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NOTE
Readers should note that the English word "AERIAL" is
identical and interchangeable with the international word
"ANTENNA".

CHAPTER 1
The Theory of Aerials and Wave Propagation.

To set up an electro-magnetic wave around an aerial it is necessary

for the wire to carry a high frequency current, and for the output of
energy to be as great as possible. For the aerial to be highly effici-
ent, it is necessary that the aerial circuit be resonant, or tuned, to the
frequency of operation.

In the conventional tuned circuit of a coil and condenser the reactances
of the two components combine at one frequency to make the total react-
ance of the circuit zero (or nearly so) and clearly any power fed into the
circuit at this frequency will develop the greatest possible current. If an
aerial shows a similar effect of a resonant frequency, as it does, clear-
ly the current flowing in it will be the highest at this frequency for any
given power input, and the strength of the emitted wave will also be
high.

This condition of current in an aerial is known as a ''Standing Wave' and
is often likened to the wave which may be set up in a long rope fastened
loosely at one end to a firm support. When the free end of the rope is
waved up and down a certain speed of movement will result in a wave
that travels completely along the rope. Moreover, small pulls on the end
of the rope will be sufficient to keep the rope waving so long as the move-
ments are correctly timed, or, to complete the analogy, are of the cor-
rect frequency. If the rope is shortened, the frequency will rise and
vice versa.

It must also be noted that the wave motion is "reflected" from the fast-
ened end of the rope. Pulling the rope tight and giving the end of the rope
one sharp shake will prove this point for the resulting wave will travel
to the end of the rope and then return. The same reflection takes place
in thé aerial.

Already two points have been noted, then, to set up a standing wave the
frequency is closely allied with the length of the rope, and energy is re-
flected back from the rope's end.

Consider now the rope as being replaced by a length of wire supported in
space, with waves of electrical energy applied to one end. A current in
the aerial may be considered as an electrical charge moving along the
wire.

The, speed at which the charge moves is theoretically the speed of light,
300, 000,000 metres per second, and so the distance it will cover in one
cycle of the frequency at which it is applied is :

W = 300,000,000
RATE S T

and W is obviously the wavelength in metres. But the charge as we have
already seen, travels along the wire twice, once in each direction owing
to the end reflection. If we desire to set up a wire in which the charge
will travel W metres in the time of one cycle the length of the wire will
be : )

%2 or half the wavelength long.
The next fact emerges, then, that the shortest length of wire which
will be resonant at a given frequency is a half wavelength long. For

a frequency of 1,000,000 cycles per second the resonant length of
wire is 150 metres, since W is 300 metres.

5
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In a resonant wire, therefore, the charge moves from the source of
energy at one end of the wire, is reflected from the far end and re-
turns to the energised end just as the cycle is complete and a new
cycle commences. The charge, therefore, receives a new impetus
which sends it off once more, so that it continues to travel back and
forth with, of course, a reversal of the direction of the current flow
at each reflection. At each moment during a cycle, also, other cha-
rges are set off along the wire. Since the voltage of the energising
source is varying according to a sine wave law the charges at one
instant are slightly different in amplitude to those of the instant pre-
vious. As one charge is reflected from the end of the wire, there-
fore, it meets another charge only slightly lesser or greater than
itself. Since the currents are flowing in opposite directions the re-
sulting current at the end of the aerial is practically zero. At other
points along the wire, however, the currents flowing in opposition
have much greater differences in amplitude. As they have been
supplied at widely separated parts of the cycle there is less cancel-
ling up to the centre point of the half wave aerial where the current is
greatest. The distribution of current along the aerial may, there-
fore, be shown as in Fig. 1.

The voltage along the aerinl is distributed rather differently. At

the centre point of the aerial where the current is greatest the pol-
arity of the returning charge is of opposite sign to that of the out-
going charge. As the charges are separated by a half cycle, and
since they will be of the same amplitude the voltages cancel out.

At the ends, however, the voltages are of the same polarity and

thus add together whilst the currents are cancelling out. Thus, the
voltage distribution, as shown in Fig. 2 is greatest at the ends of the
half wave aerial and zero in the centre where the ‘polarity reverses.
From these diagrams it can be seen that the current in a half wave
aerial would be measured by inserting an ammeter in the wire at

the centre point and the voltage would be measured at the ends, pro-
bably with a device such as a neon lamp. Any measuring device, of
course, would need to be suitable for high frequency work so that a
hot wire or preferably a thermo-couple type ammeter would be used.
Standing waves are actually detected by instruments in this way, as
will be shown later.

Whilst a wire is resonant to a wavelength of twice the length of the
wire it is also resonant to harmonics of this fundamental frequency.
This means that a wire upon which a standing wave is set up at a
frequency of, 'say, X cycles will have two standing waves upon it at

a frequency of 2X cycles and three standing waves at a frequency of
3X cycles. The value of such Harmonic Operation is at once appar-
ent. For example, an aerial suitable for reception in the 40 metre
band, the aerial being about 20 metres long, will also be suitable

for the 20 metre band when it will work at its second harmonic, the
13 metre band at its third harmonic and the 10 metre band at its fou-
rth harmonic.

Fig. 3 shows the current and voltage distribution over a wire work-
ing at its third harmonic. It should be noted that the separation of
the current and voltage peaks still remains, and that the peaks are
still separated by a quarter wavelength.

A maximum or peak of either current or voltage is called a loop
whilst a minimum point is known as a node.



The speed of an electrical charge has already been given as 300, 000,
000 metres per second, but as may be imagined this speed is dep-
endant upon the medium or material in which the charge is moving,
the dielectric constant of the material being the determining factor.
At high frequencies air is reckoned to have a dielectric constant of
one, so that electromagnetic waves move in air at the speed of

light in a vacuum which is the figure quoted above. Should the die-
lectric constant of the medium be increased for any reason the velo-
city both of a wave or of a charge in the medium will be decreased --
that is, the wave or charge will take a slightly longer time to travel
the same distance. The overall effect so far as an aerial is concern-
ed is that the relation between the actual physical length and the
electrical length of the aerial is changed, and that in order that the
charges shall take the same time to traverse the wire -- the time

of one cycle of the frequency of the supply -~ the wire must be a
little shorter than a half wave long. The effect on the ordinary aer-
ial is known as the "end effect" since the cause is chiefly due to the
essential insulation and supports at each end of the aerial. In addi-
tion, this capacity at either end of the wire absorbs some power
from the aerial, and thus must always be reduced as far as is com-
patible with a strong and well insulated structure.

The actual effect upon the length of a half wave aerial amounts to

a reduction in length of about 5 per cent and a formula is simply
extracted from the first statement:

W= w which gives the length
492 x .95
f

L of a half wave aerial in feet as: L =

where f is the frequency in megacycles. This formula includes the
5 per cent correction and may obviously be restated as:

L= %6—8 with f in megacycles as before.
In the case of a long wire aerial where there are several harmon-
ic working frequencies the reduction in length is considered as
applying to the end quarter wave lengths only of the wire, and the
formula becomes :

L= &("‘:'—0—5—2 where n is the number of complete half

waves in the length of the aerial at megacycles as before. ~ g

The power absorbed by the capacity at either end of the aerial me- o F1G.7 GROUND REFLECTION, OF WAVES
ans that some current is flowing and so the current minimum value € i

will fall, not to zero, but to some small finite amount. For the

same reason the voltage node in the centre of the half wave aerial

will appear as a small voltage which does not fall right to zero. ‘1ne FIG.8 RELATIVE VERTCAL FIELD

reversal of polarity takes place at this point. | STRENGTHS ON A HORIZONTAL

As the charges move on the aerial they produce "strains' in the sur- 1 HALF WAVE AERIAL

rounding medium, generally known as ether, one strain appearing as
a magnetic force and another appearing as an electric force. These
strains tend to lag in strength behind the forces which produce them.
This means that at each alternation of energy in the wire an amount of
power will be lost in electro-magnetic forces which are sent travel-
ling outwards around the aerial by the succeeding strains. The

whole effect being, so far as the aerial is concerned, a loss of power
which may be measured electrically and expressed as a wattage. Sin-
ce the evrrent in the aerial can easily be measured, and since éhe
power lost in a resistive circuit can be expressed as Watts = 1%, R

8
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it will be seen that the transmitted power leaving the aerial can be
shown as lost in a resistance.

This fictitious resistance is known as the Radiation Resistance of
the aerial and clearly it will vary according to the point on the wire
where the measurements are taken. At the end of the half-wave aer-
ial where the current is very small the radiation resistance would
appear to be very high and in the centre of the half-wave aerial, at
current loop, it would appear small.

Actually, at the centre of a half-wave aerial the radiation resistance
has a value of about 73 ohms, although as will be shown later this
figure is subject to fluctuation.

Besides the power lost in the radiation resistance of the aerial (the
useful power loss), there is also a power loss in the actual resist-
ance (often known as the ohmic resistance) of the wire. The ratio of
the losses in the two resistances give the efficiency of the aerial,
which, as can be seen, is high so far as radiated energy is concer-
ned. The resistance of the wire can be very low compared with the
average 70 ohms or so of the radiation resistance, and when stout
gauge wire is used the aerial efficiency is above 90 per cent.

It should be noted that the radiation resistance of the half-wave aer-
ial corresponds with the aerial impedance only at the centre point
of the aerial, where the impedance is purely resistive. Since the
impedance of a circuit is a measure of the voltage divided by the
current the impedance will be wholly resistive only when the volt-
age and current are in phase, and on the half-wave aerial this oc-
curs only at the centre point where the voltage is undergoing a pol-
arity reversal. At other points the impedance includes some react-
ance.

In a short aerial such as is used on ultra high frequency bands the
diameter of the aerial wire can affect the impedance of the aerial

to a marked degree, for when the wire diameter rises to more than
1 per cent or so of the length of the aerial the impedance at the cen-
the point is raised. The net result is that the resonant frequency to
which the aerial is tuned is not so sharply defined and so the aerial
covers a wider waveband -- that is, the frequency response is flatter,
a desirable feature for amateur working.

THE RADIATED WAVE

It has already been shown that the wave radiated from the aerial has
both electrostatic and magnetic characteristics, and the two sets of lines
of force are at right angles one to the other so that a wave front may be
shown as a square lattice work. The direction along which the wave tra-
vels is always at right angles to the wave front, and the strength of the
wave is conveniently expressed in microvolts per metre -- more sim-
ply, the voltage induced in a wire one metre in length situated so that

it cuts the magnetic lines of force. A diagrammatic representation of
the wave front is shown in Fig. 4, and this relates to a horizontally
polarised wave, where the electrostatic lines of force run horizontally.
The polarisation of a wave is primarily due to the setting of the aerial
wire, for the wave from a horizontal aerial will have the electrostatic
lines of force horizontal, whilst with a vertical aerial they will be vert-
ical, but at an appreciable distance from the transmitter the polarisa-
tion of the received wave will probably change in character. Various
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factors affect this change of angle, particularly reﬂ.ection from the
jonised layers to be discussed later, but if the receiving a?ria:l can be
set to correspond to the polarisation of the rec.eived wave it Yllll be en-
ergised as strongly as possible. Over short dllstar'lces, and in .parti-
cular on the ultra high frequencies where working is often confined to
horizon distances, the transmitting and receiving aerials should both
be in the same plane. For general short wave work it appears that a
horizontal aerial is preferable, so far as the receiver is concer.ned.
The polarisation of the transmitting aerial, like other con_structlonal
points, must depend upon the results desired, for thg aerial may be
arranged in different ways to give different distributions of th‘e tr.ans-
mitted power. A wire in free space, infinitely short, would distribute
waves in such a way as to give even, spherical coverage. Wh.en_the
wire is extended to a half wave in length the fields due to radiating
points a half wave apart tend to neutralise each other in some _dlx:ect-
ions whilst adding their strengths in others. As a result a radxatxop
pattern is formed, such as that shown/in Fig. 5. The cenfral straight
line shows the direction of the aerial, the actual aerial being so small
in such a diagram that it amounts to a mere point at the centre o_i the
figure. From this diagram it may be seen that the .half wave aerial
transmits strongly in directions at right angles to its length, but that
from the ends of the aerial radiation is negligible. Such points of
minimum radiation are known as nulls whilst the curves denoting ra-
diation are lobes. The field strengths relative to the maximum are
deduced by drawing a line from the centre point across the lobe in

the desired direction, when the comparison of the length of the lines
will give the ratios of the field strengths.

If the aerial could be suspended in space this pattern would extex}d all
round the wire; that is, any section through the length of the aerial
would show the same distribution of radiation. Where an actual aer-
ial is under consideration the pattern varies widely at different ang-
les to the horizontal. Since, as can now been seen, the direcAtion and
angle of travel from the aerial can be varied ip many ways, it is nec-
essary to consider the propagation, or spreading, of the wave through
space. .

CHAPTER TWO
PROPAGATION OF WAVES AND AERIAL DIRECTIVITY

It was not until Heaviside and Kennelly both iormulated‘ a theory that
radio waves were reflected from an electrified layer high in the at-
mosphere that the long distance reception of signals was understood.
The first theory that radio waves followed the surface of the ground
was disturbed when signals were received over a distance' sufficiently
great to prohibit the bending of the waves round the earth's surface,
and with the proving of the reflection theory the mystery was solved.
A further reflecting layer was later discovered by Agpletqn, above
the Heaviside layer, Appleton's layer sometimes being single and
sometimes breaking into two layers, and these layers are now known
as the E, the F1 and F2 layers. At times the E layer breaks into two
bands also, but it is generally regarded as a single band.

The cause of these reflecting layers is the action of the sun's rays on
the attenuated gases of the upper atmosphere in the zone k{lown as the
ionosphere. As the name denotes, the air is ionised, that is, elec-
trons are removed from some of the gas atoms. They therefore

n



FIG.9A p, FIC.9B !

AIR - SPACED : i
’ AIR-SPACED AND TRANSPOSE

TRANSMISSION LINE -l TRANSMISSION LINE A

i

I 1
f —>

N
FIG.10 !

FIGH
LINE CURRENT
INDICATOR OR
STANDING WAVE
DETECTOR

acquire a positive electrical charge whilst the electron becomes a
free negatively charged particle, but whilst this state of affairs ex-
ists all through the ionosphere it is particularly so in the layers just
mentioned. The clouds of free electrons make up the layers.

The density of the ionisation in the layers varies considerably over
the day, since the ionisation is a sunlight effect, and the two F lay-
ers merge into a single layer at sunset, this breaking up once more
at dawn.

The average heights of the layers are 70 miles for the E layer, 140
miles for the F1 layer, 200 or more miles for the F2 layer and 180
miles for the F layer formed by the merging of the F1 and F2 layers
at night. At times of low ionisation, such as winter, the F1 layer
often disappears leaving the F2 layer which descends to a height of
about 150 miles.

Fig. 6 shows waves originating from an aerial and their behaviour
both at the ground and at the reflecting layers. It will be seen that

a wave penetrates into the layer before being bent sufficiently to ret-
urn towards the earth, the reason for this being that the wave is re-
fracted rather than reflected. The refractive indices of the atmos-
phere and of the ionised layer differ. The result is that the part of

- the wave front which first enters the layer commences to travel at

a faster rate than that part which has yet to enter the layer with the
result that the wave bends round on itself.

It can be seen from Fig. 6 how the ground wave rapidly fades out, being
of little value at point A. At point B is a wave reflected from the E
layer, giving strong signals although in the zone between A and B no sig-
nals are receivable. This zone A-B, therefore, is known as the Skip
Distance, and its boundaries change for every station according to loc-
al and day-to~day conditions. If the wave is directed at a higher angle
than that which gives reception at point B it will fail to be reflected
from the E layer and so the highest angle which will give return of the
wave from an ionised layer is known as the Critical Angle. Waves at
an angle above the critical will penetrate the layer and either be lost
in space or returned from another layer as in the diagram, where the
wave is returned to point C from the F1 layer. This means, however,
that the wave has twice passed through the E layer, with refraction
both times and also some degree of absorption as well as possible in-
terference from denser ionised clouds.

It is likely, therefore, that reception at C will be both noisy and sub-
ject to fading.

Quite often a wave such as that arriving at B is reflected again from
the earth's surface so that it makes a double hop to arrive at point D,
A wave at a lower angle from the transmitter, however, can reach
point D with only one reflection which will give better reception than
the two hop wave, this latter having suffered absorption and other in-
terference at three points. It therefore appears that for ordinary long
distance work it is desirable for the aerial to send forther its energy
at a low angle.

The behaviour of the ionised layers is by no means constant. The
most marked long term variation is apparently caused by the 11 year
sunspot cycle, which affects the Critical Frequencies handled by the
layers. The critical frequency is that frequency, directed vertically,
above which the ionised layers will not return the waves, and when
sunspot activity is low the critical frequency is low, and vice versa.
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Seasonal changes from summer to winter also affect the ionisation of
the upper atmosphere, and it will be realised that over long distances

a wave might start under conditions of darkness to be received under
conditions of light. It will therefore travel between extremes of condit-
ions so far as ionisation is concerned, and the best all round conditions
are those obtaining in spring and autumn.

The period of the sun's rotation also gives rise to further fluctuations
in the degree of ionisation, the time period being 28 days, the maximum
effect being upon the 10 and 20 metre bands, while the day-to-day fluctu-
ations depend, as shown, upon the light and dark conditions of the lay-
ers. At night the E layer is much less dense in ionisation and consequ-
ently waves pass through it with little attenuation to be reflected from
the reinforced F layer so that, in general, night conditions are better
and 20 and 40 metre band signals are often so well refracted that a
round-the-world echo can be heard on them, the echotime being about
a seventh of a second.

Fading, which may occur in different forms at any time can be due to
several causes. Since the layers are not steady but rise and fall, the
waves may be split into different components which arrive at the rece-
iving aerial in or out of phase so that they periodically add together

and then neutralise each other.Polarisation shifts may occur during re-
fraction, so that even with a wave of fairly steady amplitude the aerial
is energised to widely differing degrees, and in large receiving stations
a special aerial receiving system is often used, known as the Diversity
system. Here several aerials with different polarisations are erected
at short intervals, and on fading the receiver is switched, sometimes
automatically, from aerial to aerial to eombat the changing signal str-
ength.

It is often stated that ultra high frequency signals are received with
certainty only over optical distances, where transmitter and receiver
can be seen one from the other. Recent experiments however have sho-
wn that these high frequencies, whilst penetrating the upper layers, are
often refracted from layers of air close to the ground. The dielectric
constant suffers a change due sometimes to a meeting of hot and cold
layers of air or to water vapour conditions. It appears that very dense
ionisations occurring in the E layer have also returned Ultra high fre-
quency signals, but this must remain a matter of chance.

Suitable angles for radiation from aerials for long distance work are

up to 45 degrees for 40 metres, up to 20 degrees for 20 metres, up to
10 degrees for 10 metres and as low an angle of radiation as possibie
for higher frequencies.

To understand how an aerial may radiate strongly at a given angle it is
necessary to return to the consideration of the half-wave aerial. As
already stated, if such an aerial were erected in free space its radia-
tion pattern would be as shown in Fig. 5, and the pattern would be so-
lid all round the aerial. In a practical aerial, however, this pattern of
Fig. 5 must be regarded as the horizontal pattern, or more properly
the horizontal polar diagram, since such radiation patterns are drawn to
polar co-ordinates.

A totally different polar diagram is needed to show the radiation of the
aerial vertically.

The reason for the difference in the diagrams is readily understood when
it is remembered that the earth is a conductor of electricity and thus
must be regarded as a reflector of waves. For the purpose of drawing
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radiation diagrams it is generally reckoned that earth is a perfect con-
ductor, but as this is not actually so there is always an error in the
vertical polar diagram. These may be greater or smaller according
to local conditions which can only be allowed for by experiment.

This reflection, from the earth, of the radiation of the aerial has many
far reaching effects, and it is necessary to see what ultimate result on
the radiated power these effects will have.

Fig. T shows the paths of waves from the section A of a horizontal
aerial. The direct wave, AB, will at some point X be received toge~
ther with a wave ACD which has been reflected from the earth and the
waves may be in or out of phase depending on the angle of reflection
and, thus, the difference in path length. It must be noted that the
wave reflected from the earth has its angle of incidence equal to its
angle of reflection; that is, it is reflected in the same way as light
from a mirror. The wave CD may thus be regarded as coming from
an aerial at E, the same distance below the earth as A is above it.
Once again, however, this factor is influenced by the local conditions
and this "image aerial" is out of phase with the actual aerial by 180
degrees. At any moment the imagined charges on the image aerial

are equal but of opposite sign to those on the actual aerial, and this
leads to a diff erence in the effects of reflection upon horizontal and
vertical aerials. i

Consider the half wave aerial erected vertically without any reflect-
ion effects. Then the pattern of Fig. 5 is turned through 90 degrees
and becomes the vertical free space polar diagram of the vertical
aerial whilst the polar diagram for the horizontal radiation is a cir-
cle. In a practical vertical aerial with earth reflection, therefore,

the horizontal polar diagram is still circular, so that the aerial ra-
diates equally to all points of the compass. Unlike the horizontal
aerial, the aerial and its image the phase reversal causes the actual
and imagined currents to flow in the same direction.

Returning to Fig. 7 it can be seen that the field strength due to the
aerial A at the distant point X can lie between the limits of twice the
field strength which would be given by A without reflection, or zero
field strength. If the direct and reflected waves are in phase, then
they will add and produce twice the field strength of one wave alone.

If they are out of phase they will cancel out, and at intermediate phase
diff erence they will produce field strengths between these limits. The
most useful vertical polar diagram is a "reflection factor'.

Such factor diagrams can be little more than guides, however, for the
reflective values of the ground vary from situation to situation. The
image aerial therefore will seldom be theoretically true whilst absor-
ption effects will further distort the picture. For example, a typical
factor diagram shows that a vertical aerial is extremely efficient as a
radiator of low angle waves. In actual fact, however, the lowest waves
radiated from the vertical aerial, at'least in a great number of cases,
suffer so severely from absorption that they are lost before ever con-
tributing to the aerial's useful output.

The characteristic which finally decides the radiating angle of an aerial
is the height of the aerial above earth. As has been shown this cannot

readily be determined with accuracy since the condition of the earth fal-

1s short of the presumed ideal. Suffice it to say, therefore, that for
all horizontal aerials together with vertical aerials an even number of
half waves long, the best all round operating heights above ground are
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either a half wavelength or one wavelength. The latter height gives a
rather greater proportion of high angle radiation for local working. If

a height of two wavelengths can be obtained even better workir'rg should
result, but for most amateur frequencies this will be impracticable.

It must be remembered that the height of a vertical aerial is measured
from the centre of the wire.

The three-quarter wavelength height should be avoided for these types

of aerials, since too much radiation is directed at a high angle, but

for the vertical aerial in odd number of half wavelengths long, the three-
quarter or one and a half wavelengths heights are most suitable.

If, in place of the unstable earth reflecting surface an efficient reflec-
tor is necessary for any reason, it is possible to provide this by cov-

ering the surface of the ground below the aerial with a metal net. The
net must extend from at least half a wavelength in all directions, and
whilst such a restricted area will have little or no effect upon the low
angle radiation of the aerial, the device will at least allow the actual
aerial height to be established. In turn this will make known the actual
radiation resistance. The radiation resistance of the aerial is also cha-
nged by the reflected waves, for those radiated directly to the earth and
thus reflected straight up and past the aerial will induce currents in the
aerial in or out of phase with the main currents depending on the aerial s
height. Whilst the input to the aerial remains constant, therefore, the
aerial current changes with height, the effect being equivalent to a
change in radiation resistance. Where the height is rougly . 3 of a wave-
length the radiation reistance rises almost to 100 ohms (where the half
wave aerial radiation resistance is reckoned as 73 chms) and falls to

60 ohms where the height is roughly .6 of a wavelength. At heights of a
wavelength or half a wavelength however, the radiation resistance is
very near to the theoretical value of 73 ohms, and it is recommended
that where a horizontal half wave aerial is to be installed it be erected at
a height of one wavelength or, if the frequency is low, at a height of half
a wavelength.

A further reflection effect is seen with regard to the radiation from the
ends of the half wave horizontal derial, where the horizontal polar dia-
gram appears to indicate that there is no radiation at all. Actually this
is misleading, as the diagram of the lobe on the aerial in a vertical dir-
ection in Fig. 8 will show. There must be end on radiation from the half
wave aerial, although it will be at a higher angle than the broadside rad-
fation. In addition, to this the null is further filled in by reflected vert-
ically polarised waves which travel out at the higher angles in the end on
direction of the aerial. The radiation in the direction of the aerial, there-
fore, is more suited to local and short distance working, but if it is
desired to use this end on radiation to the fullest advantage, the aerial
may be erected in a sloping position. Where a horizontal half wave
aerial is supported one wavelength high at one end sloping down to a

half wavelength high at the other end, the radiation is good in all dir-
ections except that of the high end.

The height of vertical aerials is measured from the centre of the aer-
ial, and it'is interesting to note that in the Marconi aerial the wire may
only be a quarter wave long with one end earthed. The resonant half
wave length is then virtually completed by the image aerial through re-
flection.




CHAPTER 3
TRANSMISSION LINES AND AERIAL COUPLIG

In the early days of radio transmission it was soon discovered that the
practice of bringing the aerial direct to the transmitter for the purpose
of coupling it to the source of R.F. power was inefficient and undesir-
able.

Clearly there are two points at which a half wave or a longer resonant
aerial may be fed with power -- either at a current loop or at a voltage
loop; points which on the single half wave aerial correspond to the centre
and end of the aerial respectively. To bring the end of the aerial to the
transmitter in order to feed it at a voltage loop means that losses in the
surrounding building will be severe, spurious reflections will occur and
generally the aerial will need to be brought to a low hight. Feeding the
centre of the aerial directly at the transmitter is even worse, and so
transmission lines, generally known as Feeders, were developed to car-
ry power to the aerial with very little loss whilst the aerial itself can be
erected well in the open and at considerable hights, if desired.

A feeder may consist of a single wire, but most often there are two wires
to a transmission line, the wires being spaced constantly through their
length by a certain fixed distance dependent upon the desired characterist-
ics of the feeder.

The feeder may be used in one-of two ways, it may be "TUNED" or "UN-
TUNED", the tuned feeder being more usually in use.

When high frequency current is fed either to a single or double line of -
infinite length there is no reflection from the end of the line and consequ-
ently no standing waves are set up. These occur only when the line is cut
to a certain finite length and so can give current reflection from its end.
Even then, if the wires of a two wire line are connected at their ends by

a resistance equal to the Characteristic Impedance of the transmission
line, the line, so far as the high frequency currents are concerned, will
again appear to be of infinite length and again standing waves will not be
set up. '
Such a transmission line, where the feeders terminate in a resistance
equal to their characteristic impedance and have no standing waves upon
them is the untuned line.

Where the transmission line has its feeders terminating in a resistance
higher or lower than the characteristic impedance of the line, standing
waves will be set up, this line being the tuned or resonant transmission
line. If the terminating resistance is lower than the line's characteristic
impedance the end loop of the standing waves will be a current loop. Cur-
rent loops will also appear at approximately every half wave length of line
down to the transmitter, the voltage 'loops appearing with the usual 90 de-
gree phase difference. If the terminating resistance is higher than the
line's characteristic impedance then the end loop of the standing waves
will be a voltage loop with voltage loops appearing at half waves down the
line, the current loops appearing at the usual 90 degree intervals.

The Characteristic Impedance of the line is seen to be of paramount im-
portance, therefore, and may technically be expressed as the square root
of the ratio of inductance to capacity per unit length of line. The value is
also known as the Surge Impedance of the line. Since it is the impedance
which is presented by a long line of the specified type to impulses induced
into the line. Moreover, connecting the ends of a pair of feeders thr ough
a resistance equal to the characteristic impedance causes the transmis-

18

< €=
J FIG.16 CORRECTING
STUB ON
TRANSMISSION
LINE

FIG.17 SINGLE
FEEDER
MATCHING P4

4
e

FiG.18 BASIC
CIRCUIT OF A
SIMPLE
TRANSMITTER

RF.C.

TANK

TWISTED OR
O OPEN LINE

FEEDER

]
<=

3 FI1G.19 SINGLE WIRE FEEDER COUPLING TO TRANSMITTER
[ DOTTED EARTH LINE INDICATES POINT OF LOW RF.VOLTAGE

19




sion line to present the same impedance across the other ends, no matter
how long the line.

The characteristic impedance of a pair of lines, generally known as Zo,
is determined by the radius of the wires used and the spacing between
them. For air insulated feeders : Zo = 276 log _)Yi

where X is the spacing from centre to centre of the wires and Y is the
radius of the wire, X and Y must both be in the same units, either inches
or centimetres.
Besides being of air spaced wires, feeders can also be constructed of co-
ncentric or coaxial cables, where one conductor runs along the centre line
of a second tubular conductor. This outer conductor is often woven to
give flexibility, the two conductors being spaced internally by several me-
thods ranging from solid rubber insulation to plastic "thimbles". Cables
are also made where two conductors are run side by side in rubber insu-
lation with very close spacing, these two conductors sometimes being
shielded with a third outer conductor enclosing the whole cable.
When such transmission lines are obtained commerically their surge im-
pedance will be stated; generally they are low and of the order of 100 ohms
or less so that they may be coupled to such an aerial as the half wave to
give an untuned line.
The characteristic impedance of a coaxial line is given by ;

Zo = 138 log %
where A is the inside diameter of the outer conductor and B is the diameter
of the inner conductor, units again being the same for the two conductors.
This formula holds only for lines having a high proportion of air spacing be-
tween the conductors, as when small separated spacers are used. When the
spacing between the conductors is maintained by a solid dielectric the expre-
ssion for Zo must be divided by vK where K is the dielectric constant of the
material between the conductors (2.2 to 2.95 for India Rubber).
The impedance is reduced in a solid dielectric line by reason of the
increased capacity between the conductors, and for the same reason
the velocity of the wave along the line is also reduced.
The effect of this reduction in velocity is to make a measured length
of feeder contain a greater number of standing waves than would be
expected by calculation. The solid rubber spaced coaxial cable shows
the greatest discrepancy and the twin air-spaced wire feeder the least.
It is not necessary to make calculated allowances for the apparent cha-
nge in feeder length, however, so long as the shortest feeder practicable
for the work in hand is used. With untuned lines the effect will be neut-
ralised by the matching system and with tuned lines the coupling cir-
cuits to be described in a later chapter will handle either a current or
voltage loop at the feeder termination. The overall loss of efficiency
resulting from the increased feeder capacity will be the most import-
ant effect, and it is for this reason that the shortest possible feeder is
advocated.
Twin lighting flex and cabtyre cable have been used as equivalents to
twisted line feeders, but their losses are high and they are not to be re-
commended for outdoor work where weather conditions will rapidly cau-
se perishing and changes in their characteristics. If they are used exp-
erimentally, they may be reckoned to have characteristic impedances of
the order of those given for rubber spaced coaxial line -- that is genera-
11y less than 100 ohms.
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Where a single wire feeder is used the characteristic impedance will be
roughly 500 ohms for a heavy gauge wire, 14S.W.G. _for example. Since
standing waves on a single wire would cause it to radiate as strongly as
an aerial the single wire line is generally untuned and matched into the
aerial where the radiation resistance is of the same order as the line
impedance, 500 ohms. Clearly some care is needed in ma.kmg. the ad-
justment, and further details appear in the discussion of the Windom and
VS1AA aerials.

It is one of the greatest advantages of the double wire transmission line
that its method of construction prevents it from radiating waves even
when it is a tuned feeder. The two wires, spaced as they are by only a
fraction of a wavelength, carry equal and opposite currents (except in
the case of the Zeppelin aerial, described later, where the currents are
not quite equal) and so the radiation from one wire effectively cancels .
out that of the other. This spacing of the wires should not be greater
than a hundredth of the wavelength for good cancellation.

If it is necessary for the feeder to run close to absorbing or reflecting
surfaces it is sometimes found that the balance of the currents in the
two lines is disturbed, the cause being that one line has a greater cap-
acity to the surface or to earth than the other. In such cases the feed-
ers should be separated by transposition blocks, obtained commercially
by means of which the wires are regularly transposed or crossed. Thro-
ughout their length therefore the average capacity of each line to earth
or other masses in proximity to it are ‘equal.

In the following sections of the chapter, the efficiencies, methods of use,
aerial matching and transmitter coupling details for the two types of
transmission line are shown, together with constructional details.

Efficiencies

Whilst the tuned line is more simple to use and adjust than the untuned
line, the losses in the tuned system are greatér. A deciding factor of the
usefulness of the tuned line is the length of feeder required to run from
the transmitter to the feeding point on the aerial, and where this length
exceeds 2 or 3 wavelengths it will be preferable to use the untuned feed-
er, properly matched into the aerial impedance. A 2 wavelength line
even at 20 metres gives a good run, however.

It is common to measure both aerial gain (described later) and transm-
ission line losses in decibels, a 1 dB loss corresponding to 25 per cent
of the power or 12 per cent of the current or voltage in the line to which
the loss refers, 3 dB corresponding to a loss of half the power or 30 per
cent of current or voltage. The losses are generally reckoned in fract-
ions of a decibel per wavelength run of line.

A 600 ohm line, such as has already been mentioned, has a loss of only
-1 dB or less per wavelength when the line is untuned; that is when there
are no standing waves upon it. The untuned line is therefore suitable for
very long runs, even though the loss will rise a little under bad weather
conditions or after long use. The same line, with air spaced wires will
increase its 1oss under the tuned condition to an extend which depends on
the standing wave ratio (see the next paragraph). The loss rises perhaps
to as much as .5 dB per wavelength run in a new line and even more with'
bad weather or age.

When the coaxial lines with rubber spacing are used the losses are high-
er still, and these lines are in general unsuitable for runs longer than

a wavelength, particularly if they are used as tuned feeders and are thus
carrying standing waves.
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Standing Wave Ratio

As has already been explained, a transmission line will have set up along
it standing waves of voltage and current unless it is fed into an impedance
equal to its own characteristic impedance. Since a usual figure for the
characteristic impedancé of a line is 600 ohms and the centre point of a
E half wave aerial presents an impedance to the line of about 73 ohms it

|

will be seen that such a line coupled directly to such an aerial will have
standing waves on it, the first loop, that at the aerial end of the line,
being a current loop.

The ratio of the mismatch of the two impedances is 600:73 and if the cur-
rent in the feeders is measured, first at a point of maximum current and

. 4 then at a point of minimum current (i.e. at a current loop and null, sepa-
FIG.21 CENTRE SPUIT COW. TO W rated by a half wavelength) it will be found that the currents differ one from
\ ACCOMODATE LINK <OIL b tne other by the same ratio, 600:73 or, being simplified, 8:2:1. A meas-

; ure of the current ratio in the feeders gives the degree of mismatching
/ 1 between the aerial and the line, therefore, this ratio being known as the
] standing wave ratio, and the figure may be allowed to rise to 10:1 before
colL any disadvantage becomes apparent.

FIG.20 VARIABLE COIL COUPLINGS Transmission Line Construction

TANK AERIAL J
. coiL

The examples quoted in this chapter and elsewhere are based on a feeder
FIG.22 TAPPING LINK COUPLING impedance of 600 ohms which is a widely used and a satisfactory value.
[SINGLE ENDED TANK) 1 It has the added advantage that a fairly stout gauge of wire can be used
with spacers of a convenient length, a good combination being either
16 S.W.G. wires spaced 5'" apart or 14 S.W.G. wires spaced 6" apart.

p It is advisable to use the lighter wire so that stresses and sfrains
especially at the centre of the aerial can be avoided as much as possi-
ble. Also for this reason, the spacers should be light so far as is con-
sistent with strength and good insulating properties. It is very unlikely
that the feeders will need to carry currents which cannot adequately be
)/ handled by these gauges of wire.

-‘ The wire is best enamelled so that it will be protected from exposure
and corrosion. ’
The spacers between the wires should be obtained commercially, though
i they can be made of wood. They should be a yard apart along the wires
TANK il although where transposition blocks are used it might be found necessary,
i after trial, to decrease this distance to 2 feet. These blocks usually
give a smaller spacing than 6" but the wire gauge to give a line of 600

F ohms impedance can, of course, be calculated from the formula already
AERIAL ; given. When transposition blocks are used it is desirable to slightly
oIL \ reduce the spacing but since this is not possible with the commercial
F 3 products the same effect can be obtained by using a gauge of wire a size

smaller than that calculated. (See Figs. 9a and 9b).
Line spacers can be made up from three-eighths or half inch hard wood
dowelling, the rods being cut to length and having a notch filed across
b each end face. A small hole should also be drilled near each end. The
F d rods are then treated in just boiling paraffin wax -- the wax must not
boil hard -- by immersing them and leaving till all air bubbles are dri-
ven off. When the spacers have been drained they must be allowed to
£ i stand until the wax is perfectly hard.
I To make up the transmission line the two feeder wires are positioned in
i the shallow grooves at the end of the spacers and retained in place with
ol FIC 23¢C d a binding of 20 S. W.G. threaded through the drill holes. At 14 mega-~
v 4 Cycles a transmission line so constructed can be up to three half wave-

COUPLING UNTUNED TRANSMISSION LINES TO THE TRANSMITTER 3
i 23

22




lengths long without support between the aerial and the transmitter, and
longer lengths can be supported from wooden posts fitted with stand-off
insulators.

Untuned Lines and Aerial Matching.

Since standing waves do not appear on a line whose impedance corres-
ponds with the aerial impedance it would seem that all that is necessary
is to arrange the surge impedance formula to give a line of, say, 70 i
ohms to match the ordinary half wave aerial. When the calculations are !
made it is found, however, that the spacing of the two wires along the ]
transmission line would be very small -- the impedance of the line falls
as the spacing falls -- whilst the wire gauge becomes large. Such a line
with small spacing, generally gives trouble even if only through weight
and easily changed characteristics due to the wires twisting nearer still
as the feeder swings in the wind, whilst insulation will be less efficient |
in wet weather. The solution is to use the higher impedance line and to
match it to the aerial through an impedance transformer device. i
A simple matching section is the Delta match, shown in Fig.10.1t will be 3
seen that the feeder spacing is gradually increased from a definite point,
the spacing distance rising until the feeder wires meet the aerial. The
fanning out of the feeders in this way clearly will give rise to a gradual
change of line impedance over the section where the spacing is rising,
the impedance growing higher. The line is connected to the aerial in
such a way that the impedance is greater than the 73 ohms which would
appear, as the load if the aerial were cut at the centre and the feeders
connected there. The two impedances, therefore, are made equal by
the fanning out of the wires and it must be noted that the aerial is not
cut but that the feeders are tapped on to it.
The aerial length A must be correct, calculated as already explained
and tested, if desired, by aerial tuning tests to be described, whilst 1
for a 600 ohm line the two measurements B and C are found from the 3
formulae : 148 123
B=ogm C a2

f f
where both B and C are in feet and f is the working frequency in mega-
cycles. Since the formulae are based on the figure on 73 ohms for
the aerial impedance the distance B and C will be slightly inaccurate
if for reasons of height or other reflection effects the aerial imped-
ance is different. In any case it is possible to check an.untuned tran-
smission line for standing waves, which, of course, should be absent, 1
and to make experimental readjustments in the fanning out of the feed- 4
ers if the system is'not working properly. It may be noted that it is
often stated that a standing wave ratio of, say, 2 on a theoretically un-
tuned line can be tolerated.
Testing for standing waves on an untuned line can be carried out with
either a current or voltage indicator, the device, of course, being one
which responds to radio frequency power. The simplest voltage indi-
cator is the neon lamp which will usually light if grasped in the hand
with one contact connected to a voltage point. If such a lamp is run
over a convenient part of the feeder at least a half wave in length, the
lamp either should not light at all or, if it does, the glow should be
constant. If the lamp lights at one point and ndt at another, or if the s
glow fluctuates, being weak at one point and strong at another standing
waves are present on the feeder, and the matching is not accurate.
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A similar check can be made by tapping a flashlamp bulb of the 3 volt
variety across a length of the feeder line, the connecting points being,
say, 2' apart. The bulb will thus act as a shunt to the portion of the
line across which it is connected and sufficient current will be passed
through it to cause the filament to glow. Again, in an untuned matched
feeder the glow should be reasonably constant at all points along the
line, but a more ‘definite test is made by developing this idea and using
instead of a bulb, a R.F. milliammeter reading up to, say, .5 amp.
The best type of instrument is undoubtedly the thermo-couple ammeter,
although almost any instrument used for measuring high frequency cur-
rent will have an error due to the skin effect on the heater wire. Meters

“of this type read high to as much as 10 per cent. at frequencies of 14

mcs. and over, but this is of little consequence where comparative rea-
dings are generally all that are required.

The meter may be suspended from the line or any other wire under test
by stout wire hooks firmly fixed to the connecting terminals on the back
of its case, the hooks being spaced to the desired amount by an insula-
ting rod. (See Fig. 11).

Once again the untuned feeder should give constant readings thr oughout
its length when it is shunted by the meter. Peaks indicate standing wa-
ves and consequently mismatching. It must be remembered to bare the
metal of insulation at the checking points, afterwards protecting it with
shellac.

A development of the Delta Match is used with twisted wire feeders,
particularly in reception of ultra high frequency signals. The character-
istic impedance of twin flex, such as lighting cord, or cabtyre is very
roughly 100 ohms, depending on the maufacture. Such a line, it is found
may be connected into the centre of a half wave aerial without the loss-
es rising too much, but a better method is to fan out the two wires a
foot or so from the aerial. The aerial itself is cut in the centre, the
feeders being connected to the cut ends and these connections are then
spaced, and the two halves of the aerial linked mechanically, by an in-
sulator 6" or 9' long. As short a run of feeder as possible should be
used to keep the loss low, and it may be mentioned here that a feeder
Wwith a characteristic impedance quite close to 70 chms may be made by
using two lengths of twisted flex in place of a single length. The flexes
are wired in parallel by connecting the ends of one wire in the first pair
with the ends of the corresponding wire in the second pair, the other two
Wires also having their ends connected. This feeder is connected to the
aerial by again cutting the aerial wire at its centre point and joining the
feeders to the cut ends. In this case the halves of the aerial are not se-

Jarated by the large distancing insulator but are linked by a suitable

short insulator,
"Q" Bars

Fig. 12a shows a half wave line folded to become a double line one qua-~
rter wave long. Since the line is still resonant, although its radiation is
cancelled out, the voltage and current distribution still hold good. The
current, in the diagram, is shown as a full line with a dotted line indic-
afing the voltage distribution. At the top end, therefore, with voltage

h}gh and current low, appears a high impedance, and at the bottom, with
hlgh current and low voltage appears a low impedance. These relation-
ships still hold when the two quarter wave conductors are not connected
across their lower ends, as in Fig 12b. The device of Fig. 12a is known

of conventional design.
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as the Quarter Wave Transformer, whilst that of Fig. 12b is known as

the " Q " match, and is dealt with first.

The quarter wavelength of special feeder, where Q bars are to be used,

is made to give an impedance which will match the high impedance, 600
ohms, of a transmission line to the low impedance 73 ohms, of the half
wave aerial, and the matching impedance is determined from the formula

Zo = +Rr

Thus for the combination above, 600 ohms into 73 ohms, the formula

would become :

+//800 x 73 ‘
+743800 |

; 209 ohms as the impedance for the quar-
ter wave section. Q bars are generally obtained commercially, cut to
length, and given their diameter, usually 3" since they are made from |
thin walled tubing, their spacing is found to be, from the formula already

Zo

glven : Zo = 276 log X ;

4 Y .
or 209 = 276 log X

' .GZE (Y is the radius of the tubg) |

or 52,25 = 276 log X j

andlog X = 52.25 = .1893 ‘

276 i

Therefore, from tables of logarithms, X =1.456, which is the spac-
ing in inches, taken between centres. /
At a frequency of 14 megacycles, therefore, corresponding to a wave- |
length of 21-43 metres the Q bars will be 5. 36 metres long, the metre
being 39.37 inches, spaced almost 1.5 inches between the centres of the |
1" tubes. Since the Q bars must hang down vertically from the aerial |
the tubes must be of light construction, preferably of thin aluminium.The
spacers between the tubes may be of wood well treated with wax, but sin- |
ce the distance is so small ceramic spacers would be better. The arrang
ment is shown in Fig. 13. i

The Quarter Wave Transformer

It is necessary, before discussing the properties of the quarter wave
transformer to consider the various uses of the matching devices which
may be chosen.
In the first place it is clear that the transformer method of matching the |
line impedance to the aerial impedance can be used on one frequency only,
since the transfomrer is designed about a certain frequency. Generally
speaking the matching device will give good operation over the band (i.es
the Q bar match in the example above would cover the 14 megacycle ban
without serious looses at the band limits) but for harmonic aerial opera-
tion it is necessary to use a tuned line. o
Moreover, neither the Delta match nor the Q bar match is suitable for
matching a line into a high impedance point or voltage loop. Where the al
rial is current fed, the transmission line being led in at a low impedance |
point or current loop, these two systems can be excellent. Where, howeve
it is necessary to feed the aerial at a voltage loop, as in various types
of aerials to be described later, it is necessary to use the closed type
of quarter wave transformer as shown in Fig. 14.

2 i}

Unlike the other methods of matching, however, the quarter wave trans-
former is not limited to this one application. If the quarter wave section
is opened at the bottom," so that it becomes two separate wires it,can then
be used as a current feeding match. These two types of transformer are
useful for the general transformation ratios which are high -- that is
where a high impedance line is fed into a low impedance aerial.

On occasions, however, the ratio of the impedances is low, since a lar-
ge beam aerial might need feeders too long to be tuned. In such cases _
correcting stubs, developed from the quarter wave transformer are used.
The three methods are outlined below

Voltage Fed Aerials

Aerial length a whole number of half waves -- i.e. 1, 2, 3 etc. WHOLE
wavelengths long, the transmission line being fed to the centre of the
aerial.

The transformer is made in the same way as the transmission line, and
is closed at the lower end by a movable shorting bar or wire which must
be_readily adjustable. Any clip which is used should be capable of really
firm fixing so that it may be set to the correct operating position exper-
imentally and then taped over, both, for weather protection and as addit-
ional fastening..

The transformer for voltage feeding is shown in Fig. 14 and its method
of working, as can be seen, is to match the line impedance to the aerial
impedance. This is accomplished by tapping the feeders on to the trans-
former at a point discovered by trial and error where the voltage to cur-
rent ratio corresponds to the matching ratio desired.

The matching of the system commences with adjusting the aerial, with
the transformer in place, to the required resonant frequency. The best
method of making this adjustment is to energise the aerial under test in-
ductively from a temporary aerial erected at least a half wave away and
working from the transmitter at the correct frequency. The temporary
aerial could be suspended below the aerial undergoing adjustment, but

in some cases the method will take up a good deal of space, and it will
probably be preferred to energise the aerial directly from the transmit-
ter. The coupling at the transmitter end must be light, and the feeders
should be tapped on to the transformer about a tenth of the distance up
from the shorting bar.

In either method of adjusting to resonance, the indication is given by a
R.F. ammeter shunted across the shorting bar on the transformer, or,
if the currents are low, the ammeter may be used in place of the short-
ing bar. The aerial is hoisted into what will be its final position and the
current registered by the instrument noted -- it will probably be nece-
Ssary to read the instrument through binoculars -- and the shorting bar
is then re-adjusted to a_new position and the current read again. This
entails the lowering of the whole system, and some time will have to be
€Xpended on the work.

The shorting bar is finally fixed in the position where the current reg-
istered across it is at a maximum and taped to prevent further movem-
ent. The transformer tap is now adjusted to such a position that the
transmission line has no standing waves set up along it. For a start, the
feeder wires may be tapped on to the transformer about one thirtieth of
a wavelength from a current loop, i.e. the shorting bar. The ammeter
IS removed from the aerial and used to indicate the presence of stand-
Ing waves along the feeders by tappiﬁg it across a suitable length of
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the feeder wire, as already desribed. Altern'atively, the transmission
line can be tested for standing waves by the neon lamp method.

The points along the transformer section where the feeders are tapped
in are adjusted until standing waves on the transmission line are eli-
minated or brought to a very low ratio. The transmitter coupling to the
line is then increased to the optimum amount 'as the line comes into
proper working conditions. If difficulty is experienced in dispensing
completely with standing waves it may prove helpful slightly to increase
the length of the transformer section by moving out the shorting bar a
few inches. A low standing wave ratio will not affect the line efficiency
severely, although it should be possible to make the line completely flat.
With the line and transmitter working under their correct conditions the
last test is to inspect the current in each feeder wire close to the cou-
pling unit on the transmitter. The currents should be the same, and if
they differ the transmission line will be transmitting on its own account.
Possible causes of out-of-balance currents are reflection effects, a gre-
ater capacity to earth along one wire than the other, or sharp bends or
kinks at some point in the line. The proposed path of the feeder should
be, of course, inspected for possibilities of the first two effects before
the aerial system is erected, but if they occur a transposed transmis-
sion line should eliminate the trouble.

Current Fed Aerials

Aerial length an odd number of half waves, the transmission line being
fed to the centre of the aerial.

In this case the impedance of the aerial at the point where power is fed
in is low, for whether the aerial is one three or five half waves long a
current loop will appear at its centre. The transformer section in this
case is open at the bottom end, but in other respects is identical with the
transformer already described. That is it is constructed in the same way
as the transmission line, and suspended from the centre of the aerial, the
feeders being tapped on to it to give a suitable current-voltage ratio.

The aerial again must be brought to resonance either by lightly coupling
it to the transmitter or by energisation from a temporary aerial erected
a half wave length or more distant. Since in this case the transformer
section has no adjustable shorting bar the aerial is adjust to resonance by
making it a foot or two longer than the calculated figure, and shortening
the ends. The arrangement is shown in Fig. 15. When the aerial is fed
direct for this first operation the feeders should be tapped one tenth of
the transformer length down from the top.

It may be said here that the length of the aerial is measured up to and
including the loop at the end which passes round the insulator. Assum-
ing that the egg type insulator is used the aerial wire should be bared

for a suitable distance, run round the egg and twisted back upon itself,
the joint being well soldered. The loop is then a short circuited loop
acting as a straight wire, and the aerial length must be considered as
extending up to the extreme curve of the loop.

The resonant point of the aerial is shown, as before, with the help of
aR.F, ammeter, but in this case the ammeter is connected across the
top of the transformer section, since the current loop appears here at
the centre of the aerial.

'_l'he adjustment is made by reducing the length of both sides of the aer-
1al by the same degree a few inches at a time, the current shown by the
ammeter being noted until it passes through a peak. The aerial wires
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must not be cut exactly to length at each adjustment, therefore, althou-
gh the loop must be made a good electrical joint each time. A little
wire should be left spare so that the length can be increased slightly
when the current maximum is passed. Resonance is indicated by the
highest current on the ammeter. It will be realised that the operation
is tedious for the aerial must be raised to its working position for each
current check, but the work repays care with efficiency.

When the aerial is resonant the transmission line is again tapped on to
the transformer about one thirtieth of a wavelength from the current lo-
op which is now at the top of the transformer, and the ammeter is re-

moved from the aerial. The transmission line tap on to the transformer ¥

is adjusted until no standing waves are present along the wires, the
transmitter loading being brought up to normal working conditions as
the line adjustment is correctly made. The currents in the feeders

should be checked as already described and if they are unequal the same
remarks apply -- the line is unbalanced in capacity or is kinked at some i

point.

In both these applications of the quarter wave transformer the match is
not perfect since the impedance presented to the transmission line con-
tains a reactive component. That is to say that the impedance is not
purely resistive, a condition which, as has been seen, is conducive to
the setting up of standing waves on the line. When the transforming ra-
tio is high, however, the effect is not serious but where the aerial fed
from the line has an impedance which will cause the matching ratio to
fall to 5 or less the correcting stub should be used.

Correcting Stubs

In order to understand the operation of the correcting stub it is nec-
essary to consider a transmission line connected into an aerial without
matching devices so that standing waves are set up. Along the first
half wavelength of line, measured from the aerial, there will thus be
an apparent impedance slope and if at some suitable point in this leng-
th of the line the reactive component could be cancelled out by a cap-
acity or inductance, the equivalent of a quarter wave transformer tap-
ping would be obtained with consequent matching and elimination of the
standing wave from that point back to the transmitter.

A correcting stub, Fig. 16, gives this inductive or capacitive effect.
An open stub acts as a capacitive stub, and is used where the current
falls in value from the aerial towards the stub; a closed stub acts as
an inductive stub and is used where the current rises in value between
the aerial and the stub. There are thus two positions in which the stub
may be used, and the position nearer to the aerial is the more desir-
able.

For several reasons, however, the stub is far from simple to constru-
ct and adjust. It must be perpendicular to the feeders at the point of
attachment which means that some support must be furnished, both to
support the weight and to maintain the correct angle whilst a good deal
of experimental work is necessary to determine both the size of the

stub and its precise point of attachment. Since its use can be avoided by

aerial design, it is felt that stub matching is best left to the profes-
sional and commercial transmitter.

Single Wire Transmission Lines
Since the impedance of the aerial, due to the standing waves, varies
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at different points along the aerial and since the impedance is purely
resistive at each single point, it is possible to match into an aerial a
feeder system consisting of a single wire. The feeder will have its own
impedance, as usual, depending chiefly upon the gauge of wire and the
aerial's surroundings, and it is only necessary to tap this single feeder
on to a point along the aerial where the aerial impedance equals the fe-
eder impedance to effect a match between the two.

The adjustment is not simple to make and no hard and fast rules can be
1aid down'since the whole system is influenced to a large degree by re-
flection whilst the ground at the transmitter must be of a good conduct-
ing type. Over poor or sandy soil the system will probably give poor
results.

The two important dimensions, as shown in Fig. 17 are the aerial length
A and the distance, B, of the feeder tap from the centre point of the aer-
ial. The aerial should first be brought to resonance by energising it
from a temporary aerial at least half a wave length distant, the resonance
being indicated as before by an ammeter situated in a current loop of the
aerial. The resonance of the aerial is obtained by adjusting the length of
the wire which should have been calculated from the figure given, the gre-
atest reading of the ammeter showing the resonant point. Since it is
most likely that single wire feeding will be applied chiefly to half wave
aerials, this means that the ammeter will be suspended in the centre of the
aerial, tapped across a length of the wire since it will not be convenient
to cut the aerial.

With the aerial at resonance the ammeter is removed and the feeder is
tapped on, the distance, B, from the centre of the aerial depending on
the impedance, and therefore the diameter, of the feeder wire, being
very approximately one eighth of the aerial length. The point at which

the feeder is tapped on, however, must be considered only as a starting
point for final adjustment and the best method of checking the tapping po-
int is to use a pair of ammeters inserted into the aerial or tapped across
the wire, one either side of the tap and as close to the feeder-aerial jun-
ction as possible. When the tap is correct the two meters will indicate
the same current, and the final test should be the usual standing wave che-
ck along the feeder wire itself.

The feeder should leave the aerial at a right angle and be straight for at
least a quarter wavelength from the aerial, with no sharp bends at any
place.

If the aerial is to be used at more than one frequency it is necessary to
make these adjustments at the higher frequency.

J. MaclIntosh, VSIAA, has developed a single feeder matching system
for use on long wire aerials where there are four or more half waves

on the aerial as when a full wave 40 metre aerial is used on 20 and 10
metre bands. The aerial is cut to length according to the figure calcul-
ated from the resonant length formula, and the single feeder is tapped

on at a point exactly one third of the aerial length along the wire. The
feeder must be of lesser diameter than the aerial wire to obtain correct
Mmatching and where the aerial is 68 or 138 feet long it may be made of
14 5. W.G. wire, the feeder being of 20 S.W.G. Where the same aerial
Wire is used on a 40 metre half Wwave aerial, about 33 feet long, the feed-
€r should be of 18'S.W.G.

‘he Mmain disadvantages of the single wire transmission line are firstly
that it always gives a certain proportion of radiation from the feeder and
Secondly that it is very prone to radiate transmitter harmonics. This

¢an be an asset in some cases but for general amateur work it is most
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desirable to eliminate harmonic transmission to avoid interference. In

L < ol | addition to these points the earthing of the transmitter and aerial coup-
T%TANK et ling device must be good -~ this is dealt with in the next section on trans-
INK v mitter couplings.
Transmitter Coupling

It may be helpful to the novice to review the operation of a simple trans-
! mitter before considering the various methods of coupling the transmis-
4 sion line to the final output, and in Fig. 18, is shown a purely basic cir-
cuit of a simple transmitter, without modulation. The tetrode Crystal
Oscillator, CO., provides a controlled R.F. supply in the tuned anode

FIG.26 AERIAL TUNING LIMIT fiba 1 system of the first valve, the Power Amplifier, P.A., consisting of two
1G.27A ADAPTED i h-pull bei; nergised through a link coupling unit which is
YW, NGTH AL ‘ tetrodes in push-p ng energ ug! pling
l s bt Aenah I made up of two small coils connected by a length of twisted feeder--
b 1l } ordinary lamp cord is perfectly suitable for the job. This link coupling

has many uses, and is often used to connect an aerial tuning system to the
o final stage of a transmitter. .

y | The transmitter is brought into working conditions by first removing the
::;: /‘:::::l":m::“ i link coupling between the stages and tuning the anode circuit of the oscil-
LENGTHS MORE THAN 4 lator. The milliammeter in the anode line of the valve will show a pro-

Yo WAVELENGTH | nounced dip in current as the circuit comes into resonance with the cry-

| stal frequency. When the C.O. is working correctly the P.A. coupling

is restored, and the P.A. circuits tuned, the grid circuit indicator being
the milliammeter in the bias lead which indicates the grid current flowing
and the anode circuit indicator being the milliammeter in the anode sup-
ply line. As power is taken from the C.Q. the anode resonant circuif of
the first stage may need some retuning while the current dip will not be

5 so great as it formerly was, The current dip in.the plate circuit of the

f P.A. is very great as the final tuned circuit (the "tank circuit') comes

: into resonance, and the degree of aerial coupling is adjusted so that as
the aerial draws power from the final stage this current dip is decreased

( until the valves are drawing their rated current at the resonant point.
“fﬁm— ; As with some other feeder systems it is possible to tap a single wire

Y Y
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feeder directly on to the tank circuit of the transmitter, but in most
cases this is poor practice. The aerial is at a high potential unless
LINK OR DIRECTLY | it is isolated from the tank by a condenser. It is therefore liable to
I&)Dl?lﬁ.ggg'rlg‘nmx ‘ harmonic radiation through capacity coupling and also radiates key
“CIRCUIT. clicks on C.W. and where the earthing of the tank circuit is defective
or poor it is sometimes possible to have a standing wave set up act-
FIG 28 THE ZEPPELIN AERIAL b ually on the transmitter itself with consequent danger to the operator,
4 possible instability and the likelihood of high frequency energy being
fed into the mains supply.
] For these reasons it is not proposed to show direct coupling circuits,
4 since better results can be obtained with quite simple feeder couplers.
Fig. 19 shows the circuit of a single wire feeder coupling, the feeder
coil being coupled to the tank through a link coupling. When the feeder :
coil is directly coupled to the tank coil the coupling should be variable
the general practice being to make the feeder coild swing about a fix-
i ed point or to run along insulating bars to and from the tank coil, as
shown in Fig. 20. The link coupling is used where the feeder enters
the transmitting room via insulators and the feeder coil is situated
at this point which is possibly some way distant from the transmitter.
In this ease the link coupling can be run round the room to transfer
i energy with very little loss and twisted flex link lines can be used al-
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though a better method is to make up a small transmission line with 3
small spacing between straight wires especially for the higher frequ-
encies over 14 mes.

Wherever the feeder coil and condenser are situated they must be cap-
able of tuning to the transmitted frequency, must be made up of good 4
components suitable for high frequency working with good insulation i
characteristics and be mounted with good insulation from earth ex-
cept at the correct earthing point. For low power stations the tun-
ing condenser may be of the normal receiver type, but where the
transmitted power is high, double spaced high voltage condensers
should be used in the feeder circuit as in the tank circuit. It is alw-
ays good practiée to drive the condenser spindle through an insulat-
ing coupling. In general the capacity of the condenser should be kept
low, a suitable value being 150 m. mfds., the coil being chosen to
suit the capacity.

Operating

Where the coil is mounted to couple straight into the tank circuit. !
Remove the feeder from the feeder coil and swing out this coil to 1
the minimum coupling position, tuning the tank circuit for minimum L
plate current. Tap the feeder on to a turn fairly low on its coil (i.e. Vi
near the earth end) and bring the feeder coil up to the tank coil, tun- v
ing the feeder condenser until the tank current rises, indicating that g
power is being drawn from the P.A. The tank may need slightly re-
tuning, but if so the degree of variation should be only small. When .
the two circuits are in resonance it will be found that by moving the |
feeder tap towards the top end of its coil (away from the earthed end) )
the current in the P.A. anode circuit will rise, and a point should be
found where this anode current rises to the full load current specified i
for the P.A. valve or valves. The ammeter shown in the feeder is

useful as an indicator, but it is not necessary and should be shorted

out when the aerial is working correctly.

Link Coupling

The coils at the ends of a link coupler must always be situated at a

point where the R.F. voltage in a circuit is least, this being shown on

the tank circuits in the diagrams by a dotted earth connection. At the
feeder end of the coil this is always at the centre of the feeder coil but

at the transmitter the link must be situated at the éarthed end of the tank !
doil where the P.A. is single ended and at the centre of the coil where the
P.A. has a balanced tank circuit. If the link coil is placed at the "hot"
end of the tank coil it will tend to pass on harmonic frequencies via cap-
acity coupling.

The link coil may be wound over the tank or feeder coils, but it is pre-
ferably to break these coils at the centre and to accommodate the link
coil on the former. Whilst this means that the link coil is not movable,
and so cannot give variable coupling, this variation can be dispensed
with by experiment to find the most efficient size of link coil. This sys-
tem is more robust whilst coil changing is simpler.

The feeder coil can be made up ds shown in Fig. 21 and it is convenient
to have the feeder coils on a pin base so that they can be interchanged by
plugging the whole coil assembly into a valveholder or similar socket. 3
At the transmitter the tank coil can also be made in this manner when a
balanced tank is being used. In a single ended tank circuit the link coil
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can be wound on the bottom of the tank coil former or, if the tank coil

is large and self supporting, the link can be mounted at the earthed end
on stand-off insulators. The distance between the link coils and the
feeding or fed coils should be found by experiment as they will differ for
different circuits, but in general the spacing can be kept low -- a quar-
ter or eighth-inch spacing between coils is often sufficient.

A rough guide to the size of the link coil is to make the coils a tenth to
a third of the size of the tank coil, the proportion rising as the total nu-
mber of turns decreases, but the final selection of size must always be
by experiment, the coils at either end of the link coupling being of the
same size for the first trials.

Instead of using a coupling coil with the feeder tuning coil it is possible
to tap on the link coupling line as shown in Fig. 22, and for whichever
method is chosen the method of loading the aerial on to the P.A. stage is
as follows.

. Disconnect the link coupling line from the feeder coil and tune the trans-

mitter tank to resonance, to give minimum plate current, then recouple
the link coil to the line or the line taps to the feeder coil. Tap the feeder
on to its coil at a low position and tune the feeder coil with its condenser
until the P.A. plate current rises to its highest point. The tuning of the
tank circuit should be for resonance although no change, or only a slight
change in condenser setting should be necessary. Increase the loading of
the aerial on the tank, if required, by tapping the feeder farther up the
coil, until the P.A. plate current is at the specified reading for the val-
ues used. If the link coil at the feeder end is dispensed with and the link
coupling line is tapped on to the feeder coil, the tapping points can also
be used to adjust the load. The line should be tapped on to the feeder coil
at one turn either side of the centre turn, when by increasing this distance
symmetrically the loading on the P.A. will rise. ¢

Air Spaced Twin Transmission Lines
Untuned Lines

Here again the feeders may be coupled to the tank circuit in three ways,
directly, by a coil placed beside the tank coil, or by link coupling. Dir-
ect coupling is only to be recommended where the tank circuit is balanc-
ed-- that is, has a centre point at earth potential so far as the R.F. cur-
rents are concerned -- the coupling method being shown in Fig. 23a.The
condensers must be at least .0005 mfd. capacity, with a working voltage
well above that of the supply line to the P.A. whilst their capacity for R.F.
current carrying is given for an absolutely minimum value by

=W

b A
where I is the current in amperes, W is the power output of the stage in
watts and Z is the line impedance. In practice the condensers should be
able to carry a rather higher current than this and in the interests of sa-
fety the value thus calculated might be doubled.
The method of directly coupling the feeders inductively to the tank coil is
shown in Fig. 23b, the coupling coil being variable with respect to its po-
sition beside the tank coil. The size of the coupling coil is best found by
experiment, the adjustment necessary being the swinging in of the feeder
coil until the P.A. plate current is at its rated value at the resonant po-
int. This system is; perhaps, most useful when used with a single ended
tank circuit, the coupling coil being mounted on the "earthy" side of the
tank,
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Link coupling circuits for untuned feeders are similar to those used

with the single feeder wire, the main difference being that the feeder

coil is not earthed. The link coils are still placed at low R.F. poten-
tial points on both the tank and feeder coils, and the feeders are tapped
gymmetrically on the feeder coil, as in Fig. 23c. The tank is tuned for
minimum plate current with no load from the feeder coil and when the
P.A. is at resonance the link circuit is completed and the feeders tap-
ped on their coil so that the load is light -- the tapping points should be
close to the centre of the coil. The feeder coil is then tuned to resonance
as indicated by a rise in the P.A. plate current. The feeder tapping
points are then moved out from the centre of the coil, the number of
turns between each feeder and the centre of the coil remaining equal, un-
til the current registered in the feeder is as high as possible with the
P.A. plate current at its correct reading. At this stage it will be as
well to compare the currents in both feeder wires. Any unbalance may
be due to lack of symmetry about the centre point of the feeder coil but
will more probably be due to faults in the transmission line as already
detailed -~ a great capacity to earth of one line or a sharp bend in the
feeders.

The feeder coil and condenser shown in the foregoing diagrams must be
suitable for tuning to the transmitter frequency, so that no trouble should
be experienced in choosing their values, but the next circuit is rather
more elaborate, although of value since it may be used to couple both un-
tuned and tuned transmission lines to the transmitter, whilst with cor-
rect operation the system is useful in the suppression of harmonic rad-
iation. The circuit, known as the Pi- section network, is shown in-Fig.
24.

The suggested values are 002 mfd. for C, the same remarks applying
for voltage rating as before, .0001 mfd for C1 and C2 except for 80 and
160 metre working, when they may be of .0003 mfd. capacity, whilst
both coils are wound 15 turns of 14 S. W.G. on a 23" diameter former
to a length of 3" and tapped every three turns, the approximate settings
for various bands being the full coil in for 160 metres, 6 turns shorted
for 80 metres, 9 turns shorted for 40 metres and 12 turns shorted for
20 metres. The condensers C1 and C2 should be double air spaced.
The operation of the pi-network is the same for both tuned and untuned
lines, and the coupler must be used on a balanced tank circuit.
Disconnect the network and tune the P.A. for minimum plate current,
tapping the input condensers symmetrically about the centre of the

tank coil afterwards, the coil taps of the network being set as indicat-
ed. When the condenser C2 is set to half capacity and the P.A. is swit-
ched on the anode current will be high, and it is reduced by adjusting
C1 (rapidly, to avoid overload), until the current falls to the correct
working value. If this cannot be obtained, repeat with a new setting of
C2, and if at all settings of C2 the current is too high or too low, tap
the input condensers higher or lower either side of the tank centre point
or try new tappings on the network coils. The tank tuning should not be
altered. The aim is to make the minimum plate current obtained by the
adjustment of C1 coincide with the correct value working current, and
upon this adjustment depends the elimination or otherwise of the har-
monic radiation.:

It may be helpful to state that the current in an untuned feeder of 600
ohms impedance would be about .1 amp for a transmitter output of 10
watts, a 100 watt transmitter increasing this figure to about .3 amp.

\
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High currents in the feeders of an untuned line can therefore be regard
ed as signs of mismatching of the line to the aerial with consequent
standing waves, whilst the efficiency of the coupling at the transmit-
ter end may very roughly be checked by testing the feeder 'coil for
heating up. If, after a period of running, the feeder coil is warm a :
serious waste of power is indicated, and the coupling at both transm-
itter and aerial should be inspected for inefficiencies and mismatch- =
ing. A different form of transmitter coupling might help since this )
condition is sometimes found when feeders have to be coupled close
to the centre of the feeder coil to obtain the correct loading.

Tuned Transmission Lines

The tuned type of transmission line is coupled to the transmitter by

a tuning unit by means of which the reactive component of the imped-
ance is tuned out and the conditions for standing waves to be set up on
. the feeder wires are adjusted. The pi-network section described in the
previous paragraph is suitable for use with tuned lines as well as un- |
tuned lines, but generally a tuning unit is built up which is able to

deal with varying types of tuned lines so that changes in the aerial

or feeder systems can be met easily, and without need for major ]
adaptation of the circuit. /

Preferred practice is to have the tuning unit mounted at the point
where the transmission line enters the transmitter room so that the
feeders, entering via insulating bushes, run straight into the aerial
tuner which is then coupled to the transmitter by links, the link
coupling line preferably being an air spaced twin line, the spacing
between the wires being small and constant. Twisted wires, such ]
as flex, may be used for short runs, but for any run where the b
transmitter is working on the 20 metre band (14 mcs.) or at high- L
er frequencies the open wire coupling between links will avoid losses
and is strongly advised. The line should be run round the wall on stand
off insulators. 3
Before considering the construction of the tuning unit for coupling the
feeders to the transmitter, it is necessary to understand the condit-
ions required to put power into the transmission line. In Fig. 25aa
half wave aerial is shown fed at the centre by the 600 ohm trans-
mission line, and since the line is terminated in an impedance low-

er than its own there will be a current loop present at the junction of =
the line and the aerial -- the correct condition since the centre of a
half wave aerial must be current fed. The broken lines in the figure
show the current amplitude along the transmission line, disregarding
phases and at the bottom of the line, which is clearly three half waves |
long (electrically) is another current loop. If the line is coupled to 4
the transmitter at this point, therefore, it must be fed with current
and for this the aerial tuning unit must be arranged as a series tuning
device, as in Fig. 25a. y
Suppose, however, that the transmission line shown in Fig. 25a was
made a quarter wave shorter. At this point (X) the current is at a very.
low value and consequently, by the laws already discussed a voltage 10
op must appear at this point. The line, then, if it terminates in the aer
ial tuning unit at point X, needs voltage feed, and for this the tuning unii
must be parallel tuned as in Fig. 25b. B
To summarisé -- when the transmission line is an even number of qua=
rter waves long it must be fed in the same way that it feeds the aerial &
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(current-current, voltage-voltage) and where the line is an odd number
of quarter waves in length it must be fed in the opposite way to which it
feeds the aerial (current-current, voltage-current). 4
gince these are electrical quarter waves, however, and since feeders
must fit into the space available, there will be some lines whose elec-
trical lengths are indeterminate. With the unit to be described however
there should be no diff iculty in tuning such lines for it is possible to
make the unit series or parallel tuned very simply, the line being test-
ed on both methods of coupling. It is still possible for the line to give
trouble in matching, and if the feeders cannot easily be brought into the
correct operating conditions the best remedy is to add on or subtract
from the line a section one-eighth of a wavelength long. It is the:auth-
or's opinion, however, that a well set up station will run a transmission
line calculated for the preferred method of feeding as accurately as pos-
sible, so that nothing is left to chance.
The tuning unit, togehter with its link coupling coil, is shown in Fig. 26,
and it will be seen that the condenser switching is very simply perform-
ed with a pair of clips which, when cross-connected give parallel tuning
and when left unconnected give seriés tuning with the coil.
There were obtainable, pre-war, various manufactured aerial tuning
coil which had a movable link coil wound inside the main inductance
so that the degree of coupling could be ajusted, and the home construc-
tor might develope the idea. Since coll changing is necessary when cha-
nging from band to band, however, it might be thought more convenient
to construct the coil as in'the previous example, by splitting the tuned
winding and inserting the link coil in the gap. Values for the tuning unit
components are C1, C2. .00015 mfd. ganged, each section, transmit-
ting type condenser, double air spaced.
LI. 160 metre band

20 turns 22 S.W.G. in two sections, each section 3" long

with centre space of 3", 20 turns per section.

80 metre band

92 turns 20 S.W.G. in two sections, each section §'' long

with centre space of 4", 11 turns per section.

40 metre band

12 turns 20 S5.W.G. in two sections, each section 4" long

with centre space of 4" 6 turns per section.

20 metre band

B turns 20 5.W.G. in two sections, each section 3" long,

with centre space of 1", 3 turns per section.
L2 Approximate sizes, to be checked experimentally.

160 metre band, 8 turns 20 S.W.G. in centre space.

80 metre band, 6 turns 20 S.W.G. in centre space.

40 metre band, 4 turns 20 S.W.G. in centre space.

20 metre band, 3 turns 20 S.W.G. in centre space.
The wire used may be enamelled or bare. The coils are all wound
on 13" formers, preferably of the ceramic type, and should be suit-
able for all the usual power outputs of smaller transmitters. For
pPowers over 25 watts or so the coils might be wound to have the same
inductances but with greater wire spacing and larger diameter wire.
When the tank circuit is changed in waveband changing, the P.A. link
coil will also be changed so that it and the feeder unit link coil are of
the same size.
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coil being used for series tuning on the same band.
The meter in the feeder, as shown in Fig. 26 will give a good tuning -
indication for current when series tuning is used, but with parallel i A

tuning and thus voltage feeding its reading will be very low. In this J K '/ZWAVE T

The coil sizes above are correct for parallel tuning, the next smaller " 2
}QVMVE ———l

case it is useful to mount a small 100 volt neon tube on the input ter- b
minal of the ammeter, one connecting pin only of the bulb being used. 1
If the bulb is given a small capacity to earth it will light at a voltage 1 - }ﬁ WAVE
loop, and this capacity may be introduced by mounting beside the neon y v
lamp a small strip of metal connected to earth, the metal being no ) a2
closer to the bulb than is necessary to cause the bulb to glow.
The ammeter should be shorted with a clip when the circuit is in cor- f - - VZWAVE i
rect operation and the condenser should be driven through an insula- '
ting shaft. There should be no power in the circuit when the series- Y
parallel changeover is being made. o K i N I | X 1

To tune the unit, discounnect it from the P.A. by breaking the link TUNED LINE FI1G.32 B VERTICAL
circuit and tune the P.A. tank for resonance, or minimum plate cur- BROADSIDE AERIAL
rent. Couple the aerial tuning unit with the tank, and tune either with I =
series or parallel connections to suit the line and waveband until the
aerial unit comes into resonance, as indicated by a rise in the P.A. o
tank circuit and by inducation either by the ammeter or neon bulb.Che- |
ck the plate current of the P.A. so that the coupling of the link circuit ™1 TUNED DIRECTION
can be adjusted either by swinging of a movable coil or by more or less .LINE FIG.32A"STACKED" | OF RADIATION
turns on fixed coils, more turns being required if the P.A. current is 3 BROADSIDE AERIAL

low. Keep the link coil at the transmitter of the same size as that at A

the aerial unit. i
As before, the link coils must be in low R. F. voltage positions, at the TUNED
centre of the aerial tuning coil and at the centre of a balanced tank or
at the "earthy' end of a single ended tank circuit. The link coil at the 3
tank, where it is in the centre of the tank coil, may either be wound 1 | 1

over this coil or the tank coil may be sectionalised to leave room for f /ZWAVE
the link coil as in the case of the aerial coil. ]

CHAPTER 4 [ v

X
YaWAVE
¥
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Practical Aerials ] ¢ FIG.33 END~FIRE AERIAL
It is propsed in this chapter to outline details of various aerials suited

to different frequency bands, and it is usual to point out that aerial per-
formance depends primarily on the length of the aerial proper. For ex-
ample, there are several types of half wave aerial, each with its own
name, but the differences all lie in the feeding system which can have | ., p
very little influence on the| radiation pattern of a half wave aerial at a b l‘—
given height, except in so far as one type of feed might be more conven-

ient or suitable in some localitites than others. This will be a question

L
o wave —> le—- Yowave —-l

of feeding efficiency, however, and not a change in the characteristics i : N |

of the aerial proper. i Yowave
Quarter Wave Aerials ;‘

The Marconi Aerial ! Y

It has already briefly been mentioned that the Marconi aerial consists of
a vertical quarter wave aerial earthed at its bottom end so that the res-

onant half wave is completed, in effect, by the "image aerial". The B
system is chiefly of use on the longer wavebands where a horizontal aer- |
fal 2 half wave long would be too large both for the space at the amateur's FI1G.34
disposal and for the correct erection at an adequate height. THE'LAZY H’ s
! ARRAY
40 X




The system, as it stands, however, is not too efficient. Obviously the
resistance at the aerial-earth junction must be low, since it is virtually
at the centre of a half wave resonant wire and so at the position of a cur-
rent loop, and the radiation resistance of an earthed quarter wave is
approximately 36 ohms only. Thus, if the aerial-earth resistance were
reduced to 36 ehms there would still be a power loss of half the total
power in the system at this point, leaving only half the power for rad-
iation, and moreover, since the current loop is practically at ground

same point will be much larger so that a proportionally larger amount
‘of power will be available for radiation whilst the most strongly radia-
ting part of the aerial will be well above the ground level.

The earthed vertical aerial is therefore best adapted so that it consists
of a vertical and horizontal wire, the horizontal length being a quarter
wave whilst the vertical length is either a quarter wave or as long as
space and constructional facilities will admit, this vertical portion run-
ning to earth as before.

This means, also, that the vertical wire will need to run as near as
possible to the transmitter and that the earth wire from the coupling
coil, whose length must be included with the vertical portion, must be
direct and short.

In any locality where earthing conditions are not really good a counter-
poise earth is strongly to be recommended.

Figs. 27a and 27b show the arrangement of the system for wavebands
of 80 and 160 metres, the method of tuning used on the aerial coupler
depending on the length of the vertical wire. For wires of a quarter
wavelength the tuning system should be parallel tuned, whilst where the
vertical wire is less than one eighth of a wavelength the tuning system
is series tuned.

A counterpoise, where used, should be erected on poles insulated from
earth and sufficiently high to clear the head, this height necessarily be-
ing deducted from the aerial height, and since in the aerial under dis-
cussion the main radiation is from the vertical member the counterpoise
Wwill be best if it is below the vertical wire. Since the function of the
counterpoise is to present a capacity effect to earth the counterpoise
should be as large as Space will allow although it should be kept to reg-
ular shape.Beneath a vertical aerial the counterpoise might well be
circular withd wires radiating from the centre to the edge and intercon-
nected to break up resonant lengths which might occur. The "earth''lead
will then be connected to the centre of the counterpoise.
The aerial tuning unit, whether series or parallel tuned, will be coupled
to the transmitter, and the aerial loading on the final stage will be adju-
sted as has already been shown. The condenser should be of .0003 mfd.
maximum capacity whilst the coupling coil is 20 tuns of 14 S.W.G. spa-
ced own diameter on a 3" former, with provision for tapping at every
third turn for higher frequency working.

Half Wave Aerials
The Zepp Aerial

Besides the various forms of horizontal half Wave aerials already des-
cribed in the foregoing chapter there remains the Zepp aerial, where
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izontal half wave wire is voltage fed by a transmission line, one
2[]1:101(;; which is merely left insulated. (lf‘ig. 26_3) The feeders arte dcou-
pled to the transmitter by the usual tuning unit, and are opera eit as
a tuned line -- that is with standingzw;'aveil (;:r‘l.gthez't;lx)ning aerial units
by referring to Figs. 25a and Fig. 4
fs.asnv?eelln:id?ori\ing an :fgﬁcient half wave aerial the Zepp operates well
when the aerial is any number of half waves long. Some ‘precautions are
necessary, however, depending whether the aerial is‘ to be used as a
single frequency radiator or is to be w.orlfed h'armomcally. i
For example the best length of trzmsml_ssmn line wi!h the Zepp arrange
ment s a quarter wave, but in harmonic wm-l.(ing this pecqmgs alrefs-
onant length, which should be avoided if possxble.. Again, in single r:t-
quency working it will be found that the currents in the feed?rs atlje n
equal, provided that the line and aerial are operating at their 0{) imum
adjustments, and when it is desired to make an aerial accurate y;fg-
onant as for single frequency working, the aerial should be cut ai 1ane
longer than the length calculated from t.hg formula, and may betfu:x d y
cut to length by the following method, which depe.nds on the fac thal
adding an exact half wave (electrical) Iengt.h o'f wire to.a transmission
line does not change the conditions of the line's operation.
Disconnect the feeders from the aerial and raise them to their working
height, suspending them from their insulators. Set the tr:msmmerd;o
its resonant point so that the tank circuit sh'ows the anode cur;-ent lip,
and very loosely couple the aerial tuning_ unit to the !ank.. When sertles
tuning is used the feeders on a Zepp aerial carry quite high curr;x; s,
and ammeters with a range of at least one ampere should be use: ; or
safety. Tune the aerial unit to resonance so that the -P.A. currden rises
and the tuning point is well defined and the currents in both fee (:rs are 3
equal, noting all the condenser settings since reference back to hf pfre
sent state will be necessary. Now couple the h(_)rizonfal aerial to its fe-
eder as in the figure, retuning the aerial coupling unit to the new reson(;
ant point. If the aerial has been cut a little long for the frequencytusg
it will be found that the condensers of the aerial coupling 'unit have to be
set at a lower capacity than before, whilst should Fhe aerial by any chance
be short, the condensers will have to be set at a higher capactlt)y. T}?e, cog-
pling between the P.A. and the aerial coupling unit should not be ct a:ilge
when the aerial is connected to the feeders. The maximum currents nd
the feeders will be lower, but it should stillfbedpossibi.e:a r:;)sobtzun a goo
reading and thus an indication of maximum feeder cur: i s
Pi':silng that the aerial is slightly long, lower the wire anfi cu.tua fjew
inches of one end. The degree of mistuning in the aer'lal unit will g v_et
some idea of how freely the cut may be made. The aerial is then rehoist-
ed and connected again to the feeders and the aerial coupling unit oncn:h
again tuned for maximum feeder current -- that is, for resonance to the
P.A. i i
i s repeated until the aerial coupling unit has its condensers
::tliopfl?:iiszriigina!; position found with tthe ae:iai ii::;;):nected from the
aerial is at its correct resonan 4
’i‘e:iie:ajrsﬁzl;:te'is only necessary for accuréte. work on a single to:)herat—_
ing frequency, of course. For general work it is sufficient to cut the ae
rial to the length calculated from the formula.

Long Aerials
It is proposed to give only a little space to the subject of long aerials, for
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it is thought that the amateur will have little chance to use them, owing tg
lack of space. Their main advantage lies in the fact that the long aerial 4 /
radiates most strongly from its ends whilst it can also be arranged to o) SRR
act as a harmonicaerial. The long aerial (by which is meant an aerial Q T

the horizontal portion of which is a number of wavelengths long) also |
radiates relatively more power in its favoured direction than does the
half wave aerial, so that it may be said to have a power gain over the | ewave
shorter aerial. The radiation resistance also rises. For a three wavele- F<

ngth aerial the radiation resistance measured at a current loop is rough- )

Ly 120 ohms whilst the radiation in its favoured direction (about 20 degr- | wave | [ fowave ——+ fe— % wave A
ees off from the line of the aerial on either side) is perhaps 50 per cent
greater than would be the casc with a half wave aerial under the same

conditions. y

So far as feeding and adjustments g0, the longer aerial is treated in the

Same way as the half wave aerials already described, except for the fact | FIG.35 THF STERBA ARRAY
that it is most suitably fed by tuned feeders and fed at the end of the aer=- }

ial as is the Zeppelin aerial, or at a current loop. This ensures that the -

currents in the sections of the aerial on either side of the feeders when
they are not at the end of the wire are out of phase, a necessary condit-
ion for the working of the aerial as a long wire proper. q

Multiband Aerials

Probably of greatest use to the amateur lcensed for operating on several | x2’
bands is the W3EDP aerial, devised by H. J. Siegel the results of whose ' REFLECTOR
experiments were first published in QST. The aerial, shown diagramm- S8 .
atically in Fig. 29, appears to radiate most strongly at right angles to itg AERIAL
length but excellent all round reports have been obtained even when such i DIRECTOR
an aerial has been used in a badly screened position, 4 ;
The W3EDP aerial consists of an aerial wire, straight if possible although
it may be bent if desired to give a run up to a horizontal top, the height in 2
the case of the original aerial being only twenty feet.” The length of the - ¥ eoLrs -y
aerial is 84 feet, and the end of the wire being brought straight to the aer= =+ ; r'
ial coupling coil. The coupling is direct inductive, the aerial coil being 1 T
4
v.

mounted beside the tank coil of the P.A. on a swinging support so that the
coupling can be varied at will. Contrary to general practice the aerial coil’
is mounted at the "hot" end of the tank coil to give a degree of capacity i
coupling, and the system is simplified by using plug in coils which are
changed for the various wavebands and which are tuned in each case by a
condenser in parallel with the coil.
In place of an earth connection a counterpoise is used, connected to the
other side of the aerial coil, the counterpoise consisting either of 17 feet s
or 63 feet of wire, depending on the band to be worked. It is important
that the counterpoise should be at right angles to the aerial and prefer-
ably straight although once again the wire can be bent to fit the space j
available if necessary. it
* The aerial is best adjusted by loosely coupling the aerial coil to the tank
and tuning for resonance, then by swinging in the aerial coil the P.A. cir-
cuit may be loaded up to its corrget current. An ammeter in the aerial
will show the current, and should this fall off in value before the P.A.
loading is correct this may be adjusted by slightly shortening the aerial
wire a little at a time to a maximum degree of two feet. The coils, on .
2" diameter formers, are wound as follows:~ i FIG37 THE A" SHAPED'MAST
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FIG.36
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Waveband Counterpoise Length Coil Size

80 metres 17 feet 20 turns 16 S.W.G. spaced
own diameter

40 metres 17 feet 7 turns 16 S.W.G. spaced

'l own diameter

20 metres 3 feet 5 turns 16 S.W.G. spaced ’
own diameter

10 metres Not used

? turns 16 S.W.G. spaced
a0

2
The value of the parallel condenser should be .0003 mfd.
Already mentioned is the VS1AA aerial with a single wire feeder which
may be used for multiband working.
Fig. 30 shows a centre fed aerial where the feeders are made of such
a length that the aerial and feeders together are tuned to the lowest fre-
quency it is desired to transmit whilst the aerial is cut to resonate a
higher frequency and its harmonics. One example is given.
Ea.ch half of the aerial is made 335 feet long, the transmission line
being 34 feet long. The aerial may then be worked at 80, 40, 20 and '
10 metres by coupling it through a tuning unit with series tuning on all
bands except the 80 metre band which is parallel tuned. The system is
not highly efficient so far as radiated power is concerned since the
feeqers are made to absorb some part of the power which cannot be
radiated, but the aerial is easily constructed by the amateur who de-
sires to work on several bands. The height of the aerial depending on
the feeder length, the line should be as direct as possible.,

CHAPTER 5
Directive Aerial Arrays

“{hilst all aerials, as has been shown, have a preferred direction or
directions im which they radiate most strongly they still "broadcast"
their power to a considerable extent. For a great deal of amateur work
this is convenient, for so many confacts are by chance and the greater
the area covered the better, but there are often occasions when the aer-
ial directed towards a certain distant point or having its radiation com-
pressed into a more narrow angle would be a definite advantage.
Directive aerials are generally made up of a number of aerials, or ele-
ments, these being most often of half wave resonant lengths, ax;d the
manner in which the elements are combined physically and electrically
control the preferred direction of radiation. Moreover, the directional
property can be used-either in the horizontal plane, the more usual
method of use, and al$o in the vertical plane in which the directional
properties are used to lower the angle of propagation of the wave. ¥
Directional aerials fall into two broad groups, the first in which all the
ele.ments are driven with power from the feeders and the second in
which the aerial proper is driven whilst the subsidiary elements are
excited from the radiation of the aerial and are therefore known as
Parasitic elements.

Those aerials in which all elements are driven may further be sub-
divided into three types, co-linear, broadside and end-fire arrays.

The Co-Linear Aerial

As the name denotes the co-linear aerial is made up of a series of ele-
ments a.rr'fmged end to end in a straight line, each element being a
half wave in length. The necessary condition for the proper working of
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the aerial is that the currents in all the elements are in phase at any
given moment, so that the simplest co-linear aerial is the one wave-
length long wire voltage fed at its centre.
The co<linear aerial proper, however, is composed of a greater nu-
mber of elements -- three or four being usual -- with matching sect-
ions joining the end of one element to the next to act as phase correct-
ing devices. The system may be regarded as a long wire stretched
straight for one half wavelength, folded on itself for the next, stretch-
ed straight again, etc., and a four element aerial is shown in Fig.
31 with the current distributions shown as dotted lines.
The aerial may be fed as shown, with a tuned transmission line, and
since on such aerials the radiation resistance is not so easily deter-
mined it is felt that the adjustment of a tuned line will be much simp-
ler than that of an untuned line. A flat or untuned line can be used,
however, the feeders being tapped on to one of the shorted quarter
wave stubs to give the correct matching into the aerial, the adjust-
ment being similar to that already described in Chapter 3. The
tuned line may be run into the aerial in place of any stub, or untuned
feeders can be tapped on to any stub, but so far as possible the feed
should be in the centre of the aerial. When the aerial is an odd num-
ber of elements long the feed can be into the centre of the central
element, when the aerial will require current feeding rather than
voltage feeding.
Theorectically the co-linear aerial is most efficient when the spac-
ing between the ends of the elements is such that the centre points of
the elements are three-quarters of a wavelength apart, but this cle-
arly will give rise to difficulties in the arrangement of the phase
correcting stubs. A compromise is generally effected therefore, the
elements being spaced by the width of the stubs which, since these
are constructed in the manner of transmission lines, will be only a
few inches.
A directional aerial naturally gives a gain over a single half wave
aerial in the field strengths from either aerial measured in their re-
lative preferred directions for the same input power, the gain being
expressed as decibels of field strength. The gain for a co-linear
aerial using 3 elements spaced as above is a little over 3 decibels
and for a 4 element aerial between 4 and 5 decibels. The maximum
radiation from the co-linear aerial is, like that of the half wave aer-
ial, broadside, or at right angles to the wire, and the same aerial
Leight may be used as for a half wave aerial. When the co-linear
aerial is constructed vertically, however (not a practical proposi-
tion except for high frequencies), the radiation is at low angles and
is thus suitable for long distance work in all directions.

The Broadside Aerial

Both the broadside and end-fire aerials are of similar physical con-
struction but whilst the end-fire aerial elements are fed out of phase
the broadside elements are fed in phase. The broadside aerial may
be erected with the elements either horizontal or vertical, as shown
in Figs. 32a and 32b, the array being known as the 'stacked' array
when the elements are horizontal and one above the other.

With three elements as shown the aerial gain is more than 5 decibels,
and a gain of 7 decibels may be obtained using four elements whilst,
as the name suggests, the radiation is broadside to the aerials; that
is for the diagrams the strongest radiation is perpendicular to the
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paper. With the elements vertical as in Fig. 36b the directional effect
is horizontal, whilst low angle radiation is obtained from the stacked
array, the horizontal radiation pattern being equivalent to that of a
single half wave aerial.

Both types of aerial should be erected at reasonable heights whilst
the stacked array should not be allowed to be at less than a half wave
above earth, measuring from the bottom element. .

Whilst the aerial may be fed from untuned feeders with a matching
section, once again it will be simpler to use a tuned transmission
line. The transposition in the line between elements must be noted

in the two figures. These give the phase corrections for the element
currents.

End-fire Aerials

As in the broadside aerial the elements of an end-fire aerial are par-
allel, but the spacing is closer, generally being one-eighth of a wave
length, whilst the currents in the elements are out of phase, In Fig.
33 is shown what is possibly the most useful end-fire arrangement for
it combines with a gain of 4 to 5 decibels the virtue of radiating both
at its fundamental and second harmonic frequencies, acting, at the
latter, as a four element array.

The line of radiation is shown by the arrow in the diagram. -
Once again the aerial can be fed both by tuned and untuned transmis-
sion lines, but tuned lines will be simpler to use since the adjustment
of a matching section will be avoided.

Combined System Aerials - The "Lazy H".

It is possible to combine co-linear and broadside arrays, several
such systems having been used with considerable success. One array
of this type is known as the "Lazy H", due to its shape, that of a cap-
ital H on its side. This is the form that is generally used, although
the elements can be vertical if desired. The aerial is shown in Fig.
34. The radiation is broadside to the aerial whilst a gain of perhaps 5
decibels is obtained if the array is erected well in the open and at a
good height -- at least a half wave length! The array may be fed, as
usual, either with tux}ed or untuned lines, the latter requiring a
matching system, the feed point shown in the diagram giving volt-
age feed to the aerial.

The Sterba

Another combined system aerial is the Sterba array, a more elabor-
ate array which requires some space for its erection, It is often
pointed out that such an aerial is a closed circuit and is thus suitable
for use in a rigorous climate since it can be easily de-iced by connec-
ting the feeders to a low voltage high current transformer to warm
the wire before transmission. The radiation is again broadside, the
gain being approximately 7 decibels for the array shown in Fig. 35,
whilst another advantage is that if the transmission line is coupled as
shown the characteristic impedance of the array is so close to 600
ohms that the feeders may be untuned with only a low standing wave

ratio. Fewer or more sections may be used than are shown in the
figure.
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For all these aerials it is sufficient to make the half wave elements
the calculated length as obtained from the electrical length formula,
put for the half wave phase correcting lines coupling the elements
the length may be found from the formula.
L = 480
-+

where L is the half wave line in feet and f is the operating frequency
in megacycles.
Parasitic Arrays

The directive aerials so far described can hardly be regarded as
beam aerials since the radiation, although in a well defined direct-
ion, is equal and opposite on either side of the aerial, just as is tl{e
case with a half wave resonant. To make an array radiate in one dir- .
ection on one side of the aerial only, it is necessary to luse z reflect-
or behind the aerial, the reflector being parasitically energised in
such a way that it cancels or tends to cancel radiation behind the aer-
ial. The effect can further be emphasised by using directors in front
of the aerial, spaced so that the wave is reinforced. The system is
improved by using directors slightly shorter than the resonant leng-
th and reflectors slightly longer than the resonant length. The best
all round spacing for the directing elements is one-tenth of a wave-
length and in Fig. 36 is shown an array with both reflector and dir-

*ector, although more directing elements may be used if desired. The

reilector should be spaced from the fed element by 15 of a wave-
lengih. ,

’I‘hng gain of the array will be in the region of 7 decibels and the me-
thod of feeding the resonant aerial as shown in the diagram is by a
matching system from an untuned transmission line. This is for

the reason that the radiation resistance of a parasitic array falls

to a very low value -- possibly below 20 ohms, so that the ratic of
mismatch becomes high. The Delta match is efficient when used

with this array, as are the open or closed matching stubs, and th_e
ddjustment must be by trial and error. The Delta match is the sim-
plest to operate since it entails no cutting to length of wires. One gui-
de as to the making of the Delta tap is that the length of the transmis-
sion line where the feeders leave their parallel spacing and open out to
meet the aerial should be 15 per cent. longer than the distance between
the two ends of the feeders when they are finally tapped on to the aerial.
The length of the director should be about 4 per cent. shorter than the
resonant aerial length, the reflector being about 5 per cent longer. ¢

As can be imagined the bandwidth permissible on all types of directive
aerials is not great, but this is especially so in the parasitic type of
array where the energy distribution over the whole system depends on
spacing and the resonant qualities of the driven element. Generally spe-
aking, all the aerials will cover the higher frequency amateur bands
however, and it is unlikely that the amateur will construct arrays to
work on the lower frequencies if on no other account than size, so that
little trouble should be experienced on this score.

It must also be remembered that the aerial gain will give contacts at
greater distances than those made with the plain aerial, and for this rea-
son it is necessary to use the same aerial for reception, for the gain is
as effective for reception as for transmission. Some aerial switching
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device must be used therefore, by means of which the feeders aretrans-
ferred to the receiver for listening, the most usual method being rela
operated switches on the aerial coupling unit. Moreover, the input res-
istance of the receiver must be taken into account in order that a prop- =
er match may be made between the line and the receiver.

Rotating Beams'

The sharper the angle of radiation from the directive array becomes
so does the area over which contacts may be made become smaller.
Longer distances may be worked, but the amateur generally requires
to change direction as well, and for the higher frequencies, the 14 me.
band and over, the most practical and simple method is to make the
aerial rotate, so that its directive properties can be brought to any
bearing. '

The difficulties of constructing such an aerial are mechanical rather
than electrical, for no change in the characteristics of the aerial are
caused by making it rotate. Some method of connecting the feeders
must be devised, and in some cases they are brought down to rotating
rings to which contact is made through bushes, and the weight of the
top members of the aerial is reduced by using the simplest array pos-
sible. Suitable aerials for rotating beams are the parasitic arrays or,
for energised elements the "Lazy H' and the end-fire array.

Then some method of turning the aerial must be arranged, so that the
rotation can be controlled from the transmitter room and also con- d
trolled accurately as far as compass direction is concerned. Although |
80 much depends on the aerial to be used and the location of the
transmitter that nothing in the way of hard and fast rules for «the de-
sign of the rotating aerial can be given. !
It might be best first to test the potentialities of the system by using |
simple apparatus. A heavy pole to carry the movable head might ot
form the mast, well guyed for strength and steadiness. Many arrays
have been made of tubing so that the aerial wires require no end sup-
port, the elements being carried on strong stand-off insulators on a
small platform, the tubing extending beyond the edge. Again, light top
members such as bamboo poles can be used to carry the wires whilst

in the case of the "Lazy H" array the platform may be dispensed with
and a simple frame be built to carry the elements, the shape being )
based upon the conventional television aerial. 4
In any case, the platform or frame must be rigidly fixed to a spindle
which runs in bearings on the mast, the end of the spindle used for
driving the array being fitted with, for example, a bicycle sprocket 1
wheel. A chain|drive of sufficient length to drive the wheel through !
a complete turn can be connected via wire cable to a second length of 3
chain running over a second sprocket wheel, this wheel being conn-

ected with the control handle at ground level. The chain and cable

drive will require feeding through small pulleys at the top of the mast

to change the direction of the drive from vertical to horizontal and the '
platform must be fitted with stops at the correct positions. The fed A

"4 \
element type of directive array need only make a 180 degree turn to
cover all directions, but the parasitic array with a reflector w4111 re-
quire to turn the whole 360 degrees. When the array is hand driven if
will probably be sufficient to allow the feeders enough slack to twist
with the aerial, since rotation will be controlled by stops on the platform
go the rotating contacts may be dispensed with. In motor driven arrays;
where the aerial will not be reversed in its direction in moving from

osition to position but will always rotate in one direction, the rotating
feeder contacts must be used.
yet another method of mounting a rotating array is to make the whole
mast 'movable, the aerial being firmly fixed on a correspondingly simp-
ler platform at the top. The mast is pivoted at its base on a steel peg
set in eoncrete and running in a pivot driven into the bottom of the mast,
while a second bearing as strong as possible and as high up the mast as
possible, holds the arrangement steady while allowing it to turn. This
second bearing may be a strip of steel bent to circle the mast, which
should be rubbed to good true shape at the bearing place, the steel ring
preferably being bolted direct to a stout wall or else mounted on a sub-
stantial post which can be held with guys. With this method the feeder
can once again be simplified so long as stops are furnished to prevent the
mast from being turned too far, whilst another great advantage is that~
the mast can be turned through direct gearing via a crown and pinion, or
by a direct cable drive.
Whatever method of drive is’used it must be capable of calibration with
compass bearings, so that if a ratio of one to one is maintained the con-~
trol handle can be marked in compass direction. More often, however,
the drive is geared down, both to lessen the work of turning the assembly
and to make the action steadier. In this case calibration will be more dif-
ficult. One method in use is to affix a pointer to the driving cable at
some convenient place, the pointer moving along a straight scale which
is marked in cardinal points, but here again the method depends chiefly
upon the ingenuity of the user. Some rotating aerials have been made
electrically controlled in such a manner that by turning an indicator to
the required compass direction the array rotates automatically untill it
is aligned with the pointer. Other systems have recorded direction by
allowing the rotating array to drive the arm- of a rheostat which in turn
gives varying deflections on the scale of a milliammeter supplied from.
asmall battery, the scale calibrated in degrees.
For the amateur who desires to use a rotating beam aerial, however, the
soundest preparation is to refer to as many periodicals on amateur affairs
as may be possible. New ideas and designs are constantly forthcoming
on the subject and much good work can still be done with this type of aer-
ial development. !
It is not sufficient to set the aerial on a compass bearing taken from the
ordinary Mercator's projection map. Radio waves travel by great cir-
cle routes and a good globe is a great help to the proper setting of a ro-
tating aerial. An azimuthal map may also be used, one centred about the
station's locality or as near to it as practicable. Such a map centred
about London would be suitable for stations in the Midlands and all the
South Eastern half of England without undue error.
When the aerial is being set by compass, moreover, it must be rememb-
ered that the globe or map from which the bearing was obtained refers to
true North, whilst the compass indicates magnetic North. The error must
be corrected by applying the magnetic deviation correction for the year.
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Aerial Erection

The location of the station will affect the actual construction of the aerial’
more than any other part of the equipment, and it is often possible to pre
surrounding features into useful service. Aerials must be erected in rea;
sonably open and clear situations, however, and the position must be re~
viewed from all points of consideration before the final aerial position is
decided upon. Line length must be borne in mind, together with the prox:
imity of large objects and whilst a single tree might prove a blessing a i
row of trees might prove a great difficulty to overcome. Steel framed
buildings, power cables and gasometers are further stumbling blocks.
Presumably however, if the position is suitable, one end of the aerial
will be carried by the house itself, whilst the other end will be supporte i
upon a mast or tree. If a tree is used the aerial should be kept well
away from the branches and held by an extension cable, the two being sep;
arated by at least two insulators, and it must be remembered in such a &
case, that trees are flexible and liable to considerable movement in wind,
One method of overcoming this is to run the aerial extension cable throug
a pulley lashed to the tree, the aerial weight being borne by a counter- 3
weight at the end of the cable so that as the tree moves the cable works @
the pulley and the aerial remains taut. y
The problem of wind and wind resistance is always before the amateur an
whatever gauge of wire is used for the aerial and transmission line, it
should be the hard drawn type of wire. An aerial of soft wire can be stre
tched to a surprising degree, sufficient to ruin its resonant properties
with respect to the frequency in use. ’ E
Wherever masts are to be used, their shape and type are governed by
their height. An ideal mast for heights up to 50 feet is the telephone pole
which requires no guying but such a mast is very difficult-to come by.

is perhaps better to build up a mast suited to the requirements of the st
ion than to compromise on a doubtful article, even though the time and
expense involved are sometimes considerable. i
For a small mast a single timber can be used, but the height permiss- =
able is such that the pole would almost necessarily be mounted on an ele-
vation of some sort -- possibly the roof of an outbuilding. Timber of the
4" x 2" type, in pine, will be suitable for heights of 20 feet or less. It
may be said here that all wooden masts, of any construction, must be we
ather protected, whilst good timber, such as pine or deal must be used.
Creosote could be used, but a good lead paint as used for house painting
on exterior work is probably better. At least two coats should be applied:
preferably more, and the mast should be kept under periodical observat -
ion so that the protection afforded may not deteriorate. The same pre- 4
caution applies to the guy cables and fittings. It is far better to take the

whole system down, under control, for renovations and repairs thanto =

have it brought down by a gale, with possibly extensive damage.

A single mast, so protected, should be supported by three guys. Guys
should be made of wire cable manufactured for such purposes, and they .
are generally arranged in sets of three, equidistantly spaced round the i
mast -- that is at angles to each other of 120 degrees. The two guys 3
pulling against the aerial are really the working guys, but the third is =
none the less necessary. Guys must bebrokenup intolengths which will
not resonate at the operating frequency or its harmonics, the method
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loops, whilst insulated one from the other are interlinked. Should the in-
sulator crack under a strain the guy portions will then not part company.
The insulators should, of course, be obtained from a reputable company
and their use should be mentioned at the time of ordering so that suitable
jtems are obtained.

The length of each portion of the broken up guy can be made 25 feet

when the cables will be non-resonant at all amateur frequencies Iro,m

the ten metre band upwards.

One excellent type of mast for heights of up to 40 feet is the A-shaped
mast, made from three lengths of 2" x 2", each a little over 20 feet long.
If it is not possible to obtain timber of this length the two bottom sections
may be n.xade up of two lengths of timber each, but the top seetion must
be of a single piece. Some odd lengths of wood to act as spacers for the
framework will also be required, the arrangement being shown in Fig. 37
Such a mast is simple to erect for its weight is low in comparison to its
strength, and five guys will hold it rigidly in place -~ three from the top
and two from the junction of the frame and upright member, these last
two to run to the fore and behind since the splayed bottom of the frame
gives good sideways stability.

Several methods of fixing the foot of this mast are possible and it has
been erected on flat roofs as well as at ground level. The bottom mem-
ber can be bolted to stakes well buried in rammed soil, or set on bolts
fastened in small concrete beds.

All fittings should be-attached to the mast before it is erected, includ-
ing the halyard through the top pulley which should be chosen so that
there is no chance of the rope running off the wheel and jamming. For
the halyard, sashcord can be used, but weatherproof manila rope is
excellent for the work. Half inch rope will hold a large aerial
Galvanised iron wire of 10 or 12 gauge will be suitable for the guys,
although a small twisted steel rope, if obtainable, would be better pro-
viding the insulators were of a sufficient size. ’

Precautions against Lightning and Electrical Discharge

Since the transmitting aerial will be erected in the open and
a ggod height it is more likely to be a source of dangl:er, so f;):o::l;ll};f .
ctrical storms are concerned than is the ordinary receiving aerial. The
cha_ncea of any aerial being struck by an actual lightning discharge are
;fg:lsc\;:nglm;wn, ;;atr.y ren;ote, but the aerial might well accumulate a,
rge in conditions of stati i i i
‘j;u'e oyt atic which could damage equipment or in-
1l aerial and feeder systems, therefore, should be fitted wil
fon;x of lightning switch and arrestor, a éreat number from wtrlll\ii?ln;e
ch91ce can be made having appeared on the market. The simplest
switch, which should be well insulated and enclosed in a weather
proof box at the point where feeders enter the room or building, can
be of the two pole two way type, the feeders from the aerial beitng co,
Hne.cted to the arms and thus to earth on one throw and to the aerial ;
tun{ng unit on the other throw, a spark gap to earth giving protection
against Qischarge whilst the feeders are connected to the apparatus.
Some quite ambitious remote control switches have been made by a;'n-
ateurs, but so long as the device is there and is of a type which will
!ntroduce no R. F. losses,.the exact nature of the switch is of small
importance. What is needed is a method of connecting the feeders to
eartp as desired and a spark gap, the apparatus having its earth con-
nections running directly to the ground on the outside of the building.
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THE BOW-TIE MONO-BAND BEAM

The Triband Beam was previously described. Since then, I have been

ducting further experiments and the outcome is the Bow-Tie mono-bang

beam. For those who want a quick and easy and lightweight beam for
band, here are details of a 20 metre beam which can be built of light
timber, wire and nails. It has a back-to-

gain over a dipole of about 6dB. A full scale unit has been built and f

tested at the home of a friend and a model for reception on 144MHz ha

also been made.

A timber frame is made up consisting of one 12ft length of 2in x 1in,

12ft lengths of lin x 1in and two 7ft lengths of 1in x lin. The main bog

front ratio of about 20dB and a

consists of the 2in x 1in piece in the centre, with it extended 6ft each w

with the 7ft lengths of 1in x 1in. Six feet in from each end of this asse ml

a 12ft long cross piece of lin x lin is fixed.

Two lengths of insulated wire, each 33ft 5in long are fitted as shown int

_ diagram. Small close-spaced insulators are used at each end and the drive
element is also broken in the centre with an insulator.
fed with either 70 or 50 ohm coaxial cable.

*INSULATORS SIDES OF SQUARES 8'4%"

270"

The beam may b

1L,0G PERIODIC DIPOLE ANTENNAS FOR TV AND COMMUNI-
CATIONS

In recent years the accent on antenna design for TV and for communi-
cation networks has turned to wide-band antennas capable of giving med-
jum gain over a wide range of frequencies. This type of antenna should
ideally exhibit a substantially flat gain frequency response, with minor
variations only, in feed-point impedance.

In the past, antennas for wide band applications have included stub de-

_coupled antennas and rhombics. The former, while covering more than

one frequency, exhibit a true response only over certain restricted ba-
nds and not always with the major lobes falling in the same direction.
While this performance may be acceptable for some harmonically-rela-
ted communications systems, it leaves a lot to be desired for wide band
applications.

- The rhombic antenna does achieve a reasonable gain and band width but

is large in size and therefore not a practical proposition for many appli-
cations.

And, while various other antenna configurations have been put forward
from time to time, they have all failed in some regard such as bandwidth
gain, size or impedance characteristics:

A lot of research in this field of wideband antennas has concentrated re-
cently on log-periodic designs and derivations of same. The geometry of
a log-periodic (logarithmic periodic antenna) structure is formed in such
a way that the electrical properties are repeated periodically over the
design frequency range. Frequency independence is obtained by making
the period of this repetition suitably small. Qur discussions in this chap-
ter will be confined to a version of these structures known as the log-
periodic dipole or LPD.

The log-periodic dipole antenna was invented by Isbell (1) at the University
of Illinois in 1958 as a direct result of pioneering work on log-periodic
structures by Du Hamel (2). i

The log-periodic dipole (LPD) may be described as a linearly polarised
frequency independent antenna of moderate gain. The term "frequency
independent'’ signifies that the observable characteristics of the antenna
such as the pattern and input impedance vary negligibly over a band of
frequencies within the design limits of the antenna. In fact, this band
may be made arbitarily wide merely by properly extending the geometry
of the antenna structure. The band limits of a given design are determined
by non-electrical restrictions; size governs the low frequency limit, while
precision of construction governs the high frequency limit.

The designs featured in these pages are derived from formulas published
by Robert Carrel of the Electrical Engineering Research laboratory,
University of Illinois, in his paper '"The Analysis and Design of the Log-
Periodic Dipole Antenna'. The basis of this paper is that, since the LPD
is made of conventional dipole elements, the mathematical treatment of
the antenna may be expressed in terms of known properties of dipoles.
The normal log periodic dipole consists of two parallel sections, ref-
erred to as feeders, to which the dipole elements are connected. These
hollow feeders also serve as the boom of the antenna. Adjacent elements
are connected to the feeders in an alternating fashion. For instance, as
drawn in figure 1, the left hand element of the first dipole connects to the
top feeder, while the left hand element of the second dipole connects to
the bottom feeder, and so on.
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The antenna can be regarded as consisting of groups of elements or "cells"
which function for individual frequencies within the pass band. In each
cell the length of the feeder between adjacent dipoles (approximately one
quarter wave length) the reversal of feeder (an apparent half-wave shift)
and a further quarter-wave path back along the array in space, add up
to produce a 360 degree phase shift. This 360 degree phase shift puts
intercepted signals in phase, augmenting signal pickup from (or trans-
mission towards) the vertex of the antenna.
By the same token, the cross phasing between adjacent elements produces
a cancellation of signals from the rear of the antenna. The larger ele-
ments at the rear of each cell also tend to discriminate against the rece-
ption from this direction.
Excellent rejection of signals coming in at angles to the side of the ante-
nna is brought about by the cross connection of adjacent dipoles. Thus,
in any two adjacent dipoles the intercepted signal will be approximately
equal in amplitude but 180 degrees out of phase, producing effective
cancellation.
with this system of log-periodic dipole antennas a balanced transmission
line may be connected to the front of the feeder /booms. Alternatively, a
coaxial line may be inserted through the back of one of the hollow feeder
conductors and fed through to the front of the antenna. The coaxial shield
is then connected to the front of this feeder and the centre conductor to
the front of the other feeder.
Using the latter method, the antenna serves as its own balunj the current
on the feeder at the large end of the antenna being small. Ideally, with
the system, the feeder should be conical or stepped to preserve the ex-
act scaling from one active cell to the next but it has been found in prac
tice that two parallel tubes can satisfactorily replace the cones as long
as the tube radius remains small compared to the shortest wavelength
of operation. Y
In practice good matching may be obtained with 75-ohm impedance, or
higher, coaxial cable. However, the use of 300-ohm transmission line
posses an additional construction problem as the two boom system can-
not be satisfactorily designed for impedances much above 100 ohms. An
acceptable match can be achieved by running a small diameter wire
through the centre of each feeder tube and connecting it at the front of
the antenna to opposite feeders, as illustrated in figure 2. At the back
of the antenna, connection may be made between these wires and the
300 ohm transmission line.
The necessary information for calculating the dimensions for this type
of matching section is given elsewhere in this chapter. -
In all the designs to be featured the feeder-booms are insulated from
each other and spaced to achieve correct matching to the transmission
line used. The only electrical connection between the two feeders is at
the rear end.
If the largest dipole is placed right at the back of the feeders, it acts
as a reflector at frequencies on the high side of its own résonant fre-
quency. However, it may be used as an active dipole by placing it
approximately . 125 of a wavelength from the end of the feeders. This
effectively places a short circuit at . 125 of a wavelength behind the
largest element and Zt, the terminating impedance, will therefore re-
main inductive at the low frequency limit of operation.
In the design of a log-periodic antenna, the length of the dipoles change
by a factor designated as Tau, while the spacing between these dipoles
is related to them by a factor designated as Sigma. There is a value
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of Sigma that will be optimum for any desired directivity and will give
a minimum value for Tau. This is shown as Optimum Sigma on the
graph which relates the above facts to antenna gain.

For values of Sigma greater than optimum the directivity falls off and
side lobes may appear. Also, the length of the antenna for a given
bandwidth becomes excessive. The front to back ratio for Tau values
above 0.875 is greater than 20dB. Below 0.875 the front to bact ratio
depends on the value of Sigma and reaches a maximum near the opti-
mum value of Sigma.

In this chapter, we will assume from the outset that any antenna to be
designed will be for optimum performance. Using the graph given (Fig-
ure 3) select the antenna gain required and at the point where the cur-
ve for this gain is intersected by the optimum Sigma line read off the
values of Tau and Sigma.

At this juncture we must stress that at the lower frequencies, a high-
gain antenna may require an unpractically long boom length and may be ;
too large compared to a standard Yagi antenna. Do not forget, however,
that the gain required by antennas designed for low frequency operation
is not usually required to be as high as that for high frequency operat- .
ion, assuming a comparable microvolt /Metre field strength.
Referring to the multiple Abac provided a rule joining the selected val-
ues of Tau and Sigma on the "A" lines will indicate, on the third "A"
line, a factor known as Alpha. This factor is the value, in degrees,

of half the angle subtended at the vertex of the antenna - the angle be-
tween the antenna axis and a line throdgh the tips of the elements, as
in figure 1. /

The next step involves the three "B' lines on the Abac and the rule
placed between the value of Alpha just determined and the scale factor
Tau will indicate the "Bandwidth of the Active Region" Bar.

At this stage, it is necessary to determine the ""Operating Bandwidth"
of the antenna, B, which is given by dividing the highest frequency of
operation (in Megacycles) required by the lowest frequency of opera-
tion required. This factor for "B should now be multiplied by the
previous figure for "Bar' to give a new factor, "Bs", which is the
Structure Bandwidth,

It is now possible to ascertain the approximate length of boom requi-
red by utilising the "C" lines of the Abac. This boom length is given
as a decimal of a wavelength at the lowest required operating frequen-
cy. The wavelength at the lowest operating frequency may be deter-
mined by dividing 984 by the lowest required frequency in megacycles.
The answer will be in feet. At this stage, it may be decided whether
the gain sought required a boomlength which is impractical.

If the largest element is to be used as an active element an additional
length of boom, approximately . 125 of g wavelength at the lowest op-
erating frequency should be added to the above figure.

The final factor which must be deter mined is the number of dipoles re-
quired for the antenna, and this may be ascertained by the use of the
"D" lines in the Abac.

For the antennas featured in the second part of this chapter, we have
used a factor of 5904 divided by frequency in Megacycles to calculate
the length, in inches, of a free half~wave in space. The largest dipole
of the antenna is cut to this length at the lowest operating frequency.

In other words by dividing 5904 by the lowest operating frequency, in
Megacycles, we obtain the length in inches of the largest dipole. The
{ree space figure used does not allow for end effect and because of
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this, gives a deliberate safety margin for low frequency operation of

the antenna. If the largest element is used as a parasitic reflector the
dimensions become automatically correct for the lowest frequency.

Do not forget that this dimension and other dipole dimensions must be
split in two, one element to each feeder.

To work through a practical example, we may select g gain of 9dB for
an antenna. .From the graph the optimum Sigma is . 158 and Tau is

.864. From the Abac the Alpha is approximately 12 degrees.

Moving on one step we ascertain that the Bandwidth of the Active Region
Bar is approximately 1.78. Assume the antenna is to cover 150MC to
300MC then the Operating Bandwidth is 2. The product of the two fig-
ures now lbecomes 3.56 which is the Structure Bandwidth. This gives
an approximate boom length of .85 of a wavelength at the lowest oper-
ating frequency. X

Finally, the Abac shows that the number of dipoles is approximately 9.5.
This means in practice that 10 dipoles would be utilised. Having establi-
shed all our factors it is now necessary to proceed with the mathematics.
Use can be made of log and anti-log tables to speed these calculations or
dipole spacings and lengths may be worked out by straight mathematics.
We will explain the latter first then show how to use the tables for speedy
calculations.

The second largest dipole may be calculated by multiplying the length of
the first by the Tau factor. The third dipole is the product of the second
dipole and the Tau factor and this précess is repeated till all the dipole
sizes have been calculated.

Taking our previous example the largest dipole would be 39. 3 inches in
length and, using the multiplication of this and the Tau factor (.864) we
obtain the length of the second dipole approximately 34 inches.
Multiplying the length of the second dipole by the Tau factor we find that
the third dipole is approximately 29. 3 inches in length. This process is
continued until all the dipole lengths have been calculated. Having esta-
blished the dipole lengths we may now calculate the centre-to-centre
spacing of the dipoles on the log periodic feeder, or boom.

The first step is to multiply the Sigma factor by two. Now this Sigma

X 2 factor isused to calculate the spacings. The first spacing is equal
to the largest dipole multiplied by the above product. The second spac-
ing is equal to the second largest dipole muitiplied by the Sigma x 2
product and the spacing continues in this way till all spacings have been
calculated.

Returning to our previous example where a Sigma of .158 was quoted

the product becomes . 316. Multiplying this by the largest dipole length
gives the first spacing as 12.4 inches. Multiplying the second dipole by
the above product gives a second spacing of approximately 10.7 inches.
The third spacing becomes approximately 9.3 and so we continue until
all the spacings have been calculated.

There only remains the problem of establishing the correct feed im-
Pedance of the antenna. Unfortunately, this requires more mathematics
but no more than the average reader should be able to handle.

The first step is to decide the size (diameter) of the dipoles to be used
for the antenna. Next the ratio of the dipole radius to the dipole length
is determined. The ratio should ideally be the same for each dipole

but in practice the dipole diameters can be the same for each dipole,

or scaled in groups and the average ratio used. Knowing this ratio we
may determine the "Average Characteristic Impedance' of the dipole,
Za, from the accompanying graph.
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The next step is to divide Za by the impedance of the coaxial cable to be
utilised as a transmission line. This gives the reference figure for the
pottom line of the next graph (figure 6). The value Sigma-prime, de-
picted in the curves of this graph, may be calculated by dividing Sigma

by the square root of Tau. If the answer given on the left hand side of

this graph is multiplied by the impedance of the coaxial cable mention-

ed above the result will be the "Relative Impedance" of the feeder boom.,
Knowing the Relative Impedance of the feeder (Zo) and the diameter of the
feeder booms (2a) it is possible to calculate the spacing of the feeder bo-
oms (centre-to-centre, given by b) which will
ratio (SWR). This is fairly straightforward, although 1t entails the uge of
mathematical "hyperbolic cosine" or ""cosh'' tables, which are found only
in the more pretentious books and tables.

The mathematical expression used is: b =2a. cosh (Zo/120).

which reads as 'b equals 2a times the hyperbolic cosine of Z0/120. Thus
to find b we must work out Z20/120, find from the tables the hyperbolic
cosine of this, and finally multiply the ¢osh by 2a.

For example, if Zo is 120 ohms, b will be given by 2a times the cosh of
1.0, which from the tables is 1.5431 - If our boom diameter were 1 inch
this would make the centre-to-centre boom spacing 1.5431 inches. This
would mean that the booms would be separated by approximately one half-
inch.

To keep reflections from occuring the antenna should be terminated in its
characteristic impedance (Zo). However, a short circuit across the feeder
booms a distance of .125 of a wavelength, or less, behind the largest ele-
ment will prove satisfactory. This point can be found experimentally by
running a shorting bar across the boom elements until the lowest SWR is
obtained on the lowest frequency in the antenna range. '

As mentioned earlier the boom feeders can be used with internal wires

to provide a four-to-one balun transfor mation to suit a 300 ohm balanced
transmission line. This system is illustrated in a drawing included in this
chapter but do not forget it will be necessary to design the feeder boom for
a match of 75 ohm transmission line. The size of the inner wire can be
calculated from the formula D/d =12.25 where D equals the inside dia-
meter of the feeder booms and d equals the outside diameter of the wire.
The wire is supported in a number of places, depending on the length of
the boom, so that it is centrally located from the back to the front of the
boom.

At this stage this concludes the long hand maths needed to design a log-
periodic antenna. We promised earlier to show a speedier way to cal-
culate the element lengths and spacing with the aid of the log and anti-

log tables. {
To use these tables, it is necessary to determine a logarithmic pro-
gression figure. This figure is determined by taking the figure for Tau,
-864 in our previous example, and determining its log from the log tables,
In our example the log of 864 is bar-1 and .9365. As this is a mixture of

our exampie minus 1 plus .9365 equals minus .0635. This becomes our
logarithmic
tabley .

The next step'is to determine the log which represents the length of our
largest dipole. In our example
. If we add our logarithmic progression figure
or LPF to this log we obtain a figure of 1.5309 (adding a negative number
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@ntenna at an engle designated aos Alpha.
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is the same as subtraction). Checking this log we find that the antilog is
3395, indicating that the second dipole length is 33.95 inches.

If we now add the LPF to the last log figure, 1,5309, we obtain a new
figure of 1,4674, This gives an antilog of 2934, indicating that the third
dipole length is 29. 34 inches. By continuing this addition of the LPF we
may ascertain the length of all the dipoles in the antenna. The progress-
ive addition of the LPF amounts to repeated multiplication of the lengths
of Tau.

Having obtained the dipole lengths we may now determine the spacings.
The first spacing is calculated as outlined previously by the Sigma fac-
tor x 2 X largest dipole length. Determine the log for this figure, which

next two spacings with logs in brackets are, 10.74 inches (1 .0301) and

9.26 inches(.9666).

Using the twin boom system, the constructor is’faced with the problem
of insulating the two booms and of maintaining even Spacing throughout

the full length. Without very substantial insulators the twin section may

In fact, because we had a practical objective in view, it was decided
to try out the system in the shape of a prototype antenna designed to
encompass the full frequency range from (and including) channel 0 to
channel 11. At the same time, an attempt would be made to modify
the impedance characteristic to match it directly to 300-ohm twin lead
without the need for an intervening balun,
In covering the proposed frequency range from 45 to 222 MC, the ant-
enna would be ideal for the avid VHF listener, since it will take in
many TV channels, the 52 and 144MC amateur bands and other trans-
* missions in this portion of the spectrum. For the favourably located
TV viewer, it could be rotated to provide a wide choice of TV pro-
grammes,
One complication should be mentioned, however, namely the necessity
to have the correct polarisation for the transmission being received.
Provision would have to be made, where necessary, to hinge the ant-
€nna so that it could be swung for either vertical or horizontal polari-
8sation.
As g starting point for the prototype antenna, the element lengths were
Cut to the same size as for a standard twin boom log-periodic dipole
antenna. This left the problem of the dipole spacing as against condu-
ctor length between dipoles, crossed conductors being slightly longer
than paraljel conductors bridging the same distance. Should we make
the Spacing by the standard formula and accept the incorrect length of
arness in between, or conversely, make the conductor length correct
and accept the spacing that resulted? i
t was decided to adopt the second approach by using the calculated le-
"gth of harness and accepting the spacing that resulted, It was postu-
lateq that the slight difference in Spacing would have little effect on the
frequencies under consideration but that the position might have to be

s
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reconsidered above, say, 250MC. By reducing the size of the centre
insulators at the higher frequencies, the percentage of spacing error
could be correspondingly reduced.

The testing procedure involves mounting the antenna on a tower, on a
remotely controlled rotator and using it to pick up modulated test sig-
nals on selected frequencies. A detector circult is mounted directly
at the feed point of the antenna and the detected voltage is fed as a de-

The polar diagram recorder is synchronised with the rotator on the

i
tower and a direct plot for any position for the antenna is automatically
obtained.

ohm transmission line the SWR proved to be better than 2 : 1 over the
entire frequency range. Using a four-to-one TV balun the antenna SWR
was better than 1.5 : 1 over the entire frequency range when fed with
50-ohm coaxial cable.

These figures are quite acceptable for normal TV viewing. This adap-
tation of the log-~periodic dipole antenna thus solves both the mechan-
ical and the electrical problems. The type of construction is certainly
more suitable for the average constructor and makes use of available
TV antenna "hardware".

Two graphs of horizontal field patterns are reproduced herewith, one
showing a typical low band response and the other a response in the
144MC region of the wide band antenna, Although the front-to-back
ratio does deteriorate at the low frequency end, the ratio is still high
enough for most applications. As may be seen from these graphs, there
is very little response to the side of the antenna and, on the higher fre-
quencies, a high front-to-back ratio is exhibited.

In terms of measured performance, the forward gain, referred to a
dipole, averaged out at 3.5dB between 45 and 85MC and 5.5dB between
85 and 222MC. The front-to-back ratios measured were as follows:
channel 0-7.5dB, 52MC-11.5dB, channel 1-14.5dB, channel 2-13dB,
channel 3-18dB, channel 4-11dB; from there on it was weil above 20dB,
in fact averaging 25.4dB. While the lower channel figures are modest,
they are adequate for most primary area TV viewing locations.

In fact, the reduced low frequency performance results from a delib-

- In this instance we used a Sigma value below
the optimum figure, reducing the boom length considerably, as well as




148MC
41.9
38.75
358
33.1
30.7
28.4
26.2:
14.5
134
124
1.5~
10.6 "
9.3
104
7.0

141-

47-
S4MC
114.2
103.9
94.5
86.0
78.25
71.25
427
35.3
322
29.25
26.6
314
20.0

125.5

11
275
256
238
221
20.6
9.1
17.8
9.6
8.9
83
7.7
T2
6.7
6.8
4.75

ions in inches]
10
3025 284
28.1 264
26.2 246
243 ' 228
226 212
21.1 19.75
196 184
10.6 99
9.9 9.25
9.2 8.6
.85 80
7.9 7.4
7.4 6.9
1.5 7.1
528 5.0

314
29.2
272
2528
235
21.9
203
11.0
102
9.5
8.9
8.2
7.7
78
55

327
30.4
283
243
226
21.1
115
106
29
9.2
8.7
8.0
8.1
s.S_

263
gain log-~periodic dipole antennas for

mensions for 52MC and 144MC

9.7
8.9
8.25
84
575
signed for a minimum 7MC bandwidth.

340
316
294
274
254
23.7
220
119
111

10.3

7.25

12.75

43.1
399
36.9
315
29.2
27.0
149
13.8
11.8
109
10.1

10.5

58.5
54.0
50.1
4238 .
39.6
36.6
18.7
17.3
16.0
14.8
137
14.6
10.0

46.3

14.25
15.7

57.8
53.2
439
450
414
38.1
21.6
19.9
18.3
16.8
15.5
10.25

62.8
Included in the list are di

69.5

63.9

58.8

49.8

458

a1

239

22,0

20.2

186

17.1

15.8

17.3

11,25

glves dimensions for medium
11 these antennas are de

93.7
85.25
77.6
70.6
64.25
584
53.2
319
29.0
26.4
240
21.8
19.9
234
14.75
This table

105.4
95.9
87.3
79.4
7225
65.75
59.8°
358
326
29.7
27.0
24.6
224
26.3
16.75
each of the TV channels.

HIGH GAIN SINGLE CHANNEL LOG PERIODIC DIPOLES, [Dimens

819
74.5

7.8
328

2075

1312
119.4
108.6
98.9
89.9
4.6
40.6
369
336
30.6
2
amateur band antennas. A

Figure 5 :

ELEMENT 1
ELEMENT 2
ELEMENT 3

TS
ELEMENT 7
SPACING 1
SPACING 2
SPACING 3
SPACING 4
SPACING §
SPACING &
BOOM, in fect. _.

It was noticed, by the way, with this antenna that measured gain, ref-
erred to a dipole, was always 2 to 3dB below the gain quoted in the dir-
ectivity gain chart. Thig suggests that the chart may have used an iso-
tropic”antenna as the reference.

All the dimensions for the wide band antenna are given in the accomp-
anying diagram.

Also, included is a table giving dimensions for medium bandwidth an-
tennas, exhibiting higher gain than the wide band antenna. These ant-
ennas should prove suitable for near fringe reception and will exhibit
good rejection for co-channel interference from the side and rear.

’
erties of the antenna can be put to good use in reducing interference
on the amateur bands.

Digressing for a moment, we must emphasise that if a wide band ant-
enna is used for transmission purpeses the transmitter should be free
from harmonic or spurious emissions; should thege fall within the
frequency coverage of the antenna they will be radiated with equal
efficiency.

Those viewers living in areas covered by the higher frequency TV
channels only, 6 to 11 inclusive, are catered for with the design of

an antenna to cover all these chanhels yet still exhibiting much the
same gain and characteristics as the single channel versions.

While it would be possible to reduce the size of any of these antennas,
it would result in the deterioration of one Or more of its properties
such as reduced front-to-back ratio or higher SWR. The
sented here will cover most requirements.

As will be apparent from earlier discussion, the gain of the log-peri-
odic dipole antenna is directly related to the number of elements and
boom length, At Jow frequencies high gain designs become too large
physically for Practical construction. However, for frequencies
above 100MC, it becomes practical to build a distinctly high-gain log-
periodic antenna exhibiting also higher front-to-back ratios

ved without sacrificing bandwidth,
The same is true of the higher frequency TV channels and arrays lar-
ger than those shown in the table can be made for fringe area recep-
tion.
Standard stacking arrangements may be used with the single channel
antennas to obtain the benefits of stacked antennas, While stacking
bars may be used with the wide band antenna, a compromise would
have to be accepted in performance, In these cases it is usual to
make the stacking distance optimum for one of the more frequently
l;ged high~band channels, the stacking distance being typically about
inches.
Another approach is to use special antenng couplers available from
TV antenna manufacturers. These work On a one-way principle in that
a intercepted signal is fed from either or both antennas into the cou-
pler and on to the feeder. However, if one antenna is momentarily
not intercepting a signal it will not "suck-out" from the coupler the
Signal being intercepted by the other antenna. Using this coupler, the
aerials may be stacked at the height which gives the best reception.
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One of the properties not previously discussed in relation to the log-
periodic is its ability to be designed with a broken frequency pro-
gression. For instance, it is possible to design the first few ele-
ments to cover a bandwidth of frequencies, jump the next 30 or 40
megacycles and then continue on to cover another band of frequencies.
This property allows the size of the aerial to be reduced when sepa-

HIGH GAIN, HIGH FREOUENCY, MUL"-CHANNEL AmM rated channels only are required.

s s a check of these properties, an antenna was designed to cover TV
Channel 6"1 1 iI'ICIIISIVe (1 74' ZZZMC) 4 :hannels 4 and 8 with a small margin on either side and a wide gap in
. ) between. The design, when checked, responded as well as two separa-
Elemgnt ;?0 Element 8 20.5 Spac!ng g te log-periodic antennas, with no detectable interaction between both
E{::::: 29'2 g:::::: 13 }gg gpa:;:g “ sections. This was quite a severe test as these two TV channels have
Element 27'4 ° Sg:cing Ty a second harmonic relationship in which standard dual band antenna
Element 25.4 Spacing 1 11.9 Spacing 2  configuration pose very real problems. :
Element 23.7 Spacing 2 11.1 Spacing We regret that as the number of channel combinations used are quite
Element 22.0 Spacing 3 10.3 Stub high, we are not able to give designs for all these combinatidns. How-
‘ ! ever, the main point to bear in mind, when contemplating the use of
. B " i P 2 ki log-periodic antennas, is that high gain on the lower frequency channels
Figure 7: B Lo 1 ':: 1, '"’uﬂ".TV | would involve the use of an impracticable length of boom.

The construction of all the antennas described is relatively easy. The
boom size will be dictated by the actual size of the array, the larger
antennas using 11 /8" to 13" diameter aluminium tubing while $' to 1*
diameter tubing may be used for the very high frequency antennas.

The dipoles are supported by plastic insulators which use single hole
mounting. These insulators should be selected for the frequency of the
antennas. Antennas embracing frequencies around channels 1 and 1
require 3" diameter elements and the insulators are accordingly bigger
than those used for thinner elements.

Higher frequency antennas, with shorter elements, can be made with
3/8" diameter tubing. All these insulators should be mounted on the
boom at the spacings given, with due care exercised in drilling the
mounting holes in the boom to give proper alignment of all the elements.
While a slight misalignment will not affect the performance of the ant-
enna, it can spoil the finished appearance.

The phasing harness is not critical and, in our antennas, consisted of
3/16" diameter soft drawn aluminium rod. Our original antennas used
a continuous piece of rod with clamps over it which were held in place
by the screws passing through the respective elements and insulators.
However, there is no special reason why short lengths of rod or tube
with ends flattened and drilled could not be used between the various
elements,

The end spacings of these harness sections is determined by the insula-
tors used and, where the crossover occurs, adequate spacing should be
given to ensure that the harness does not touch under high wind condi-
tions. This spacing is not critical and could be approximately % to 1
inch for low frequency regions (longer harness) and 1" to 3" for the
higher frequencies.

In fact, with larger sections of harness used in low frequency antennas,
it may be wise to use one or two plastic clip-on insulators to stop sway
of the harness.

While it is permissible to have the end stub self-supporting, out behind
the longest element, it makes for a neater finish to attach a couple of
additional insulators underneath the boom and bend the stub around the
end of the boom and on to the insulators.
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TWIN DOUBLET AERIAL FOR DX

The diagram shows a type of doublet aerial which is very

useful for general short-wave listening. Efficiency is better
overall than that of the usual inverted-L type, while the down
lead is less liable to pick up interference adjacent to the
receiver. Two sets of dimensions are given to suit the band
coverage of ordinary dual wave receivers. Beyond the limits staj
the response curve of the aerial system begins to fall off. ;

The aerial may be constructed of any suitable copper wire,
insulated or otherwise. The measurements shown are from-the

the aerial. This piece of insulating material may be of bakelitfg

wood boiled in paraffin or any piece of insulation which is

sufficiently robust to carry the strain of the wires. A suitabl

alternative is to wire together four egg-type insulators. The
angle between length A and B is. shown as 30 degrees but this
figure is not critical.

The aerial wires should be erected as high as possible and
pointing end-onto any known source of electrical interference
or to adjacent street mains. TV twin lead or plastic light b
flex may be used for the down lead. It should be arranged

as far as possible to drop vertically from the aerial wires,
before being led towards the receiver.

Within the receiver, the wiring should ideally be arranged
so that the aerial leads connect to the respective ends

of the aerial coil primary, the winding being earthed via a
centre tapping and separated from the grid winding by some
form of electrostatic shield (inset right). In fact, many
communications type receivers are already fitted with twin
aerial terminals for connection to balanced leads.

In receivers not so fitted, there may be difficulties about
tapping or shielding the aerial coil primaries but it is i
often possible to add a second aerial terminal and return the
primary winding(s) of the aerial coil(s) to it, instead of %
to chassis. (Inset left). The leads from the doublet aerial
can then be connected to the original and the new aerial
terminal, the chassis earth wire being retained, as desired.

aerial terminal, the other to the earth terminal.
the normal chassis earth wire or earth return via the power
should be discarded.

TWIN LEAD
TO RECEIVER

@
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shield included.,
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A MULTI-BAND TRAP ANTENNA FOR RECEIVERS

The problem of providing an antenna to cover all of the HF
bands is one which confronts most people at some stage or
another. A separaté co-ax fed dipole on each band is an
ideal solution, but one which often proves impractical in
many locations.

Where separate dipoles become impractical a single, multi-
band antenna is the logical solution and, in recent years,
two particular designs of multi-band antenna systems seem o
to have achieved popularity over all other types. i

The first of these consists of multiple dipoles hung one
underneath the other and all fed from a common co-ax feed- b
line, as shown in figure 1. The dimensions given in our
diagram provide half-wave dipoles for the 80, 40, 20 and I
10-meter bands with 15 meters being covered by the 40-meter g\
dipole which acts as three half-waves. !

The system works reasonably well but has the disadvantage of
being cumbersome to make and mount. The dipoles can be hung
about 3 to 4 inches below each other but small weights need
to be attached by an insulated cord, to the ends of the 40,
20 and 10 meter dipoles to prevent the whole arrangement
from becoming tangled in a high wind. i

A reduction in the overall length of the multiband antenna fl
and a considerable simplification in construction can be ki
achieved by the use of a 'trap'" dipole as shown in figure 2. =

In this arrangement the traps are designed to resonate at

7MC, so that they isolate the inner and outer sectiodns of

the antenna by virtue of the high impedance they provide at
this frequency. The inner section of the antenna therefore L
becomes a half-wave dipole at 40 meters, in fact, it will be &
seen that the length of the inner sections is close to the 1
normal length of a half-wave at 40 meters, particularly when
the capacitive end-effect of the traps is taken into account

At 80 meters the traps will exhibit a high capacitive i
reactance and a low inductive reactance, so that they act

as series inductors between the two sections. The effect of
this is to electrically shorten the length of the antenna at &
this frequency so that, although its overall length is i
physically shorter than a normal half wavelength at 80 metersy
it is actually an electrical half wavelength long. %’

At frequencies higher than 7MC, the raps exhibit high 1nductﬁ
reactance and low capacitive reactance so that they act as i
capacitors between the inner and outer sections, The effect 0
this is to decrease the electrical length of the antenna sO
that at 20 meters it looks like three half wavelengths, at &
15 meters five half wavelengths and at 10 meters seven half &

wavelengths.

i
In saying the antenna looks like a certain number of half F
wavelengths at a given frequency we are, perhaps, taking sSom&
liberty because in practice it will not be exactly resonant &
the three higher frequencies, some degree of compromise beiﬂ}
necessary. i
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TRIBAND BEAM AERIAL
Over many months, I have been working on an aerial system which
has shown so much promise that I thought that -others may be g
interested in my findings thus far. The first one was in the
shape of a bow tie and it also resembled the now well known
X beam. The bow tie configuation, while very successful as

a single band array, did seem to present some difficulties

when the idea of a tribander was to be considered. And so

after a lot of experimenting I am now using what I consider to!
be the.simplest and best home brew tribander yet. It has no i
traps or coils and so no losses related to such devices, also |
no mysterious blobs of electronics hanging on the array. Also,v”
mechanically the system is very simple, it has no boom and a L
14,21 and 28MHz version has & turning radius of only 12 feet.

Many questions may be asked. Is it better than a quad? What
is the forward gain? Frankly, I do not know. However, tests
on the air indicate that it has a back-to-front ratio of 3

to 4 S units, with substantial gain over a dipole. On long f
haul contacts, the indications are that the angle of radiation
is low. Comparisons indicdate that a commercially made 3

element single band medium spaced Yagi on 14MHz is level
pegging with me into such distant points as New York.

ol

The drawing shows the general arrangement. I used a piece of
boatd 15in square in the centre and then two pieces of %in i
conduit 10ft long and mounted at right angles on the board. i
Then an 8ft length of 5/8in diameter dowel was inserted into
each of the four ends of the conduit. Any metalwork used for
the frame must be securely bonded to the mast. The three loopa

are a little longer thanm the final figure. Leave the loops 3
uncut at this stage, except for the interconnecting feeder. I
used 72 ohm twin feedline but 300 ohm ribbon should be satis-

factory. &

Adjustment is carried out with a Grid Dip. Insert a one or two |
turn link across the interconnecting feeder at the board and
check for resonance. When dipping, to make sure that the dip .
is of the loop of interest, grab the loop at a voltage point =
where a button will be placed later on. Change in dip indic-
ates that it is the correct dip. If not, grab the inter-
connecting feeder and a change in dip shows that it is due to
the feeder. With adjustments carried out about 4ft above the
ground, the loops should be trimmed to resonate at the low en
of each band. When raised, the resonance points will shift to |
about the middle of each band.

Now cut each loop at exactly the mid point on each side. These'
points are insulated with coat buttons. Pass each lead through
a hole in the button and tie a knot as close as possible to thel
wire end. This operation will use very little of the loop leng'
and the resonance will stay the same as before. The aerial wil

now radiate bi-directionally, with good back-to-front ratio andl
forward gain. Loops are held in place by any temporary means M
and when adjusted, the loops are held by open ended screw eyesS,

screwed into the top of each rod. i

The impedance appears to be about 50 ohms at the feed point 1
where the line is attached to the centre board. A 50 ohm

coax feeder may be used and it will be found to give a low
SWR across each band. No balun has been found necessary and t
radiation pattern is symmetrical.
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MULTI-BAND VERTICAL AERIALS

This describes two somewhat more flexible multi-band vertical aerial
systems which have been developed and found to give good results,
both for short-wave listening and for amateur transmission.

Aerials for short wave use are many and varied. The variations are A stances, problems with BCI and TV] :
generally dictated by a number of factors, some of which are the Thio prouaid can be experienced.
frequency of operation, cost, simplicity or otherwise of construction, 1¢ PIOS and cons were weighed u : el
ease of erection, directivity required, amount of real estate available, Initially, we roughed up a simple urr)ljimsjir‘rzlﬁac.iretc oo giveitagon,
) as shown in the sketch, Each of the fo’ur ir to the basic ground plane

and so on. <
were made of lin diameter duralumin tubj

" the actual construction will be given late

The factors to be considered will also vary according to the user. A t on
short wave listener will possibly need an aerial, or aerials, for many : ; i
bands according to his particular interest. These aerials will generally be' With the four radials actually on the ground, w
required to respond to signals ideally from all directions. On the other cable a‘Tth the braid to the radials ang the in’nef g rd.a coaial
hand, a transmitting amateur would have quite a different set of i vertical element. The cable, about 50ft long, wa FRaductar th the
requirements. His aerial system would more than likely centre around S CCYCT4gc Ieceiver. In case you were wondering tshcon".e“.ed to a full
the frequencies allocated to the Amateur Service. In addition, he ¢ gesonate_d at about 16MHz. A listening test wax vo. actial in this form
would probably require some sort of directivity characteristics, either @ trong signals were recejved over a wiae range of %gqel?eclfcqéaglﬁ%

" 1es. These

fixed or rotatable. Angle of radiation would also be of interest to the (@ .ncluded international broadcs ; \
gl TMHz and 21MHz, togeth:gc‘%st stations on frequencies between about

amateur. These are just a few of the possible considerations. included 3
included in the same frequency range. On 14M

The above points are mentioned in passing, as being of general interest." - signals were excellent from interstate as w : :
No active radio amateur would need to be told any of these factors, as - European, \ $ well as overseas, including
he has possibly spent quite a lot of time and effort in determining the | isten
best aerial system to suite his requirements. The writer can be listed ¥ Isiening over a period of a couple of weeks showed ;
with this group, having spent many years looking for an aerial system ?lemj which would be ideal for many short Wavo\}/; that this was an
to meet his particular needs. b ie performance would be best around ¢ listeners. Naturally
i 16MHz but results h und the resonant frequency of
i showed that it is quite satisfactory over at)lleast
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:}’le }‘{alx)\ée tr’1,o int_:\}ion of intering intongm); c?niﬁ)versydas to w]g‘ch Yis ) Gan be toleryseq.

e st’” aerial for amateur use, particularly the quad versus the 3 : , it can be u i S

In the opinion of the writer they’ali'e both excellent systems, when ,‘ Pomnt of fact, a fortunate sitfxecl‘“ghnt down to the broadcast band. In

properly used. X "W e more sensitive on the Iow:rlt(';:s1 ﬁ(éSts.here, [ that most receivers
i Such an efficient aerial as for highcg fr:;;%;g?ctjs % fhey donot nend

}E: b‘zgr:efrolrlise?i::.l‘z%;)sf iﬁ: g%r,a;l’k 13112 éciwa(:\rdSZOB%Igzhll)%dT%V?:/Slee 3 rve/icﬂ‘i“ the Umi.ts which we have already quot d.

forget about the two lower frequencies for the present and concentraté maOmmend this simple ground plane aengal toest; W? can confidently

on the three higher bands. Over the years many different types of aerial ¥ not have the space or other facilities for Of wave listaners who

have been tried, all more or less satisfactory from the radiation point of§ : something more ambitioys,

view. The problem has been associated with the means of rotation.

Our findin
. dings thus far were such t
;z :L;;]li‘ﬂ for use as a tra.nsmittin}éaafn‘?d/ert‘:‘::zs e ke fen
B thqmatqur bands. What wag required th
mOthoi’i tgsfaena} resonant on 14, 21 and 28MHz, togeth i
of feed which meets the requiremant of a’lo»%eS“"a}rQMth 7

A surplus type cowl gill motor has been used and is quite capable of
doing the job. The real problem lies in the means of coupling the mot@
drive shaft to the shaft of the aerial to be rotated. The requirement hext
is always very stringent, as the coupling has to stand up to the high
torque which strong winds impose from time to time. Other amateurs’§
no doubt have had similar experiences and may well be looking for a =
way out. ;

For
Many years the writ
Yster S the writer has made use of the multi- ’ .
onsi s oveloped by Hans Ruckert VK2AOU. Briciy, tna uning
; PP ipole and i i ; 7T em
Sonant circuits between the tw(n)n}slzlr‘t/lcr;g one or two parallel or series
Short of spending quite a lot of money etc., a solution seemed to lie ifl i
some sort of compromise with the situation. After much thought on
the subject, consideration was given to the possibility of trying a grouf

!

It
'en':n be shown that a

. resonant half waye dipole is equivalent to a

reson ircui
ant circuit at the same frequency. Also, let us consider that
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L187,12B&S,2-3/8"DiA.x1-3 /8" LONG.

82

88pF

18T, TAP 14T,12B&S
2-3/8" DIA. x 2-1 /2" LONG.

et

we have two parallel resonant circuits, in series, connected into the .
centre of the dipole, Again, it can be shown mathematically that this is
equivalent‘to two parallel resonant circuits in series, with a series
resonant circuit connected across them and that the system is resonant
at three different frequencies, not necessarily harmonically related,

A very interesting exercise is to mock up an arrangement using two
equal lengths of wire, strung horizontally and broken in the centre,
Add two parallel resonant circuits as shown and then investigate it
with a grid dip oscillator. Couple the GDO into each of the coils in
turn, and you will find three resonances. It is also interesting and
important to note that this system will not resonate at any other than
the above frequencies. This is a useful feature, in that it helps to
reduce harmonic radiation.

In order to apply this tuning system to our ground plane, we have to
insert the two parallel circuits between the ground planes and the
vertical element. This is shown schematically in the appropriate
diagram. By now many readers will be asking how the three wanted
resonances are obtained, The answer in general terms is that 14MHz is
largely determined by L1, 21MHz by both C1 and L2, and 28MHz by
C2. If you stick to the element lengths which we have used, then the-
values of L and C may be obtained from those we quote. Otherwise,
you will have'the interesting task of finding them for yourself.

It may be noticed that the element lengths used fall between a half
wave on 14MHz and a half wave on 21MHz. This means that the
system is shortened for 14MHz, somewhat lengthened for 21MHz and
rather longer again for 28MHz. From practical considerations, the
element lengths which we have used are about the longest for the
frequencies involved, whereas the radials and the vertical radiator
could possibly be reduced to a lower limit of 11 feet. This may lead to
soine drop in overall efficiency and it would certainly mean a new

set of values for L1, L2, C1 and C2.

Having arrived at a set of values for the two capacitors and two
inductors, by means of a grid dip oscillator, the next move is to find a
satisfactory means of feeding the system on all three bands. This can
be donw by means of a link coupling arrangement into one or both

of the inductors. However, a method which we found to be very
satisfactory closely resembles the familiar “gamma’” match.

The feedline used is 75 ohm coaxial cable, with the braid terminated

at the junction of the four radials. From the centre conductor, a lead
Is taken via a capacitor to a tap 2ft Sin up the vertical element, This
Scrves for both 14MHz and 21MHz. For 28MHz, another lead is taken
Via a capacitor, to a tap 5%in up the vertical element. This arrangement
fan be adjusted to give a low SWR on all bands. The values which we
found to be optimum again apply only when the same element lengths
&e used. No doubt these adjustments will have to be modified if
shorter elements are used.




From a constructional tpoint of view, it may be better to leave most
of this to the devices of the individual, At the same time, a few
remarks as to how we went about it may be of assistance.

Whereas we used 1in OD dual tubing,

each 13ft 6in long, other materials and
according to individual needs and circu
however, that the original element leng
4 is a good reason for making a change.

vith radials and vertical element
diameter may be used
mstances. We would suggest,
ths be adhered to, unless there

FOUR RADIALS

\

4

WOOD, APPROX. 12" x 12" x 1"
WOOD, APPROX. 24" x3" x 2"

A Our construction was based on a “chassis” consisting primarily of a

piece of board, about 1ft square and lin thick. Four pieces of 3in x

i added to the board, as shown in the sketch.
e radials, the radials being

00D FOR TERMINATING
FEZDER SYSTEM ITEMS

i

MOUNTING COILS, ETC.
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14, 21 and 28MHz bands.
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B Having fixed the radials in place, the question of fixing the vertical
element can pose some problems. We screwed a stand-off ceramic
@ insulator to the centre of the board, the diamete i

ort the vertical element and the four radials for the aerial

(Above.) The layout ot the base constructed by the author to
system covering the

14, 21 and 28MH:z
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The circuit of the
aerial system for the

supp

centre would be satisfactory.
In the construction, we made use of clamps intended for TV aerial use.

i Inductor details, capacitor values, method of feeding, may all be
3 obtained from the table and drawj A is i ion

It.will be noted from the inductor details that L1 is not a coil but a
short length of wire, bent into a semi-circle. This may need a bit of
Juggling to get the 14MHz response correct, but no trouble need be
anticipated. It would seem that this i i

Maximum length of the vertical and radial elements. If they are
Increased beyond the length which w

Would approach vanishing point. On the other hand, with shorter
elements, this inductor will increase and will then assume the shape of

S

a coil,

\

All of the capacitors, C1, C2, C3"and C4, which we used, are of the
Miniature variable type. When they have been adjusted, each one is put
into a protective plastic container, to protect it from the weather. The

fontainers which we used were originally used for pharmaceu tical pro-
ucts, such as tablets, etc. These are not h

FOUR RADIALS, EACH 13"-6"

fase, we drilled two small holes in the case to

Cse holes were waterproofed later by a drop
adhesiye,

pass the leads through,
of Bostik or similar

inly affects 21MHz ; 2T, 14G, 1-1 /2" DIA, 1 /2" long, leads 2" 2nd 4" long.

inly affects 14MHz : 6-1 /2" long, 14G, bent intd semi-circle.

*BOTH NOT CRITICAL

* Mainky 28MHz - S8pF (Adjustmenttairly critical, .
gémm 14MHz and Z1MH: : 520F (Adjustoant fary nma)
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Even at this stage, the precise band-centre frequency should be aimed

at in each case, Actually, such
d 28.6MH : centre frequencies as 14,
:lr]e added anfi Thiysge‘ selected. Having done this, t}fe Iﬁteez(;gil, 21.3MHz
the table. These TIes capacitors are set roughly to the yalor Lol CnS
serious business g}essft'g’lyt}?uoted as a guide. We can nouya;ltlg: %lhven o
; P g the cent ; ©
with adjusting the SWR to 3 min?mrs rg“}g;’zggiei :;gurately, together

VERTICAL RADIATOR |

v

___{::}_m__

\ g
FOUR RADIALS i i
o o do thlS, we need an SWR bndge and a transmitter set to deliv ly
| €I on

enough power to actuate the brid

€ pro i

20 watts or so should be sufﬁcien%. ’Ighepb?l:lggﬁeAispc%‘;ireggg tir?f i
! ¢ series

Top. A half-wave dipole with two parallel
resonant cirtuits in series. inserted at the

centre. Above. The equivalent circuit, () Vith the SWR bridge set for reflected

which is resonant at three different M by introducing a pj power, check f
' . i g a piece of ferrite aerj in} oF centre frequenc

frequencies and no others. A basic ground plane serial, ttlr_n;: Iéllx tm?y ﬂ?eed 10 be increaseger("jag nr\?e(i 51:1;0 512. If the meter drqops y

= . il L - But at thi i ' e s :
Although we used miniature variable capacitors in the finished job, it S8 to reduce the n:estteigfé;}iiwofd be well to leave L1 allgr’le ;rd“;(:?éd o
may be possible to use coax cable, to give the requisite capacitance, on 7€ by adjusting C4 for minimum, o
it has been finally determined with a variable capacitor. This may be * The transmitter is now set to th h

W band and loaded up as before, Chook e e fTequency in the 21MHz

worth investigating. i
) bring the reading down by adjusting precisely t

The capacitors C3 and C4 are mounted close to the end of the coax 8 This should bring the SWR t
feedline, The lead from C3 should be a heavy gauge of wire and is run 8 on this band is also large] do a very low value and although the SWR
directly to the tap point which is only 5%in up the vertical element. 8ely determined by adjustment of C4 the adj
This point did not appear to'be critical. Much greater care must be = Y fasts
taken with the lead from C4, to its tap 2ft Sin up the vertical eleme;
Steps must be taken to run this lead parallel with the vertical eleme:
starting from an inch or two from the bottom. The distance of the I
from the element is necessarily a compromise, as the closer it is the =
better, for 14MHz; but it should be spaced at least %in for 28MHz. =
In fact we found that %in spacing was about the best compromise. If#
the spacing is too little, it will be impossible to get the SWR down for
28MHz. Following from this condition, it is necessary to maintain the
spacing constant against weather conditions and to this end, spacers |
must be provided to achieve this. Although we used wire, which nee ]
to be supportcd, it may be a proposition to use a small diameter tu
which would be rigid enough, when supported only at each end.

The transmi i -

MKz band and losded s fen i 51 10 the cntr frequency f
frequency with minimimulgilgj};lﬂy OUEezagain. Adjust pre%ise}}c'ytoor g
now effected by adjusting C3 ang’th}ils Shbﬁgl;&e;egz?u_ction ekl

- However, as intima i
s ted earlie i ;
MHz and 28MHz and a complets redetiy. oTPIOMise here between

be achieved,

With imi j

Similatrhsiii g)trizlrl)n:gmf.hrﬁtadjuétmentg made, we are now faced with

gg?rceciure must be repea‘ézz fg(;rezléﬁnl;naﬁ; iuptglr o er, The :/hole
ect, i dny :

Gy \gﬁ rtl};;: ‘;:eacnongdt.lme around, it may be deﬂrz:x?ijrl::(tin:f}?g:hare

B i s o f¥e Justment. Adjustment of 1.1 is clearly i d('ar “
iy ;he he quency of the 14MHz band needs to by ?1 Povn

er. Adjustment of L2 will only be necessai)": iI? rtlli?d

MHz band can on] i
. be i
ther of the other tuyo bazriltzijslf“ed With C1, thereby markedly upsetting

Having completed the assembly, with L1, L2, C1 and C2 connected
the feed components are best left off at this stage. C1 and C2 are
set to approximately the capacitance given in the table. We will also
assume that the radials are at least 12in or so above the ground. With
grid dip oscillator, couple into L1 or L2, the latter will probably be“,

more convenient, check for the three resonance frequencies. While i
there will be a certain amount of interaction, L1 is varied to set the di;zt}?&‘:/ well it performed at the writer’s locat; I
14MHz point, both L2 and C1 may be varied to set the 21MHz point iy . to judge performance at this Je on. Alt}gough it was
and C2 will control mainly the 28MHz point. Sed to 28ft above ground, there did n‘;et' sce(;mp ta.r el?e“'"h the aerial

’ m to be a great deal in it

HaV‘ i
mg Completed all ad_]u?tments, full power may be fed into th
-]

Stem, Even wi e
en with the aerial about 12in above ground, it is remarkab]
y
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at least on listening tests. Even with the radials at 50ft above ground,
little difference could be detected. In short, it would seem that the 4
low angle of radiation for which the ground plane is reputed, is virtually
unchanged by height above actual ground. At the same time, it is
axiomatic that any aerial system should be well in the clear of all
obstacles which could result in absorption of the signal.

The writer is also of the opinion that when a ground plane in part-

icular, is raised as high as possible, the amount of noise pickup could =
well be reduced and any tendency to a strong ground wave which may
be conducive to TVI and BCI, would be substantially reduced. 3

Since the tri-band ground plane has been erected at the writer’s
location, it has survived a very strong southerly blow at the 28ft
level, showing no signs of distress.-At the same time, considerable Y
damage was done to property elsewhere. The performance of the aerial |
has been very satisfying, with good signal reports given by stations ]
as far away as USA. At the same time, we would not presume to
compare it under poor conditions, with a high gain system. In spite
of any shortcomings which such a simple aerial system may have we
think that it has been worthwhile and we have no hesitation in
commending it to those whose interests are in this direction.

Having had considerable success with the 14MHz, 21MHz and 28MHz
amateur band ground plane aerial system we thought that it would be
worth a try to produce a similar system for 7MHz and 3.5MHz, part-
icularly as we had a use for such a system. Most of us have the usual =
suburban building lot and this does not allow sufficient room to erect
a full size aerial for 3.5MHz. Even one for 7MHz can be somewhat of
a squeeze. i )

Surely no one would dispute the efficiency and desirability of a full =
size aerial, even some sort of beam but for those of us who find this to
be quite impractical, we must look elsewhere for an answer to the i
problem. As surprisingly good results are obtained with vertical whip
aerials in mobile work, even on the 3.5MHz band, we rea_tsoned }hat at
least as good results could be obtained from a fixed vertical aerjal sys

With these thoughts, we considered that it would be wqrth starting off
with just two radials and see how this worked out. A suitable length {0
these radials would be somewhere between a quarter wavelength on =
3.5MHz and 7MHz, or between 67ft and 33ft. We chose a starting &
length of 44ft as being about right to fit into the space we had avail- =

able.
:

\
Turning to the vertical element details, we already had on hapd a 20f i
length of 3in x 2in timber. Also, a piece of galvanised conduit, 5/8in =
diameter and 11ft Gin long was available. The conduit was clamped to-
the top of the timber, with about 18in overlap. Wire‘could then be
run from the conduit down to the bottom of the pole, thus givinga =
vertical length of about 30ft. The pole was then ushed up and screwet
to a selected post—actually part of a side paling fence. In my case, this
is all that was necessary to make a solid fixing for the pole. In some =
cases, it may be necessary to guy the pole, with guys suitable broken ¥
with insulators. ]

corner at the back of the building block and so th

tacked for the rest of its length, along the bottom

b rail of the back

With the three elements in j
I place, the next job was t
(Saynsl;e;nt;o?xi ghoef:asvl:l;ewgéedez:}clh 441t longjand the vzfrgg;ee?er:‘se%ria_s;s
t ’ cide at to make a reasonably b
system, this element should be load d T ag gy
alent of 44ft. As shown in the dj S chig s oo Aot i i i
) ft. ¢ lagram, t i
ducing a loading coil L1 at a pointgr.’,ft fr(?rlns }t]haés gzi?o(ritfnme i

This coil consists of 8 turns of 128

st WG enamelled
g:]gtt:ll;lgnfd 13/81{1 long. We wound ours on “air” but if you have
. 'or(rjner, it could })e used, provided that it is of low loss ?
i ;gr proofed against the weather. Two porcelain-stand-off in-
et foi ltleﬁ;sgitrs’ai?ount :he c}(])il. In fact, we used several of th:;e

] ) nations, at such points as the b

vertical section, which is Just a few inches above th%ttg??ugg tl{:‘sel

The 27ft length between the bo
e | 1 ¢ ttom of the condui i
Cbg?\ ‘:: pm\gded with a reasonably heavy gauge ofl::légggr t\}\:fnleozsigl s
en about 12 and 16 gauge. The 3ft space between the coil z}x'nd

the bottom end of t i i i
bedis by he vertical element is also a piece of the same

wire, 2 3/8in dia-

Assuming now that the vertical eleme
: nt and the i
the next task 1s to tune the system to the 3.5MHrzagrl1?ils7aI\51€;-lz bands

18 turns of 12 SWG enamelled wir
s d wire, wound on a 23/8in di
ceramic ribbed former, the winding being 2%in long./ \g'?le(ixlatrhn: ts';'rstem

was finally tuned, we had short d
the number effectively to abofxf 140.Ut VIR Tuchk, By i

With the L2 connected, a variabl i
Vit nnected, € capacit f is
ég ri?: Pa_liflel{‘ with it as a temporary rﬂeast?:e?Tigoizgtila(l)otgﬁi;; ci(;nnect-
£0 bring the resomance bt 1 2 ey iable capacitor i siuses
. . . . . Z arl N l
x;:}l;zbgrzp ;osmdi'wdual choxcg, but it may be in th;evfé(iglgttyf?fq ;l%n705y
- The 3.5MHz frequency is adjusted with L2 itself, turns befng

added as required, i
. thereabo?lts.e Again, the exact frequency may be set to 3.6MHz,

Having initially found the two wa

g b o i i nted frequencies, it will be necessary

ntil both frequencies are correct.

At this point, we are agai
oint, ‘again ready to start on the more serj i
g\f& ,cRou%l_:ggc (t)he_gaelc.ﬂm? into the system and adjusting sietr}g? ;111):18:113151:
. axial line from the transmitter is ¢ i
outer conductor to the junction of th T o
T ] e radials and the b
. 0 ot
ertical. The inner conductor is run via another variable cag);Zitcgrtgg

1SOpF or so, to a point 12in above L2. The series capacitor should be
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set to approximately 88pF as shown in the diagram. this being the
value which we finished up using.

centre frequency and lightly loaded into the system at first. An SWR'
bridge should be connected into the line, close to the aerial reed point;
If the bridge is not available, then a field strength meter may be used,:
Set the SWR bridge for reflected power and check for centre freque: |
by introducing a piece of ferrite aerial rod into L2. If the meter drops,

then L2 may need to be increased. Conversely, the opposite would be*

true. In cases where a field strength meter is used, adjustment would b

made for maximum meter reading. Continuing, the series feed capacitg

is now adjusted for minimum SWR, or maximum field strength.

The same procedure is adopted for the chosen frequency of the 7MHz

band; but this time, any adjustment in resonant frequency should be
made with the variable capacitor across L2, The series capacitor is &
checked and adjusted if necessary, for minimum SWR or maximum "
field strength. The process must be repeated on each band, until
adjustments are complete. If the series capacitor setting is not the sa
for both frequencies, then a compromise will have to be made and

individual circumstances will dictate what this might be. However, the

setting should be fairly close for both bands.

having completed the final adjustments, the two variable capacitors
may be installed permanently, provided that they are protected from;d
weather. An alternative, and one which we adopted, is to replace the ¢
two capacitors, each with a piece of coax cable. To do this, carefully |
remove one capacitor at a time and accurately measure its capacitan ’

A piece of coax cable is then cut to length to give exactly the same
value of capacitance. The cable is then connected into the place of
former capacitor. This method has the advantage that the cable is
better able to withstand the rigours of the weather.

At this stage, the new vertical is ready for service, If the experience of
the writer is any indication, readers will find that although the system
occupies a minimum of space, it will give a good account of itself. A

important point which should not be overlooked is the fact that the

aerial as described only has two radials. This would be a bare minim

and there is little doubt that if space is available to add extra radials—

the more the better—results would be improved accordingly.

Just one final point. The thought has crossed the mind of the authoré

that it may be possible to achieve some measure of directivity by

switching in and out radials, as required. It has been established that§

one, two, or even three radials of the high band system can be dis-

connected, without upsetting the SWR. I have not checked the idea 3
for directivity at the time of writing. If any reader tries it, I would bél

interested to hear of the findings.

USING ONE TV AERIAL FOR SEVERAL SETS

This article is based on one originally written b

e ! y Mr R. Lackey. It has
bee}? modified and updated, insome cases in consultation with the
author.

There ha'xs been a marked increase recently in queries concerning the
connection of more than one TV set to an aerial. There appear to be
two situations which are prompting this; the increasing number of
people occupying home units, and the advent of colou:; TV,

vV {eception in home units has always presented a problem. The
bodze_s corporate almost invariably object to individual members
erecting their own TV aerial on the roof. At the same time they

als(.) ﬂmch~ at the cost of a communal aerial and distributior; amplifier
which, strictly speaking, is the correct approach to the problem.

Most occupants do th‘e best they can with an indoor aerial but this is
a poor substitute. It_ is almost impossible to find a “‘clean” signal inside
a building, and multiple ghosts are more or less inevitable. Nor is this

problem a question of receiver quality, a fact which i \
i q y which is seldom fully

In good s1:gnal strenigth areas, at least, it should be possible to find a
compromise solution. One medium to high gain aerial should deliver
enough signal to operate from four to six sets, so that two aerials
could conceivably service up to 12 units.

The other factor, colour.TV, is apparently creating the situation where-
by the old black and white set, being too good to trade in, is relegated
to the rumpus room or spare bedroom for use by those household
members who are not interested in the majority’s program choice.
Naturally, the temptation is to operate both sets from the same aérial.

Multi-element Yagi.antennas, such as the Hills 215, or the Austenna
model 406, are typical of the antennas envisaged in this article, but

there is no reason why hi i
y higher gain types could not be used where i
Wwould seem to be appropriate. W

AS . . .
% 'a gen?’ral rule, it is not pra.ctlcable to connect several sets directly in
parallel”, because the resulting mismatch in impedance will cause

Mmultip] i : : S
image};_e reflections of energy to and fro in the line, resulting in blurred

r:caﬁldmon’ there wd! almost certainly be sufficient coupling between
s eivers .to alloYv oscillator radiation to produce mutual interference
Sulting in spurious patterns on the screens. ’
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The problem thus becomes one of dividing signals in such a manner j
each length of line is terminated at the receiver end by a load appro }
mately equal to its characteristic impedance.

At the same time oscillator radiation must be attenuated.

The simplest method of multiple operation for two, three or four
receivers each having 300 ohm input impedance is shown in Figures 1,
2 and 3.

For five receivers the principie 1s the same, but 560 or 600 ohm .
resistors should be used; for six receivers, the resistors should be 68 ;

or 750 ohms each. E

In the case of Figure 2, for example, the addition of two 300 ohm ‘!!‘
inductive resistors to the 300 ohm receiver input increases each line
impedance to 900 ohms, but the three sub-circuits in parallel present
combined impedance of 300 ohms, to correctly terminate the feeder *
from the aerial. ik

i
At the same time, the resistors provide a useful measure of isolation
between receivers. \

Where two sets are coupled in this way the loss to each set is 6dB, bu ¢
the isolation between the sets if 14dB. For three sets the loss per set i
nearly 10dB, and the isolation 22dB. For four sets the loss is 12dB 2 n¢
the isolation 28dB, for five it is 14 and 32dB, and for six, 15.5 and
36dB.

To preserve correct loading, if any receiver is disconnected from its |
individual line, a 300 ohm non-inductive half-watt or one-watt resistor
should be connected across the end of the line. s

Do not leave the end of an unused line either open or short-circuited. |
In some locations, 300-ohm twin wire line is unsatisfactory because it
picks up considerable interference from industrial electrical equipment
from nearby neon signs or from motor vehicle ignition systems. | g

This condition is most likely to arise where it is necessary to run a li e
down the front wall of a.shop or building on a main road. 3

)

Again, there may be instances where more effective suppression of
oscillator radiation is desired.

In these cases, an arrangement which employs co-axial cable, may be |
used, as shown in Figure 4. i

The shielding effect of the outer metal braid will normally improve th
conditions mentioned but will attenuate the signals to a somewhat lo“
level than with the system illustrated in Figures 1 to 3. i
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Fig. 4. This arrangement will accommodate up to six receivers, either 300 or 75
ohm impedance (mixed), and does not require a dummy load in unused outlets.
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aerials like the 215 or 406, although designed to feed into a 300 ohm
line may be directly fed into a 72 ohm co-axial line without the necess;
for a matching transformer or “balun’ with its associated losses.

While it is possible to design baluns having losses of less than 1dB, ma; 1
of these commonly encountered may have losses as high as 3 to 4dB; ag
deal more than the loss occasioned by operating a 75 ohm receiver dir
from such an aerial. (It should be appreciated that the impedance of
such an aerial would be closer to 150 ochms than 300.)
Figure 4 shows an arrangement which is particularly suitable for home &
units. A major advantage is that the line is permanently terminated and|
the system’s behaviour is not upset by disconnecting individual sets, n‘."
is it necessary to replace them with a dummy load. 3

In home units, this latter requirement could be an unacceptable one.
would be difficult to ensure that all occupants always fitted the dumm
plug when a set was disconnected for repairs or other reasons. The

result could be inconvenience to other nccupants, possibly followed by

arguments or recriminations.

In Figure 4, the 72 ohm line is terminated in a 75 or 82 ohm non-
inductive %>-watt or one-watt resistor to prevent reflections of energy
back up the line. i

Each receiver, up to a total of six, is connected to the 72 ohm line by ,
means of a “pad” similar to those shown in Figure 4. Resistor values
can be the same regardless of whether two or six sets are connected.

The 680 ohm resistors are high enough to prevent each set loading the
line unduly and to isolate each set against oscillator radiation from the ¥

others. &

Receivers having a 300 ohm input impedance are connected, as at the ,:
left of Figure 4, to terminals “A” and “B” of a pad. )
Receivers designed for 72 ohm input impedance should be connected &
by co-axial cable to a pad with terminals “A” and “B” connected
together and to the inner conductor, whilst the outer braiding should ’
be connected to terminal “C”. ki

With the system in Figure 4 it is possible to have a mixture of 300 ohm
and 72 ohm receivers operating at the same time. "

If any receiver is disconnected, it is not necessary to connect a “load” |
in its place, as the line itself is properly terminated. A

The losses to each set will be 20dB for the 300 ohm receiver and 26d
for the 72 ohm receiver. Isolation between any two sets will be betweel
40 and 53dB, depending on the combination of impedances. b

i
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For the system shpwn in Figures 1 to 3, it is best to group all the
resistors t'ogether in one location with individual lines radiating to
each receiver. 5

With the §ystemdothiguxe 4, the individual pads should be located near
each receiver and should be connected to the main co-axial li int’
as widely separated as possible. i,

Special care shou_ld be taken in locating an aerial for a multiple receive
system, to place it in a high position well clear of power wires, ncon
signs or other sources of interfering signals.

A sgparation of at least 10ft between the aerial and power wires is
d_esxrable anfi [?reference should be given to mounting the aerial on the
side of a bullfhx}g away from a roadway where motor vehicle ignition
interference is likely to be severe.

A range of two, thre.e and four way spiitters, housed in plastic boxes
and already fitted with correctly proportioned resistors are available
from regular wholesale houses.

While the arrar}geme_nts suggested above may not be suitable in all cases,
due to 1n§ufﬁ01ent signal strength, they have the advantage that they
can be tried for a purely nominal cost; that of a few resistors and
lengths of cable.

In the event that insufficient signal strength is available, particularly in
home unit situations, the only solution is a distribution amplifier system.
There is a good deal more to a system like this than the simple arrange-
ments we have been describing, and such a situation usually calls for a
professional organisation to assess the requirements and submit a quote.

It is not the purpose of this article to discuss such installations in detail
Fut a fe»y points are worth noting. Even when an amplifier is used to ;
tlhft the signal level, a good quality aerial is still desirable, since this is

¢ only way to ensure a “clean” signal, with a minimum of ghosts.

alllsgher 1s.lgnal lfevel makes possible an alternative approach to splitting

L ignal; the dm.ectlonal qoL}pler. These are rather more complex

4 ices than. t}}e simple resistive splitters described, but have the advan-

age of _prowdmg greater isolation between sets.

lofs\stg'tglcall cguzpler (illustrated) can be inserted in a line and introduce a

ol taor} y 0.25dB as far as the next tap on the line is concerned. Its

the Setpbmtroduces a loss of 20dB fc_)r signals passing from the line to

ey , but n.ot.less than 40dB fgr signals generated by the set (local
Ulator radiation, etc) and trying to pass back into the line.

Pr . . .
Ovided the far end of the line is correctly terminated, there is no

lequirement to terminate any f th a with en a
set i 1i 1
g . . ny of the t pPs wit dummy loads wh
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WIRE SIZES

Nearest Equivalents Between British, U.S. A. & Metric Sizes

British  Dia. U.S.A. Dia. Metric Dia.

16 SWG 0.064" = 14B&S 0.064" = 16 Gauge 1.6 mm
18 SWG 0.048" = 16B &S 0.0508" = 12 Gauge 1.2 mm
20 SWG 0.036" = 19B&S 0.0359" = 9 Gauge 0.9 mm
22 SWG 0.028" = 21B&S 0.0285" = 7 Gauge 0.7 mm
24 SWG 0.022" = 23B&S 0.0226" = 5.5 Gauge 0.55 mm
26 SWG 0.018" = 25B&S 0.0179" = 4.5 Gauge 0.45 mm
28 SWG- 0.0148" = 27 B&S 0.0142" = 3.5 Gauge 0.33 mm
30 SWG 0.0124" = 28B& S 0.0126" = 3 Gauge 0.3 mm

WAVELENGTH & FREQUENCY
' Based on the formula that :~

300000 divided by frequency in kilocycles or kilohertz =
wavelength in metres.
300000 divided by wavelength in metres = frequency in
kilocycles or kilohertz.
Note: As wavelength is increased then frequency is decreased
by the same factor. And as frequency is increased then wave- e
length is decreased by the same factor. b
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