling.
(iv) Low-impedance mutual coupling,

(v) Complex coupling.

These types of aerial inputs are shown in Fig. 6. As mentioned
before, these aerials are mostly suitable for medium and low
frequencies mainly because of the manner in which the values of the
constants L and C vary with frequency.

High-Impedance Capacitive Coupling. Fig. 6a is perhaps the simp-
lest from the design stand-point and has a gain that varies direct-
ly with frequency over any particular band, and the selectivity curve
approximately follows the Universal Resonance Curve, The disadvant-
ages are that the gain varies directly with frequency and the tuning
tends to vary with changes of aerial capacity., Details are -

Cq1 = Coupling capacitor = 10 puF,
Cp = Tuning capacitor = 40-430 wuF.
Lo = Aerial inductance = 200 pH,
Q = 100,
. C1
Gain = Q we——eeem
Cq1 + C2

Low-Impedance Capacitive Coupling. Fig. 6b is the low-impedance
version of Fig. 6a, and from the formula it will be seen that the gain
depends on three factors, Q, Cg and Cq. In general, these factors
remain nearly constant over any tuning range and the gain, therefore,
is reasonably constant; it does, however, depend directly on the
aerial capacitance, Ca, which is a disadvantage. Details -

Ca = Aerial capacitance = 200 puF,
C1 Coupling capacitance = 4,000 LuF,
Lo = Aerial inductance = 200 pH,

non

C2 = Tuning capacitance = 40-430 puF,
Q = 100.
C
Gain = Q —

0 5? /Fig. 6.
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(b) Low-Impedance Capacitance -
Coupled,

(d) Typical Low-Impedance
Mutual Coupled.

(e) Complex-Coupled Aerial.,

FIG, 6. AERIAL COUPLING CIRCUITS,
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High-Impedance Mutuel Coupling. Fig. 6¢ is probably the most widely
used aserial circuit for use with a separate aerial. The primary
resonance is below the tuning range. The gain is practically independ-
ent of both frequency and aerial eapacitanece, and this is a particular

feature in receivers which may be connected to various types of aerials,
Details -

fp = Primary resonance = 250 ke/s.
Ca = Aerial capacitance = 200 wuF.
C2 = Tuning capacitance = 40-430 puF,
L1 = Primary inductance = 2 mH,
Lo = Secondary inductance = 200 uH.
M = Mutual inductance = 100 pH.
Q2 = 100 (Q of secondary).

- . MQ2
Gaein approximates ET_

Low-Impedance Mutual Coupling. Fig. 6d is a similar circuit to Fig. 6¢
but differs in that the primary resonance is gbove the tuning range.
The gain varies directly with the aeriasl capacitance and with the .
frequency squared. This is a distinet disadvantage since a receiver's
performance will vary with different types of aerisl. The receiver

gensitivity may also be noticeably variable over the tuning range.
Details =

L1 = Primary inductance = 10 pH.

Lo = Secondary inductance = 200 pH.
M = Mutuasl inductance = 9 uH.

Ca = Aerial capacitance = 200 yuF.

Co = Tuning capacitance = 40-430 puF.

Approximate Gain = M Qo w? Cq

where M and Cg are as above, except that Cg
igs in farads,

w=2mf (in ¢/8), and
Q2 = "Q" of secondary inductance,

Complex Coupling. Fig. 6e shows a typical complex coupled aerial cir-
cuit. This is used where large aerial gains are required at the low-
frequency end cof the range, such as in automobile receivers. The gain
varies inversely with both aerial capacitance and frequency, the amount
of variation depending on #he magnitudes of the mutusl coupling M and
the capacitance coupling - . Details -

w=C1

/1
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14 = Primary inductence = 2 nH,
L2 = Becondary inductance = 200 uH.

M = Mutual inductance = 100 pH,
Cq = Aerial capacitance = 200 puF.
Cq1 = Coupling capacitance = 0,004 pF.
C2 = Tuning capacitance = 40-400 uuF.
Q2 = 100 (Q of secondary),

N
Approximate Gain = M (—éL— —
w 01) Ly

(Note. The inductance and capacitance values shown in Fig. 6 are
suitable for the band 550 to 1,500 ke¢/s.)

3.5 Resistance Aerial Circuits, Aerials operating ut or near their

resonant frequency act as a resgistance, The equivalent circuit of
such an aerial is simply a voltage act-
ing in series with a resistance, A
typical circuit is shown in Fig. T;
this incorporates a primary inductance
for coupling and covers the range 6 to
18 Mc/s, Details -

Ly = 20 uH,
Lo = 2 pH,
M“ = 105 lJ-H.
TYPICAL RESISTANCE Co = 50-400 puF,
AERTAL (6-18 Mc/s) MCZS) Q2 = 100 (Q of secondary inductance).
FIG, 7 Ra = Aerial resistance (about 300 ohms).

3.6 Loop Aerials, A loop merial usually consists of a number of turns of
wire in the form of a circle or rectangle, This type of aerial cir-
cuit is complete in itself in that it transforms the radiated energy
directly into a voltage applied to the grid of the first wvalve. The
selectivity is determined by the Q of the loop inductance and follows
the universal selectivity curve., The loop is usually tuned and is
widely used in modern broadcast receivers, especially mantel and table
models, and in portable rzceivers, The advantages are simplicity and
ease of installation. The disadvantages are the relatively low volt-
age developed und the difficulty of installing wave-trap circuits to
reduce interference, Fig. 8a shows a typical loop aerial, and Fig.
8b the directional properties. This latter characteristic is of
great use in Direction Finding and in Field Strength Measurements, and
alsgo in reducing interference from local stations that are not in the
same general direction as the desired station. The solid line of Fig.
8b shows the theoretical directivity and applies to a well-ghielded
loop; the dotted lines indicate a lessened sharpening of the nulls
due to stray pick-up, and represents the average case,

/Fig. 8.
4305=-11
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e = 2

(a) Loop Aerial.

Fig, 8.
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(b) Directionsl Fattern of Loop.

LOOP AERIAL,

The voltage per turn

urn = SBL (o @
A
ge in pv,

Field intensity in uV/metre.
Area of loop in square metres,

received signal in metres.
the line of direction taken by
the loop and the line of direction

of the transmitting station,

e = voltage per t
where e = Induced volta
E =
A=
A = Wavelength of
¢ = Angle vetween
the plane of
Also, if N =
Q = "Q" of loop =

then the voltage delivered
o at 1st grid = ZLNEAQ 4.4
A

Number of turns in loop,

wL

R

to the grid of the first valve is -

g.

/4.

inducted in a loop aerial is given by the equation =
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4, SCREEN-GRID AND FENTODE VALVES.

4,1 The next circuit for consideration is the radio frequency amplifi-
er between the aerial and the frequency converter, except in re-
ceivers in which the converter is the first valve, Due to the
design of special valves, radio frequency amplification has been
brought to its present state of usefulness, and a few notes on
these valves will be given before Radio Frequency Amplifiers are
considered, The two types are =

(1) Screen-grid or tetrode, and
(i1) Pentode.

4,2 Screen-Grid Valve. In Radio I, reference was made to the inter-
electrode capacities associated with a triode, these are shown
again in Fig, 9a. The most important one is between the anode
and grid, which represents a path for radio frequency between the
output circuit and the input circuits, This gives rise to oscil-
lation and instability, and prevents full advantage being taken
of the amplification properties of a triode. This trouble may be
minimised by incorporating some form of neutralising, as is done
in high power circuits of transmitters but, for low power cir-
cuits, the screen-grid valve obviates the necessity for neutral-
ising,

ca ’ cG

ANODE(A) Csaco "/\'
SCREEN GRID (56) sc Ceox

CONTROL GRID(CG) Czan
CATHODE (K)
L,_l, ¥ A\,

Ca-x Cax
(2) () ()
- INTER-ELECTRODE CAPACITY.
Fig, 9.

In the screen-grid valve an additionel grid is inserted between
the grid and anode, asg in Fig. 9b, The resulting inter-electrode
capacities are as shown in Fig. 9c, It will be noticed that the
anode grid capacity now consists of two capacities in series,
anode-screen grid and screen grid-grid, which reduces the over-all
grid-anode capacity. In normal operation, the screen grid is
given a positive potential equal to about two=-thirds of anocde
voltage, and is effectively earthed for radio frequency by a con-
denser, C1, in Fig, 10.

/Fig. 10.
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= ¢

HT +
HOW THE_SCREEN GRID IS CONNECTED,

FIG, 10.

The following table illustrates the main differences between the screen
grid and triode valves,

Type Amplifica-
of Anode Grid Anode tion Mutual
Valve Capacity Resistance Factor Conductance

Triode | 2 to 8 WuF. 20,000/50,000 ohms.| 15 to 50 [0.9 to 3.5 mA/V.

Sereen | 0,001 to 0,02 [ 0.2 to 1 megohm. 100 to {0.5 to 4 mA/V.
grid | puF. 1,500

The result of inserting the screen grid is effectively to screen the
control grid from the anode, so that changes in anode potential have
little effect on the electrostatic field around the control grid, Be-
ing closer to the space charge area than the anode, the screen grid
exerts an attraction for the electrons which, in the vieinity of the
screen grid, come under the stronger influence of the anode and must
pass through the screen grid mesh to the anode. In other words, the
anode being shielded by the screen grid from the other electrodes, has
little effect in withdrawing electrons from the space charge area around
the cathode, and the sereen grid virtually functions as the anode of a
triode, Therefore, as long as the anode voltage is higher than the
screen grid voltage, anode current in a screen grid valve depends to a
great degree on the screen voltage and not on the anode voltage,

Fig. 11 shows a typical Eq/I; curve for a screen-grid valve, and it will
be noticed that a comparatively large change in anode voltage (say from
100 to 200 V,) has little effect on Ig.

dE
Since ry = ETE’ the dynamic anode resistance of a screen-grid valve

attains high Talues (in the example dEg = 100 V. and dIg = about 1.5 mA).

S.ory = 100

5.0015 075000 otms. /Fig. 11.
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Eq/I, CURVES FOR SCREEN-GRID VALVE,

FIG, 11.

As shown in the table, the mutual conductance does not vary appreci=-

ably but, since ry changes, the amplification factor must also change
because U = gprg,

4,3 Pentode (Five Electrode). The screen-grid valve has one disadvantage.
When electrons are bombarding the anode in great numbers and at high
velocity, the impact of the electrons against the anode causes the
emission of electrons by the anode, This effect is termed "second-
ary emission," Since the screen grid is at a positive potsential it
may collect these electrons, causing an increase in screen grid cur-
rent and a decrease in anode current or, as it is usually termed,

"a dip." This dip will produce serious anode distortion and result-
ant harmonic generation,

By introducing an additional grid between the screen grid and the
anode, and keeping it at ground potential, the electrons emitted by
the anode will be repelled and returned to the anode without reach-
ing the screen. A pentode symbol is shown in Fig. 12a, and the
anode characteristics of a screen grid and pentode are shown in Fig,
12b, which brings out the point referred to above, The pentode has
replaced the screen grid or tetrode in modern receivers, This valve
maey be regarded as a constant current generator over the usual operat-
ing range, since the anode current is essentially independent of
anode voltage,

/Fig. 12,
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10
8
PENTODE
£ ‘
o SCREEN-
= L] GRID
w oA 2
o
[+ 4
3 / /
u 42 V A
(<]
>4
ANODE R i N
SUPPRESSOR GRID
SCREEN GRID N
CONTROL GRID -2
SATHORE ° 40 60 120 160 200
ANODE VOLTS
(a) Symbol. (b) Comparison of Pentode and Screen Grid Anode

Characteristics, _ (Note Removal of "Dip,")

F1G, 12. FPENTODE VALVE,

If, instead of considering the valve as a voltage generator, it is
considered as generating the anode current Ig = Bggm, then the voltage
across the load may be determined,

TaRE,

EggmRy,

the stage gain is thus -
I;R
Gein =L gmRL,
Eg

The application of pentodes in sudio amplifiers will be covered in
the appropriate section,

4,4 Pontode (Varisble-Mu) or Tetrode. Dependence of amplification of
tuned radio frequency amplifiers upon transconductance makes possible
the control of amplification by variation of operating voltages,

This is conveniently performed by arranging for an increase in signal
voltage to cause an increase in bias voltage.

The ordinary pentode has a disadvantage when operating near the lower
end of the characteristic curve. The sharp cut-off precludeg the .
satisfactory use of automstic volume control and introduce? distortion
also with large grid swings. The requirements of automatic volu?e
control are that the valve bias may be varied over a fair range with-
out introducing distortion, the variation of bias producing a corres-
ponding variation of u, thus effectively controlling the amplification

of Signalso /Fig.
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Fig, 13 shows the characteristics of a variable~mu valve and a
sharp cut-off valve, The differ-
o = w OPEQRAENT o once on the lower position of

ez~

* curve is evident,
1
{i

3 This variable-mu characteristic is
8, \L obtained by variation of the
s3 \ design of the control grid struc-
ﬁl ture, for example, by tapering
p® N the over-all diemeter, variation
"é &R’zg of spacing, ete,

. N L eave gosxy

o INARY R
° T ?m”T?E; The variable-mu type of valve

also functions to minimise the
COMPARISON OF PENTODE VALVES. effect of cross-modulation in a
FIG, 1i3. radio receiver (see later).

5. RADIO FREQUENCY AMPLIFIERS,

5.1 The addition of one or more stages of sighal amplificstion preced-
ing the detector in the case of a T,R,F, set, or the converter in
a superheterodyne, improves the sensitivity, selectivity and sig-
nal ncise ratio of receivers., In a superheterodyne, there are
a number of additional advantages -

(1) Minimises the effect of noise due to the converter stage.
(ii) Improves the image ratio.
(iii) Reduces intermediate frequency responses,
(iv) Reduces cross-modulation.

(v) Reduces re-radiation from oscillator/converter,

5.2 Radio frequency amplifiers for radio receivers are required to bte
tunable over a range of frequencies from a minimum of 150 kc/s
to & maximum of about 50 Mc/s. (Higher frequencies are in use,
of course, but require different receivers.) Special problems
are invelved due to the need for covering a range of frequencies;
for example, the gain and selectivity of an amplifier may vary
widely over the frequency range, leading perhaps to instability
at the high-frequency end. Again, owing to inter-electrode
capacitance coupling, the grid input admittance of a radio fre-
quency emplifier valve may be comparable with the reciprocal of
the dynamic resistance of the tuned circuit to which it is
connected,

An anode grid capacitance of 0,005 W.F can have serious effects
on the gain at frequencies of about 2 Mc/s and above,

The
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The section on parallel resonant circuits in Paper No. 1 of Radio
I should be reread at this stage.

5¢3 A radio frequency amplifier may be classed as & Class A voltage
amplifier in which the load impedance is supplied by a resonant
circuit. Such amplifiers are used to amplify signal frequency
voltages in radio receivers, in which case they are termed Tuned
Radio Frequency Amplifiers, and also to amplify intermediate fre-
quency voltages in superheterodyne receivers, The characteristics
of Class A amplifiers are given in Paper No. 4 of Radio I,

5.4 Tuned Voltage Amplifier. The important characteristice of a Tuned
Voltage Amplifier are =

(i) Amplification at resonance,
(ii) Variation of amplification with frequency in
immediate vicinity of resonance.
(iii) The way in which the amplification changes as the
resonant frequency is varied by tuning.

Consider the typical 2-stage amplifier shown in Fig. 14. Here,
the input voltages applied to the grid cathode circuit of the
first radio frequency valve are obtained from the parallel
resonant circuit LoCq,

ISY R.F. AMP, 240 R.F DETECTOR

C2 g
E
= - -
HI+ _ HI+
TYPICAL 2-STAGE RADIO FREQUENCY AMPLIFIER,
FiGg, j4.

When an incoming sighal e.m.f. is induced in the secondary circuit
LoC4 at resonance, a voltage is built up across this parallel combin-
ation, The value of this e.m.f, is dependent upon one or more of
the following conditions - '

/@)
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(i) The step-up ratio of the radio frequency transformer.
(i1) The impedance of the parallel combination,
(i1i) The input impedance of the valve between the grid
cathode capacity.
(iv) The resistance of the LoCq circuit,
(v) The reflected resistance of the mutual coupling, M,
between the windings,
(vi) The grid bias voltage,
(vii) The tuning of LyCq,

It may be seen, therefore, that if the number of turns in the radio
frequency transformer is larger in the secondary then in the primary,
a greater e.,m,f. will be applied across the secondary circuit at the
points E,

If the impedance of the circuit LpCq4 is kept large by maintaining

a large L to C ratio, the e,m,f. across the parallel combination
will also be greater, This is an important consideration in the
radio frequency amplifier, particularly in receiving circuits, since
the tube is to function primarily as a voltage amplifier,

The input impedance in a voltage amplifying device must also be
maintained as high as possible, particularly when small input
voltages are being received, The input impedance may be kept high
by using a valve having a low grid cathode capacity, and by prevent-
ing a flow of grid current during the period in which signal volt-
ages are being received, This latter condition may be fulfilled
by maintaining the proper bias on the valve, so that, when a pos-
itive potential is applied to the grid from an incoming signal, a-
minimum number of electrens will be attracted to the grid, thus
reducing the grid current flow in the input circuit,

5.5 Yoltage Gein of Radio Freguency Amplifier (Transformer Coupled).

To estimate the voltage gain of a transformer coupled radio
frequency amplifier, the following points need to be considered -

(1) Input voltage.

(i1) Primary and secondary inductance.

(i1i) Mutual inductance,

(iv) Primary and secondary circuit resistances,
(v) Amplification factor of valve,

In Fig. 15b, pEg represents the voltage generated by the valve of
Fig. 15a (which shows part of Fig. 14), .

‘where p, = amplification factor,
Eg = input voltages,
rg = anode impedance of the valve,
M = mutual coupling between L3 and L4, and
Eo = output voltage across load impedance Z°7Fig. 15.
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(a) Circuit. (b) Eguivalent of Fig, 15a.

FIG, 15. VOLTAGE GAIN OF R,F, AMPLIFIFR,

The approximate gain at resonance for a triode valve may be com-

puted as -
7 B

Eg rg + Zo M

For a pentode, the gain approximately equals g; MQ

where g, = Mutual conductance of valve,
w = 2r x resonant frequency, and
Q = "Q" of secondary inductance,

It may be shown that, for each frequency to which L4C, is adjusted,
there is some value of M which gives the best results, depending on
whether selectivity or fidelity is required,

5.6 §electivity Response. If it is desired to obtain an extremely
selective response, so that the voltage amplification is sharp at
one frequency, as in Fig. 16a, then the value of coupling should
approach zero, If fidelity is required, as in Fig., 16b, the value
of M (mutual inductance) must be adjusted accordingly. Hence -

(i) Decrease of coupling “sharpens" tuning and narrows
band-width,

(i1) Increase of coupling "broadens" tuning and widens
band-width.

Most broadcast receivers are required to‘possess reasonable select~
ivity and band-width, and the mutusl coupling, M, is adjusted to g
mean value, /Fig. 16.
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(2) Sharp Tuning.
FIG,_16.

5.7 Direct Coupling.
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LA

(b) Broad_ Tuning.

SELECTIVITY RESPONSE,

= A= oo

Fig. 17 illustrates

0 3Rg
I A
L1
k-3 - ‘
HT+
riG, 17. DIRECT COUPLING.
. E yA
Gain = - = p_E x .. o S,
Eg & Tg + ZO

(Zo =

CR

For a pentode
equels -

A = gy wlQ

of tuned circuit)

o

another method of coupling
known as "direct coupling"

or sometimes "tuned anode."
In this coupling, the volt-
age developed across the
tuned circuit LC is trans-
ferred to the following valve
through the isolating coup-
ling condenser Cg.

The voltage gain may be
computed at resonance ns
follows -

(symbols as before)

valve, the approximaete amplification A at resonance

where gm = Mutual conductance of valve,

w

L

i}

Q

5.8 Another method
is described later.

"Q" of coil,

2 x7 x f (resonance),

Inductance in henrys, and

of coupling is known as Band-Pass Coupling, and this

/509
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5.9 Variation of Amplification with Freguency, The amplification of a
tuned radio frequency amplifier varies approximately with frequency

in the same way as does the current in a series resonant circuit
having a Q the same as the “effective Q" of the transformer, The
amplification at any frequency off resonance may then be determined
by reference to the universal resonance curve, A typical example
is shown in Fig. 18,

4 S0 i “ - T-—-
da0 1 ( .:.-) Eo
. " <
o E CI Ch RS _l
g 4 |
Z% _ -__,E +HT. -
<420
[ rg = 3 megohms
§ Rg = 1 megohm
<410 L = 0.16 mH,
Q=5
€m = 1,000
— 1 £ = 1,000 ke/s

240 960 980 1000 1020 (040 1060
f m xc[s

FIG, 18. VARIATION OF AMPLIFICATION WITH FREQUENCY,

This is, in effect, the selectivity of the circuit and may be found
approximastely by the formula -

1
J'1 + 4Q2 Az

where S = oltage at frequency f
voltage at resonance fr

S =

Q= % or more accurately "effective Q“,.
A - f -1 o fr + £ (depending which side of
fr fr resonance f is).

The "effective Q" mentioned is the Q of the whole transformer, which
is always less than the Q of the secondary salone,

Raec
"Effective Q" = but, in practical amplifiers, it varies

Rsec + (Qm!z
Tg
between 0,59 and 0.80. _ /5410
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5.10 The characteristics of a valve required for a radio frequency
amplifier differ from those of audio frequency amplification,
owing to the different nature of the anode load impedance.
Tuned circuits discriminate in favour of a relatively narrow
band of frequencies and require a high valve slope resistance
for satisfactory operation, the valve resistance being in
parallel with the tuned circuit with consequent damping of the
latter. The impedance of the tuned circuit is usually high,
so that a high stage gain is possible., Difficulties due to
feedback are greatly increased, therefore, and the anode grid
capacitance must be as low as possible if instability is to be
prevented, Another difference between radio frequency and
audio frequency amplification is that, owing to the selective
properties of radio frequency tuned circuits, second harmonic
radio frequency distortion due to valve curvature is permissible
and has no distorting effect on the modulation envelope, The
most suitable valve is a tetrode or pentode, since either can
have a high ry and low anode grid capacitance, The pentode
has the more suitable characteristics for the case where large
output voltages are required,

6. INTERMEDIATE FREQUENCY AMPLIFIERS.

6.1 The Intermediate Frequency Amplifier is a special case of a
radio frequency amplifier operating at a fixed frequency. The
values of L and C forming the tuned circuits are not limited by
the need for a variable capacitance range, but may be chosen to
give the best performance as regards selectivity and amplifica-
tion, High selectivity demands high Q values for the coils
and, for a given selectivity, the required Q value is linearly
proportional to frequency. For example, a @ of 50 at 110 kc/s
gives the same selectivity as a Q of 211 at 465 kc/s. The
amplification of an intermediate frequency stage is largely

fixed by the impedance of the tuned circuits (E%) and is great-

est when L is large and C is small (see Radio I on tuned cir-
cuits). There is a 1limit to the possible reduction of C, for
valve and stray capacitances must not form a large proportion of
the tuning capacitance; variation of valve capacitance due to
automatic gain control (or automatic volume control) and re-
placement of valves may otherwise cause serious detuning,
Furthermore, these stray capacitances have resistive components
which reduce the Q value and impedance of the circuit, Induct~
ance or capacitance tuning may be employed, but the former is
preferable because a variable inductance is less affected by
temperature change than a variable capacitance, Morsover,
fixed capacitances of the silvered mica type may be made with
very small temperature coefficients.

/8ingle
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Single tuned circuits are not normally used in an intermediste fre-
quency emplifier, since they give a poor selectivity curve with a
narrow pass=band and poor attenuation outside the pass range.
Coupled circuits give a more satisfactory curve and a fairly flat
pass-band. Often coupled circuits have identical L C and R wvalues,.
an important advantage in manufacture,

6.2 Intermediate Freguency Circuits are required to provide -

(1) Amplificetion.
(ii) selectivity.
(ii1) Application of automatic gain control.
(iv) Application of variable selectivity, if required.

6.3 As mentioned earlier, band-pass coupling is generally used in inter-
mediate frequency amplifiers, since they possess characteristics
desirable in this amplifier service, The requirements insofar as
gelectivity is concerned are -

(1) The response should be reasonably uniform over the
pass-band of frequencies,
(i1) The response should be well down at * 10 ke¢/s off
resonance,
(iii) The response at L 20 kc/s should slope steeply
from (ii).

Fig. 19a shows a typical band-pass coupling circuit, and Fig. 1%b
shows the resultant response curve. This arrangement is commonly
used in intermediste frequency amplifiers, and is very desirable
for the amplification of modulated waves because it can provide
substantially constant amplification for all the essential side-
band frequencies contained in the wave, while at the same time
discriminating sharply against frequencies that are outside the
pass=band.

DOUBLE-TUNED

o
wl :
a 1
M 3[ '
ol &r : SINGLE-TUNED
ot ]
¢ g %c, E:., w } !
( 0 g 5| !
: w
> Q p
1 L V4 A )
L ’ _4 - ' a2 13 . N -3 A A 'S i A L A s
+ HT+ FREQ. KC/S.
(a) Cirguit. (b) Response of Fig, 19%a.

FIG, 19. BAND-PASS COUPLING.
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K wy W IsL
Amplification = —Bn e Nlelp
K&y e
Qst
where gm = Mutual conductance of valve,
K = Coefficient of c¢oupling between primary.
~and secondary,
wo = 2 T freg,
Qp = Q of primary circuit,
Qs = Q of secondary circuit,
LpLg = Inductances of primary and secondary
respectively,
M

K =

Viple
M = Mutual inductance of primsry and secondary.
Wo N LpLis N QpRs
2

Maximum possible amplification = gy

Fig. 19b shows the difference between single~-tuned and double-tuned
coupling, and it will be seen that the latter is of the doubled
lumped type giving band-pass characteristics, If the circuits are
tuned to the same frequency, and the Q's of the primary and second~-
ary are equal, the frequencies of the two lumps are given by the
following simple expression -

w

w =~Fr_f;i where symbols are as above,
+

If the primary and secondary circuit Q's are approximately the same,
then the width of the response band may be determined approximately
from the relation -

Width of response . 4.5 g
Mean frequency *

whére K = coefficient of coupling.
Substantially constant response is then obtained over the band when
the primery and secondary Q's are so related that -

Qpes = 1212

6.4 Selectivity Curvegs. Fig. 20a shows typical selectivity curves of
tuned amplifiers for one stage and two stage single-tuned coupling and
one stage band-pass. The superiority of the band-pass amplifier is
its ability to discriminate against frequencies appreciably off
resonance, while at the same time responding uniformly to a band of
frequencies about resonance. /Fig. 20.
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A, Two stage single-%uned.
B. One gtage band-pass, -I0KCSFR. +10KC/S.
C. One stage single-tuned.

(a) Curves for Tuned Amplifiers. (b) Effects as Indicated in Text.

FIG, 20. SELECTIVITY CURVES.

Band-pass characteristics may be obtained in various ways by varying
the coefficient of coupling or Q of each of the coupled circuits by -~

(1) Overcoupling Ly and Lg tuned to the same frequency.
(ii) Decreasing the circuit Q of Lp and Lg with shunt resistance.
(iii) Detuning the secondary, with or without changing the
coupling.
(iv) Combining a simple resonant circuit with a coupled
combination,

Fig. 20b illusirates some effects of the above,

Curve A is the effect when high Q circuits are locsely coupled and
tuned to the same frequency. Curve B was obtained by methods (i)
and (iii),

Curve C is a desirable shape for passing a given band-width, and may
be obtained by applying discriminately any of the methods until the
desired characteristic is obtained, preferably on an oscilloscope.

/6.5
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6.5 Intermediate Freaguency Stage Gain., The stage gain is usually more
than can be conveniently obtained with tuned radio frequency stages,
since a high L/C ratio may be employed in the coupling circuit, no
provision being needed for tuning over a wide frequency range.

This fixed tuning enables the circuit to develop its maximum gain,

These stages, in fact, provide most of the gain and adjacent channel
selectivity possessed by the receiver,

The final stage feeding the diode detector usually requires special
design to take into account the input impedance of the diode,

It can be shown that the voltage developed across the windings of a
radio frequency transformer closely approach -

Primary Winding
KE, Z
Ep = .....§_£ volts

rg + Zp
Secondary Winding

L
Es:%x-&

rg + Zp

where |1 = Amplification of valve,
Zp = Load impedance,
rg = Anode resistance of vaive,
Lg = Inductance of secondary winding, and
M = Mutual inductance between primery and

secondary.

At the relatively low fixed intermediate frequencies generally used
(175 kc/s to 465 kc/s), it is possible to have a relatively large
turns retio, thus increasing the voltage across the secondary wind-
ing and resulting in greater gain and increused sensitivity of each
intermediate frequency stage.

The choice of the intermediate frequency will be discussed in the
next Paper.

Fig. 21 is the intermediate frequency section of a modern receiver;
the band-pass circuits should be noted,

/Fig. 21,
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7. VARIABLE SELECTIVITY,

7.1 It has become fairly general practice now to provide receivers with
gome method of varying the pass-band of the’'tuned circuits to
enable the selectivity to be increased, Since the intermediate
frequency circuits operate at a fixed frequency and, therefore,
have fixed values of L and C, they afford a convenient place to
control the selectivity.

The degree of selectivity required to suppress adjacent channel
interference depends to a large extent on the strength of the
received signal, For local station reception, the selectivity

can be reduced with consequent improvement in fidelity, but, for
digtant station reception, very high selectivity is often necessary.

7.2 Variable selectivity may conveniently be divided into asymmetrical
(one sideband only is affected) and symmetrical variation (both
sidebands affected). Each has its merits, and they are compared
in the following table -~

Asymmetrical

Symmetrical

One sideband only is reduced,
that suffering from inter-~
ference,

Tuning is critical and the
carrier must be located
correctly.

Amplitude (harmonic) distor-
tion can be high if tuning not
correct,

Frequency distortion is not

- 80 appreciable as only the
high-frequencies in one side-
band are affected,

Selectivity is better for
given fidelity when inter-
ference is on one gide of
the carrier,

Signal-to-noise ratio is
approximately =3 db down on
that for symmetrical variable
selectivity.

Both sidebands are
reduced,

Tuning is not very
critical,

Amplitude distortion
is small.

Frequency distortion
may be considerable,
because the high-
frequencies in both
bands are reduced,

Selectivity is better
when interference
occurs on both sides
of the carrier.

7EmpIitude
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Amplitude distortior, due to asymmetrical variable selectivity, can
be reduced to a low value if there is symmetrical response for side-
bands up to + 1,500 ¢/s on either side of the carrier, The audio
frequency output with two sidebands is +6 db above that with one
gideband, whilst noise is only 3 db up due to the increased band-
width, (Circuit and valve noise is proportional to the square

root of the band-width, whereas the audio signal is directly pro-
portional,)

7.3 Asymmetrical Variation, Agymmetrical variation is seldom used
because of the need for skilled operation if the results are to be
satisfactory. However, in receivers required for communication
purposes, it is almost essential, Asymmetrical variation may be
achieved by detuning the oscillator to locate the carrier on the
gide of the selectivity curve, or by detuning one side of the
intermediate frequency coupled circuits, The second method has
been used and functions by varying the total pass-band, whereas
the first method varies only the relative widths of the pass region
of each band. Fig. 22 shows portion of the circuit of a radio
receiver provided with asymmetrical variation of selectivity.

CRYSTAL
DH/OFF SWITCH

lOOOI ngn* L3 [.F. TRANS,
L2 ?é 1~14 #g o # gg Eg;%;-

-0001
T e |
CONTROL 3 L oopf
. 500,000 . /a
v = )

HTA Av.C. KT+

125N

L1,L2,L3 = |.F TRANSFORMER

CIRCUIT FOR_ASYMMETRICAL VARIATION OF SELECTIVITY.

FIG, 22.
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Suppose & signal tuned in with an interfering signal causing a heter-
odyne on one sideband. The crystal X is switched in end the phasing
control carefully adjusted until the heterodyne disappears. Recep-
tion is now obtained by detection of the sideband not subject to
interference, that is, if the signal is being interfered with by a
signal on a lower frequency, the upper sideband of the intermediate
frequency will provide the intelligence, and vice versa, Careful
tuning and manipulation of controls are essential for good results.
The crystal frequency is the same as the intermediate frequency and,
in lining up the receiver, the intermediate frequency coils sre ad-
Justed to the crystal frequency to ensure correct operation,

7.4 Symmetrical Variation. Symmetrical variation of selectivity may be
accomplished by -

(1) varying the mutual inductance coupling between the
intermediste frequency c¢ircuits,

(ii) damping the circuits, and

(i1i) the introduction of a crystal filter. A combination
- of (i) and (iii).

To illustrate the latter, the five selectivity positions of a modern
superheterodyne receiver are shown in Figs, 23 to 27, together with
the selectivity curve associated with each position. In this par-
ticuler case, it is not possible to eliminate entirely a heterodyne
interference, but its effect may be considerably reduced.

These illustrations of asymmetricel and symmetrical variation of
selectivity must not be regarded as the only circuits for accomplish-
ing this purpose, there are many other methods depending on the
actual receiver requirements,

/Fig, 23.
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8. TEST QUESTIONS.

1.

2,

9.

A variable condenser has a range 10-380 yuF, The residual capac-
ities of the circuits may be taken as 15 puF, Determine the in-
ductances required to enable the circuit tc cover the following
bands - 550 kc/s-1,500 ke/s; 1,600 ke/s=4,200 ke/s,

Sketch a loop aerial showing its directive cheracteristics and ex~
plain how this directivity is achieved by this seriel., What would
be the voltage delivered to the grid of the first wvelve from a loop
aerial, given -

number of turns ~ 10
field intensity at location = 550 uV/metres
Q" of loop = 120

area of loop = 1 squarse metre,
asguming the loop is oriented for maximum pick~up and the signal is
on a wavelength of 500 metres?

What are the chief functions of a radio receiver? Describe briefly
three features which comtribute to the popularity of the superheter-
odyne type of receiver design.

Draw a block diagram of a superheterodyne type of receiver, indicat-
ing the frequencies in the various sections when the receiver is tuned
to 1,450 ke/s, the intermediate frequency being 455 kc/s and the sig-
nal being modulated firstly with a 50 c¢/s tone and, secondly, with a
frequency of 7,750 c¢/s.

What advantages accrue from the inclusion of one or more redio fre-
quency amplifier stages in a radio receiver? Sketch a typical stage,
showing input and output circuits as well as valve connections,

Show by means of sketches the difference between tetrode and pentode
valves, Compare the anode voltage~-anode current curves for each
type and refer to any advantage of the pentode over the tetrode,

What is a variable-mu valve and where is it most useful in a receiver
circuit?

Draw a sketch of a transformer coupled R.F, amplifier and its equiv-
alent circuit, What is the approximate gain of the stage with a
pentode valve?

What main functions is an intermediate frequency emplifier desired to
perform? Sketch the frequency/amplitude characteristics of a band-
pass tuned intermediate frequency stage,

Describe the relative merits of 175 ke/s, 455 kc/s and 1,900 kc/s as
intermediate frequencies, Which would be most suitable for a
receiver covering the range 6 to 30 Mc/s, and why?

END OF PAPER,
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RADIO RECEIVING PRINCIPLES (CONTINUED).

CONTENTS :
1. INTRODUCTION,
2. FREQUENCY CHANGER CIRCUITS.
3. OSCILLATORS.
L. GANGING THE OSCILLATOR AND SIGNAL CIRCUITS.
5. SUMMARY OF RECEIVING CIRCUIT PRINCIPLES.
6. NOISE LIMITATION TO MAXIMUM AMPLIFICATION.

7. SHORT-WAVE AMPLIFICATION.

8. MISCELLANEOUS CIRCUITS.
9. TEST QUESTIONS.

1. INTRODUCTION,

1.1 The number of signal frequency amplifier stages in a receiver is
generally limited, as mentioned in connection with T.R.F. receivers
in Paper No. 5, unless special precautions are taken. Many ad-
vantages, particularly in shcrt-wave reception, are obtained by
converting each signal frequency to another fixed frequency and
employing a highegain amplifier at the new frequency.

The frequency change or conversion is carried out by applying the
desired signal and a local oscillator voltage (often known as the
heterodyne voltage) to a non-linear device, this term implying

that frequencies, in addition to those supplied at the input, ap-
pear in the output voltage. Harmonics, and the sum and differ-
ence frequencies, of the signal and the local oscillator, are pro=~
duced in the output circuit, and any of these components may be
selected by a suitable filter. The amplitudes of the sum (fg + fy)
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and difference (f;, - fg) frequencies are equal, but the latter, called
the intermediate frequency, is selected because possible amplification
and selectivity are greater at the lower frequency. (fs = signal

frequency, and f, = heterodyne frequency.) Any given signal can be
converted to the intermediate frequency by a suitable choice of oscil-
lator frequency. Thus, one requirement of a superheterodyne is a
local oscillator so tracking with the radio frequency tuned circuits
that the oscillator frequency is always separated from the signal
freque;cy by the intermediate frequency. (This is referred to again
later, .

In an ideal frequency changer the intermediate frequency amplitude
varies directly with the signal frequency amplitude, and amplitude
changes, due to modulation of the signal frequency, are reproduced
without distortion with the intermediate frequency as the carrier.

It is, of course, assumed that no attermation of the modulation side-
bands occurs in the intermediate frequency anode tuned circuit of the
frequency changer.,

1.2 Choice of Intermediate Frequency. The choice of intermediate fre~
quency is first of all limited to a position in the frequency range
where there is little chance of direct interference from transmitting
stations.

The requirements of selectivity and second channel rejection combine
to influence the choice of intermediate frequency in practical re-~
ceivers. A low intermediate frequency is always helpful in obtain=
ing good selectivity from a minimum number of circuits, but a higher
frequency is useful in eliminating second channel interference, and
a oompromise between the two is usually made.

The tuned circuits of the radio frequency and intermediate frequency
stages are usually responsible for reducing interference from ad=-
Jacent channels, but there is another form of interference which can
be serious. It is known as "second channel" or "image" interference.
The frequency of this "image® signal is separated from the desired
signal by twice the intermediate frequency, and, if we make the inter-
mediate frequency reasonably high, the channel will be separated
sufficiently far from the desired signal to be well attenuated, but
the effect is very noticeable on receivers which do not employ radio
frequency stages. To illustrate -

Desired Signal 1,000 kc/s
Intermediate Frequency 100 ke/s

then, assuming intermediate frequency is difference frequency, the
oscillator will be tuned to 1,100 ke/s.

desired .......... 1,000 ke/s
0scillator .v..... 1,100 kc/s;1 »100-1,000 = 100 ke/s.
INBEE +uvvenenenn. 1,200 ko/s)!1200=1,100 =100 ke/s.
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Thus, with receiver tuned to 1,000 ke/s, a strong signal on 1,200 kc/s
could cause serious interference.

Let the intermediate frequency be 450 kc/s and we have

desired.ce.eeev.. 1,000 ke/s
oscillator «..... 1,450 ke/s
image ee.ceeevesee 1,900 ke/s

in which case image is 700 kc/s farther away and attenuation should be
}]i@' »

1.3 Oscillator Frequency. It was shown above that there are two signal
frequencies which react with a given oscillator frequency to produce
the intermediate frequency, and, conversely, there are two oscillator
frequencies which can give the intermediate frequency with a certain
signal frequency. The two oscillator frequencies are higher and
lower than the signal frequency by an amount equal to the intermediate
frequency. The higher oscillator frequency is almost invariably
chosen because the ratio of its maximum to minimum over a given range
is less than that of the signal. This means that the ratio of the
maximum to the minimum values of oscillator tuning capacitor is less
than that of the signal tuning capacitor. For example, a receiver
having a range from 550 to 1,500 kc/s calls for a tuning capacitor
ratio change of 7.43 : 1.

that is, capacity range is proportional to-lu

2

or 7.43 ¢ 1

therefore capacity range =

]
Py
(3.

When the oscillator frequency is higher than the signal frequency,
then the oscillator range for an intermediate frequency of 465 ke/s
is 1,015~1,965 ke/s, which requires a capacity ratio range of

3.75 3 1.

When the oscillator frequency is lower than the signal frequency,
then for the same intermediate frequency its frequency range would
be 85-1035 kc/s, requiring a tuning capacitor ratio of 148.3 : 1.

Thug, from the point of wview of ganging and construction, the use
of the higher oscillator frequency offers less difficulty in
manufacture., It is usual to use the same size tuning capacitor
unit for the oscillator as for the radio frequency circuits and
to adjust its range by series and parallel padding capacitances.

/CQMMUNICATION
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2. FREQUENCY CHANGER CIRCUITS.

2.1 Frequency changer circuits may be conveniently divided as follows =~

(1) Circuits where the signal and oscillator frequencies
are applied to a common electrode. (Also known as

heterodyne mixing.)

(1i) Circuite where the two frequencies are applied to
different electrodes.

(iii) Improved application of the above.
(iv) Triode«hexode circuits.

There is no fundsmental difference between the circuits, and fre-
quency changing results because the osclllator voltage controls
the mutual conductance and, hence, the amplification of the
valve,

2.2 Heterodyne Mixing. (Signal and Oscillator frequencies applied to
a common electrode.) The carrier frequency of a signal can be
changed by superpoaing a local oscillation and rectifying the
resultant wave. If the valve were operated as a linear amplifi-
er, the two frequencies (input and local oscillator) would con=-
tinue to have a seperate existence in the anode circuit, whereas
the generation of several frequencies in the anode circuit is
required.

By mixing the two frequencies and subJecting these to rectifica-
tion, a number of frequencies are generated in the anpde circuit
- Including the sum and difference of the signal and oscillator
frequencies respectively. The desired frequency may be selected
by tuning the output. Any modulation present on the signal fre-~
quency is also present on the output frequency. '

It is usual to operate the valve as an anode bend detector and
frequently as a square law detector (that is, rectified output
proportional to square of input volts).

Fig, 1a shows a tetrode acting as a frequency changer of this type
using the cathode as the common electrode. The valve is operated
as an anode bend detector, giving rise to the usual high frequency
terms in the anode circuit, inecluding the required difference
frequensy. L;, L, and C4 oonstitute the oscillator circuit, coil
L4 being common to botk the signal «droult and the oscillator cire
cult. Fig. 1b shows an improved version of this, uasing a separate
oscillator valve. '

ﬁigo 1.
4305 - 13
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(2) Tetrode Converter.
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Cy Cq :;
<
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OR AVC.

Cy GANGED TUNING CONDENSER
C2,C3,C4 FADDING AND TRACKING CONDENSER

(b) Using Tetrode Detector and Triode QOscillator.

FIG. 1. FREQUENCY CHANGERS.
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Fig. 2 shows a triode-pentode functioning as a converter under similar
conditions to Fig. 1, the cathode again being the common electrode.

In this circuit, the triode portion functions as a separate oscillator,
the pentode operating as a square-law anode bend detector. This circui-
has some advantages over the tetrode in that the oscillator is separate;
this gives better performance at high~frequencies. Other electrodes,
such asg the screen grid and suppressor grid, may be used as the common
electrode, but the conversion gain is not very high in either case and
other factors also render the use of the screen grid unsatisfactory.

e - )

+ - am
SIGHAL 4
TNPUT § \.
—i—

— !
G 1 4

HT +

FIG., 2. TRIODE~PENTODE HETERODYNE CONVERTER.

Iisadvantages. The main disadvantages of the above are -

(i) "Pulling" of oscillator circuit by signal frequency.
(ii) Mixing adversely affected.
(iii) Amplification irregular.

(1) Pulling. The common electrode anode detector type of mixer has
the disadvantage of introducing coupling between the local oscil-
lator and the circuit tuned to the incoming signal. The result
of this coupling is that tuning the input circuit has an appreci-
able effect on the oscillator frequency. At the frequencies
employed in short-wave transmission this seriously affects the
operation of the receiver, although broadcast band operation is
satisfactory.

/(ii)
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(ii) For convenience of ganging, the oscillator frequency is higher
than the signal frequency. Under this condition, the inter-
action produced by the inter-electrode coupling of (i) is in
opposition to that produced electronically so that, as the
frequency rises, the effectiveness of the tube as a mixer is
seriously reduced.

2.3 Electronic Mixing. (Signals applied to different electrodes.) The
disadvantages referred to above led to the introduction of "electronic
mixing." In this, the incoming signal is made to modulate the local
oscillation, and the anode current is proportional to the prpduct of
the two component frequencies. The sum and difference frequencies
are present in the anode current, and the required one may be select~
ed by tuning as before., In this case, it is not necessary to have
any rectification present since the process is in effect "MODULATION,"
thus the valve is enabled to operate under more efficient conditions.

A number of circuits has been developed for use with this method of
frequency conversion, the circuits mainly differing as regards the

requirements of the valve with which they are associated. Several
of these will be illustrated as a matter of interest, and will show
why the designs are continually changing.

Fig. 3a shows a "pentagrid mixer" such as the 6L7, and Fig. 3b the
associated circuit. Fig. 3c shows another application of the
pentagrid without a separate oscillator valve. The arrangement of
the grids of the valve completely isolates the local oscillator and
signal frequency circuits by utilising the local oscillator to
suppressor grid to modulate the amplified signal frequency currents.
The five grids function as follows -

G1 Inner grid. Ordinary control grid supplied with
input signal.

gﬁ; Function as a screen grid.

G3 Biassed negatively and has local oscillator signal
applied. "

G5 Punctions as the normal suppressor grid.

In operation, G! controls the space current drawn from the cathode in
accordance with the signal voltage, and the oscillator action on Gt
serves as a switch which allows these electrons to pass on to the
anode or causes them to be returned to the screen region, according

to whether the oscillator voltage is positive or negative, respect-
ively. The result is equivalent to modulating the oscillator voltage
upon the signal frequency, with the result that a difference frequency
(sideband) is developed in the anode circuit.

/Fig. 3.
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FIG. 3. PENTAGRID MIXER CIRCUIT.
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Advantage ~ Very low interaction between local oscillator and signal
circuits.

Disadvantages - Requires separate oscillator,

2.4 Improved Electronic Mixing. An improvement on the pentagrid mixer
was the pentagrid-converter or "heptode" which is a combined oscile
lator and frequency changer. It contains four normal grids and
one consisting merely of two rods similar to grid support wires.
These two rods constitute the anode of the oscillator, the grid (G1)

of which is nearest the cathode. Fig. La illusirates a valve of this
type (6A8G) and Fig. 4b a typical circuit.

-----
emvoome G2
- -

G4
g~ CATHODE

)

BaEgl
e

£

gEOE

~n9__|
Hah

(2) Heptode Valve

) (v) Circuit.

FIG. 4. HEPTODE FREQUENCY CHANGER.,

The grids of the valve function as =-

G1 local oscillator control grid.

G2  local oscillator ancde.

G>3 .

GS; screen grids.

G4  negatively biased signal input control grid.

Electrons emitted from cathode are controlled in their flow towards the
oscillator anode by the grid G1. A portion of the stream passes to
the oscillator anode, and the remainder passes on through the first
screen grid to the signal grid G4 where it is further modulated by the
input signal and thence passes to anode. The process is modulation,
and the output current contains a difference frequency as before.

/It
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It is sometimes considered that the valve has two space charges -
(1) usual space charge near cathode;

(i1) oscillating supply of electrons constituting a
"virtual cathode" in the neighbourhood of grid Gi.

If a 6A8G or similar valve is used in Fig. 4b, the following disadvant-
ages are apparent -

(1) oscillator transconductance low, causing serious loss
at high frequencies.

(ii) oscillator frequency will change with signal grid
bias variation.

(iii) coupling between Gk and virtual cathode causes oscillator
frequency currents to flow through signal frequency
circuits associated with G4. This leads to lowered
conversion efficiency, overloading signal grid, etc.

The most important defect, (ii) above, can be eliminated by a mod-
ification of the design as exemplified by the 68A7, which has two
"collector plates" mounted at the side rods of G2 which prevent
electrons returned by GL from reaching the cathode region. Fig. ba
illustrates this point. Fig. 5b is a typical circuit for a 6SA7.

A separate oscillator will improve performance at high frequencies.

SHELL OF VALVE
ANQDE

o= ws SUPPRESSQR
|

&= == w3— SIGNAL GRID

o mm se OSCILLATOR GRID

IS CATHODE

=" TEETw

(.

{%é |
B !

mproved Heptode Valve : (b) Typical Circuit.

(Gi)).-

FIG. 5. IMPROVED HEPTODE FREQUENCY CHANGER..
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It will be noticed in Figs. 3, 4 and 5 that the oscillator voltage
is introduced on grids nearer the cathode than the signal voltage
grid.

Since the grid closest to the cathode has the greatest effect on the
anode current, the oscillator grid variation receives full amplifica-
tion of valve, whereas the signal grid is subject to a much smsller
amplification. This is the wrong way round, since the received sige
nal is the weaker., To improve performance in this regard, the triode~
hexode valve was developed.

2.5 Electronic Mixing with Triode-Hexode Valves. The electrode arrange-
ment of a triode-
MIXER ANODE hexode mixer, to-
Az gether with a
typical circuit
arrangement, is
shown in Fig. 6.
Here G1 and the
anode A1 are on
one sgide of a
flat cathode and
function in a
triode oscillator
circuit. On the

MIXER GRID

TR'°D§1 GRID . ATHODE Tmo“i, ANODE other side of the
same cathode there
(a) Triode-Hexode Valve. is an extension

of the oscillator
grid G1, followed
by a screen grid

-
:TE p-i-—\ I G2 which surrounds

- - L 1 o signal grid G3
: - - T_gé T IF  with a minor (or
- AAL

» - second) anode A2,
s S VY This side of the
" 1} AAA valve operates in
.L » much the same
v manner as a penta=
E—— AWA] —]‘ grid converter,
= with the exception

‘that the incoming
signel is amplified
bef'ore modulation.

[AA
VI
-

BIAS HT + ——
OR ANC. Among the advante
. . ages offered by a

(b) Circuit. triode-hexode are -

/(1)

FIG. 6. TRIODE-HEXODE CONVERTER.
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(1) Oscillator can be designed for higher transconductance.

(ii) Improved signal-to-noise ratio resulting from the
amplification of incoming signal before modulation.

(iii) The internal shield S eliminates all interaction
between the oscillator and triode sections.

2.6 The advantages of Electronic Mixing over Heterodyne Mixing may be
sumed up as follows -

(1) Simplification of circuit design.

(ii) Elimination of coupling between signal and oscillator
circuits.

(iii) Oscillator frequency and action generally more stable,
(iv) Radiation of energy at heterodyne frequency decreased.
(v) Conversion conductance higher.

(vi) Oscillator transconductance higher.

2,7 Noise. The converter valve produces noise voltages in its output
as a result of random fluctuations in the space current of the
valve, and random variations in the way the space current divides
between the anode and other electrodes. The basic expression

. . 2
for valve noise contains a factor I,/g where

I5 = anode current
g = mutual conductance or conversion conductance.

In most converters the conversion conductance is appreciably less
than that of a similar pentode, and, as this factor becomes small~
er, the valve noise increases. However, a stage or two of radio
frequency amplification ahead of the converter minimises this
effect, as was mentioned earlier.

Signal /Noise Ratio. This is the ratio of the signal voltage to

."the noise voltage at the converter grid, and is affected by the
valve type, its method of operation and the number of preceding
tuned circuits. 1In general, it is found that the converter valve
noise is higher than that of the radio frequency amplifier. If
the converter is preceded by one or two stages of radio frequency
amplification, the converter noise is effectively reduced provided
there is reasonable gain in the radio frequency amplifier. It is
convenient for comparison to reduce the converter noise to equlv—
alent noise on the first radio frequency grid.

/Example
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Example -
Noise on converter grid 4 uv
Noise on R,F, amplifier 1 uv

R.F. stage gain

Total noise on R.F. grid
If R, F. stage gain

then total noise

20
S (4/20)2 = 1.02 uv
N1Z 1 (4/4)2 = 1.414 uv

So one advantage of the use of radio frequency gain is apparent.

[T T | I L B TR

2.8 Conversion Conductance and Gain. A new term has arisen with the use
of frequency changer valves, and is used to define their efficiency
in receiving a signal input at one frequency and delivering an output
at another frequency (intermediate frequency). This is the change
in anode current at the intermediate frequency or beat frequency
divided by the change in grid voltage at signal frequency and is known
as "conversion conductance." It is expressed as "milliamperes per
volt" similar to mutual conductance.

A knowledge of the conversion conductance makes it possible to com-
pute the amplification produced by a converter, it is, approximately -

Amplification

82

where g, = conversion conductance, and
Z = output circuit impedance.

More accurately

8c Ta Ry,
Ta + RL

Gain =

where gec = conversion conductance,

ry = anode resistance, and

R,

i

dynamic resistance of tuned circuit at
resonance.

When coupled circuits are used, Ry, should be the
coupled impedance.

2.9 Interference Whistle Production.

(1) Interference whistles may be produced in a frequency changer when-
ever the gignal circuit contains undesired frequencies which can
combine among themselves, with the oscillator or with its harmon~
ics to produce a frequency near to the intermediate frequency.

The former possibility is remote and need not be considered.
Oscillator interference whistles, except that due to the image
/signal
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signal, against which even an ideal frequency changer cannot
discriminate, are due mainly to distortion in the frequency
changer. Harmonic distortion in the oscillator valve is
rarely serious. A large number of whistles may be produced by
various oscillator harmonic and signal combinations, interfer-
ence being audible so long as the beat note is within the audio
frequency range. For example, consider an intermediate fre~
quency of 465 kc¢/s and a desired signal of 700 kc/s; the oscil~
lator frequency is then 700 + 465 = 1,165 kc/s. Undesired
frequencies of 351, 816, 1,867 and 2,797 kc/s present at the
grid of the frequency changer produce whistles of about 2 kc/s

pitch.
351 (fose = 2fgig) = 1,165 = 2 x 351 = 1,165 ~ 702 = 163 ke/s.
816 (Q-fsig - fosc) = 1,632 - 1,165 = 467 kC/S.

1,867 (fose = £g3,) = 2,330
2’797 (fSig - ZfOSC) 2,797

1,867 = 463 ke/s.
23350 = 14"67 kc/s'

This illustration shows that the whistle interference problem
is somewhat complex.

(ii) Interference Due to Combination of Different Harmonics of the
Signal and QOscillator. Oscillator and signal harmonic inter-
ference whistles are spread over the tuning range in an ir-
regular manner. Trouble due to oscillator harmonic inter-
ference, by making the oscillator amplitude as small as
possible, is consistent with good conversion conductance.

(iii) Interference Due to Combination of Equal Harmonics of the
Signal and Oscillator. The characteristic of this type is
that the whistles are grouped sround the oscillator fre-
quency. For example, with an intermediate frequency of 465
ke/s and a desired signal of 700 ke/s with the oscillator
1,165 ke/s, possible interfering frequencies are =

233 = 466 kc/s.
156 = 468 ke/s.
116 = LbL ke/s.
233 = 466 ke/s.
156 = 468 ke/s.
116 = L6L ke/s.

932 ke/s, that is, 2(fosc-Tsig)
1,009 kc/s, that is, 3(fosc~fsig)
1,049 ke/s, that is, L(fosc~fsig)
1,398 ke/s, that is, 2(fSig—fosc) 2(1,398-1,165)
1,321 ke/s, that is, 3(fsig-fosc) = 3(1,321-1,165)
1,281 kc/s, that is, h(fsig_fosc) = 4(1,281-1,165)

]

2(1,165=932) =
3(1,165~1,009) =
4(1,165-1,0L9)

non

Il
!

I
=g GV (S I o S GV &

X X X X X X

(iv) Intermediate Frequency Harmonics. Harmonics of the intermed-
iate frequency may cause interference if there is feedback
from the intermediate frequency amplifier to the signal cir-
cuits when the latter are tuned. The usual cause of feed-
back is inadequate filtering of the A.V.C. bias, but it may
also occur due to insufficient coupling of radio frequency,

/converter
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converter and intermediate frequency stages, and to poor radio
frequency filtering between detector and first audio amplifier.

(v) Interference Charts. A convenient method of expressing interfer-~
ence frequencies is in the form of charts, onc Sype of which is
shown in Fig. 7 for an intermediate frequency of 465 kc/s.

o / /
ST TV TT I
7 |7 // LA {// -
s, S/ /e 5,
© 1200 /_// ?l// 7‘?"‘, ‘:;‘;7 = >
I AVAV/ AR S AU =
A
el VW | | s
. / ~ //
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;6 800 4 /) /J/ /’i“/’ =,
é /V / " /% o '/ /’///
_:‘a:soo/A/ /| ¥ ////9/ 1.~
W Z2ARy =
-2_400 / é‘// \& il
/% pd /a S
200 /// // ‘
v p h= OSCILLATOR FREQUENCY
£ = S = INTERFERENCE FREQUENCY
O /
o 200 400 600 800 1000 1200 1400

SIGNAL TUNING FREQUENCY 4c/s.

INTERFERENCE CHART.
Intermediate Frequency = 465 kc/s.

FIG. 7.
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Example on use of chart - consider a desired frequency of 1,000 kc/s.
By drawing a vertical line from 1,000 kc/s on the horizontal axis, we
find eight intersections with the interference lines from 333.3 kc/s

to 1,310 ke/s. If any of these undesired frequencies is present in
the input to the frequency changer, a whistle may be produced. Let us
exsmine these eight frequencies and find their relationship and resulte
ant frequencies. (fh = 1,000 + 465 = 1,465 ke/s.)

fg = interfer=- Relationship. Resultant
ing signal kc/s. Frequency.
33343 fp = 3fg 1,465 =~ 1,000 L65 ke/s.

500 fy = 2fg 1,465 = 1,000 L65 ke/s.
6433 g ~fn 1,930 = 1,465 L65 kc/s.

821.7 2fp - 3fg 2,930 - 2,465 465 kc/s.

965 2fg = £, 1,930 = 1,465 465 ke/s.
1,131.7 3fg - 2fp 3,395 - 2,930 465 kc/s.
1,232.5 2fy - 2fg 2,930 - 2,465 U65 ke/s.
1,310 h - 3s 4,395 - 3,930 465 ke/s.

where f} = oscillator frequency, and

s

interference signal frequency.

It is also apparent that if the interfering signals were t several

kc/s, they would still give an interfering whistle in the receiver.

Example 2 - If there is a strong local station on 1,000 ke/s, its
interference possibilities may be estimated by drawing a line from
1,000 ke/s on the vertical ordinate (interfering signal). The
points of intersection with the interference lines give the tuning
points (on horizontal scale) at which interference due to the local
station may be expected.. In this case there are 12, made up as
follows =~

/Interference
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Inter- | Approximate| {h for ape Vhistle
ference | value from | prox. value  Valuation Resultant] Fre-
Line. hor. scale from hor. Frequencyl quency
ke/s. scale kc/s. ke/s. ke/s.
3h - s 20 485 3 X 485 -~ 1,000 L55 10
2s - 3h L6 511 2,000 = 3 x 511 L67 2
s =h 70 535 1,000 = 535 465 Y
2h = s 266 731 1,462 = 1,000 L62 3
2s = 2h -305 770 2,000 =~ 1,540 460 5
3h - 28 358 823 2,469 - 2,000 469 b
3s - 3h 383 848 3,000 - 2,544 456 9
3h = 3s 690 1,155 3,465 = 3,000 465 0
2h - 2s 770 1,235 2,470 - 2,000 470 5
3s = 2h 800 1,265 3,000 - 2,530 470 3
28 = h 1,075 1,540 2,000 - 1,540 460 5
2h - 38| 1,265 1,730 3,460 460 5

NOTE: In above table s = interfering signal = 1,000 kc/s.

Considering the table -~

(1) The first column is the interference line intersected.

(ii) The second column is the approximate frequency as read from
bottom scale.,

(4ii) The third column is the oscillator frequency for (ii).

(iv) The fourth column is (i) in numerical form.

(v) The fifth column is the resultant interference frequency.

(vi) The sixth column is the whistle frequency.

It is evident from the sixth column that this whistle frequency could
be anywhere between 465 kc/s t about 10 ke/s, so that the frequency
read in column 2 could vary from the value shown and still cause inter-

ference.

This explanation may seem somewhat detailed, but it may help to provide
a clue to some of the whistles heard in a superheterodyne receiver.

/2.10
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2.10 Desirasble Properties of a Frequency-Changer Valve.

(i) A low value of anode and total current and a high slope or

(i)

(iii)

(iv)

(vi)

(vii)
(viii)

(ix)

A.C, resistance. This characteristic, in conjunction with
conversion gain, has an influence on noise due to shot effect
(see later) and thus on the signal/noise ratio of the convert-
er stage.

A high value of conversion conductance, which is maintained

in the high~frequency ranges. High conversion- conductance

gives high signal-to-noise ratio, but tends to produce high
harmonic response and a compromlse of about 8% of the max~
imum value possible.

Low oscillator harmonic response. Oscillator operation

should be limited to the straight portion of the oscillator
voltage/conversion conductance curve.

Minimum cross-modulation. Cross~modulation is reduced by

high radio frequency selectivity before the frequency
changer. Signal harmonic response is also reduced by this.

Minimum coupling between oscillator and signal circuits.

In an ideal frequency changer, variation in signal circuit
tuning should have no effect on oscillator frequency or
amplitude. Coupling by inter~electrode capacitance and
the common electron stream occurs in practice, and the
signal circuit tuning always has some influence,.

Minimum variation of signal grid~-cathode capacitance for
bias variations on the signal grid (to enable use of A.V.C.).

A capacitance variation of about 2uuF occurs when the sig-
nal grid bias is varied,and is due to variation of the
distance between the grid and virtual cathode produced by
the space charge. This effect is most pronounced at the
high-frequency end of any given range because the signal
tuning capacitance is usually small there,

Low s8ignal grid input admittance.

Small oscillator frequency drift.

Minimum microphone effects.

/3.
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3. OSCILLATORS.

3.1 The general principles and applications of oscillators were dis-
cussed in Radio I, Paper No. 8, and this is an amplification of

those remarks as applicable particularly to superheterodyne
receivers.

Any of the oscillator circuits, except crystal circuits, which are
referred to in the Paper dealing with transmitters, are suitable.

Three useful circuits are reproduced here for interest in Fig. 8.
The electron coupled oscillator is used frequently because of its

frequencv stabilitv.
HT+
R.FC.
é 1
i 1 |
HT. -

P 9

(a) Hartley. (b) Colpitts.
= HT. +
< < )
$ 3
p——1J}——cutPuT
—
o ==
- -
t - v =
’

(&

0

it

(c) Electron-Coupled Oscillator.

TYPICAL OSCILLATOR CIRCUITS FOR SUPERHETERODYNE RECEIVERS.

FIiG. 8.
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(2) New Type of Ferro-Tuned Unit. R.F., Aerial and Oscillator Tuning.
5 bands 550 kc/s~28 Mc/s.

TWO VIEWS OF EXPERIMENTAL FERRO~TUNED ALL-WAVE UNIT (KINGSLEY).
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3.2 The important requirements of an oscillator for a radio receiver are -

\ (1) Frequency stability after warming=up period.
(ii) Minimum rediation of harmonics.
(iii) Accuracy of tracking (when ganged with other circuits).

(1) is required under following variable conditions =-

(a) variation of supply voltage.

(b) application of A.V.C.

(¢) variations of ambient temperature.
(d) replacement of tube.

In the normal superheterodyne receiver, the oscillator and converter
comprise one valve, but in the higher quality communication receivers
it is usual to find a separate oscillator valve., However, the
principle of conversion is the same, and the requiremenis of the mix~
er valve are the same in each case and may be summed up as follows =
(1) Good signal=to=noise ratio.
(ii) Frequency stability.
(1ii) Conversion conductance and gain.
(iv) Oscillator transconductance.
(v) Mechanical rigidity of electrodes.
(vi) Consistency from valve to valve,

These circuits may be used with separate oscillator valves or inocor-
porated in some of the pentagrid, triode-hexode, etc., mixers.

Schematic diagrams of several typical mixer circuits showing va.rious
oscillator arrangements are at the rear of this Paper.

3.3 Superheterodyne Receiver Oscillator. An oscillator supplying the

oscillator voltage to a frequency changer must fulfil the following
requirements if satisfactory operation is to be achieved -

(i) Self-oscillation must be easily realimsble, that is, a
minimum of feedback should be required.

(i1) Oscillation should be maintained over the desired fre-
quency range without "blind spots" ocourring, that is,
frequencies at which oscillation ceases.

(iii) The variation in amplitude over the frequency range
should be small.

(iv) The oscillator must not be liable to parasitic operation.

/(v)



RADIO II. PAPER NO. 6.
PAGE 23.

(v) Supply voltage variations should have minimum effect on
frequency.

(vi) The frequency should be independent of bias or supply
voltage variations on the frequency changer.

(vii) Harmonic frequency voltages should be small.
(viii) Temperature and humidity veriations should have minimum
effect on the oscillator frequency.

3.4 Preserving Frequency Stability. The following summarises the steps.
which may be taken to improve the frequency stability of the oscil-
lator in a receiver -

(i) A valve with a high mutual conductance and high anode
resistance should be used.

(1i) Grid current should be as low as possible.
(1ii) The coil resistance should be as low as poseible.
(iv) The tuned circuit should be loosely coupled to the valve.

(v) The H.T. supply should be adequately decoupled and
smoothed; the use of a voltage regulator for the
oscillator is advantageous.

(vi) Decrease humidity effects by the use of non=hygroscopioc
insulating material, wexes and varnish.

(vii) Temperature frequency veriations are reduced by mounting
inductances and cepacitances away from sources of heat,
such as the Mains transformer, rectifier and output
valves. Low loss coil formers of ceramic material
are beneficial, together with rigid construction of
coils, capacitances, etec.

(viii) Compensation by a capacitance having a negative temper-
ature coefficient is usually necessary at ultra-high
frequencies and is likewise useful at high frequencies.

3.5 Oscillators for HJF. and U.H.F. Receivers. Before concluding this
Section, some remarks on the above should be of interest by show-
ing how much more acute the problems associated with oscillator
design are than at medium and low frequencies.

Oscillators for high and ultra~high frequencies are more prone to
parasitic oscillations and more difficult to meintain in oscilla-
tion over a range of frequencies.

A high gn valve is an essential since it enables looser coupling

to be employed, and this reduces the tendency to parasitic osecil-

lations. With tuned grid and tuned asnode circuits, the f;edback
coil



PAPER NO. 6. RADIO II.
PAGE k.

coil is often interleaved with the main tuning coil in order to
obtain high coupling with a small feedback ccil.

The ease with which the Hartley and Colpitts circuits can be made
to oscillate is a great advantage at high frequencies, and the
possibility of feedback coil frequency control is removed. The
fact that the Hartley circuit tuning capacitor rotor is not
earthed, and that the Colpitts requires a split stator, is no
serious disadvantage on band spread receivers. The electron
coupled circuit of Fig. 8¢ has the advantages of the Hartley, and
also that one side of the tuning condenser may be earthed.

In cases where the tuning capacitor rotor cannot be earthed, the
use of inductance (iron=-dust core) tuning is an advantage.

Frequency drift of the oscillator due to changes of temperature
is more serious as the frequency is increased, partly because the
IC circuit components have to be reduced in value and also be=-
cause the frequency error & f4 increases as the oscillation fre-
quency rises. Thus, for a frequency change of 1 part in 103 the
frequency drift is 1 k¢/s at 1 Mc/s, whilst at 45 Mc/s it is 45
ke/s, sufficient to take the intermediate frequency carrier out-
side the band pass range of an intermediate frequency amplifier
for amplitude modulated signals.

The need for short firmly-secured leads from the valve to the cone
trol LC circuit cannot be over=~emphasized, and adequate decoupling
with non-inductive mica capacitors (0.001 to 0.01 uF) of leads
carrying D.C. or Mains A.C., voltages is essential. Only a very
small inductance can provide undesirable coupling at U.H.F., and
decoupling capacitors should be returned to the same point on the
chassis. The use of radio frequency chokes also helps to minimise
coupling effects.

4. GANGING THE OSCILLATOR AND SIGNAL CIRCUITS.

4.1 In order to reduce the number of receiver controls to a minimum, it
is usual to couple mechanically the signal and oscillator capacitor
rotor plates. Since the oscillator capacitance is required to
serve its own circuit to a frrequency greater than the signal fre-
quency by a constant amount, a specially shaped rotor and stator
are necessary to maintain the correct oscillator frequency.

This result is normally obtained with satisfactory accuracy by us-
ing a variable tuning capacitor for the oscillator section, which
is identical with the capacitors used in the radio frequency sec-
tions but which employs an oscillator coil having less inductance
than the inductance used in the radio frequency sections, combined
with series and parallel trimming condensers as shown in Fig. 9.

/Fig. 9.
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4.2 By properly proportioning such
an arrangement, it is possible to
obtain correct tracking at three
frequencies in any tuning range
with relatively small tracking
error between these frequencies,
as shown in Fig. 10. It is
apparent that the maximum error
in tracking is small enough to be
negligible provided that the
selectivity of the radio frequency
sections is not excessively high.

C, TUNING CONDENSER
Ca PADDING CONDENSER
Cs SHUNT TRIMMING CONDENSER

Cq STRAY CAPACITY OF L4 The best average oscillator track~
ing is obtained when the fre-
PRINCIPLES OF SERIES AND quencies of exact tracking are so
SHUNT TRACKING CONDENSERS. chosen that the maximum deviations
FIC. © of the tracking curve within the
—s’ tuning range are all the same, as

in Fig. 10. In all-wave receiv-
ers, each coil is provided with
its own {trimmer and padding cone
densers (coils are often induct~
ance tuned as well for the low-~
frequency end of each range) and
the combination of coil and con=
densers is switched across the
variable tuning condenser. 1In
practice, the adjustment of the
shunt trimmer (Cz in Fig. 10)
determines the high frequency
cross-—over point, and the series

1500 1300 1100 900 760 500 padding condenser, Cp, is the
FREQUENCY kcfs principal factor controlling the
FIG. 10. TRACKING CURVE. low frequency cross-over. The

middle frequency cross-over is
determined by the inductance of the oscillator circuit.

SUMMARY OF RECEIVING CIRCUIT PRINCIPLES,

51

The principles of radio receiving circuits have been dealt with up
to and including the intermediate frequency amplifier. A simpli-
fied diagram of portion of a superheterodyne receiver, including
one radio frequency stage, combined oscillator/converter and first
intermediate frequency stage, is given in Fig. 11. The oscillator
is seen to be of the tuned grid type, tuned by C.13. C.14 is the
shunt trimmer and C.15 is the series padder of the oscillator cir-
cuit. The intermediate freguency transformers are of the simple
double~tuned type, and Automatic Gain Control (or A.V.C.) is pro-
vided over the three stages shown.

/Fig. 1.
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6. NOISE LIMITATION TQ MAXIMUM AMPLIFICATION.

6.1 By careful design, a receiver may be constructed with very high
amplification, and, in the absence of a limiting factor, it would
be possible to obtain adequate output from even the weakest signal.
The limiting factor is noise. Noise may be produced outside the
receiver and picked up in association with the desired signal, or
it-may occur in the receiver itself. The desired signal, there-
fore, must be large enough to give with average modulation (about
3q%) an audio frequency output very much greater than that con-
tributed by noise. Generally, a signal-to-noise ratio of about
15 db. is regarded as the minimum satisfactory level. External
noise may be due to static or to interference radiated by electric-
al machinery. Over these, the designer has little control,
though he can mitigate the effects of the latter by means of
filters, chokes and by-pass capacitors, etc.

Noise produced in the receiver may be classed as accidental and
inherent. The former, caused by faulty components, cen be
eliminated by careful design and choice of components, the latter
cammot. Inherent noise is due to thermal effects in the conduct-
ors and shot noise in the valves. In both instances it is
usually only the first stages of the receiver that have to be
considered since, in the later stages, the signal is amplified and
is much greater than any noise likely to be produced in these
stages.

6.2 Thermal Noise. It has been stated that all conductors contain
free electrons, which are in a state of random motion, and each
electron in motion constitutes a minute current. These trans-
ient currents produce voltages across the ends of the conductor,
the frequency components of which cover an infinite band. The
equivalent noise voltage may be computed.

The pass-band of the receiver must obviously affect the noise
voltage, since the wider this is the more noise frequency com-
ponents are brought in. The pass~band is defined as the range
over which the response is greater than 70/ of the maximum.
Actually, frequencies outside the pass«~band of the stages pre-
ceding any non-linear device, such as a frequency changer or
detector, have a noise-producing effect because the non-linear
device can produce intermodulation frequencies in the overwall
pase-band from noise frequencies outside it. The actual volume
of noise produced at the receiver output is dependent on whether
a carrier is being received. If there is no cerrier, the noise
must supply its own, and, as this is small in value, the noise
output is emall. When a carrier is present, detection sensitiv-
ity ie increased and the noise voltages act as sidebands giving
greater output. Without A.V.C. increase of carrier up to a
certain level, the noise output increases. At this level, the

/RADIO
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detector has reached its linear condition and further increase of
carrier does not alter the noise output. With A.V.C., noise in-
creases with increasing carrier until the A.V.C. operating point is

reached when the receiver sensitivity is decreased and the noise out-
put reduced.

6.3 Shot Noise. Shot noise is produced by the flow of electrons from the
cathode to the anode of the valve. Since the slectrons comprising
the anode current have random motion, the number arriving at the anode
varies from one time instant to another. This is equivalent to a
small variable current of infinite number of frequency components

superimposed upon the mean D.C. current. It can be shown that shot

noise is proportional to Ia/gm

Where I, = anode current, and
€n = mutual conductance.

Hence, the best type of amplifier valve is one having these character~
istics.

A convenient method of expressing shot noise is as the equivalent
resistance between grid and cathode of a valve, which would give at
room temperature a thermal noise voltage in the anode circuit equal
to that produced by the shot noise.

The following table shows some average of shot noise resistance for
several types of valve -

Valve Type Shot Noise Equivalent
Resistance.
Triode 200 to 500 ohms.
Special beam tetrode 4,000 to 5,000 ohms.
Ordinary screen grid
and pentode 20,000 to 50,000 ohms.
Frequency changer 50,000 to 100,000 ohms.

Frequency changer valves are the worst because the conversion gain
is never greater than gp/lL.

Screen grids and pentodes are poor because of secondary emission.
The beam tetrode has the smallest shot noise of the multi-electrode
valves because of the reduction of secondary emission, and the space
charge reduces electron fluctuations.

If a radio frequency amplifying stage is incorporated in a receiver,
/the
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the impedance of the first tuned circuit (except at U.H.F.) is great-
er than the shot noise resistance, so that thermal noise is the
limjtation. If, however, the first stage consists of a frequency
changer, the reverse is generally true and shot noise is greater
than thermal. It should be noted that in a frequency changer
stage shot noise is introduced by the oscillator valve as well.
Shot and thermal noise in the image or second channel region also
add their quota. TFor a given over-all gain, a receiver without a
radio frequency valve before the frequency changer has normally at
least twice the noise voltage of a receiver with a radio frequency
amplifier stage.

7. SHORT-WAVE AMPLIFICATION.

7.1 Amplification on the short-wave (high-frequency) range is chiefly
complicated by the fact that selectivity is considerably reduced
as the signal frequency is increased, and that in many receivers
the complete range from 6 to 15 Mc/s is covered by one coil using
the same tuning capacitance, without modification, for short-wave
as well as medium and long-wave ranges. As far as broadcasting
reception is concerned, this method has two disadvantages -

(1) tuning of the broadcast bands is made sharp and
difficult.

(ii) a very small value of inductance is required which
results in a low dynamic impedance and, consequently,
low amplification.

Much improved performance can be realised by band spreading
(selecting comparatively narrow bands in the H.F, range). These
ranges can be made to overlap and the tuning capacitance range is
reduced by the use of a series or shunt capacitance (or both) or,
in some cases, much smaller tuning capacitances may be used,

The latter usually have the advantage of lower losses, an import-
ant point at the higher frequencies (15 to 30 Mc/s).

7.2 High-Frequency Amplification. It has been shown that selectivity
is a function of Q and the resonant frequency. The pass-band is
.defined by =

£
f1 -1 =ér—.

where f4 -~ fo = band-width in ke/s.

H

fy = resonant frequency in ke¢/s.

Q

]

"Q" of tuning coil.

8o that as f. is increased, the band-width is increased unless Q

/(2)
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rises. The Q of short-wave coils is often high (150-200 is common)
but dielectric losses, valve input conductance, etc., lower consider-
ably the effective Q of the tuned circuit, and a probable maximum is
50 under good conditions. This gives band-widths of 120 and 300 kc/s
at 6 and 15 Mc/s respectively. The radio frequency emplifier, there-
fore, only discriminates against undesired signal frequencies well
separated from the desired. AdJacent channel rejection is achieved
by the intermediate frequency amplifier. At an intermediate freguency
of 465 kec/s, the image signal is down 24 db at 6 Mc/s and only 16 db
down at 15 Mc/s, and additional image rejection is really necessary.
Little can be done to improve selectivity unless regeneration is
employed, but this lack of selectivity may be used to advantage in-
band spread receivers. Broadcast transmissions occur over certain
narrow bands, seldom exceeding 200 kc/s width and centered at 6.1,

9.6, 11.8, 152 17.8 and 21.6 Mc/s. Byreduc:u1tho303.t61
Mc/s transmissions from 6.1 to 6.2 Mc/s can be received with a max-
imum loss of 3 db, that is, the signal circuit can be preset tuned

to 6.1 Mc/s and selectlon obta:Lned by tuning the oscillator. At

15.2 Me/s and over, no decrease in Q is necessary. To obtain max-
imum amplifica‘bion , the signal tuning capacitance should be as low as
possible consistent with stray capacitances, a minimum value being
about 60 uuF.

For example, the required values of Q for a pass-band of 200 kc/s
and the tuning inductance L for C = 60 puF are listed below -

Frequency Q L c
6.1 30.5 11.3 pH 60 uuF
9.6 48.0 L& PH | 60 puF
11.9 59.5 3.0 uH | 60 puF
15.2 76 .0 1.8 uH 60 puF
17.8 89.0 1.3 WH 60 uuF
21.6 108.0 0.9 uH 60 puF

As it is unlikely that Q would exceed 50, the ba.nd-pass will in-
crease and the amplification decrease about 12 Mc/s.

Consider now a communication receiver required to cover with over-
laps the short-wave band 6 to 25 Mc/s as well as the medium wave
band. Arbitrarily dividing into four overlapping ranges gives -

Range 1 ... 6-9 Mc/s.

eer 8.66=13 Mc/s
veo 1218 Mc/s.
cer 17=25.5 Mc/s

FWwWN

/A



RADIO II. PAPER NO. 6.

PAGE 33.

A frequency ratio in each case of 1.5 : 1, so that a capacitance change
of 2.25 3 1,is required. Assume a linear frequency scale on medium
band and the same relationship for the short-wave bands while restrict-
ing the equivalent tuning cepacitance change. If the signal tuning
inductance is 156 pH and its self~-capacitance is 10 uuF, the following

tuning capacitance values are obtained at equally speced frequencies
from 550 to 1,500 kc/s.

Frequency - ke/s. | 550.0 | 788.5 | 1025 | 1263.5 | 1500.0
Capacitance - WiF.| 526.8 | 252.0 | 145 | 92.0| 62.17

The problem is to obtain frequencies on the short-wave ranges,
separated by a constant amount, for these capacitance settings. Omit-
ting the calculations, the following table sets out the effects of

adding series padding and shunt trimmer capacitances to the circuit.
It will be noted that - (See also Fig. 9).

(1) the series padder of 106 UWUF gives a reasonably spaced
scale, slightly cramped at the high-frequency end.

(ii) a shunt trimmer of 310.5 uuwF gives an unsatisfactory
scale appreciably cramped at the low-frequency end.

(iii) a series padder of 250 puF and a shunt trimmer of 46.5
YLF give a scale very nearly linear,

(iv) a linear scale is shown in last column.

Capacitance| Scale with| Scale with‘rScale with Linear Range 4
Setting (1) (ii) (1ii) Scale under con-
dition (1if)
526.8 puF| 6.0 Mc/s 6.0 Mc/s 6.0 Mc/s 6.0 Mc/s| 17.0 Mc/s
252,0 WP} 6.52 Mc/s 7.32 Mc/s | 6.73 Mc/s 6.75 Mc/s| 19.1 Mc/s
145.0 puF| 7.2 Me/s | 8.13 Mc/s | 7.51 Mc/s 7.5 Mc/s| 21.3 Mc/s
92.0 wuF| 8.02 Mc/s 8.67 Mc/s | 8.29 Mc/s 8.25 Me/s| 23.5 Me/s
62.17wF| 9.0 Mc/s 9.0 Mc/s| 9.0 Mc/s 9.0 Mc/s| 25.5 Mc/s

From the point of view of maximum amplification over a tuning range, the
series padding capacitance would be preferred to a combination of* padding -
and shunt. Although the frequency scale may be less satisfactory, the
equivalent tuning capacitance is less, and so the dynamic impedance

?%é) is increased.

The values of padder and shunt capacitances selected have ?he same effect
on all ranges because the maximum=to-minimum frequency ratios are the same.,
The last column of table shows the effect on range L. /8.
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8. MISCELLANEQUS CIRCUITS.
8.1 The following miscellaneous circuits (Figs. 12, 13, 14, 15 and 16)

may prove of interest.

BLIG
CONVERTER

=
==

=
1 N
= ; KT+
KT+
A =
3
6KTG
OSCILLATOR |
— AA ‘ H.F, RADIO RECEIVER CONVERTER
L === “SECTION WITH CATHODE-TAPPED
OSCILLATOR.
:»
:E FIG. 12.

PENTAGRID
CONYERTER
6D86

H-

IF

HT.+

A 00000 &
(35000
-
(VM
v
i
I I R1
Prye
T A
Q00
(000
—H-

PENTAGRID CONVERTER SUITABLE FOR
AUTOMOBILE RECEIVER., OSCILLATOR
IS TUNED GRID TYPE,

FIG. 13.

HT+
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FIG. 14. FREQUENCY CHANGER SUITABLE FOR U.H.F. RECEIVERS.
L1 is grid coil, Ly anode coil, L3 cathode pick-up coil. (It will be
noted that the oscillator is of the tuned anode type.)

¥
E R # 1 CHANGER
T 6SAY
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Oé;lLLATOR I —am i -L
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RT+ ' I b3 p— "EEIG—"
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:;1 ; 2
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g
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FIG. 15. FREQUENCY CHANGER FOR ALL-WAVE RECEIVER USING A SEPARATE
OSCILLATOR WITH A MODIFIED COLPITTS CIRCUIT.
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MIXER /OSCILLATOR
6C6 ‘OR SIMILAR

A AAA
VY

I

n?gNDER ‘

e HTH+

L
I7I

AUTODYNE CIRCUIT., (UNSUITABLE FOR H.F.).
FIG. 16.
9. TEST QUESTIONS.

1. What considerations govern the choice of the intermediate frequency
in a superheterodyne receiver?

2. Briefly outline and illustrate the principles of electronic mixing
and state one advantage over the heterodyne type.

3. Since the oscillator frequency is usually higher than the signal
frequency by the intermediate frequency, how is it possible to
gang the oscillator tuning condenser with the others?

L. What are the chief requirements of a frequency changer valve?

5e Stability of the oscillator is of great importance in a highe
frequency receiver. Outline the steps that should be taken to
improve the stability of this circuit.

6. What is meant by the terms "thermsl agitation noise," and "shot
noise"?

END OF PAPER,
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RADIO RECEIVING PRINCIPLES (CONCLUDED).

_CONTENTS;
1. DETECTION OR DEMODULATION.
2. AUTOMATIC GAIN CONTROL.
3. AUDIO FREQUENCY SECTION.
L. MISCELLANEOUS FEATURES OF RECEIVERS.
5. SYSTEMS FOR IMPROVING RECEPTION.
6. RECEIVING AERTALS.
7. MISCELLANEOUS INTERFERENCE.

8. TEST QUESTIONS.

1. DETECTION OR DEMODULATION.

1.1 The principles of detection were discussed in Radio I. This
Peper refers to diode detection and associated circuits as
usually found in a superheterodyne receiver.

1.2 Effect of the Coupling Impedance from Diode to Audio Frequency
lifier. The audio output from the detector ls transferred

to the audio frequency amplifier through a capacitance-
resistance coupling such as C2R2, shown in Fig. 1. Capacitance-
coupling prevents application of the D.C. component across R4 to
the grid of the amplifier valve, which is biased separately to
the optimum point. In addition, there is generally a ‘
resistance-capacitance filter, R30z, to prevent the passage of
radio frequency voltages to the audio amplifier, where these
are likely to produce overloading and perhaps instability.

4305 - 15
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DETECTOR A.F. AMP.

3

yYyvYYY

Wi ,
'Vv'vv" c3 I
""WWWI '———ll"———'——‘ C ]
R3 C2

FIG. 1. DIODE DETECTOR -~ AUDIO FREQUENCY AMPLIFIER.

' The capacitance of C3 is about equal to C1, so that its effect may be
neglected at audio frequencies, and R3 is usually much less than R4,

The actual value of R3 is, to a large extent, controlled by Rp since
it forms with Rp a~poteﬁtiometer which reduces the audio frequency

voltage across %2 to of that across R4y, Generally it has a

R2 + R3
value of about 70° Adequate radio frequency filtering is then ob-

tained without appreciable reduction of audio frequency voltage ar

frequency discrimination against the higher audio frequencies by C3.

The coupling reactance of C2 must be small in comparison with Ry at

the lowest audio frequencies or frequency discrimination results.

The resistances Rp and R7 are. thus +in parallel with R4 for all

‘ audio and radio frequencies.

Im The effect of the coupling
resistance Rp is best known
by reference to Fig. 2, which
shows the characteristic
curves of a diode; Iy being
the mean D.C. current through
the diode, and Eg the voltage
developed in the load. The -
sloping lines represent dif-
ferent values of modulated

e ; input voltage to the detect-
-ta L 0 H or. OB represents the load
oo’ line for the condition where
AUDIO FREQUENCY Ro approaches infinity.
WAVE-SHAPE

Then, if a modulated signal
\; (v1ooE ourPuT) Eq is applied to the diode,
R the operating point will be
: at A.
DIODE CHARACTERISTIC CURVES SHOWING

IMPORTANCE OF KEEPING Rp AT A HIGH VALUE
FIG. 2. /The
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The modulation envelope will travel up and down the line OB on
either side of the point A, giving, for example, an output
audio frequency wave-shape as shown by the dotted curves.

If, however, R2 is reduced to a finite value (as is the case in
practice) the load line may shift to the position DF; the same
gignal E1 when applied to the diode gives the audio frequency
wave=shape, shown by full curve. Two effects are noticeable
in the latter case -

(ig the audio voltage from the detector has been reduced.
(ii) the audio wave~shape has become distorted by cutting
off portion of one cycle.

It is thus important to keep R2 at as high a value as possible.
Biasing the diode positively will move the load line to a posi-
tion HK for infinite R2, or to IM with the same value of R2 as
in the second instance sbove. The distortion has been reduced
by the amount DL (and output voltage increased) but there are
seversl disadvantages resulting from biasing the diode, the main
one being the damping of the tuned circuit feeding the diode in-
put; thus, diode biasing is only used where circuit conditions
are favourable.

2. AUTOMATIC GAIN CONTROL.

2.1 The single or half-wave diode 1s not often used in radio receiv-
ere, being mostly confined to power rectifier cirouits.
General custom is to combine a dual diode with another set of
elements in the same envelope, giving compound valves such as
diode~-triode, diode=pentode, diode-triode-pentode, etce The
second diode-anode forms s convenient source of Automatic Gain
Control (A.G.C.) voltage (also termed Automatic Volume Control,
A.V.C.). This application will now be described.

2.2 Automatic Gain Control (A.G.C.). A.G.C. denotes the process
by which the amplification of a receiver is controlled by the
output carrier voltage, so that only small changes of the latter
result from large varlations of input carrier voltage. Its
chief advantages are to minimise -

(i) fluctuations in loud~spesker volume when the signal
is fading, particularly short-wave signals.

(ii) the unpleasant blast of loud volume when the set is
tuned from a weak signal to a strong one.

The A.G.C. circuit accomplishes this by regulating the gain of
the radio frequency and intermediate frequency stages (and some-
times the converter) so that the gain is less for a strong sig-
nal then a weak one. Thus, a large change in the input signal
appears as a small change only in the loud-speaker volume.

1 ADIO
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A satisfactory system, therefore, must possess certain features -

(1) The control must be dependent on the output carrier
voltage of the received asignal but be independent
of the modulation envelope.

(ii) It should be inoperative until the aural volume is
adequate.

(iii) Variation in the receiver gain should not produce
distortion.

(iv) The speed of control should be sufficient to follow
normal fading.

(v) In superheterodyne receivers, the control should not
cause appreclable variation of oscillator frequency.

The introduction of the variable-mu valve marked an important step
in the history of A.G.C. as control of radio frequency gain by grid
bias, derived from the D.C. component of the detected carrier output
voltage, became possible.

2.3 Methods of Ohtaining A.G.C. Bias Voltage. The A.G.C. bias voltage
is always produced by detection of the output carrier voltage, the
D.C. component of which is arranged to increase the negative bias
on the radio frequency stages. Filters must be inserted to prevent
application of the audio frequency modulation components to the grids
of the radio frequency valves, and to decouple each radio frequency
stage from the others so that instability due to radio frequency
feedback may be prevented. Methods of deriving the A.G.C. are con-
veniently treated under two headings -

Non-amplified A.G.C. » and.
Amplified A.G.C.

2.4 Noneamplified A.G.C. Fig. 3 shows a simple form of A.G.C. bias cire

cuit.
Ci
| 2
T+ Al T8y i
Cz2 -
- ""A‘A'A'A"'A'A'l" - " : ‘. '. ‘M’-
AGC TO R Ce
OTHER STAGES

FIG. 3. SIMPLE AUTOMATIC GAIN CONTROL BIAS CIRCUIT.
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The diode~cathode is earthed and the negative voltage, developed
between A and earth when a cerrier signal is received, is supplied
through filters to the grid circuits of the controlled valves.

The functioning may be explained ag follows -

On each positive half-cycle of the signal voltage the diode passes
current. Because of the flow of diode current through R4 there is
a voltage drop across R1 which makes the left end of R4 negative
with respect to ground. This voltage drop is applied through the
filter R2 and C2 as negative bias on the grid of the preceding
stages. Then, when the signal strength at the aerial increases,
the voltage drop across R{1 increases and the negative bias voltage
applied to controlled stages increases, and their gain is decreased.
Conversely, when the signal fades the bias decreases and gain in-
creases. (It is not uncommon for a good receiver to hold the out-
put volume within 3 db while the signal may change 50 to 80 db.)

The filter circuit RoC2 prevents the A.G.C. voltage from varying at
audio frequency. This filter is necessary because the voltage drop
across R4 varies with the modulation of the carrier being received
and, if the A.G.C. voltage were taken directly from R4 without
filtering, the audio variations in A.G.C. voltage would vary the
receiver's gain and so smooth out the modulation of the carrier.

To avoid this effect, the A.G.C. voltage is taken from the con=
denser C2, Because of the resistance R2 in series with C2, this
condenser can charge and discharge at only a comparatively slow
rates The A.G.C. voltage, therefore, cennot vary at frequencies
as high as the audio range but can vary at frequencies high enough
to compensate for most fading. Thus, the filter permits the A.G.C.
circuit to smooth out variations in signal due to fading, but pre-
vents the circuit from smoothing out the audio modulation.

Delayed A.G.Ce In the circuit of Fig. 3 a certain amount of A.G.C.
negative bias is applied, even with a weak signal. This will

, reduce the gain when it is
usually most needed., Some

circuits are designed not to
apply A.G.C. bias until the
signal strength exceeds a
T' J_ <] certain value. These cir-
I T"_-] 3 cuits are known as "Delayed
A | A.G’oCo" ercuits, and it

"'::"" ¥ -L should be noted that they are
pAGLIE wma not "time" delay circuits but
2y = AN "voltage" delay. Such a

R e circuit is shown in Fig. L.
= ik In this circuit, the diode
C section D4 acts as detector
PRINCIPLE OF DELAYED A.G.C. and A.G.C. diode. R4 is

the diode load resistor and
FIG. /R2
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R2 and C2 the A.G.C. filter. Because the cathode of diode D2 is
returned through a fixed supply of «3 V. to the cathode of D4, a D.C.
current flows through R4 and R2 in series with D2. The voltage
drop caused by this current places the A.G.C. lead at approximately
~3 Ve When the average amplitude of the rectified signsl developed
across R1 does not exceed 3 V., the A.G.C. lead remsins at «3 V.
Hence, for signals not strong enough to develop > V. across R4, the
bias applied to the controlled valves stays constant at a value give
ing high sensitivity., However, when the average amplitude of
rectified signal voltage across Ry exceeds 3 V., the anode of diode
Dy becomes more negative than the cathode of D2, and current flow in
diode Do ceases. The potential of the A.G.C. lead is then con-
trolled by the voltage developed acroas R1, and A.G.C. action comw
mences.

In this way, the circuit regulates the receiver's gain for strong
signals but permits the gain to stay constant at a maxdmum value
for weak signals.

A little thought will show that the reduction of gain will also re-~
duce the A.G.C. voltage which is dependent on carriexr level, and
some receivers incorporate A.G.C. amplifier circuits in which the
control voltage is brought to higher value. This enables improved
control to be effected. This is explained more fully on Page 9.

Fig. 5 showa a more practical application of a delayed A.G.C. bias
circuit.

. o H.Y.4
) A.F
-
vi i = v3 ouTPY
D2 3 -
4 F o T 1 T 3 -
é RL3 £
< b 1
y Re " :t ) <
_ . 4 ll»l'.‘l-
% "“"""""" '

AGL. TO MWW,
OTHER STAGES

FIG. 5. DELAYED AUTOMATIC GAIN CONTROL CIRCUIT.




RADIO IT. PAPER NO. 7.
PAGE 9.
In this diagram, the cathode of the doubls=diode is taken to the
positive end of a split resistance Ry inscrtsd in the cathods of
V3, the first audio frequency amplifier vslve. The voltags soross
this resistance is applied as negative biass %0 the sncds of the
A.G.C. diode D2 by returning its load resistance Rp to the earth
line. The load resistance of the detector diode D4 is connected
to the cathode of the double~diode, and, hence, no biass is applied
to it. Part of the voltage across Ry is also applied as bias to
the firat audio frequency valve by returning its grid leak to the

Junction of Rf{ and Ry. A combined double=diode-triode vealve may
be used for V2 and V3.

2.5 Amplified A.G.C. Distortion, due to a delay bias and to overloade
ing of the valve preceding the A.G.C. diode, may largsely be
eliminated by amplifying the A.G.C. biss. Ths improvement normal-
ly obtained is due to an effective incresse in the delay bias.
There are two important methods of obtaining amplified A.G.C.

(i) By radio frequency amplification between the last
controlled valve and the A.G.C. diod s

(ii) By D.C. amplification between the : .0 0. bias
voltage source and the controlled valvesz.

Radio Frequency Amplified A.G.C. Radio frequency smplified A.G.Co
in its simplest form consists of a fixed gain radio frequency
amplifier inserted between the A.G.C. divde and the radio frequency
valve supplying the audio frequency detecitor. The amplifier
should have an almost flat pass=band for freguencies within about
T 20 kc/8 of the carrier frequency, as this reduces the sideband
screech in the off-tune position. Owing to the 4.G.C. amplifica-
tion, a larger delay bias may be applied to the A.G.C. detector
without overloading the last controlled stages, and the A.G.C,
‘action can consequently be improved. Fig. 6 ahows a circuit for
producing radio frequency amplified A.G.C. without additional
valves.

QA
VY

AF. curesy
Jn—sim.._..m_m cagt >

FIG., 6. RADIQ FREQUENCY AMPLIFI®D 4.G.C. BIAS,
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The valve following the audio frequency detector is used as a combined
radio frequency and audio frequency amplifier. The radio frequency
ripple voltage produced across the detector load resistance R4 is
passed to the grid of the triode amplifier by means of the capacitance
C2. This capacitance (100 wiF) allows wide variation of audio fre~
quency volume without appreciably affecting the radio frequency volt-
age applied to the amplifier. A radio frequency choke L is inserted
in the audio frequency amplifier anode circuit, and the capacitance

C3 transfers the radio frequency output voltage to the diode. Detec-
tion of the audio frequency anode voltages is avoided by making C3
about 0.0001 HF. A disadvantage of this method is the danger of over-
loading the amplifier and distorting the audio frequency output volt=
age, the maximum value of which is reduced by the presence of the radio
frequency voltage.

D.C, Amplified A.G.C. D.C. amplification of the A.G.C. voltage may
be achieved by the circuit shown in Fig. 7.

HT+
_AF
= OUTPUT
e -
== -
3
P Rg
A'A' A'A'A 4"1».
ST P&

yvy

FIG. 7. D.C., AMPLIFIED A.G.C, CIRCUIT.

A source of negative voltage is required, and it may be provided by the
voltage drop across a resistance Rr between the earth line and high
tension negative or by a separate high tension supply. The second
method is generally more stable and free from hume The A.G.C. volte~
age is derived from the cathode of the double~diode~triode valve
through the diode Dy. Delay bias is obtained by adjusting the resist-
ance R) to give, in the absence of a carrier voltage, a positive volt-
age on the cathode with respect to earth. A comparatively large
capacitance Cj (about 4 UF paper type not electrolytic) is connected
from the cathode end of R) to earth in order to prevent audio fre-
quency voltages being developed in the cathode circuit. The diode

Do prevents positive bias being applied to the controlled valves since
it cannot conduct with a positive cathode. The triode portion is
biased from the audio frequency detector load resistance R4, the

/voltage
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voltage across which becomes increasingly negative as the applied
carrier voltage increases. Consequently, the triode-~anode
current decreases and the voltage between its cathode and earth
falls to zero from its initial positive walue and finally becomes
negative. Diode Do then conducts and a negative bias is applied
to the controlled valves. The triode valve may be used as an
audio frequency as well as D.C. amplifier, the audio frequency
volume control being arranged to leave the D.C. bias of the valve
unchanged. The resistance R, (about 4R4) and capacitance Co
(about 0.01 WF) make this possible. It is undesirable that the
radio frequency ripple voltage should be passed to the triode
grid, and R3 and C3 form a radio frequency filter to prevent this.
The audio frequency output voltage from the triode is developed
across Ry, It should be noted that the varisble D.C. bias on the
triode section may cause distortion of the audio frequency output,
because a large carrier voltage may take the operating bias volt-
age into the curved lower part of the triode IaEg characteristic.

2.6 Time Constant. An important feature of A.G.C. systems is the time
constant, which is the time teken for the by~pass condenser to
charge and discharge through the feed resistors. (Also referred
to in the notes on detectors.) Excessive values of condensers or
resistors will not allow the receiver to follow fast fading as
encountered on the short-wave bands. In addition, the receiver
tends to be sluggish to handle because an appreciable time
elapses before the receiver recovers full sensitivity after having
been tuned to a strong signal. More correctly the definition of
time constant is e

The time required for the voltage to increase to 63.2%
of its final value or decay to 3.8 of its original
value. It is found to be the product of the resist~
ance (R) in ohms and capacity (C) in farads -

T (seconds) = CR.

Fig. 8 shows typicel curves for circuits, without A.G.C., simple
A.G.C. and delayed A.G.C.

/Fig. 8.
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FIG. 8. CURVES FOR ILLUSTRATING AUTOMATIC GAIN CONTROL.

3. AUDIO FREQUENCY SECTION.

Audio frequency amplifiers were dealt with in Radio I. This
book conteins several typical circuits suitable for following
the detector stage of a radio receiver. Methods of tone and
volume control are also discussed.

The schematic circuit of a 9-valve superheterodyne receiver is
given in Fig. 9 which may be regarded as a summary of the Papers
on Radio Receiving Principles. . Although only one set of radio
frequency, oscillator and aerial coils is shown, the range of
the receiver cesn be extended by including additional coils and
switching facilities.

L. MISCELLANEQOUS FEATURES OF RECEIVERS.

L1 A number of features designed to improve the performance of radio
receivers is found on modern sets. Typical of these are the
following =

(1) Noise Limiter.

(ii) B.F.0. or C.W. Oscillator.
(ii1) Tuning Indicator.

(iv) Push~button Tuning.

(v) Automatic Tuning Corrector.

L.2 Commmication receivers are frequency provided with special

arrangements for suppressing impulse type of noise, such as pro-
duced by ignition systems.

- /Big. 9.
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FREQ.
RF.AMP, CHNGR. 1evLF. 2WoLLF, 240 DET. 13T AR QUTPUY
230 6L7G K76 K76 645 6C56 V66 45y
Cis
Y H—
4
3
L 3
R
3
2 € 2 L4
v ¥
LF. GAIN CONTROL
i :
R8 3
1 . :
2 5 METER | g, Rz
REMOVE STRAP A - W
FOR DIPOLE OR METER BALANCE b
BALAKCED AERIAL RESISTANCE
>
.
E Rio
HT-0—q 3
P4 SENSITIVITY
Ry g R
A i
<
Rip$ :Eﬁsz
1 3
-
v -
cy Capaocitor 0.1 ur Cathode decoupling. Ry
¢, Capacitor 25 ur Cathode decoupling. :§ 300 oheme Bias
Cy Capsoitor 0.1 uP Soreen~-grid dacoupling. Ry,
¢ " Rs 3,000 ohms Bias,
L Capacitor 0.01 pu¥ Soreen-grid docoupling. Rg 240 obma Bias.
- % Gapacitor [ Y 4 Ancde Acoouplings Ry 50,000 ohus Oscillator grid leak.
Cg Capacitor 0.1 P Ancde doooupling. P8 3 o0 De:ocuplins- "
& Capaoitar 0.1 uP A.G.C. dscoupling. gmg 5°'°°: °""°m :'v'c' ""“::’8'
me .¥.C. ooupli .
Cq Capacitor 0.1 uF Heater by-pass. R:; 30,000 priay Adio dtods doad.
C, Capacitor 0,000t uP R.P. and I.P, osciilator grid, §1 3 ;gg,% ohms :ll:-iovdiodﬂ l“‘;o 5
14 ahms .P. Volume oonf .
Cio Capacitor 0.0005 uF B.F.0. tuning, Ris m:m Stins Arods resistance.
0,1 Capaoitor G, 0001 uP R.P. oacillator ooupling. R6 50,000 ohms Anode decoupling.
° Capacit o 1 R17 500,000 chms Grid leak.
2 pacitor 0001 UF I.P. by-pass. R18 50,000 ohms Oscillator grid lesk,
C Capacitor 2-5 uuP B.P.0. ocoupling. R9 10,000 ohms Oscillator anode resistance.
4 e R20 400,000 chms I.P.B.0. grid leak.
Cy L Capacitor 0.01 uP Audio coupling. Rz4 50, ohms I.¥.B.0. screen &ropping.
Cy5  Capasitor  0,0002uP  IP. dsooupling. :gzg 10,000 otms LF.B.0. anode.
Cig  Capacitor 0.0t uf Audio ocupling. Roi 10,000 obwe R.F. gain oontrol.
Cy7 Capacitor L uP Audic decoupling, Ros 10,000 olxas I,F. gain control.
R26 100,000 chms Sensitivity contrel.
Cyg Capacitor 8 uF Screon decoupling. Ry 1,000 ohes "3" meter bridge.
Cy9 Capacitor 0.001 LF I.P.B.0. decoupling. R28 Sg,g olws :g: m:ar gm
ohme moter bridge.
Cpo  Capasitor  0.0003 uP  L.F.B.0. filter. Rngg 100,000 obma Sensitivity coutrol decoupling,
c Capacitar 10 Crystal filter ooupling. R34 300 obxs Sensitivity oontrol bias.
& = RS R3z 30 ohme Delay wolt bias.
Czz  Capacitor 0.00015 WP Crystal bridge. R33 3,000 olms Soreen potemticmster.
Cos Capacitor 8 ur Smoothing. :515. g,% ohee ;&:reax: ;;o;enti.cnuu:. -
3, H ohme P

9~VALVE SUPERHETERODYNE RECEIVER WITH A.G.C., B.F. OSCILLATOR
AND SEPARATE RADIO FREQUENCY OSCILLATOR.

FIG. 9.
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An example of a simple type is shown in Fig. 10, which consists of
a diode shunted across an audio frequency coupling network and
biased with a voltage slightly greater than the normal audio fre=

quency signal at that point.

DIODE AF. AMP,
Dn’ ﬁ
ouTPUT
DIODE - on
g LIMITER o -
—

T 1

[
‘AAL
yyyvy

b

AAAAAAL

‘r v

+HT

FIG. 10. SIMPLE NOISE LIMITED.

Any voltage in excess of the bias on the valve will be short-
circuited by the valve, thus limiting the noise to a peak amplitude
only slightly greater than that of the valve.

4.3 C.W. Oscillator. Received signals without modulation, that is, con~
sisting of code signals made by keying the carrier, must be made
audible, In simple receivers this is done by introducing
"reaction." In superheterodyne receivers it is usual to provide
an extra osclllator which may be switched in cr out as required.
This oscillator has a mean frequency equal to the intermediate fre=
quency, and has a means of varying its frequency over a narrow
range. The output is coupled usually into the 2nd detector cir-
cuit and, by beating with the intermediate frequency, produces an
audible beat note. For example, if intermediate freguency were
465 kc/s the C.W. oscillator would be about 465 ke/s8 - approximate-
1y 8 kec/s, giving a note which can be varied to suit individual
taste. (Fig. 9 includes a C.W. oscillator.)

L.t Tuning Indicator. A tuning indicator is particularly necessary in
receivers fitted with A.G.C. since no definite indication of correct
centring of carrier is given, and distortion will result by mistun~
ing. Several forms are in common use, such as meters indicating
the D.C. anode current going to the anodes of the valves that are
controlled by the A.G.C.

Another type consists of a visual indicator valve in which the
luminous area is a sector of a circle having an angular spread deter-
mined by the negative bias applied to a pair of control electrodes.
By deriving this bias from the A.G.C. system, the size of the lumin-
ous area serves as a guide to tuning. ' /Fig.
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Fig. 11a shows the connections of what is commonly termed a "magic
eye" valve.

This form of indicator contains a cone~-shaped piece of metal (known
as the target) coated with fluorescent material. Electrons emitted
from the cathode impinge on the target and cause it to be illuminated
with a green glow over a part or the whole of its surface. Two or
more small rods act as grids and, when the anode voltage applied to
them is altered, a shadow moves which opens and closes on the target.
A small triode is also mounted within the envelope in order to amplify
the voltage applied to the grid rods, that is, to improve the sensi-
tivity. - The grid of the triode is normally connected to the A.V.C.
line in the receiver, with the result that the eye opens and closes in
accordance with the tuning of the receiver. Fig. 11b shows a "magic
eye" and its associated circuit in a radio receiver which can be
either a T.R.F. or superheterodyne fitted with A.G.C.

i\
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Lo’ Pushbutton Tuning. Foghibutton tuning is incorporated in receivers

80 that predetermined sztations may be tuned in immediately by
pressing a switch. It is most easily adspted to tuned radio fre-
quency receivers where the tuning is relatively broad, but with
careful design can be adapted to superheterodyne receivers.

Some methods cause rotation of the tuning condenser by mechanical
means or by means of a small reversible induction motor geared to
the capacitor shaft. These methods also enable the mamual tuning
of stations to be carried out if desired. Details of these
systems are beyond the scope of these notes, but an elementary
sketch is given in Fig. 12 of a single-stage radio frequency rew
ceiver which ensbles the presetting of seven stations but provides
no means of tuning to other frequencies. Capacity C is chosen so
that it tunes the coil to the highest f‘re%uency re%gired. Cone

densers Cq to C7 and Gg to C14 are then " the required
stathe
np Am DETECTOR oo
Lumno CAPACITY ___ wwgo CAPACITY
f %ii.f_t_%j 3|E o
Qsﬁms!b E+Q Co Co [Cn CiaCisCia AM
€1 TOC? CONNECTED €8 YO C14 CONNECTED
16 A SWITCH St - TO A SWITCH 2 e

FIG., 12. PUSHBUTTON TUNING.

Another method, which permits remote control, mekes use of a porte
able oscillator. Radio frequency pulses produced by interruption of
the cathode supply to the oscillator are transmitted direct to the
receiver. A tuned circuit coupled to a detector at the receiver
accepts the pulses which operats a ratchet relay, selecting the re-
quired coil or cepacitor. i sutomatic telephone type dial is used
to interrupt the portsble oz:illator, and the required station is
selected in accordance with the number of pulses transmitted.

4.6 Automatic Tuning Corrector. Two effects, sideband "screech" and har-

monic distortion, become very pronounced if the intermediate carrier
frequency at the output of the frequency changer stage of a superhete:
odyne receiver is not correctly centred in the comparatively narrow
pasawband of the intermediate frequency amplifier. Sideband "screech"
is characterised by high~pitched distorted reproduction, and it occurs
when the intermediate frequency signal carrier is detuned to the side
of the intermediate frequency selectivity curve. In this condition
the equivalent of single sideband reception with overeaccentuated hig:
frequency sideband components is obtained, because one set of sider -

/is
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is slmost entirely eliminated and the carrier and low-frequency
gidebands are reduced by being outside the pass«~range. Harmonic
digtortion of the audio output is caused by the diode detector
‘when one set of sidebands is removed. With normal pass«band
widths (¥ 5 ke/s) the meximm tolersble mistune is about & 1 ke/s.
Automatic correction of the oscillator frequency overcomes this
difficulty by reducing the error produced by inaccurate tuning or
frequency drif't of the oscillator due to temperature and other
effects. For example, a signal-tuning error of 5 kc/s may be
reduced to an intermediate frequency error of 50 ¢/8 by this
method.

The two units of the automatic frequency corrector are a dis-
criminator or error detector and a control device. The former
translates the error in the intermediate carrier frequency into a
voltage, the magnitude and sign of which is a function cf the
e#rvore  The latter, operated from the discriminator voltage,
wrovides frequency correction of the omcillator tending to reset
e carrier in the centre of the intermediate frequency amplifier
waspebande Uireuit details will not be given here, the dise
criminstor being the same as its name part in a frequency modula-
tion receiver to be described later. The actual control may be
effected by s motoredriven capacitor in the oscillator circuit
by a variable reasctance valve and other methods, but a complete
description is not required in this Radio Course.

Le7 Miscellaneous Types of Interference which Degrade a Receiver's
Output. Radio reception suffers from various forms of inter-
ference, etc., which tend to degrade the service. A brief
reference will be made to those forms which cause most trouble.
They may be broadly classified as follows =

(1) Crossemodulation.
(ii) Spurious responses.
(iii) Noise.

(iv) Hum.

(v) Fading.

(i) Cross~modulation. This is the name given to interference
resulting from the interaction of radio signals in a receiver.
It is heard under the following circumstances = The receiver
is tuned to a strong local station (the "desired” signal) which
is strong enough to require a lowegain condition of' the A.G.C.
At the seme time there is another strong local station (the
"unwanted" signal) operating on a frequency not greatly differ-
ent from that of the station being received. During the silent
periods of the desired signal the modulation of the unwanted
station will be heard, but if the desired station closes down
then the interfering signal disappears. It is mainly ?;e to
the

4305 - 16
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the uneven curvature of the valve characteristic at the operating
point resulting from the strong signal. The amplitude variations
of the "unwanted" signal suffer partial rectification (due to the
curvature mentioned above) and modulate the carrier of the desired
signsl. This f'orm of interference usually occurs in the first
radio frequency valve, but the use of variable-im1 valves reduces
this effect considerably as was mentioned when discussing that type
of valve.

Other forms of cross-modulation or crosstalk are given in paragraph

(11).

(ii) Spurious Responses. In superheterodyne receivers there is
the possibility of obtaining a variety of spurious responses.

Some of these appear in the form of whistles having a pitch depend-
ent upon the tuning of the receiver; others cause an interfering
program to be heard at unexpected places on the dial. The
principal sources of spurious responses are =

(2) Image Frequency Signals. These have already been
discussed in Peper No. 6, but the following ad~
ditional points are mentioned -

The circuits hetween the aerial and converter ine
put should give a discrimination of at least 60

db against the image signal relative to the signal
to which the receiver is tuned.

(b) Signals of Intermediate Frequency. Radic signals

of intermediate frequency will be heard in the out=~
put of a radio receiver if these signels are able
to reach the converter valve at apprecisble ampli-
tude. Response to such signals can be prevented
by selecting the intermediate frequency so that it
differs from any strong local signal that is likely
to be present. Improved rejection is often given
by employing a wave~trap circuit in the network
coupling the aerial to the grid of the first valve.

(c) Harmonics of the Intermediste Frequency Generated by
the Second Detector. As already discussed in detail
in Paper No. 6, whistles can occur in a superheter-
odyne receiver when the harmonics of the intermediate
frequency that are present in the output of the second
detector get coupled back into the radio frequency
section. Thus, when a receiver having an intermediate
frequency of 455 kc/e is tuned tc approximately 910
ke/s or 1,365 ko/s, the second and third harmonics,
respectively, of the intermediate frequency will pro-
duce an audible beat note with the incoming signals.

/Remedy.
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Remedy. Provide filfers in output of second detector
that will localise harmonics. Arrange wiring
to reduce coupling between radio frequency
and second detector circuits.

(d) Harmonics of the Incoming Signal Generated in the Converter
Valve. TWhen very strong signals are being received at a
frequency that is approximately twice the intermediate
frequency, it is possible for higheorder modulation to
produce an output of this type 25 =~ 0. (S = signal fre-
quency and O = oscillator frequency.) When the signal S
is twice the intermediate frequency this gives a frequency
equal to intermediate frequency, but the exact frequency
varies differently with tuning, that is, with variation in
0, than does the intermediate frequency produced by normal
converter action and so beats with the intermediate fre-
quency produced normally. This type of response is gen-
erated in the converter and is not reduced by selectivity
in the radio frequency stages, but may be minimised by re-
ducing aerial pick-up or a wavestrap.

(i1ii) Noise. Much has been written regarding noise, but only a very
short reference is included here. Typical sources of noise are -

Noise induced in aerial.

Thexrmal agitation in input circuit.
Valve noise.

Man~made.

o oP

(a) This type of noise of interference is due mainly to thunderstorms,
electricel discharges between the clouds, interstellar static. It
is sometimes separated into two types -

Atmospheric, and
Static.

A ric -
2) Steady rattling or crackling due to distant thunderstorms.

3) Steady hiss observed at highefrequencies appsrently having
an interstellar origin.

§1§ Impulses of very high intensity due to local thunderstorms.

Static - Discharges resulting from the accumulation of electrical
chargee on the serial.
Precipitation static apparently due to impact of dust .
perticles against the aerial or the creation of induction
fields by riearby corona discharges.

/Noise
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Noise from Gramular Resistancss. Resistances compeazaed of cerbon
granules generate noise in excess of thermrl agitation noise when a
D.C. is passed through the resisiances. This high noise arises
from contact resistance fluctuatiaons between the granules. Ths
resistors are thus unsatisfactory as anode«coupling resistancss in
low level stages of a resistance coupled amplifier. (See alaso
Thermal and Shot Noise, Paper No. 6.

(b) and (e) have been discussed in Paper No. 6, Frequency Changers,
etc. ‘

(3) Man-made. This type of interference may be caused by any of
the countless devices that operate electrically, and may take the
form of radio frequency waves such as are emitted from Xeray
machines, diathermy devices, neon lights, motors, etc., or of low~
frequency directly conducted aurges that reach the receiver through
the power lines.

inf The first type is minimised by shielding
adequately the machine or roam and grounde

/ \ ing the shielding.

T : The second is remedied by a lowefrequency

= filter consisting of ironecoil chokes and

condensers (sbout 1 uF) connected between

the offending device and the power line.

A less effective method is to connect it
TYPICAL MAINS FILTER. between the receiver and power line (see

FIG. 13. Fig. 13).

(iv) Hum. Typical causes of hum in a receiver are -

(2) Insufficient Filtering. Hum due to insufficient filter-
ing is fairly obvious if the trouble is at the power
supply, otherwipe a careful check of the atages will
reveal the circuit at which the reduction will be most
beneficial.

(b) Induction into a High Impedance Circuit from s Nearby
Conductor. This type of hum is particularly objection~

able since it conasists of a lerge proportion of higher
order harmonics to which the ear is more sensitive than
the fundamental frequency. It is usually caused by
capacitive coupling, and the cure is isclation or

shielding.,

Eleciz'mnagnatio coupling may be red.uced by the use of a
non=-magnetic chassis or separate power chaesis, or some=
times by rotation of one component to obtain minimum
coupling. /(d)
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(d) The Presence of a Magnetic Field near a Valve. A highegain

amplifying valve should not be placed in = megnetic field such
as near a power transformer, filter choke or spesker field.

(e) Capacitive Coupling between the Heater and Other Electrons.
Capacitance coupling between a heaster pin carrying
A.C. and a nearby gridpin is aufficient to cause
hum in a high=gain emplifier. This may be ree
duced by earthing the heater on the side nesrest
the grid or fitting a potentiometer across the
heater pins, the moving contact being earthed and
A.C. adjusted for minimum hum.

|

In cathode type valves a centre~tapped transforme
er for supplying the cathode voltage is usual,
condensers being added as shown in Fig. 14 to
improve the filtering action.

B-
(f) Leakage through Heater Uathode Imsulziion.
A.C. Hum due to heater-cathode leakage msy e reduced
FILAMENT SUPPLY by generous by-passing, by connecting the cathode
FIG. 1L, directly to chassis.

;

(g) Emission from the Heater to Other Electrodes or Vice Versa.
Hum due to emission from the heater ito the cathode may be
eliminated usually by operating the heater at a voltage
which is positive with respect to the cathode. Hum due to
internal emission from cathode to hester may be eliminated by
making the heater voltage negative to cathode. In both
cases, it is inadvisable to use a voltage which is higher than
is necessary to reduce the hum,

(h) Modulation Hum. This bum is only apparent when receiver is
tuned to a carrisr. Some causes are =

1. Lack of filtering.

2. Coupling from the meins, gerzs:llyv through the
power transformer.

3. Ingufficient earthing,

L. Heater-cathode leaksge in convertar or radio
frequency amplifier wveli-c.

It is always advisable to emplcy =z - lecirostatic screen in
the power transformer between nrimary and secondarye.

In superheterodyne receivers modulation hum may also be due
to insufficient filtering of the oscillator anode supply,

particularly when fed through z ramiz? s-cppaclity filter
directly from filament of reciifier 7&1\’8@

Miscellaneous
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Miscellaneous Remedies.

Arrange wiring to give minimum hum pickeup.

Use short leads and rigid wiring.

Twist together leads carrying A.C. or radio frequency.
Check for dry Joints.

Apply negative feedback to a stage intwroducing hum.
Shielding and screening, etc.

(v) Fading. Fading, which results in a variation of signsl
strength at the receiver, is caused by the signal arriving
at the receiver by several routes, the waves being out of
phase as a result of the different distances travelled.

The resultant signal is the vector sum of the several waves
and, if their magnitudes are equal, their phase relationship
may be such that no signal is received. This can apply to
any combination of ground and sky waves, or sky waves alone.
This type of fading is relatively slow and is minimised to

a reasonable extent by the use of A.G.C. in a receiver.

Selective Fading. Under some ionosphere conditions fading
is sensitive +to frequency, with the result that the carrier
and the various sideband frequencies do not fade in and out
together., This is termed "selective fading" and results
in severe distortion of the modulated wave.

Another form of fading, which usually occurs at night, is
caused by changes and disturbances in the ionosphere. The
result is fada.ng; at a relatlvely fast rate and is known as
"flutter fading.”

5. SYSTEMS FOR IMPROVING RECEPTION.

As a result of the merious effects of fading much investigation
has been carried out with a view to improving reception,
especially over relatively long distances. Two interesting
systems will be mentioned -

Diversity receiving systems.
Mugs receiving systems.

5.1 Diversity. Typical diversity systems are =

(1) Space Diversity. This makes use of the experimentally
observed fact that signals induced in aerials 5 to 10
wavelengths apart fade independently. When three or more
such aerials are employed with separate receivers it is
extremely unlikely that a resulting signal obtained by
combining the three cutputs will fade out completely.

/A
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A conmonly used system consists of three aerials and three re-
ceivers with the audio outputs commoned. The A.G.C. voltages
developed by the separate receivers are added directly and the
combined voltage used to control simultaneously the gain of the
three receivers., In this way, the channel that receives the
loudest signal dominates the situation at the moment and the
other channels contribute little or nothing to the output,
either in the way of noise or signal.

(ii) Frequency Diversity. By tuning each receiver to a djfferent
frequency an.r*rying same programme) an improvement on the above
is sometimes obtained due to the different propagation condie
tions associated with different frequencies. This is sometimes
referred to as "frequency diversity s though the name has a

different application when associated with radio telegraphy.,
A typical set-up is shown in Fig. 15a.

(iii) Polarisation Diversity. This is a variant of (i) in which aeri-
als designed to accept signals of different polarisation are
used. It is based on the fact that horizontally and verticale
ly polarised signalecomponents do not fade together. Fig. 15b
shows the tracing of a recorded test of diversity reception.
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5.2 Muga System. Ihiz is a complex system making use of the fact
that short-wave sicnals arrive at a receiver at certain pre-
ferred verticsl sngles that are relatively steble over an apw
preciable time intervai, that the signal at a particular angle
fades in magnitude but possesses little if any quality distor-
tion and that the envelope delay of the incoming signal is
greater the higher the angie of arrival. This envelope delay
is also phase difference and, in practice, the outputs of a
number of aerials are phased so that the resultent output cons
sists of each serial's pick-up at a certain vertical angle.

A method of determining the best angle for the moment is incore
porated, and the phaze shif'ting is ¢perated by a common control.
The "Muga" is derived from the words "Multiple Unit Steerable
Aerial," and one system in use has 16 rhombic aerials spaced
elong a straight line.

The Musa system is the most effective arrangement that has been
* devised for short-wave reception but is rather too complex for
a detailed description.

6. RECEIVING AERTIAILS.

6.1 Most of the aerials used for transmitting are suitable also for
reception, but there are one or two points associated with re=-
ception that should be referred to.

Broadcast receiving aerisls should usually be omni=directional.
since signals are received from most directions.

Some measure of relief from local disturbance can be obtained

by using a shielded lead~in from the aerial because a lot of

these interfering wavee are vertically polarised and shielding

will reduce the pick-up from this source (see Fig. 16).

IHSULATOR

AL e 1 1 Icop aerials are useful in reducing

1‘“7) interference in some cases but have
the disadvantage that they are somee

what directive and need to be rotate

MAST able. Enclosing the lcop in an

£

- - ——

EARTHED electrostatic shield will also re-
COVERING duce noise from near-by sources, and

the loss in signal strength is not
of great account with the receivers
aveilable todsy.

Rhombic aserials are useful for re-
ceiving as well as transmitting, and
provide, as well as gain, a certain
LE5L8777477777 discrimination against noise origin~
SHIELDED AFRTAT, ating at angles to their major
PIG. 16. direction of reception. /7.H.F.
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Beverage (or Wave) Acrial. This is a form of non-resonant aerial
useful mainly for medium and long=-wave reception. It consists of

a wire ranging from one-half to several wavelengths long, pointed

in the direction of the transmitting station and mounted at a con=
venient height. The end towards the transmitter is grounded through
an impedance approximating the characteristic impedance of the aerial
when considered as a single-~line with ground return.,

The energy extracted from the wave is delivered to the receiver at
the end farthest from the transmitter.

This aerial sbstracts energy from passing waves due to the wave tilt
that the earth losses produce in vertically polarised low and medium
wave signals travelling along the surface of the ground.

When the wave is travelling towards the receiver along the wire, the
cuwrrents induced in different parts of the wire all add up in phase
at the receiver tecause the currents induced in the wire travel with
the same velocity as the wave and keep in step with each other.

Current built up in the other direction is dissipated in the resist=
ance; thus the aerial is unidirectional.

Fig, 172 shows the Beverage aerial and Fig. 17b its directional
characteristice Fig. 17c shows the method which may be used if
it is necessary to run the wire away from the receiver. Two
wires are used in this case. Since this type of aerial depends
on ground losses it is unsuitable for transmitting. '

/Fig. 17.
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WAVE-FRONT
DIRECTION OF
REC. - o RECEPTION
T
(2) Aerial. (b) Directivity Pattern.

~_RECEIVED SIGNAL

E 3 %

22
YTTTITTTT 77T
(e) Wiring.

FIG. 17. EBEVERAGE OR WAVE AERTAL.

7. MISCELLANEOUS INTERFERENCE.

7.1 External Crosg-modulation. Of interest is external cross-
modulation, which term is applied to spurious frequencies
generated by nonelinesr or rectifying contacts in ground
connection, wires, spouting, etc., in the vicinity of the
receiver, that carry currents induced by the signal. When
strong radio signals are present, such nonelinear ocontacta
develop new frequencies of appreciable magnitude, and these
may reach the receiver causing signals to be heard at un-
expected places on the dial.

JTEST
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8. TEST QUESTIONS.

Te

2.

Se

LF-

5e

T

Outline the principles of diversity reception and what improve-
ment is achieved by its use.

What is the purpose of the 3-volt battery shown in Fig. 47

Draw a sketch showing the application of A.G.C. to a receiver
comprising 2 radio frequency and 2 intermediate frequency
stages. The oscillator and converter need not be shown, and
only the essentisl electrodes of the other valves need be in-
cluded.

Explain the operation and usefulness of the Beverage type aerial.

Define "time constant" and briefly indicate its importance in a
detector circuit used for providing A.G.C. voltage.

What is meant by crosse-modulation?

(1) List some typical causes of hum in a radio receiver.

(ii) It is suspected that interference is being introduced via
the mains supply, show by means of a sketch how this
trouble may be minimised.

END OF PAPER.
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3. PERFORMANCE TESTS.
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7. TEST QUESTIONS.

1. INTRODUCTION.

1.1 In order to assess the relative merits of various designs and types of radio receivers,

4305-18

it is necessary to subject these to a series of tests. These tests are chosen so
that the more important functions associated with reception and reproduction of the
programme or message are thoroughly covered.

The main tests are -

Sensitivity.

Selectivity.

Interference.

Electri¢ Fidelity.

Harmonic Distortion.
Meaximum Undistorted Ouiput.
Automatic Gain-control.
Calibration.

Frequency Drift.

There are other tests, of course, but the above will enable the performance of the
receiver to be ascertained. The terms will be defined first and then the tests
discussed.

Sensitivity, is the ability of a radio receiver tc furnish an intelligent audio
signal with a specified signal-to-noise ratio, from a low value input signal. It
is usually expressed in microvolts of input signal to give a standard output.

Selectivity, 1s that characteristic of a receiver which determines the extent to which
it discriminetes between radio signals of different carrier frequencies.
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Interference, is the extent to which the receiver output is marred by signals on other
frequencies such as image frequency (see lqter) crosstalk, intermodulation or cross-
modulation, etc.

BElectric Fidelity, 1s the falthfulmess (or linearity) with which a receiver reproduces at
its output, the modulation frequencies present in the radio frequency signal.

Harmonic Distortion, is the magnitude of the spurious audio frequency harmonics
introduced in the electric output of the receiver during normal operation. It.is usually
expressed as a percentage of the fundamental frequency.

Maximum Undistorted Qutput. This has been arbitrarily expressed as that audio output for:
which the total harmonic content is not greater than 10 per cent.

Automatic Gain-control. Automatic gein-control is a circuit design which automatically
reduces the total amplification of the signal in a radio receiver with increasing strength
of the received signal carrier wave, Thus, it tends to keep the output constant with
varying input. i

Calibration, Calibration is the degree of accuracy with which the freguency or wavelength
dial markings are engraved as compared to a precision frequency standard.

Frequency Drift. Frequency drift is a measure of the oscillator frequency stability with
time, particularly after first switching on the receiver.

i

TESTING RECEIVERS {ELECTRONIC INDUSTRIES).
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2. INSTRUMENTS USED.

2.1 The instruments required to do these tests are -

Signal generator. ’ Output power meter.
Dummy aerial. Noise measuring set.
Audio frequency oscillator. Distortion measuring set.

Brief descriptions of these instruments are in this Paper.

2.2 Signal Generator. This is the principal measuring instrument and consists of a radio
frequency oscillator of the thermionic valve type which is adjustable over the entire
frequency range where the receivers under test are expected to operate. This
oscillator is provided with means to modulate it to any desired degree at audio
frequencies. It usually contains an internal modulation source of 400 c¢/s with
provision for coupling an external source covering a range of about 30 to 16,000 c/s.

Within the signal generator, the output of the modulsted radio frequency oscillator
is attenuated by an adjustable and calibrated electrical network designed to vary the
output voltage level over a wide range.

The desirable qualities of a signal generstor are -

(1) Frequency Range. About 300 ke/s to 30 Mc/s {or as otherwise required).

(1i) Accuracy of Calibration of (i). At least 1 per cent, but for selectivity tests
should be 0.1 per cent. or better,

{1ii) Scale. Good open scale engraved directly in kc/s or Mc/s depending on the
particular portion of spectrum in use.

(iv) Voltage Output. Continuously adjustable from 1 gV to 1 volt or more.

(v) Accuracy of Voltage Indication. Higher frequency bandé, 20 per cent. Broad-
cast band within 10 per cent.

(vi) Leakage. Sufficiently low so as not to affect measurements made at the lower
output levels (of the order of 1 pV). )

(vii) Modulation Oscillator. Frequency accuracy 2 per cent. Harmonic content less
than 2 per cent.

{(viii) Modulation Level. A suitable indicator should be furnished to enable the
depth of modulation to be read directly. The modulation level range should
be calculated from 10 per cent. to 100 per cent,

(ix) External Modulation, Provision for externally modulating the carrier wave of
signal generator should be made and should have substantially flat response
from 30 to 16,000 c/s.

Fig. 1 shows the essential features of a signasl generator.

RF V.T.
osc. — VM ATTEN. ouTPUT

&

s

EXT. | §

MOD,

REGULATED
POWER SUPPLY

FIG. 1. SIGNAL GENERATOR, (BLOCK SCHIMATIC - SEE FIG, 16 FOR CIRCUIT).

Attenuator. The attenuator should ﬁe continuously variable over its entire range.
Its impedance, as viewed from the output terminals, should be negligible as compared

with the dummy aerial. It should be calibrated in microvolts or in decibel below
1 volt.

/ 2.3
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2.3 Dummy Aerial. The dummy serial represents the average characteristics of a receiving
aerial., TFig. 2 shows the standard dummy aerial and Fig. 3 its impedance characteristic.
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FREQUENCY MC/s.
DUMMY AERIAL. CHARACTERISTICS OF DUMMY AERIAL.

FIG. 2. FIG. 3.

2.4 Audio Frequency Oscillator. A standard beat-frequency oscillator, covering the range
30 to 10,000 c/s, is required. It should possess -

(i) calibration Accuracy. * 3 c¢/s below 80 c¢/s * 2 per cent. above 80 c/s.
(11) Output Power, At least 6 mW is 600 ohms.

{iii) bistortion. Less than 1 per cent. from 70 to 10,000 c/s.
(iv) Output Voltage Variation. Not more than * 1 db over the full range.

2.5 Qutput Power Meter., An output power meter having adjustable input impedance is desirable
and should also have the following characteristics -

{1) Range. 0.1 m¥ to 10 W or greater,
(ii) Load. Purely resistive.

(ii1) Calibration. In mN (or W depending on scale) and db relative to 6 mW in 600
ohms zero level,

Copper-oxide rectifier type voltmeters, thermionic valve voltmeters, or thermo-couple
type ammeters are also useful for measuring the power delivered to a dummy load.

2.6 Distortion Measuring Set. The instrument used to measure the total audio frequency
distortion generated in a receiver should be capable of indicating the distortion with an
accuracy of within 5 per cent. between 0.5 and 30 per cent. of the fundamental, It

must not draw sufficient power from the dummy load to modify the magnitude of the
distortion being measured.

For meking harmonic analyses by the messurement of each harmonic separately, it is
desirable to have an instrument with a frequency range of at least 30 to 16,000 ¢/s.

/ 3.
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3. PERFORMANCE TESTS.

3.1 Fig. 4 is a block schematic of a typical set-up for testing receivers. The signal
generator is the principel item of equipment, the output measuring devices varying
according to aveilsbility.

3.2 Sensitivity. Originally, the

OUTEVT POWER, sensitivity test was applied to

_m determine the least input signal which
TR o e % ® would give a standard output (50 mW .
‘L for low-power receivers; 500 mW for
. DroroaTice: others) with controls at maximum gein.
auoio | PR METER It is the practice now to determine the
LLATOR MODULATION 1 i j
east input which will produce a given
ANALYSER signal-to-noise ratio in the receiver

output with all controls set for maximum
gain. A figure of 15 db has been

TESTING RECEIVERS. adopted by the B.,P.0. as the minimum
signal-to-noise ratio which will result
FIG. 4. in intelligent speech.

AFRIAL, RADIO FREQUENCY, AND OSCILLATOR SECTIONS OF HALLICRAFTER RECEIVER.
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Method. With the A.G.C. of the receiver switched off, the signal generator is connected
to the receiver through the dummy aerial and set to the desired frequency. {In multi-
range receivers, tests are usually made at three frequencies in each band,) This

signal generator is modulated 30 per cent. at 400 e/s.

The pecelver is tuned to the test frequency and the audio frequency gain control and
signal generator attenuator adjusted until the standard output {0.5 W with most modern
receivers) i1s obtained with the desired signal-to-noise ratio. This is observed by
noting the output readings with the modulation on and the modulation off, The resulis
should be recorded and graphed. (See Fig. 5.)

7
DUMMY é
AERIAL g 5 “‘\
SIGNAL __Jourpur E § 4
GENERATOR RECEIVER METER g 3 ~ N
3
35 500 100 900 [fele) 1300 1500

FREQUENCY. KC/5.
(a) (p)

SENSITIVITY SET-UP AND GRAPH OF MEASUREMENTS,
FIG. 5.

3.3 Selectivity., (See Fig. 6.) Selectivity is expressed in the form of a curve which gives
the signal strength required to produce a given receiver output at the resonant frequency
and at frequencies above and below resonance, usually in 10 ke/s steps.
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SELECTIVITY SET-UP AND GRAPH,
FIG. 6.

Method. Switch the A.G.C. off. Set generator to desired frequeney. Tune receiver in
and adjust to a convenient cutput with generator modulated 30 per cent. at 400 ¢/s.
The signal generator is then varied by progressively increasing amounts from the
frequency to which the receiver is tuned and the signal generator voltage increased

as necessary to maintain constant receiver output. Selectivity curves should be -

carried out to 100 ke/s off resonance or to 80 db above response at resonance whichever
is encountered first. / Wh
- ere
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Where the intermediate frequency stage incorporates variable selectivity, it is
preferable to make this test at the intermediate frequency and also in the case of an
all-wave receiver where there may be difficulty in adjusting the signal-generator in the
small incremental steps at the higher frequencies,

The results should be recorded and graphed.

3.4 Image Ratio. Tune the receiver and signal generator to desired signal and adjusted for
convenient output.,

Set the signal generator to the desired signal frequency plus twice the intermediate
frequency and adjust for same audio output ae before,

The image ratio is then the ratio of the signal generator output at image frequency
to the signal generator output at desired frequency.

3.5 Electric Fidelity. (See Fig. 7.) The fidelity of audio response is measured by
modulating the signal generator 30 per cent. from an external source and noting the
audio frequency output over the modulation frequency range from 30 to 10,000 c/s. The
output is usually measured across & resistive load and thus the tests do not represent
the performance with a loud-speaker load but are indicative of general performance.

. 1
2 N
7 Ny

SUTPUT
AUD'O 5|GNAL PGNER e
osciLLator] ] GeNERATOR RECEVERI— "or jrd W
db METER, N
g P

ACTUN_oUTPVY
QUIPUT M 400 /5

FIDELITY SET-UP AND GRAPH.
HG. .

This test should be applied at various selectivity and tone control positions, if %tone
controls are fitted., The results are plotted on logarithmic paper and the output at
1,000 ¢/s is usually taken as reference level.

3.6 Harmonic Distortion. No one complete set of conditions can be prescribed for this test,
because harmonic distortion depends on so many details of design and operaling
conditions,

An idea of the distortion introduced during normal operation, however, may be obtained
if we consider the receiver as comprising three main sections; radioc frequency,
detector, audio frequency, and arrange our test so that each section is concidered.

Before making these tests, it is convenient first to ascertain the maximum undistorted
output, which was defined in paragraph 1.7 et the beginning of this Paper,

(1) Maximum Undistorted Output. Adjust the signal generator (Fig. 8) output to a
figure which could be expected not to overload the radio frequency stages, say
1 mV. Then continuously increase the audio frequency output until the total
distortion indicated is 10 per cent. (Signal generator modulated 30 per cent. as
before.) Note this output value and on succeeding tests do not exceed it, This
test could be considered as testing the audio frequency section of receiver.

i 2w

38 5

AERIAL E =
SIGNAL eecever ldor® NOISE g wa] 32
GENERATOR o DISTN A cur?sl % «
! poWE <O z
® 2f :::: 200] &

) : , )

0 30 50 70 90 100
% MODULATION

(a) ()
FIG. 8. NOISE AND DISTORTION SET-UP AND GRAPH.
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(ii) Radic Freguency.

RADTO IT.

With the output chosen, as in previous paragraph, vary the radio

Y

frequency input to receiver from about 10 uV to 1 volt in 10 db steps, adjusting

420

10

3
I
H-

oi
-10}_C

20

/e N[

30

40

POWER OUTPUT db.

50
120

10¢ 80 60

40 20

SIGNAL INPUT db BELOW 1vOLY

RADIO FREQUENCY DISTORTION.

{(A.V.C. GRAPE INCLUDED, )

the audio output to the same value
A 16%m each time and noting digtortion. Ain
R increase in distortion over the
8 309, . . .

. 10 per cent. obtained previously is
€ 80% - ,obably dque to overloading in radio
frequency or intermediate freguency
circuits. (See Fig. 9.)

(111) Detector Linearity. With radio
frequency input signal and audio
output at values which previous tests
have indicated will not overload
these stages, vary the modulation
depth of signal generator from 10 per
cent. to 100 per cent. in 10 per cent,
steps,

The audio output should be ad justed each time to give same output and the
distortion noted for each percentage modulation value.

These three tests will give a reasonably good indication of the performance of
the receiver as far as overloading is concerned.

As a matter of interest signal-to-noise ratios are often read at a number of the
above readings, at low and high level radio frequency and audio frequency signal

values,

measuring set.

3.7 Automatic Gain-control,

It is readily accomplished when using a combined noise and distortion

This test is to ascertain the operation of automatic volume-

control under non-overloading conditions in the audio frequency section. The test is
usually made at the middle frequency of each band.
Method. Tune the receiver to the desired signal modulated 30 per cent. at 400 c¢/s, with

the audio frequency gain control adjusted to avoid overloading at any input less than
1l volt. The output is then read as input is varied from 1 yV to 1 volt, and graphed as

in Fig. 9.
3.8 Calibration.

3.9 Frequency Drift.

This test consists of checking the tuning dial calibration against a
standard frequency source of high accuracy., A crystal calibrator giving harmonic outputs
related to 100 ke/s and 1 Me/s is very useful for this test. (See Fig. 10.)

FIG.

10.

OUMMY

rRect (X

CALIBRATING.

This measurement (Fig. 11) should be made towsrd the high-frequency end

of the tuning band since the drift will be most serious there. A source of frequency of

SIGNAL
GENERATOR

SOURCE OF
} STANDARD
FREQUENCY

RECEIVER

AUDIO
MEASURING
OSCILLATOR

=)

FREQUENCY DRIFT.

¥IG. 11,

high known accuracy is required.

Method. Allow the receiver to warm up for
5 minutes, initially, then set the tuning
control at a high-frequency, say 28 Me/s.

Inject a signal et the intermediate frequency
into the intermediate frequency circuit and
measure the resultant beat note on a stable
audio frequency oscillator. At the end of an
hour measure this beat-frequency again being
sure that the audio oscillator is correctly
calibrated again. i

The difference in the beat note values will
indicate the oscillator drift. It may be
advisable to measure the drift at intervals of
10 or 15 minutes to obtain a better record.
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3,10 Two Signal Cross-modulation Interference Test, It is not always possible to make this
test as two signal generators are required. The purpose of the test is to ascertain
the interference due to "cross-modulation"™ described in a previous Paper. The two
signal generators are connected to receiver as in Fig. 1lZ2a or Fig. 1l2b.

. MODIFIED
DUMITY_ISERIAL DUMMY. AERIALS
SIGIPL r 1 SIGNAL G5 — 30
GENERATOR 1 I E 1 GENERATOR |°'5 o l
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! =
x y Wdne
'\\ \\ pad /
RERN a4
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a {e)
F \ A
- 10? Curve 4 = desired signal 50 pyV.
gﬁ \\ / Curve B = desired signal 5 uv.
§ o y Curve C = desired signal 100 4 V.
[37)
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.E‘:S ot
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o
r4
[{e]
|

-0 -~40 -0 o +20 +40 460

lNTERFERENCE FREQUENCY
. OFF RESONANCE

CROSS-MODULATION INTERFERENCE TEST.
FIG. 12,

Method. The radio receiver is tuned to the desired signal set at one of standard input
voltages.

The receiver volume-control is set to give normal test output when the signal is modulated
30 per cent, at 400 ¢/s after which the modulation is switched off.

An interfering test voltage is then applied to the recsiver in addition to the desired
signal carrier which remains unchanged. The interferirg =ignal is modulated 30 per
cent. at 400 c¢/s. The interfering test signal is then varied above and below the
frequency of the desired signal and the signal generator adjusted $o give the normal
test output. In most cases } 10 ke/s steps will be sufficient since station separation
(B/C) is-normally 10 k¢/s. This test is also applied to receivers having A.G.C. which
cannot be rendered inoperative,

Records should be kept of all tests carried out on equipment. The records must show
the circuit or test arrangement as well as the results of the particular tests and any
associated conditions which may reflect on the performance as measured.

Most receiver test results are recorded on suitable graph paper as well as being
tabulated.

The scales should be chosen so that the curves will be clear and uncrowded, and readily
interpolated,

/ 3.1
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3.11 Intermediate Frequency Rejection. The equipment is set up as in the sensitivity test
and adjusted to produce standard output at 30 per cent.modulation at three frequencies
in each receiver tuning range. After tuning the receiver to a test frequency and
ad justing for standard output, the signal generator is tuned to the intermediate
frequency and the signal increased until the receiver output is at resonance. The
ratio of this input to the input at the receiver's resonant frequency is the
intermediate frequency rejection ratio.

3,12 Spurious Responses, Spurious responses are measured by the same method as the
intermediate frequency end image rejection ratios, except that the signal generator
frequency is varied throughout the frequency range of the receiver, and any responses
at frequencies other than the desired or image frequencies were noted and the rejection
ratio measured as in 3,11 above. Tests for spurious responses sre usually made at
two frequencies in each receiver tuning range.

3.13 Aerial Input Impedance. This measurement, if required, is made with a Radio Frequency
Bridge, generally with one side of the aerial input circuit earthed. The receiver
tuning is adjusted for zero or minimum input reactance, which coincides with or closely
approximaetes resonance of the receiver with the applied signal.

3,14 Cross Signal Distortion Products. This test is made by applying two strong signals
having widely different frequencies to the input of the receiver. Any distortion in
the radio frequency stages will pvoduce beat-frequencies equal to the sum and ’
difference of the impressed signal frequencies, as well as other combinations. Two
unmodulated signal generators are used, tuned to different frequencies, and each have
an output of 1 volt. The receiver was tuned to a frequency equal to the sum of the

- test frequencies, adjusted for CW reception, and the 1,000 ¢/s A.C. output was noted.
Then one signal generator was turned off and the other tuned to this sum frequency.
The output was then reduced until the receiver output was equal to that produced by the
combination of the two interfering signals. The ratio of this signal to the
interfering signals was used as a measure of the discrimination against this type of
interference. The same procedure was used to measure the difference frequency signal.
This test was applied to all of the receivers, using at least five pairs of frequencies
for each receiver. The frequencies were selected to cover the entire tuning range as

© far as practicable. On receivers provided with selectivity controls, the intermediate
frequency bandwidth was adjusted as nearly as possible to 2 ke/s.

3.15 Effect of Power Line Voltage on Frequency. Several procedures for measuring the
frequency shift due to line voltage changes were investigated and the following was
found to be most satisfactory, The receiver was tuned to resonance with a Frequency
Meter and the beat-frequency oscillator adjusted to give a convenient audio frequency
beat note. An audio frequency meter was used for visual measurement of the audio beat
frequency. The primary power supply voltage was adjusted to exactly 230 volts by means
of a variable auto-transformer, and this value wag maintained until the receiver beceme
stable, as indicated by the audio frequency meter. When a stable condition was
reached, the line voltage was increased abruptly by 10 volts, and the change in beat-
frequency was recorded after 15 seconds, 30 seconds, one minute, and each minute
thereafter for thirty minutes,

3.16 Aerial Input Balance. This measurement was made by first connecting the receiver to the
signal generator and output meter in the same manner as for sensitivity measurements,
except that, in place cf the 100 ohm resistance between the high potential terminal of
the signal generator and the corresponding terminal at the receiver, a 50 ohm resistor
was connected between these points, and another 50 ohm resistor was connected between
the low potential terminals of the signal generastor output and receiver input. The
signal level was adjusted to produce an output of 10 mW from the receiver. Then the
connection between the 50 ohm resistor and the low potential terminal of the signal
generator was removed and this resistor was connected tc the high potential terminal of
the signal generator, leaving the other end of the resistor connected to the low
potential terminal of the receiver. The result of this change wes to connect both
receiver input terminals to the high potential terminal on the signal generator. The
low potential terminal of the signal generator was then connected to the earth terminal
of the receiver and the signal level was increased until the receiver was again 10 mW,.
The ratio of this input, to the input required with the original connection, was used
as the balance ratio. It is a measure of the stray signal fed into the receiver by the
combined effect of capacity coupling and unbalanced magnetic coupling when the receiver
is operated from a balanced transmission line. This measurement was, obviously, made
only on receivers provided with a balanced input circuit. / 4.
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4, ALIGNMENT OF RECEIVERS.

4,1 The actual aligning procedure varies with the different makes and designs of
receivers but it consists essentially of the following -

Lining up intermediate frequency circuits.
Lining up oscillator circuits.
Lining up radio frequency and aerial circuits.

4.2 Intermediate Frequency Alignment, Band-pass intermediate frequencies really require
a frequency modulated signal generator and a cathode-ray tube to ensure correct
band-pass characteristic. The normal procedure, however, will be described. Tig. 13
‘shows the set-up.

CONVERTER
TUBE

. |
SIGNAL Ly
GENERATOR MEG 3 RECS § ® ggwg
% METER

INTERMEDIATE FREQUENCY ALIGNMENT,

VYVVY

FIG., 13.

The alignment of the intermediate frequency system is carried out by working step-
by-step backward through the intermediate frequency circuits from the second

detector to the first detector and by always applying the test oscillator to the

grid immediately preceding the circuit under adjustment and adjusting the trimmers

on this circuit for maximum output. In carrying out this process, it is, of course,
necessary to reduce the output of the test oscillator each time this output is applied
to the grid of a valve at a lower power level. It is usually advisable to connect

the signal gsnerator output to the receiver through a condenser of about 0.02 pF.

The manufacturers usually recommend the conditions under which alignment should be
made if they vary from commonly accepted practice.,

The lowest value of signal that will give a reasonable output from the receiver,
should always be applied in these tests,

4,3 Oscillator Circults and Radio Frequency Circuits. Connect the signal generator to
the aerial terminals as in the sensitivity tests, If a calibrated dial is
furnished, set it at a frequency near the high-end of the band (or the maker's
figure, if given). Tune the signal generator to the required frequency and adjust
controls for a moderate output at about two-thirds of output meter scale. Thus
shunt-trimmer on the oscillator is adjusted for maximum output while rocking the
recelver tuning dial slightly in order to take care of any slight interaction
between the oscillator and radic frequency stages that may be present.

After this adjust the radio frequency trimmers of the band concerned for maximum
output.

Then set the receiver and signal generator to a frequency near the low-frequency end
of dial and adjust the oscillator padder condenser for maximum output of receiver.

If the radio frequency circuits are provided with inductance trimmers they should
be now adjusted for maximum output.

If any adjustment hes been made at either end, it is advisable to re-check the other
end again, and repeat the process until no further adjustments are required,

The alignment procedure should be applied to each band of the receiver.

In the case of receivers provided with variable selectivity or a crystal filter in
the intermediate frequency, the necessary tests and adjustments required will be
indicated by the manufacturers., Since these will vary according to the individual
design, no detalls of adjustments can be given except that they are usually carried
out at the intermediate frequency. /s
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5. FAULT TIOCATION.

5.1 Only the broad principles of fault location will be referred to in these notes, since
1% 1s unlikely that questions will require more than this and a lmowledge of the types
of instruments which are most useful.

5.2 Instruments. The signal gemerator, output meter, noise and distortion meter have
already been referred to, but there are two other very useful instruments.

(1) Thermionic valve voltmeter.
(i1) High-resistance D.C./A.C. volt-ohmmeter.

5.3 Thermionic Valve Voltmeter. The thermionic valve voltmeter is essentially a
thermionic valve detector in which the rectified D.C, current is used as an indication
of the applied alternating voltage, The thermionic valve voltmeter is the standard
instrument for the accurate measurement of voltages at audio and radio frequencies,
When properly made, it can be calibrated at 50 c¢/s and used up to extremely high-
frequencies without any frequency correction, The energy consumption is small in any
case, and can be made substantially zero when desired., A widely used type of
thermionic valve voltmeter employing & triode valve as a plate rectifier is shown in
Fig. l4a. The variable resistor R is used to balance out the normal plate current
for zero setting of the meter,

An improved circuit is shown in Fig. 14b, the improvement being the addition of the
diode valve V2, which may be fitted at the end of a short cable., This enables
measurements to be made in positions where the length of leads to the thermionic
valve voltmeter would introduce serious errors particularly at radio frequencies,

[4] R2

INPUTY

LAl o
171
o
| F

"]

AAAAA.

L.

{b) Later Type.
VALVE VOLTMETER.

FIG., 14.

5.4 Volt Ohmmeter, This is & multi-range instrument and should read up to about
500 volts A,C./D.C., and to about 1 ampere. The voltmeter should have a resistance
of at least 20,000 ohms per volt to enable readings to be made with reasonsble
accuracy in high-resistance circuits., Suitable scales are as follows -

Volts, Current.
A.C. D.C. A.C. D.C.
5 1 0-1 mA 0-1 mA
50 10 0-100 mA 0-10 mA
100 50 0-500 mA 0-50 mA
250 100 0-2 A 0-100 mA
500 250 - 0-250 mA
- 500 - 0-1 A

/ Fig. 15.
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Fig. 15 shows a typical superheterodyne divided into functional sections, The five
general sections are -

(1) Signal selectivity circuits.
(11) Oscillator sections,
{iii) Intermediate frequency and 2nd detector.
(iv) Audio amplifier and output stages.

(v) Power supply and filter system.

For sections (1) to (iii) the signal generator and thermionic valve voltmeter are a
useful combination. For section (iv) an audio frequency oscillator and thermionic
valve voltmeter or other type of audic power meter will be suitable. For section (v)
the volt-ohmmeter enables quick checks, and should be used for checking socket voltages
of the other stages in preliminary checking of faulty condition.

TYPICAL SUPERHETERODYNE RADIO RECEIVER.

1, Signal circuit,

2. Oscillator,

3. Intermediate frequency circuit,
4, Audio, and

5. Power,

FIG. 15,
5.5 Faulty conditions may be summarised under four general headings.
(i) Complete lack of signals.
(ii) Lack of volume.
{(1ii) Distortionm.
(iv) Crackles and whistles.

It is usually advisable toc check all valves of a receiver for emission before
proceeding with a more detailed enalysis,

Typical causes of the fault conditions mentioned above are shown asla matter of interest
below,

It is usually a good plan, however, to check the main H.T. points for voltage before
commencing other tests.,

/ (1)
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(i) Absence of Signals.

Burnt out rectifier valve.

Broken down filter aondencers.

Open-cireuit field winding or filter choke.

Short-circuit in H.T. by-pass condensers.

Open~circuit cathode resistors.,

H.T. supply line open-circuited.

Open~circuit in radio frequency or intermediate frequency coils.
Shield cans shorting to grids.

Open grid resistors, etc.

A short circuit in H.T. supply circuit (filters, by-pass condensers, etc.) is
usually indicated by the plates of rectifier becoming red hot. Open in output
primary circuit, if pentode is used, shows up by a red hot screen grid of pentode;
open and the secondary side is sometimes indicated by a faint rattle of the output
transformer laminations when the set is tuned to & station.

Oscillstor may be roughly checked by touching the oscillator grid with a screw-
driver, if 0,K. a slight click will be heard in the speaker as the blade makes
contact with the grid terminal. Touching the grid cap of an audio valve with the
grid clip removed will result in a howl if the set is "alive".

(1i) Lack of Volume.

Weak valves.

Low H,T. or filament voltage.
Misalignment of tuned circuits.
Open-circuit radio frequency or intermediate frequency coils.
Faulty gain-controls. .

Open-circuit audio amplifier section.

Open circuits gemerally have to be traced by point to point checking with an
ohmmeter or similar continuity meter.

(iii) Distortion.

The main excuses of distortion which may occur et radio frequency or audio
frequency may be summarised as under -

Open-circuited bias or grid resistors.

Oscillator in radio or intermediate frequency stages.
Audio feedback,

Low emission valves.

Incorrect voltages.

Leaky coupling condensers.

(iv) Common Causes of Crackles and Whistles.

Crackles -~

Fault resistors.

Faulty condensers.

-Loose contacts at sockets.

Dry soldered joints.

Leaky audio or output transformer windings.
Faulty power transformer.

Outside electrical interference.
Interference coming through the power line,

Check whether noise is coming externally by disconneeting aserial and earth and
short-circuiting terminals of set.

/ 1f
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If still present, short-circuit each grid to chassis in turn until trouble
disappears. Should the noise disappear, exemine the resistors and condensers
assoclated with the circuit immediately preceding the valve concerned.

Whistles -

Incorrect alignment of intermediate frequency and radio frequency stages.
Instability caused by lack of shielding and poor wiring arrangement.
Unstable valves, ‘

Should the instability be present after checking and aligning the receiver, it
may be minimised by inserting stopping resistors in the "B" supply lines to radio
frequency and intermediate frequency stages (1,000-3,000 ohms value).

Another type is encountered where turning up the volume control causes a
succession of howls and whistles. This trouble is probably due to poor layout and
too high a gain in mixer and intermediate frequency stages. Suppression resistors
in the plate circuits of the mixer and intermediate frequency valves and in the
grid circuits of audio valves will often remedy this trouble.

It will be realised that the above is necessarily a brief outline of fault
location, but it should serve to illustrate the principles.

UNDER-CHASSIS VIEW OF COMMUNICATION RECEIVER SHOWING A TENDENCY TO CROWD COMPONENTS.
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6. INSTRUMENTS FOR FAULT LOCATION.

6.1 A more detailed description of some of the instruments used in these tests on radio
receivers seems appropriate here. Those described will be -

Sigral Generator.

Wave Analyser.

Audio Frequency Oscillator.
Noise and Distortion Meter.
Power Output Meter,

D.C, Thermionic Valve Voltmeter.

6.2 Signal Generator, Paragraph 2.2 listed the desirable characteristics of a signal
generator and Fig. 1 is a block schematic of a typical unit. Fig. 16 shows in
elementary form the. circuit of a typical signal generator of a type suitable for
operation to about 60 Mc/s.

AUDIO 0SC. MODULATOR MODY,
eLo oL

METER
RFOSC. RFE AMP

©
) 1614 1614
° = ouTPUT
' ' = ®
outPur
| X) Vours
l - > L

OQUTLINE CIRCUIT OF A TYPICAL SIGNAL GENERATOR.

FIG. 16,

The above sketch shows very simply the essential circuits of a signal generator. Also
included but not shown, are a voltage regulated power supply, attenuator, thermionic
valve voltmeter circuits for meter (output voltage) decoupling and by-passing circuits,
etc. Anode modulation is employed thus ensuring high-quality modulation cover the
entire range of the instrument. Many precautions are teken to obtain a high degree

of accuracy of frequency celibration, and output voltage values, also to minimise
frequency drift, leakage, etc,

6.3 Wave Analyser. A wave analyser i1s an instrument for measuring the eamplitude and
frequency of the components of a complex wave form, such as might be encountered in
audio frequency equipment, radio transmitters and receivers, public address systems,
broadcast programmes equipment, etc. This instrument usually consists of a
heterodyne type of thermionic valve voltmeter. The signal to be measured is
amplified end then applied to a2 balanced modulator, together with the output of a
local oseillator. Following this is a "flat top" crystal filter, an amplifier and
output meter., The filter is designed for 50 kc¢/s pass frequency of about 4 ¢/s
band-width, and this signal is obtained from the modulator output by suitable tuned
circuits. The local oscillator iw so designed that the sum of the local oseillstor
and the signal or component of signal heing measured is always 50 ke/s.

In use the signal to be measured is fed to the input circuit and the analyser tuned

to the fundamental signel frequency, say 1,000 c¢/s. The output control is adjusted
for a convenlent reading -on output meter, say 100 units. The analyser is then tuned
successively to 2,000 ¢/s (2nd harmonic) 3,000 ¢/s (3rd harmoniec) 4,000 e¢/s, and so on,
to the highest harmonic it.is desired to measure. The output is noted for each
frequency and if the fundamental reading was 100, the successive readings will
indiecate the percentage of the particular harmonic that i1s contained in the complex
wave. For example, if fundamental was 1,000 ¢/s and gave a reading of 100, then a
value of 33 for 2,000 c¢/s, would indicate 33 per cent. second harmonic, etc.

/ Feg. 17
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Fig. 17 shows, in elementary form, the main circuits of a typical wave analyser, the
input being suitable for a complex wave having components between O and 16,000 ¢/s.

BALANCED
AMPLIFIER MODULATOR
¢ SCALE
SWITCH
o— i ouTs uT
INPUT 50000 METER
INPUT MULTI- I Wi ¥
SIGNAL PUER . FiLreR A \!
o—, 3
lOSC l
ELEMENTARY WAVE ANALYSER CIRCUIT.
FIG, 17.

6.4 Audio Frequency Oscillator or Beat-Frequency Oscillator. This oscillator usually has an
audio frequency range of O to 30 ke/s and an output of the order of 5-10 volts and is
suitable for taking selectivity curves on tured circuits over a wide range of
freauencies, for measuring the transmission characteristics of filters, for supplying
the modulating frequencies for signel generators, etc.

It consists of a fixed oscillator and & variable oscillator operating at high-
frequencies, These oscillators feed a detector from the output circuit of which the
difference frequency is selected. The detector is followed by & low-pass filter and a
two-stage wide band amplifier. The two oscillator outputs are isolated by a buffer
amplifier and an automatic volume=-control circuit maintains the output voltage constant
with frequency. A thermionic valve voltmeter is used to measure the output voltage.

A typical circuit is ghown in Fig. 18.

VARIABLE OSCILLATOR

i TUNED|
ccrs o
T BUFFER DETECTOR h AM le!Ell .
1 1
TUNED NED] TUNES
cers. LTS, LTS, [ 2 ©
FIXED OSCILLATOR ) I T o |oureul

- b O

HH

AN\

ADJUST. Ave

ELEMENTARY BEAT-FREQUENCY OSCILLATOR. (APPROXIMATELY 0-30 kc/s.)
FIG, 18,

6.5 Noise and Distortion Meter. This meter is intended for use in radio broadcasting
stations, receiving stations and laboratories where it is desired to measure audio
frequency distortion, noise and hum level, A,G.C, characteristics, etc.

It consists of a linear rectifier, a filter, an amplifier and a thermionic valve
voltmeter. The meter reads distortion directly in per cent. of fundamental voltage,
and carrier noise level or hum level directly in db with respect to normal transmitter
input or receiver output. Fig. 19 shows a typical instrument diasgram. In use, the
signal (receiver output), is fed into the sudic input terminals to a shielded balanced
trensformer, the secondary of which is connected directly to a noise level multiplier
bank, and through a 400 e/s high-pass filter to the distortion measuring network,

The receiver modulation must be 400 ¢/s t 20 c/s for distortion measurements, but noise
may be measured from 30 to 20,000 c/s.
/ Distortion

4305=19
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Distortion Measurements. The 400 c¢/s audio signal from receiver is fed into audio
frequency terminals and the high-pass filter blocks the 400 ¢/s fundemental, but the
harmonic frequencies pass on to the amplifier and output meter. The emplifier iIs adjusted,
with switch in "CAL™ position, to give a certain reading on output meter, the switch 1s
then moved 40 the "distortion measuring™ position and distortion read directly on
distortion scale.

Noise Measurements. Proceed as above, bul after setting scale to given reading, switch
signal generator modulation off, and then move switeh to "noise measuring" position,

where the noise in db below signal level is read directly in db. This is the signsl-to-
noise ratio of the receiver &t the tuning frequency. Fig. 19 is a general schematic circuit
of a noise and distortion meter.

408 O e e AMP
N~
0 HIGH -PASS / OUTPUT
AUDIO g4 n FILTER: l | METER
INPUT L o= L
7 = L
& 0@5

e i

S 2

z

BASIC CIRCUIT OF NOISE PER DISTORTION METER.
FIG. 19.

There are a few disadvantages of this instrument -

(1) Total harmomic distortion is given, not individual harmonic values.
(ii) Noise and hum are measured together, unless a 50/60 c¢/s filter is employed.
(1ii) Suitable for 400 c¢/s modulation frequency only on distortion measurements,

But the advantages of speed and convenience often outweigh these disadvantages.

TESTING RADIO RECEIVEER.
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6.6 Output Power Meter. This instrument is suitable for power output and internal impedance
measurements on radio receivers, amplifiers, oscilletors, etc. Power outputs up to
100 W may be measured, and an auxiliary db scale is provided on the meter to
facilitate comparison measurements such as frequency response. A typical circuit is
shown in Fig. 20, and it will be seen from the diagram that the instrument is
equivalent to an adjustable load impedance, across which is connected a voltmeter
calibrated directly in watts dissipated in the load. The impedance range of & typical
instrument may be from 2.5 to 20,000 ohms, reasonably accurate to aebout 12 ke/s.
Decibel ranges average from -10 to +40 db referred to 1 mW.

GANGED

- ——— =t v —— —

IMPEDANCE MULTIPLIER

v 3
i :
R i outpur
i % POWER MULTIPLIER | MITER
e v— .- { v - 3
Nput .L

TYPICAL POWER OUTPUT METER.

FIG. 20,

8.7 Thermionic Valve Voltmeter for D.C. In addition to the thermionic valve voltmeter
described in Paragraph 5.3 a similar instrument for measuring D.C. voltages to several
thousand volts has been developed.

The sdvantages of thls type of meter is that no power is drawn from the circuit under
test and hence the indicated voltege is the actual circuit voltage.

Fig. 21 is a schematic diagram of the typical thermionic valve voltmeter for measuring
D.C. voltages. This meter measures from 0.05 volt to 3,000 volts., The input
resistance to 30 volts is over 5,000 M, and over 30 volts is 1,000 Ma. It is thus
particularly suitable for measuring small valve bias potentials, automatic gain-control
voltages, cathode-ray potentials, and the various potentials in radio transmitters,
frequency modulated and amplitude modulated receivers, etc.
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D.C. THERMIONIC VALVE VOLTMETER.

FIG. 21.
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7. TEST QUESTIONS.

1. Give a block schematic diagram of a superheterodyne type of radio receiver, dividing
it into functional sections to illustrate systematic fault location.

2. What instruments are required to carry out detailed performance tests on a
communication type radio receiver, having good quality end incorporating automatic
gain-control?

3., In what order is the alignment of a multi-band radio receiver carried out?

4, Name five important tests which should be epplied to determine the performence of a
radio receiver. Describe and illustrate the method of carrying out one of the tests
mentioned.,

5. Briefly define the following terms as agsocisted with this Paper -

(1) Sensitivity.

(11) Fidelity.
(iii) Signal-to-Noise Ratio.
{iv) Selectivity.

(v) Image Retio.

END OF PAPER.
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11. TEST QUESTIONS.

1. INTRODUCTION.

1,1 Power for operating radio equipment mesy be obtained from two main
sources -

(i) Battery (storage and dry cell), and
(ii) Commercial supply systems.
Batteries, as a gource of supply of power, are dealt with in

other books in the Course of Technicsl Instruction, and will not
be discussed in these notes.

4305 = 20
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The universal use of A.C. in the transmission and distribution of
electric power necessitates the use of some means for converting
the commercial power supplies available into D.C. Although this
may be accomplished by rotary converters or motor-generator sets,
it is generally more economical and efficient to use electronic
rectifiers. Other advantages of electronic rectifiers include
quiet operation and ease and speed of starting. Since the

output of a rectifier is pulsating, and the voltage used in most
valve circuits must be nearly free of pulsation, rectifiers which
supply direct voltages to valves must be followed by smoothing
filters.

Some essential definitions will be given as an introduction to
details of radio power circuits.

DEFINITIONS.

2,1 Rectifier. A rectifier is a device having an esymmetrical
conductive characteristic which is used for the conversion of
A.C. into D.C. Such devices include thermionic valve rectifiers,
gaseous rectifiers, metal (copper oxide or selenium) rectifiers
and electrolytic rectifiers.

2.2 Half-Wave Rectifier. A half-wave rectifier is one which utilises
only one-half of each cycle when changing A.C. into pulsating
current,

2,3 Full-Weve Rectifier. A full-wave rectifier is a double element
rectifier arranged to make each half-cycle contribute to the
load circuit in the same direction. One element functions
during one hsif-cycle, and the other during the next half-
cycle.

2.4 Ripple Voltage. This is the alternating component of the
rectified unidirectional current from a rectifier. It may be
regarded as a small A.C. superimposed upon & steady unidirectional
current., It is the object of the smoothing filter to "iron out"
this ripple, since it would cause hum in the circuits associated
with the rectifier.

/ 3.
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5, RECTIFIERS.

3.1 Rectifiers are mostly used to provide anode power supplies to radio
receivers and transmitters. Most rectifiers used for anode power
supply systems are either high-vacuum diodes or mercury-vapour hot
cathode types. In addition, mercury-arc and ignition rectifiers
are sometimes used for high-power, and the metal types for
developing comparatively small amounts of power. Rectifiers using
metal rectifiers are covered in other books of this series but
pictures of these rectifiers are included in this Paper.

3.2 High-Vacuum Rectifiers. The high-vacuum thermionic rectifier is a
diode valve consisting of cathode and anode electrodes. The
rectifying action results from the fact that when the anode is
positive with respect to the cathode, electrons flow to the anode,
while, if the anode is negative, the vaive becomes non-conducting.

The important characteristics of a high-vacuum diode are -

(i) Allowable Peak and Average Currents. The maximum allowable
peak anode current is the safe value of peak current which
the valve can handle under continuous operating conditions
over the useful life of the valve., Normally, it is governed
by the cathode emission permissible with a given diode.

The allowable average current represents the D.C. output
current which can be continuously carried without over-
heating the valve. As the D.C. flows for only half the
time the valve is in operation, the average anode current
should never exceed onse-half of the peak current.

(1ii) Maximum Peak Inverse Voltage. This is the largest negative
voltage which may be applied to the anode in safety, that
is, when the valve is non-conducting, and determines the
D.C. voltage which can be obtained from the rectifier
valve., (See also paragraph 3.4.)

(iii) Voltage Drop in Diode. The voltage drop is an important
factor in determining the voltage regulation of the
rectifier filter system, and also fixes the amount of anode
dissipation to be provided in the valve design. The
voltage drop is determined by the current, the cathode area
and the cathode-anode spacing.

High-vacuum rectifiers are used almost to the exclusion of
other types for developing D.C. output voltages to about
500 V at currents up to sbout 200 mA.

/ Advantages
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Advantages - Robust.

Current increases smoothly with voltage, hence no radio
frequency transients are produced. In low voltage
types, close anode-cathode spacing gives a very low
voltage drop (10-20 V).

Disadvantages - High voltage rectifiers give voltage
drops and, consequently, power loss grester than the
mercury-vapour type.

3.3 Mercury-Vapour - Hot Cathode-Diodes. Mercury-vapour gas at low
pressure is introduced into the velve used in this rectifier,
The presence of this gas entirely changes the theoretical
operation of the valve,

When the anode of such a valve 1s positive, the mercury-vapour

is lonised by collision with the electrons, producing positive
ions which neutralise the space charge of the electrons emitted
from the cathode. The cloud of positive ions, which are
thousands of times heavier then electrons and, therefore, slower
in their movements, has the same effect as would a grid
surrounding the cathode and meintained at a suitable positive
potential. The discharge is of the nature of an arc. The voltage
drop is only that required to produce ionisation, about 10-20 V,
even when the anode-cathode spacing is large. I1f, however, an
attempt is made to draw a current greater than the total cathode
emission, the voltage drop increases and the cathode is bombarded
with high-velocity positive ions. This may cause permanent
damage tc the cathode surface,

The important characteristics of this valve are those given for
the alternative type.

Advantages. High voltage types have a lower vcltage drop and
hence the higher efficiency than any other type of high-voltage
rectifier,

Disadvantages. Sudden rise of current when the arc strikes,
causes radio frequency transients which may cause interference
in radio receiver circuits (not troublesome in transmitter use).

The filament voltage must be carefully maintained at the rated
value in order that the full emission may alweys be availeble; on
starting equipment time must be allowed for the cathode to reach
its operating temperature. With some large valves having
indirectly heated cathodes, as long as half an hour may be
necessary for this purpose. Valve manufacturers always state the
time necessary for each type. Protection against even momentary

/ Selenium
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£y ' A SELENIUM RECTIFIER BATTERY
B i) CHARGING EQUIFMENT,
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short circuits is necessary. The temperature of the bulb is also
somewhat critical, as this controls the pressure of the mercury-
vapour. To avoid too high a pressure, it is sufficient to cool
one spot near the base of the valve, usually by a stream of air
from a small nozzle; the mercury will then condense at this spot.

3.4 Inverse Peak Voltage. In order to clarify the reference to inverse
peak voltage, consider Fig. 1 which is a single-phase full-wave
rectifier. When valve V1 is conducting the full secondary voltage
minus the drop in V1 is applied to V2. As this is during the
non-conducting alternation as far as V2 is concerned, it is the
inverse of the alternation during which the valve operates as a
conductor of current. Hence the term "inverse peak voltage".

e [E 5
|

——

ELECTROUS

LOAD

POWER
LNE Sl 42

PEAK
INVERSE YOLTS
- 4 \ T

INVERSE PEAK VOLTAGE.

FIiG, 1.

If the maximum inverse peak voltage of a high-vacuum valve is
exceeded, the anode of the valve will get unduly red, but no
permanent damage will result unless the inverse voltage is
excessive.

If, on the other hand, this happens with a mercury-vapour valve,
disintegration of the filament is likely to occur, permanently
damaging the valve,

It is also necessary that the secondary of the filament
transformer be insulated to withstand the potential of the inverse
voltage, as it is the positive side of the rectifier output and

is above ground potential.

/ 4.
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4, RECTIFIER CIRCUITS.

4,1 Rectifier circuits may be divided into the following classes -

(i) Half-wave circuits single-phase.
(ii) Full-wave circuits single-phase.
(iii) Bridge circuits single-phase.
(iv) Voltage doubling single-phsse.

(v) 3-Phase half-wave.

(vi) 3-Phase half-wave double Y.
(vii) 3-Phase full-wave.

4.2 Half-Waeve Single-Phase. Fig. 2 shows in simplified form the
circuit and output wave form of a single-phase half-wave
rectifier., V1 is the rectifier valve, &nd is conductive on the
positive half-cycles of A,C., This circuit is used only when
small currents are required, because the secondary current always
flows through the transformer secondary in the same direction,
thereby tending %o saturate the iron. Regulation is poor end
unsuitaeble for use with a mercury-vapour rectifier.

1 CYCLE O_FJ

= SUPPLY |
+ |

A.C.
it IR awa

- OUTPUT WAVE FORM
HALF-WAVE RECTIFIER (SIMPLIFIED).

F‘IG. 2.

4.3 Full-Wave Single-Phase. In this arrangement, a centre-tapped
secondary, connected to the rectifiers V1 and V2, is required,
as shown in Fig. 3.

J -

SIMPLIFIED FULL-WAVE RECTIFIER,

1cyes of |
SUPPLY

[

o T

(Y Y Y Y YN

OUTPUT WAVE FORM

FiG, 3.
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When the point A is negative with respect to O, then B is positive
and V2 conducts, conversely, when B is negative A is positive

and V1 conducts., Thus, each half-cycle of A.C. contributes to

the load and the output wave form 1s as shown. It will be

noticed that the gaps of Fig. 2 have been filled in. This wave
form renders filtering and smoothing somewhat more readily
accomplished than in the case of the half-wave circuit. The
full-wave single-phase rectifier is used in the majority of radio
receivers and low medium power transmitters, and, of course, is
essential when a single-phase supply only 1s availablse.

4,4 Bridge Circuit, Single-Phase. As compared with the centre-tapped

circuit, the bridge arrangement in Fig. 4 requires twice as many
valves operated at half the inverse voltage, gives greater D.C.
output power in proportion to the transformer kVA rating, but
requires a filament transformer having three separate well-
insulated windings instead of a single winding. The full-wave
bridge circuit is generally preferred with metal (copper oxide
or selenium) rectifiers.

1 CYCLE:

OUTPUT WAVE FORM

FULL-WAVE BRIDGE RECTIFIER.

FIG. 4.

4,5 Voltage-Doubling Circuit. Voltage-doubling circuits develop
a D.C. vcltage greater than the crest alternating voltage of
the input. Such circuits are used when such high voltages are
to be developed and it is not convenient to build a transformer
for the full voltage, or when it is desired to obtain sufficient
anode voltage to operate properly small valves from a 200 V
source without using transformers.

/ Extra
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EXTRA HIGH TENSION RECTIFIER UNIT.

(10 kW BROADCAST TRANSMITTER. MEDIUM WAVE.)

Note resistance mats on left. These are associated
with sequence application of transmitter power,
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In Fig. 5, condensers Cl and C2 are charged on alternate half-
cycles, and are then arranged so that the voltages of these two
condensers add, thereby giving the possibility of an output
voltage which is twice the peak voltage of the D.C. supply.
Regulation, however, is poor, and the circuit is not suitable for
use with mercury-vapour rectifiers.

Rectifiers of this type may be stacked to obtain any degree of
voltage multiplication.

|
je— 1 CYCLE
~OF SUPPLY “*‘1

TN Y

: . . +
3l T
' lI c:
CONVENTIONAL VOLTAGE-DOUBLING RECTIFIER.
FIG. 5.

4,6 The rectifiers in paragraphs 4.7 to 4.9 are 3-phase rectifiers,
and are used where a large amount of power is required. They use
almost universally mercury-vapour rectifiers, with filters of the
choke input type.

4,7 3-Phase Half-Wave Rectifier. In this circuit each valve conducts
for 1/3rd of the time, and the effect on the output current is to
give three pulses of D.C. for each 3-phase cycle of A.C. Thus,
the output is easier to filter than is the full-wave single-~phase
case. (See Fig. 6.)

Q.

(a) Simplified Circuit. (v) Output Wave Form.

MAIN
SuPPLY

— -

3-PHASE HALF-WAVE RECTIFIER.
FIG. 6.
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The D.C.. output is limited by the maximum alloweble anode-current
rating of the rectifier valve used. This circuit has the
disadvaentage thet the transformer is subjected to D.C.
magnetisation. To avoid that, it is general to use the "inter-
connected™" or "broken star" arrangement of Fig. 7, where each
phase of the transformer secondery is divided between two branches
of the star.

It will be noticed in Fig. 7b that each core of the transformer has
currents in opposite directions through them, which reduces the
tendency to megnetising the core in direct proportion to the

degree of balance achieved in the transformer design.,

LOAD

{(b) Actual Connections of
Star Windings (Arrows
Show Direction of
Currents).

(a) Cirecuit,

"INTERCONNECTED STAR" RECTIFIER.

FIG. 7.

The output wave form of this rectifier is the same as in Fig. 6éb.
This connection also permits the use of three single-phase
transformers in lieu of one 3-phase transformer,

4,8 Half-Wave Double Y, PFig., 8a shows the double Y, or double 3-phase
series connection, This circuit is, in effect, the seme as two
3-phase half-wave circuits operating from a single 3-phase primary
winding with the two sets of secondary windings connected so that
the voltage is delivered to the anodes of the two sets of three
valves each, 180° out of phase. The output wave form is much
smoother than the rectifiers previously described, and the
ripple frequency is six times the supply frequency as shown in
Fig. 8b,.

/ Fig. 8.



RADIO II. ' PAPER NO. 9,
PAGE 15.

1 CYCLE
OF SUpPPLY

(a) Double Y Rectifier. (b) Output Wave Form.

{c) Double Y With Reactor "L".

HALF-WAVE DOUBLE Y RECTIFIER.

FIG, 8.
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This rectifier is improved by the addition of an "interphase
reactor", as shown in Fig., 8e¢. This reactor has the effect of
dividing the output current equally between the two star groups
throughout the A.C. cycle. When it is omitted, the D.C. output
voltage is higher but the current must be reduced to avoid
exceeding the peak current rating of the rectifier. The
transformer losses also are increased.

4.9 3-Phase Full-Wave Rectifier. This circuit, shown in simplified
form in Fig. 9a, makes the most effective use of the transformer
and rectifier valves of any of the 3-phase circuits shown, and
also has the lowest inverse voltage of any of the circuits. The
only disadvantage is that it requires four separate well-
insulated windings on the filament transformer (see Fig. 9b).
Although a delta primary connection is shown, a Y connection is
also permissible, Fig. 9b shows some details of the circuit,

For given valve ratings this circuit gives the same current but
twice the voltage given by a 3-phase half-wave circuit.

Note. By bringing out the neutral point of the transformer
secondary, as shown by the dotted line, an aedditional output
voltage equal to half the total output E is available at a
comparatively low current rating. The ripple frequency is the
same as in Fig. 8b, end its amplitude before filtering is less
than 6 per cent, of the D.C. component,

/ Fig. 9.
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Note the position of filament transformers which are
at a high voltege above ground. (See Fig. 9.)



RADIO II. PAPER NO. 9.
PAGE 19.

5. 3-PHASE TRANSFORMER CONNECTIONS.

5.1 It might be as well here to refer to the methods of connecting
transformers in a 3-phase circuit. There are two methods of
connecting three windings of a transformer called "delta" and "Y"
or "star",

"DELTA." "STAR OR Y."

Since a transformer consists of primary and secondary windings,
the connections available are -

{a) Delta-Delta. (¢) Delta-Star.
(b) Star-sSter. (d) Star-Delta.

In Figs. 10a and 10b, the voltage asvailable in the secondary is
equal to the primary voltage x step-up (or down) ratio of the
primary to secondary windings.

Fig. 10c is the delta-star connection and the actual transformer
wiring diagrem.

In this case, the output vcliage is obtained by multiplying the
primary voltage by the step-up ratio of the transformer and then
by 1.73, thet is -

NS
ES = Ep Xﬁ—x 1.73

P
where E; = secondary voltage,
N
ﬁi = transformer winding ratio,
P
Ep = primary voltage.

The 1,73 factor erises from the fact that whereaes in the primary
winding there is only one "coil" across line A,, on the secondary
side there are two coils across the line Ag. ghus, the voltage
across Ag is the vectorial sum of the voltages across the coils
X end Y. This can be shown to approximate 1.73. Thus, a delta-
gtar connection gives a step-up of voltage from primery to
secondary, though this is accompanied by a step-down of current,
since power in primary and secondary must be the same. This
commection is used extensively since it tends to compensate for
voltage losses in transformers, etc.

Fig. 104 is the star-delta connection, end, in this cese, there is
a step-down of voltage accompanied by an increase of current in
secondary. The effect is the opposite of Fig. 10c. / Fig. 10
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SECONDARY
PRIMARY SECONDARY PRIMARY
._ng:
(a) Delta-Delta. (b) Star-Star.

PRIMARY SECONDARY

E SCHEMATIC

(¢) Delta-Star.

WIRING

PRIMARY SECONDARY

(d) Star-Delta (Schematic).

S-PHASE TRANSFORMATION.

FIG. 10.
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6. RECTIFIER FILTER CIRCUITS.

6.1 It will be apparent from the description of electronic rectifiers
that the D.C. output voltage has an alternating component
superimposed on it at a frequency depending on the type of
rectifier circuit used. This D.C. voltage, if used, would
introduce hum noise into the radio circuits sssociated with the
rectifier. It is thus necessary to provide filtering or smoothing
circuits, in order that the output may be equivelent to a D.C.
supply source., If we consider the msins supply as being 50 c/s,
then the ripple frequencies will be as follows -

Supply mains .s es ve es ss  ee 50 ¢/s.
Single-phase half-wave rectifier .. 50 c/s.
Single-phage full-wave rectifier .. 100 c/s.
3-Phase half-wave .. +o oo oo oo 150 c/s.
3-Phase full-wave . oe oo X o0 300 C/S .

The filter circuits for the 3-phase rectifiers are, therefore,
simpler to design and construct.

Three types of filter are commonly used in power supplies. These
are - '

(i) Condenser input,
(ii) Choke or inductance input.
(iii) Combination of above.

6.2 Condenser Iaput Filter. In this filter, shown in Fig. lla, a
condenser is shunted across the rectifier output. This circuit
is of principal value when the load current is small, as in
voltage supplies to cathode-ray oscillographs.

Action of Filter Condenser. The first pulse of current passed by
the rectifier partielly charges the condenser. This is but a
fraction of the total charge the condenser cen hold. Since the
valve is unilateral in conductivity, the charge can leak off the
condenser only through the load. This it does slowly. Before it
has all leaked away, however, another pulse of current flows and
increases the charge on the condenser, Therefore, as the
discharge of the condenser is slower than the cherge, the
condenser finally becomes charged to its rated capacity. Once
the condenser is fully charged, the discharge action becomes

/ regular,
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reguler, as in Figs. 11b and llc. As some period of time does elapse
between pulses of current, the condenser discharges to a certain
extent; 80 its potential is lower at the beginning of -each pulse than
at the end of the pulse. This causes a fluctuation in the voltage fed
to the output, and is shown by the value E, (points ab) of Fig. 1llb.

The amount of fluctuation varies according to the time periods between
the charging pulses, thus the full-wave circuit possesses less
fluctuation (Fig. llc) than the half-wave. These condensers are always
of large capacity to avoid the possibility of their becoming discharged
to an appreciable extent between the pulses.

E MAX. CHARGING EMF
OUTPUT OF RECTIFIER

[

RECTIFIER ..[. s

Eeq;
S 4_“::7“;./_5__\

VYVYVVVVVVYN

L
of
<
~ OUTPUT T 3 LOAD
<
o— - Note. Points &b = E, = voltage
fluctuation of condenser
discharge.
(a) Condenser Filter. (b) Half-Wave Rectifier Action.

bl

Note. Points ab are much closer, meaning that the voltage
fluctuation is less than in the hslf-wave case,

{¢) Pull-Wave Rectifier Action.

FILTER CONDENSER.

Fig. 1l.

It has been found that, of the condensers used in condenser input
filters, the first filter-condenser produces the greastest effect on the
voltage output and regulation.

For relstively small power supply units, such as those required for
radio receivers and low power transmitters, the electrolytic condenser
combines a large capacity in a small space, and is in general use.

A typical value is 8 uF with a working voltage of about 550/600 V.

"Radio
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6+3 Choke Input Filter. Fig. 12a shows the choke input filter, Lj being
a choke or inductance usually of about 15 henrys, and C; an
electrolytic or similar condenser of about 8 yF capacity. I+t will
be recalled that an inductance tends to oppose any charge of current
through it (Lenz law), so that the ripple component of the D.C.
output current would tend to be smoothed out by this action.
Consider the output current to have reached its D.C. value. Now the
current tends to rise as a ripple pulse is impressed on the choke.
This rise of current causes a disturbance of the lines of force
around the choke and sets up a back e.m.f. which tends to oppose
the rising current and medifies its effect. Suppose the pulse is
decreasing in value, this &lso causes a disturbance of the lines of
force, vhich disturbance sets up an opposition e.m.f. which tends
to prevent the current through the choke decreasing. The condenser
functions as described previously, and reduces the pulsations of
the ripple still further, and the resulting current approaches
steady D.C. conditions.

To summarise, the choke tends to smooth out the current pulsations
and the condenser to smooth out the voltage variations.

Note. It is essentiel to use a choke input filter with mercury-
vapour rectifiers, High~vacuum rectifiers may be followed by either
choke or condenser input filters, the latter giving a higher

output voltage than the former.

Fig. 12b shows that the general form of & choke input filter gives
good filtering action.

Fig. 12c shows the attenuation versus frequency curve fcr typical
power filter circuits, and it will be seen from this why better
filtering is obtained with full-wave and 3-phase rectifiers where
the ripple frequencies are from 100 c/s to 300 c/s.

L{ .
+ ] 4' 1
RECTIFIER < N
OUTPUT Ct $ ™ A -
<
$° SRR
-9° -3 /<\ NG N N
g 0 ‘\\ NN TN
(a) Choke Input Filter. 3 ,, AN
) : FAANAN
15 HENRYS 15 HENRNS E 50 d AN
- N Y IN
20 Pakh \\\\\ NINANY
LOAD io \<\\\\\ \ b\\\<\\§\\\\ \\ \\
NN N
o \\;N\,\>- N
10 20 30 50 100 200 500 1000
f. crs.
{b) Typical Circuit. {c) Insertion Loss of Power Filters.

CHOKE INFPUT FILTER.
FIG. 12.
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7 . MISCELLANEQUS ELECTRONIC POWER SUPPLY CIRCUITS.

7.1 Brief reference will be made to some miscellaneous items associated
with rectifier gystems.

(1) Power transformers.
{11) Voltage regulators,
(1i1) Shielded transformers.
(iv) Electrolytic condensers.
(v) voltege-dividers.
(vi) Losses.
(vii) Arc-back indicator.
(viii) Grid controlled rectifiers.
(ix) Rectifier troubles.

7.2 General Power Transformer Considerations. The design of the
transformer is dependent upon the type of circuit and valves.
Factors that must be taken into consideration are the primery and
' gsecondary volt-amperes, the secondary voltages and insulation
required between windings.

Heating in a transformer used for rectifier service is more
pronounced for a given power than when the same transformer is used
as a conventional converter of A.,C. This is due to the rectangular
shape of the pulses flowing in the secondary, which have a greater
heater effect than a pure sine wave. Transformers are designed,
however, to run warm since it is uneconomical to design for cold
rumning. The maximum temperature is kept to a moderate value to
avold damage to the insulation. Transformers are asir-cooled except
in the case of high-power circuits where o0il cooling is usually
provided.

Insulation. The insulation that must be provided for the secondary
of the power transformer depends upon the rectifier connections
involved. On the assumption that the negative side of the
rectifier output is earthed, then, in the centre-tapped arrange-
ment, the middle of the transformer requires negligible insulation,
-and the ends must withstand helf of the total secondary voltage,

In contrast with this, in the conventional voltage-doubling

circuit the lower end of the transformer must be insulated to
withstand the full secondary voltage to ground, while the other end
must be capable of handling twice the secondary voltage.

In the 3-phase circuits, the insulation required varies with the
ceircuits. In all cases except the 3-phase star (Fig. 6a) and the
double arrangement with the balance coil (Fig. 8¢), there is a
winding or a.portion of a winding subjected to a greater voltage to
ground than the peak alternating voltage developed between the
terminals of that particular coil. 3-phase rectifier circuits

/ "Redio
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employing single-phase transformers designed for power-line service can
be accordingly expected to overstress the insulation in many cases,

The secondaries of filement transformers must be well-insulated from
earth, and from each other. Thus, in Figs. 7a and 7?b, the secondary is
subjected to half the transformer voltage, and, in Fig. 6a each filament
winding must stand a voltage to earth equal to the full secondary voltage
of the power transformer. In the 3-phase circuits of Figs. 6a, 7a and
8c, the filament winding is subjected to the full voltaege to neutral of
the power transformer, end, in Fig. 8a, the voltage stress is twice that
developed to neutral by one set of transformers.

D.C. Saturation, It has been seen that the output of a rectifier
consists of pulses of a unidirectional current. It is apparent,
therefore, that these pulses being in one direction will tend to
eventually cause D.C. saturation of the core., In other words, if D.C.
pulses are caused to flow in a transformer winding, eventually the flux
in the magnetic path of the transformer will become more or less fixed
in one position, and the pulsating current will have but little effect
in causing the flux to move, This condition is called D.C. saturation,
D.C. saturation is a loss, and its effect is prevented by interrupting
the magnetic path of a transformer or choke coil by means of an air-gap
of a few hundredths of an inch. Filter or ripple chokes have direct
current flowing through them and are usually provided with an air-gap
in the core.

Another method of preventing D.C. saturation in high power rectifier
transformers is to wind the secondary in sections or "pies" and then
interlace the sections, that is, every other section is connected in
series to form one side of the centre-tap. (See Fig. 13.)

A

ColLs

A
CT.

COILS

B
l‘lllllllllil!lill!:h
(a) Pies, (b) Circuit.

REDUCING D.C. SATURATION.

FIG, 13,
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Reting. The rating of A.C. transformers depends on the amount of
heat to which windings may be safely subjected. The amount of
flux produced is dependent upon the voltage and current in the
windings, and is independent of phase relations and, therefore, of
power factor. It is ususl to rate this equipment in kilo-volt-
amperes (abbreviated kVA) which is -

_ volts x amperes
ki 1,000

and represents the safe output of the item under consideration.

7.3 Electrostatically Shielded Transformers. High-grade transformers
for use in radio work usually have an electrostatic shield
between the primeries and secondaries to prevent the transfer
of any high-fregquency disturbances in the power line from
reaching the valve circuits connected to the secondary, and also
to prevent eny high-frequency disturbances being transferred
from the secondary back to the power line. This shielding is
connected to the transformer casing and to earth, thus
effectively by-passing to earth all electrostatic e.m.f's.
pessing between the primary and secondary, and vice versa.

Another means of shielding is %o place the outside windings cf
the secondary at earth potential by means of reversed winding.
In this method, the two halves of the high-voltage winding have
their outside terminals connected to earth instead of the
plates of the rectifier, as is usual., This provides some
measure of shielding.

7.4 Voltage Regulation. In many applications, it is desirable to
make the power supply voltages to redio equipment substantially
independent of fluctuations of mains voltages, or variations
caused by changing load conditions. Several means of
accomplishing this are available -

(i) An electronic voltage stabiliser employing a series
regulating valve,

(ii) Magnetic voltage regulator utilising magnetic
saturation,

(iii) A neon voltage regulating valve.

(iv) A ballast lamp.

/ Voltage
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Electronic Stabiliser. A typical regulator of this type is shown
with & full-wave rectifier in Fig. 14. The system operates in such s
way as to cause the output voltage E, to be substantially independent
of the load impedence Zj,, or of the D,C. voltage E developed by the
filter output. This is because any fluctuation in the output

voltage will vary the potential E; applied to the grid of Vy end hence
the grid-cathode potentisl, since the regulating action of the neon
lamp Vaz keeps the cathode potential Ez of Vg constent. Any variation
in output voltage is accordingly applied to Vo, and, after
amplification by this valve, affects the grid potential of Vi in such
a way as to produce a change in voltage drop in this valve that
opposes the change in output voltage. The value of output voltage
that the system attempts to meintain is determined by voltage E; and
hence can be readily controlled by the setting of the potentiometer Ro.
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TYPICAL ELECTRONIC VOLTAGE REGULATOR.

FIG. 14,

The fact that the output potential E, tends to be independent of the
load placed on the system causes E; to act as though it had very low
internal impedance., This property is very helpful in eliminating
regeneration and motor-boating in multi-stage audio amplifiers, and in
preventing coupling between different types of equipment operating
from the same supply system.

/ Electromagnetic
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Electromagnetic Regulation. The theory of operation of the voltage
regulating transformer centres around the principle of the reduction in
impedance of a reactor when its core is saturated. A schematic circuit
of a typical system is shown in Pig. 15.

Ti ~—
3
+ pC
30V
goﬁ, T2 “T”
TO LOAD
Ct
[53 —»=DC

ELECTROMAGNETIC REGULATION.

F1G, 15,

In this system there are two transformers Tp and Tz, in addition to
the normal trensformer Ty. Tg and T3 are the regulating transformers,
and their secondary windings are connected in series and then in
geries with the load. Their primaries ere in series with the primary
winding of Ty. Trensformers Tg and T3 are designed so that the normal
current through the secondary windings brings them cléose to D.C.
saturation. Now, if the load current increases, the secondary voltage
would tend to decrease, but the increased current through Tp and T3z
causes these transformers to approach saturation. This increase in flux
reduces the reactance of the primaries and allows a higher voltage to
be applied to the primary of Ty. This, in turm, results in a higher
secondary voltage to the rectifier with a consequent higher voltage to
load. Thus, the increased current 1s balanced by an increase of
secondary voltage.

If the load current decreases, the voltage across the secondary would
tend to rise, but the smaller current causes a decrease in the flux of
Ty and T3. This, in turn, increases the reactance of the primary and
reduces the voltage epplied to the primary of Ty, which reduces the
voltage to rectifier and load. Thus, a decrease in load current
results in a decrease of secondary voltage. Both these effects combine
to keep the rectifier output voltage constant within small limits when
the load on the rectifier is varying.

/ It
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It is necessary that the secondary windings of Ty and Tz be in
opposition, and that they be very closely balanced to avoid the
introduction of ripple voltage to the D.C. output. Condenser Cl allows
the regulation of the transformer to be varied by shifting the phase
relations of the two units.

Neon Valve Regulation. Fig. 16 shows a regulated power supply using
neon valves Vo and V3 to provide regulated voltage to radio fregquency
amplifier and oscillator stages. A neon velve or neon lamp is a diode
containing an inert gas, such as neon gas. This valve is non-conducting
until the "striking" voltage is reached (usually between 100 and 150 V,
depending on design). When this point is reached, the gas suddenly
icnises and the valve becomes conducting. This condition persists
until the voltage drops to the "extinguishing" value, when conduction
ceages. The neon lamp will give a constant voltage drop with wide
variations of current through it. Typical regulators of this kind are
the VR105/30 and 150/30, the figures 105 and 150 representing the
voltage drop and 30 being the normal current through them (30 mA).
This system likewise gives the equivalent of a low impedance output
and reduces hum.

é M 3 : » Toe
- \ 300V
P Vl
23%0v
T T
a -—
O—{ P Py - DC
R1
250V DC
g FILS FOR R.F. AMPS
V2
100V pC
FOR OSC.

Vs

REGULATED POWER SUPPLY SUITABLE FOR RADIO RECEIVER.

FIG, 16,

4305 - 22
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Voltage Regulation Using Ballast Lamps or Resistances. A ballast
resistance or lamp is one having s temperature coefficient of
resistivity such that, over an appreciable range of voltage, the
current through the resistance is independent of voltage. Such a
characteristic is shown in Fig. 17. A ballast resistance placed
in series with the filesment of a valve or the primary of a
transformer will accordingly absorb moderate voltage fluctuations
and maintein the current through the valve constant.

2-1 — ] '
@ i | OPERATING
S {  RANGE
< 1.9 — | !
£ l !
: 'l
g 1.7 — /
0
53 40 50 60 70

VOLTAGE DROP

BALLAST RESISTANCE CHARACTERISTIC.

FiG. 17.

7.5 Electrolytic Condensers. Considering the wide use of electrolytic
condensers, it is appropriate here to briefly review their
characteristics.,

The electrolytic filter condenser depends for its operation on
the fact that certein metals, when used as snodes in certain
electrolytes, become coated with a very thin insulating film due
to polerisation. This film acts as a dielectric separating the
two electrodes constituting the condenser.

The wet type is enclosed in & container which also holds the
liquid electrolyte. Into the container is placed a number of
corrugated aluminium plates which are bent into ridges to increase
their surface area, and, consequently, the capacity of the
condenser. These plates form the anode of the condenser, the
liquid constituting the other electrode. Various types of
electrolytes will operate in the electrolytic condenser, such as
ammonium citrate, or a solution of borax and boric ascid in water.
The latter is non-combustible, non-poisonous and non-injurious to
clothing, and is commonly used.

This type of condenser has a unilateral conductivity charescteristic,
that is, it has an exceedingly high resistance to current flowing
in one direction, but a very low resistance to current flowing in
the other.
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In use, the anode of the electrolytic condenser must be connected
to the positive side of the line, and the electrolyte to the
negative side. Reversals of these connections will ruin the
condenser. When voltage i1s applied scross the condenser, the
insulating film is formed and, provided the safe working voltage
is not exceeded, will give years of useful service. Because of
the thinness of the dielectric, it is possible to get very high
capacity in & small space,

Their power factor is low, but this does not matter in ripple
filter circuits.

I+t is advisable to connect the condenser across a live circuit at
least once a week in order to keep the film on the anode, otherwis
the sudden application of voltage may puncture the anode.

Dry electrolytic condensers are the same as the above, except that
the electrolyte is in the form of a paste impregnated on gauze.

Advantages of Electrolytic Condensers.

(i) Low cost per yF.
(ii) Very large capacity in proportion to volume,

Disadvantages.

(i) Poor power factor.
(ii) Appreciable leakage.
{(iii) Unsuitable for A.C. circuits.

7.6 Voltage-Dividers, In a large number of cases, particularly in
radio receivers, various voltages and currents are required from
a rectifier output., It is convenient to use a voltage-divider
to enable the different voltages to be readily obtained. A
voltage-divider is simply a lapped resistence or series of
resistances bullt up according to Ohm's Law.

The best explanation is to design one for a typical case.

/ Assume
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Assume that the supply voltage is 300 V, from which the following
voltages and currents are required -~

) 300 V at 30 mA.
) 265 V at 25 mA.
) 220 V at 10 mA.
{iv) 150 V at 10 mA.
) 100 V at 5 mA,
) 75 V at 5 mA.
) Bleeder current 15 mA,

Note. "Bleeder current" is current required to keep a load on
rectifier when circuits A to F are inoperative.

Set out the problem as in Fig. 18, and then proceed as follows -

Io™ 30mA

I TOTAL = TO+30=100mA = A
’: 300V. 30mA
] 4+
Rt If = 45+25=70mA
. 265V. 25mA
R2 112-55+10-45mA
c
= 220V. 10mA
Rs l I3=25+10=35mA
INBUT FROM :
- LR =150V, 10mA
Re l! =20+5 = 25mA
E
= {00¥. SmA
Rs l Is =15+5 = 20 mA
F
> T5V. 5mA
Re Ie =15 mA
i (BLEEDER CURRENT)
O P

PLANNING THE PROBLEM.

FIG. 18.
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Step 1.
Steg e

Step 3.

Step 4,

Step 5.

SteE 6e

Step 7.

SteE 8.

Find totsl current required from rectifier, as shown in Fig. 18,

Circuit A requires 30 mA at full voltage, therefore, no
voltage dropping resistor is required.

Circuit B requires 25 mA at 265 V, thus the voltage drop
across Rl must be 300 - 265 = 35 V.

Current through Ry = I = total current minus 30 mA taken
by circuit A.

I; =100 - 30 = 70 mA,

voltage drop across Ry 35

» By = irent through Ry 0.07 200 otmg.

Circuit C requires 10 mA at 220 V. Then, as before, voltage
drop across Rp = 265 - 220 = 45 V,

Current through Ry, = Ig = 45 mA,

Thus Ry = = 1,000 ohms.

45
0.045
Circuit D requires 10 mA at 150 V. Voltage drop across
Ry = 220 - 150 = 70 V.,

Current through Rz = Iz = 35 mA,
+*e Ry = 5=0= = 2,000 ohms,

Circuit E requires 5 mA at 100 V. Voltage drop across
Ry = 150 - 100 = 50 V,

Current through Rg = I4 = 25 mA,

. _50_
o o R4 0 ,025 - 2 000 Ohms.

Circuit F requires 5 mA at 75 V. Voltage drop across
Ry =100 - 75 = 25 7V,

Current through Rg = Ig = 20 mA.
o.o Rs - ‘0_% - 1,2& Ohmso

Now R6 has to drop the remeining voltage with a current of
15 mA, Voltage drop across Rg =75 - 0= 757,

Current through Rg = Ig = 15 mA.

A 7%
e e R6 * 5018 "™ 5,000 omms,
/ Thus
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Thus, the voltage-divider would be made up as in Fig. 19.

o

N

500 R

1000™ $ R2
2000" 2 Rs

2000"$ Ra

TOTAL RESISTANCE = 11750 ONMS.

1230" $ Rs

5000 2 Re

COMPLETED VOLTAGE-DIVIDER.

FIG. 19.

It is important then to comsider the watts to be dissipated by

each section of the divider. This may be conveniently calculated

from the known values of E and I. '
Ry EI = 35 x 0.07

45 x 0.045

2.75 watts.
2,03 watts.

o
Jav)

H

[}

2.75 watts.

Rz EI = 70 x 0.035
50 x 0.025

1.25 watts.

&
A
]

&
A
1]

25 x 0.02 0.5 watts.,

1.13 watts.

R6 EIl = 75 x 0,015

It is always best to underrun resistors so that if 10 watt types
were used for Ry, Rg and Rz and 5 watt type for R4, Rg &nd Rg,
this condition would be met. Probably, in practice, a long wire-
wound resistor of ebout 15,000 ohms at 10 watts could be used with
tappings adjusted as required.

7.7 Losses in Rectifier Apparatus. The output voltage of the rectifier
power supply is the voltage of the transformer secondary passed
by the velve minus the loss in the rectifier valve and filter.
The loss in the mercury-vapour type of valve is low and averages
15 V, whereas, in the high-vacuum type, it depends on the current
drewn by the load and may thus be from a few volts to several
hundreds. This latter loss may be determined by inspecting the

characteristic
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characteristic curve of the valve at different loads. If two
valves are used in series, as in a voltage-doubler circuit, the
loss is twice that of one valve. The voltage logs in filter
chokes may be found by Ohm's Law, E = IR, For example, a

15 henry choke with a resistance of 200 ohms would have a voltage
drop across it of 30 V for a load current of 0.15 A (150 mA).
Similerly, with any other resistance in the output circuit of

the rectifier,

7.8 Arc-Back Indicator. In water-cooled or forced air-cooled mercury-
vapour rectifier valves operating at high voltages, trouble is
frequently encountered from "arc-backs" or "flash-backs" in the
valve., One cause of this is the breakdown due to excessive
inverse peak voltage, and results in the formation of an arc
between anode and cathode. This arc, as well as damaging the
valve, places a short circuit across the anode supply. It is
usual to fit an arc-back indicator in the rectifier valve circuits
as shown in Fig. 20.

TRANSFORMER
SECONDARY 12 Ny
7\
A
—_——
- _ ARC-BACK
-
RECTIFIER
R * o * r

Vi V3

V2
- MERCURY ~ VAPOUR
. RECTIFIERS
B

L1  (PART OF FILTER CIRCUIT,
W——"F DC OUTPUT

ARC-BACK INDICATOR CIRCUIT.

FIG. 20,
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Suppose an arc-back to occur in rectifier valve Vo, as shown by
the dotted line. This is practically a short circuit across

the points AB, that is, in effect, a short across the D.C. output
supply. Consequently, there will be a heavy load placed on
transformer Tg with possible damage to transformer and valves.

Note that although this condition constitutes an overload, the
overload relay will not operate since the short circuit is on the
rectifier side of this relay.

7.9 Grid Control Arc Rectifiers. Grid control rectifier valves have
the addition of a control grid which functions similarly to the
control grid of a triode., The grid usually consists of a metal
ring around the envelope of the valve (in a special recess in
the glass) and can be supplied with D.C., A.C. or both. When
used with D.C., it behaves as in the triode case, a negative
potential reducing the anode current. When A.C. is used, it is
usually et the same frequency as the A.C. wkich is being
rectified, but, by providing a means of varying the phase of the
grid supply with respect to that of the anode supply, the effect
of a negative grid potential is obtained. The use of phase
control affords a simple means of controlling the output voltage
of a rectifier. In power supplies for transmitters, gradual
increase of voltage in sterting prevents damage to transmitting
valves and also prevents failure of filter condensers as a
result of large current surges.

The likelihood of arc-back (see paragraph 7.8) is reduced by the
use of grids in mercury-vapour rectifiers., They may also be used
to provide high-speed sutomatic regulation of the direct voltage,
and to make possible interruption of the anode current within

the period of omne cycle of the supply frequency (that is, within
2 milliseconds for a 50 ¢/s supply) should a short circuit or
other overload occur.

The circuit may be designed so that the energy stored in the
filter is returned to line by inverter action, instead of being
dissipated in a flashover arc.

7.10 Typical Rectifier Troubles. Faulty operation of transmitters
and receivers is often due to a fault in the power supply system.

/ Emergency
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Typical faulty conditions are -

(1) Faulty rectifier valve.
(11) No output voltage from rectifier,
(1iii) Veriation of normal output.
(iv) Interference to radio circuits,
(v) Unsatisfactory filtering.

(i) If 2 high vacuum type of valve is in use, a faulty valve may
be detected by a decrease in output voltage of rectifier,
If & mercury-vepour type, the absence of the customary
*blue-haze" during operation is a good indication of a faulty
valve, This fault may be due to filament de-activetion or
entrance of eir into valve,

(ii) Faulty valve as in (i), faulty relays, contacts, door or gate
switches, etc,

(111) An incorrect load on the voltage-divider caused by an earth
or open circuit in equipment would cause trouble in the
rectifier, affecting its output and possibly burning out
portions of the voltage-divider.

(iv) Sometimes & type of interference called "bash™ 18 encountered
when using mercury-vepour rectifiers, This trouble is caused
by the sudden vaporisation of the mercury-vapour et the stert
of each alternation., A remedy is to place an earthed shield
over each rectifier valve and a radio frequency choke in each
plate lead at the rectifier socket,

(v) A common cause of trouble in a rectifier system is the blowing
out or breaking down of e condenser, dus to excessive voltage
or current surges.

Similarly a choke may be open or short-circuited or even
partially short-circuited.

Tests for this condition are simple continuity tests as
described elsewhere (Applied Electricity II).

/ 8.
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8. ANODE POWER FROM LOW VOLTAGE D.C. SOURCES,

8.1 I+t is often advantageous to be able to c¢btain anode voltages from
a low voltage D.C. source, such as a car battery. The battery can
be used to supply the filaments directly, and %o operate a simple
system to supply anode voltages.

Two methods are in general use -

(1) vibrator system.
(1i) Dynamotor system.

8.2 D.C. at high voltage cen be obtained from a storage battery by
using a vibrating contact to change the D.C. delivered by the
battery into A.C. that can be stepped up in voltage by a
transformer and réctified. A typicel arrangement is shown in
Fig. 2la,

Here, & vibrating reed is provided, with contacts connected in the
circuit in such a manner that the D.C. voltage is first applied
across one-half of the primary winding of a transformer, and then
in the opposite direction across the other half., This induces an
alternating voltage in the secondary, having a value determined by
the battery voltage and the transformer ratio. The reed is kept i:
vibration at its frequency of mechanical resonance by the magnet M
which is so arranged that when the reed is drawn to the msasgnet, th
terminals of the latter ere short-circuited and the reed is allowe
to spring back. The resistances R; and capacity C; in Fig. 2la
are for the purpose of minimising sparking at the contacts, and
the buffer condenser C associated with the secondary, as well as
the radio frequency chokes, are essential to coptrol transient
voltagés and to prevent radio interference.

The secondary voltage developed by the transformer associated with
the vibrator cen be rectified by a rectifier valve, as in Fig. 2la.
This system is known as the "non-synchronous" type of vibrator
power supply. Both high~-vacuum and cold-cathode rectifiers may be
used in this circuit.

The vibrating reed normally has a resonant frequency of the order
of 90 to 150 ¢/s. The associated trensformer and filter system
are designed accordingly, instead of for a 50 c¢/s fundamental.

In the design, it is important to remember that the wave-shapes
tend to be square rather than sinuscidal. The transformer should
have the lowest possible leakage inductaence to minimise sparking,
and should operate at a low flux demsity.

Fig. 21b shows the "synchronous" type of vibrator, the differences
being an extra set of contacts on the reed, and the absence of
a rectifier valve.,

/ Fig. 21.
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Degpite the saving of the cost of the rectifier valve and the
elimination of voltage drop across the valve, this system is
more expensive and more likely to get out of order.

These vibrators are termed synchronous because the primary and
secondary contacts operate in synchronism, also "double™ since
there are two complete sets of full-wave contacts.

In this type, the second peir of contacts take the place of the
eanodes of the rectifiers, and the centre-tep of the secondary,
instead of being earthed as in Fig. 2la, becomes the positive
side of the output, teking the place of the cathode of the
rectifier valve in Fig. 2la. This may be seen from Fig. 2lc,
which shows portions of the other two circuits re-sketched.

It will be seen from Fig. 21b that each time one half of the
primary receives a pulse, an amplified pulse is sent from the
g3sociated secondary winding to the output circuit. When the
vibrating reed swings over to the other contacts, the other
valves of the primary and secondary windings function as did
the first. Full-wave rectification takes place because each
half of the secondary contributes to the output circuit in turn.

8.3 Dynemotor. A dynamotor is & combined motor generator having
two or more separate armature windings and & common field. One
of the armature windings is operated from a low voltage source
of D.C, while the other windings serve as generators to produce
the desired D.C. voltages.

Dynamotors range in size and rating from those driven from a 6 V
battery and supplying power for radio receivers or small
transmitters, to lerge machines supplying power for medium power
transmitters,

When anode power is obtained from dynemotors, it is necessary to
place a filter in the output of the machine to eliminate ripple
voltage arising from the finite number of commutator bars and
from miscellaneous irregularities.,

/ Engine-Generator
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ENGINE-GENERATOR SETS FOR 10 kW STATIONS
WHERE MAINS SUPPLY IS NOT AVAILABLE.
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9., HUM IN A,C, HEATED CATHODES,

9.1 When A.C. is used to heat the cathode of a thermionic valve, it is
to be expected that the amplified output of the valve will contain
a certain amount of hum., This hum is either in the form of
alternating components in the anode current that are in harmonic
relationship to the heating voltage, or in the form of a
corresponding modulation of the voltaeges and currents being:
amplified by the valve,

Hum from A.C., filament current - the chief causes of hum in
filament valves are -

(i) Alternating voltage drop in a filament.

(ii) Magnetic effect of the A.C. filament current on the space
current,

(iii) Temperature variation of the cathode,

9.2 The effect of an alternating voltage drop in a filament cathode
upon the anode current can be minimised by connecting the grid
and anode return leads to a point having the same potential as
the centre of the filament, This can be done by the use of elther
a centre~-tapped resistance across the filament or a centre-tapped
winding on the filament transformer. Connecting the grid or
anode return leads in this way eliminates the principal cause of
hum having the same frequency as the filament heating current.
However, even with a centre-tapped filament connection, there
8till remains a residual component of hum having twice the supply
frequency., This results from the fact that, with a centre-tapped
connection, the half of the filament that is negative at the
moment supplies more electrons to the anode than does the positive
half, since the electron is proportional to the three-halves
power of the electrostatic field strength, the current from the
negative end of the field is increased more by the voltage drop
than the current drawn from the positive end is decreased. Hence,
each time there is a voltage drop, which is twice per cycle, the
space current increases.

9.3 The magnetic field produced by the filament current introduces a
double-frequency hum by virtue of the fact that the electrostatic

/ field
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field deflects the electrons from the peths that they would
otherwise follow, and so tends to decrease the anode current
slightly. This effect is out of phase with that of

paragraph 9,2, and, by proper design, they can be made to cancel
each other in the normal operating condition,

9.4 A.C. filament current produces its maximum heating effects at
the peaks of the cycle. The filament temperature, and, hence,
the emission, accordingly fluctuate at twice the supply frequency.
However, this effect is not very troublesome,

Factors tending to reduce hum with A.C. filement heating are -

(1) Filament designed for relatively low voltage and high
current.

(1i) V or W arrangement of filament wires to reduce magnetic
effect and to permit exchange of electrons between
opposite ends of filement, in order to minimise the
effect of voltage drop in the filament.

(1i1) Valve design such that the magnetic and voltage drop
components of hum are approximetely equal at the
usual operating point.

Filementary cathodes are always used in large high-vacuum valves,
in many mercury-vapour rectifying valves, and in some smell power
valves., Seldom in radio frequency or audio frequency voltage
amplifiers or detectors, except in the case of battery type
valves.

/ High
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0. HUM WITH HEATER CATHODES.

lO 1 It might be as well here to amplify some remarks on hum w1th
heater type cathodes appearing in an earlier Paper in Radio I.

The use of a heater type cathode removes most of the factors
that produce hum in filament valves, but there is still present
a residual hum as a result of the following causes -

(i) Magnetic field produced by the heater current.
(ii) Leakage resistances from heater to other electrodes.
(11i) Electrostatic fields within the valve arising from
unshielded portions of the heater or heater leads.
(iv) Electron emission from the heater.

10.2 The magnetic field of the heater introduces a double-frequency
hum, just as in filament valves. This can be minimised by
using a high-voltage low current heater, and designing heater
so that a minimum of external field is produced,

10.3 Leakage paths from the heater to other electrodes cause voltages
of the power supply frequency to be developed between the
electrodes and earth. The most important of these is that from
heater to cathode. Any leakage current of this character must
flow through the bias resistance between cathode and earth,
eand will produce a voltage that is effectively applied between
grid and cathode.

Hum from this source may be eliminated by -

(i) Adequate by-passing of the bias resistance.
(i1i) Earthing the cathode.

10.3 Unshielded portions of the heater produce electrostatic fields
that mey influence the anode current and result in 50 ¢/s hum,

Electrostatic fields from the heater leads may also have direct
capacitive coupling to other electrodes, and result in the
production of hum voltages that are not negligible if the
electrode impedance to earth is large.

10.4 Conclusion, This Paper hes been confined to electronic sources
of power, but, of course, the various voltages required by
transmitters, etc., may be obtained from generators, batteries,
etc., Details of generators and motors and their operation will
be found in Applied Electricity II. In connection with
transmitters, it should have been mentioned that most main
stations have emergency power supplies obtained from Diesel
driven generators, which supply the required 3-phase power to
enable the transmitters to work on either full or reduced
outputs, depending on the actual kVA requirements.

/ 11.
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11. TEST QUESTIONS.

1. Describe two types of thermionic valve rectifiers for providing
anode power supply.

2. Give details of the cognections for a 3-phase transformer.

3. Describe the various types of rectifier filter circuits,

4, How is D.C. saturation reduced in a transformer?

5. What is voltage regulation? Describe one method.

6. Why are transformers shielded? Describe one method of shielding.

7. Define maximum inverse peak voltage.

8, Draw a simple voltage doubling circuit.

9. Discuss heating in a transformer.

10. How are transformers rated?

11. What losses occur in rectifier apparatus?

12, How does the arc-back indicator operate?

END OF PAPER.



