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NOTE
Readers should note tlat the Engiish word "AERIAL" I8
identical and interchangeable witb the international word
“ANTENNA".

CHAPTER |
The Theory of Aerials and Wave Propagation.

To set up an electro-magnciic 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 greal 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 (requency to make the total react-
ance of the circuil zero (or nearly 80) and clearly any power fed into the
clrcull at this frequency will develop the greatest possible carrent. If an
aerlal shows a similar effect of a resonant frequency, as it does, clear-
ly the current flowing in it will be the highesl at this frequency for any
given power inpul, and the strength of the emitted wave will also be
high.

This condition of current in an aerial 18 known as a ''Standing Wave'" and
is often llkened to the wave which may be set up in a long rope fastened
locosely al one end to a firm support. When the free end of the rope is
waved up and down a certaln speed of movement will resull in a wave
that travels completely along the rope. Moreover, sma!l pulls on the end
of the rope will be sufficlent to keep the rope waving so long as the move-
ments are correctly timed, or, to compiete 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 18 "reflected" from the 'fast-
ened endl of the rope. Pulling the rope 1ight and giving the end of the rope
one sharp shake wtll prove (his po!nt for the resulting wave will travel
o the end of the rope and lhcn return. The same reflection takes place
in aerial.

Already two pointa have been noted, then, lo set up a standing wave the
frequency i8 closely allled with the length of the rope, and energy 18 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 atong the
wire.

The speed at which the charge moves le theoretically the speed of light,
300, 000,000 metres per second, and so the distance it w(]l cover in one
cycle of the frequency at which it 18 applied is :

W=
4
and W 18 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 gel up a wire in which the charge
will travel W metres in the time of one cycle the length of the wire wiil
be : ;
g! or half the wavelength long.

The next fact emerges, then, that the shortest length of wire which
wlll be resonant at a given [requency 18 a haif wavelength long. For
a frequency of 1,000,000 cycles per second the resonant length of
wire ta 150 metres, since W is 300 meires.
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In a resooant wire, therefore, the charge moves from the source of
energy at one end of the wire, is reflected &rom the far end and re-
turns to the energised end just as the cycle le compiete and a new
cycle commences. The cha:tge, therefore, receives a new impetus
which sends it off once more, so that it continues to travel back and
torth wtth, of course, a revergal of the directlon of the current flow
at each reflection. At each moment duricg a cycle, also, other cha-
rges are set off along the wire. Since the vottage of the energising
source 6 varying according to a stne wave law the charges at one
instant are slightly different in amplitude to those of the instant pre-
vious. As one charge ls 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 ts practically zero. At other
points along ie wire, however, the currents iowlng in opposition
have much greater differences In amplitude. As they have been
supplied at widely separated parte of the cycle there i8 less cancel-
liig up to the centre point of the half wave aerial where the current is
greatest. The distribution of current aiong the aerial may, there-
fore. be shown as in Fig. 1,

The voltage along the aeriy le distributed rather differently. At
the centre paint of the aerlal where the current is greatest the pol-
arlty of the returning chasge i8 of opposite sign to that of the oul-
going charge. A the charges are separated by a hall cycle, and
since they will be of the szme amplitude the voltages cancel out.

At the ends, however, the voltages are of the same polarity and
thus add together whtlst Lhe currents are canceiling out. Thus, the
voltage distributlon, as shown in Fig. 218 greatest at the ends of the
half wave aerial and zero In the centre wbere the polarity reverses.
From lheee disgrams It can be seen that the current in a half wave
aerfal 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 neonlamp. Any measuriag device, of
course, would need to be sujtable far high frequency work so that a
hot wire or preferably a thermo-couple type ammeter woutd ke used.
Standlig waves are actualty detected by instruments in this way, as
will be shown later.

Whitet a wire {a resorant to a wavelength of twice the leagth of the
wire 11 t8 atso resoaant to harmonics of this fundamenta\l frequency.
This means that a wire upon whick a standing wave 18 set up at a
trequency of, 'say, X cycles will have two standing waves ugon Il a8
a frequency of 2X cycles and three standing waves at a frequency of
3X cyclee. 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 sultable
ITor the 20 metre band when it w1} wark at its second harmonic, the
13 metre band at 1ts third harmooic and the 10 metre band at ite fou-
rth harmonic.

Fig. 3 shows the current and voltage distribution over a wire wark-
ing at its third harmonte. I¢ should be noted that the separation of
the current and voltage peaks slttl remains, and that the peake are
still separated by a quarter waveleaglh.

A maxdmum or peak of either current or voitage 18 called a loop
whilst a mtnimum point le known as a node.




The speed of an electrical charge has already been given as 300, 000,
000 meires per second, but as may be Imagined this speed is dep-
endant upon the medinzm or material in which the charge ig maving,
the dlelectric constant of the materlal betig the determining factor.
At high frequencies air ie reckoned to have a dielectric constant of
one, 80 that electromagnetlc waves move In 2ir at the speed of

light {n a vacuum which le the figure quated above. Shouldthe die-
lectric constant of the medfum be increased for any reason the velo-
city both of a wave or of a charge In the medium wiit be decreased --
that is, the wave or charge will take a slightly longer time to travel
the same distance. The overall effect so {ar as an aerfat 18 concern-
ed 18 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 shorler than a half wave long. The effect on lhe ordinary aer-
1al 18 known as the '‘end effect' since lhe cause ls chiefly due to the
essential Ingulatlon and supporis at each end of the aerial. In addi-
tion, this capacliy at either end of the wire absorbs some power
from the aerial, and thus must always be reduced as {ar as {s com-
patible with a strong and well tnsulated structure.

The actual effect upon the length ol a half wave aerlal amounts o

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

000
W = which gives the length
L of a hall wave aerfal in [eet ag: L = m

where [ Is the frequency in megacycles. This formula includes the
5 per cent correction and may obviocus!y be restated as:

L= 1{8—8 with [ in megacycles as before.

In the case of a long wtre aerial where there are several harmon-
ic working frequencies the reduction in tength is considered as
apptyiag to the end quarter wave lengths only of the wire, and the
formula becomes :
L 482
=

waves in the length of the aerlal at { megacycles as before.

The power absorbed by the capacity al either end of the aerfal me-
ans that some current 1g flowing and go the current minimum value
wilf 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 smali voltage which does not fall right to zero. 'tne
reversal ol polarity takea place at thla point,

As the charges move on the aerial they produce “strains* in the sur-
rounding medium, generally knowp as ether, one strain appearing as
a magnetic force and another appearing as an electric force. These
strafas tend to lag {n strength behind the forces which aroduce them-
Thie means that at each alternation of energy o the wire an amount of
power will be lost in electro-magnetic forces which are sent travel-
ling outwards arouad the aerial by the succeeding straine. The
whote effect being, 8o far as the aerial s concerned, a loss of power
which may be measured electrically and expreased as a wattage. Sin-
ce the ~vrrent in the aerjal can easily be measured, and since éhe
power lost In a reslstlve circuit can be expressed as Watte = 1°. R

where n {8 the number of complete half
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It wil} be geen that the transmitted power teaving the aerial can be
shown as lost in 2 resistance.

This fictltious reslstance {8 known as thie Radiation Reslstance of
the zerfal and clearly it wlll vary accordiig lo tho polot on the wire
where the measurements are taken. At the end of the half-wave aer-
fal where {lie current {8 very small the radiation resistance would
appear tobe very high and {n the centre of the half-wave aeriai, at
current loop, it would appear small.

Actually, at the centre of a hu){-wave aerial the radiation resistance
has a value of about 73 ohms, although as will be shown later this
tigure i8 subject lo fluctuation.

Besides 1he power Jost In the radiailon resistance of the aerial (the
useful power loss), there 18 also a power 1088 io the actual resist-
ance {olten known ag the chmic resistance) of the wire. The ratio of
the losses In the two resistances give the efficiency of tke aerial,
which, as can be seen, 18 high so far as radlated energy is concer-
ned. The resjstance of the wire can be very low compared wilh the
average 70 obms or 8o of the radiation reslstance, and when stout
gauge wire 18 used the aeriat efficiency 18 above 90 per cent.

It should be noted thal the radiation reaistance of the half-wave aer-
ial corresponds with tne aerial impedance only at the centre point
of the aerial, where the impedance 18 purely resistive. Since the
{mpedance of a circuft {8 a measure of lhe voltage divided by the
current the impedance will be whotly resistive only when the voit-
age and current are in phase, and on the half-wave aerial this oc-
curs only at the centre point where the voitage 18 undergoing a pol-
arity reversa!. At other points the impedance includes some react-
ance.

In a short aerial such as 18 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 {o more than
| per cent or 80 of the length of the aerial the impedance at the cen-
the point {8 raised. The nel resull is that the resonant frequency to
which the aerial 18 tuned {8 not so sharply def.ned and so the aerial
covers a wider waveband -- that 18, the frequency response s flatter,
a desirable feature for amAateur working.

THE RADIATED WAVE

Tt has already been ehown that the wave radiated from the aerial has
both electrostatic and magnetic characteriatics, and the two seis of l1ines
of force are at ritght angles one to the oiher so that a wave front may be
shown ase a aquare lattice wark. The dlrection along which the wave tra-
vels Is always at right anglee to the wave front, and the strength of the
wave {8 convenienlly expressed in mlcrovolis per metre -~ more sim-
ply, the voltage induced in a wire ope metre {n length eftuated so that

It cuts the magnetic 1ines of force. A dlagrammatic representation of
the wave front 18 shown In F§g. 4, and this relates lo a harizontally
polarised wave, where the electroslatic ltnes of force run harizontally.
The polarisation of a wave 18 primarlly due lo the setilng of the aer!al
wire, for the wave from a hor{aonial aeria) wilt have the eleclrostatic
lines of farce horizontal, whilst with a vertical aerial they will be vert-
ical, but at an appreciable distance from the Iransmitter the polarisa-
tion of the received wave witl probably change 1o character. Various
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sactors affect this change of atgle, partlcularly refieciion from the
jonised layers to be discussed later, bul if the recelving aerlal can be
set to correspond 1o the polarisation of the received wave it wit] be en-
erglsed as strof€ly as possible. Over ehort distances, and in parti-
cular on the ultra high frequencies where working {s often confined to
horizon distances, the transmitiing and receiving aerials should beth
be in the same Plane. For general shorl wave work i1 appears that a
horfaontal aerial is sTeferable, 8o far as the receiver is concerned.
The pOlarisatlon of the iransmittiog aerfal, 1ike other constructional
poinis, must depend upon the results desired, for the aerial may be
arranged in different waye to give different distributions of the trans~
milted power. A wire in free space, Infinitely short, would dietribute
waves 1n such a way as lo give even, spherical coverage. When the
wire 18 extended to a half wave tn iengih the tlelds due Lo radiating
potnta a half wave apart tend to neulralisé each other in some direct-
{ons whilst addiog thelr stfengths In others. As a result a radiation
pattern is formed, such ag that shown in Fig. S. The central straight
line shaws the direction of the aerial, the actual aerial betng s0 smal!
{n such a diagram that {t amounts to a mere Point at the centre of the
figure. From thie diagram it may be eeen that the half wave aerfal
iranswits slrongly tn directions at right angles to its length, but that
from the enda of the aeria! radjation {5 negligible. Such points of
minimum radialion are known as nulls whilst ibe curves dencting ra-
diation are lobes. The {leld 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 ilnes
will give the ratios of the fleld strengths.

11 the aerial could be Buspended in space this pattern would extend all
round the wire; thit e, any seciion through the lewgth of the aerizl
would show the same distribution of radiation. Where an actusl aer-
1a) 18 under consideration the pattern varies widely at different ang-
ies 1o the horjaontal. Since, ns can now been seen, the direciion and
angle of travel {rom the aerjal can be varied io many ways, it i8 nec-
essary 1o consider the propagation, or spreading, ot the wave through
space.

CHAPTER TWO
PROPAGATION OF WAVRES AND AERIAL DIRBCTIVITY

It was not until Heaviside and Kenneily both formulated a thecry that
radio wavee were reflected from an electrified layer htgh in the at-
mosphbere that the 1ong distance receptton of signala wzs understood.
The Aret theory that radio wavea followed the surface of the ground
was disturbed when signals were received over a distance sufticiently
great to prohibit the bending of the waves ronad the earth’s surface,
and with the proving of the refiection theory the mystery was sclved.
A further roflecting layer was later discovered by Appleton, above
the Heaviside layer, Apgleton’s Jayer sometimes being singie and
sometlmee breaking into two layers, and these layers are now known
as the B, the F} and F2 layers. Al times the E layer breaks into two
bands also, but i1 18 generally regarded as a eingle band.

The cause of these reflecting layers le the actice of the sun's rays on
the attenuated gaeea of the upper atmospbere in the zone known as the
fonosphere. As the name denotes, the air is lonised, that is, elec-
trong are removed from some of the gas atoms. They therefore

1
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acquire a poeltlve electrical charge whilst the electron becomes a
free negatively charged particle, but whilst this state of affairs ex-
1sts alt throwgh the lonosphere it 1s particutarly so !n the layers jual
mentioned. The clouds of {ree electrons make up the layers.

The density of the lonigation in the layers varies constderably over
the day, since the tonisation is a sualight eifect, and the two F lay-
ers merge Into a gingle layer at sunset, this breaking up once more
at dawn.

The average heights of the layers are 70 m!les for the £ layer, 140
miles for the Fl layer, 200 or more m!les for the F2 layer and 180
mites 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 Fl layer
often disappears leaving the F2 layer which descends to a height of
about 150 miles.

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

a wave penelratea into the tayer befare being bent sufficiently to ret-
urn towards the earth, the reason (or this being that the wave Is re-
fracted rather than reflected. The refractive indices of the atmos-
pliere and of the loniged layer differ. The result 1 that the part of
lhe wave front which firsl 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 (ades out, being
of 1litle value at point A, At point B ig a wave ref.ected from the E
layer, giving strong signais although in the zone between A andB no sig-
nals are receivable. This zone A-B, therefore, is known as the Skip
Distance, and its boundaries change fer every station according to Joc-
al and day-to-day conditions. H the wave I directed at a higher angle
than that which gives reception at point B it will {ail to be reflected
{rom the B layer and so the highest angle which will give return of the
wave {rom an lonised layer is known as the Crillcal Angle. Waves at
an angle above the critical will penetrate the layer and either be lost
in space or retwned from another layer as in the dizgram, where the
wave 18 returned to point C from the Fl layer. This means, however,
that the wave has twlce passed throvgh the E layer, with refraction
both times and also some degree of absorption as well as possible in-
terference from denser ionised clouds.

1t is Ifkely, therelore, 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 doubte hop to arrive at point D,
A wave at a lower angle {rom the transmitter, however, caa reach
point D with onty one reflection which will give better reception than
the two hop wave, this latter having suffered absorption and other in-~
terference at three points. N therefore appears that for ordinary loag
distance work it {s desirable for the aerial to sead [orther fts energy
at a tow argle.

The behaviour of the lonised layers s by no meaas constant. The
most marked long term variation is apparently caused by the 1] year
sunspot cycie, which affects the Critical Frequencies handied by the
layers. The critical frequency is that [requency, directed vertically,
above which the lonfsed layers will not return lhe waves, and when
sunspet activity 1s low the criticai {frequency 1s low, and vice versa.
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Sessonal changes from summer to winter aleo affect the ionisation of
the upper atmosphere, and’It will be reatlsed that over long distances
a wave might start under conditfons of darkness to be received under
conditions of light. it wtll therefore travel between extremes of condit-
lons 8o far as lonisation 18 concerned, and the best all round condltions
are those obtaining in spring and autumn.

The period of the sun’s rotallon atso gives rise to further fluctuaticns
in the degree of lonisation, the time pericd being 28 days, the maximum
elfect being upon the 10 and 20 metre bands, while the day-to-day fluctu-
atione depend, as shown, upon the 1ight and dark conditfons of the lay-
ers. At night the E layer 18 much less dense in ionisation and consequ-
ently waves paas throtgh ft with tittle attenuation to be reflected from
the reinforced F layer 8o that, in general, night conditions are better
and 20 and 40 metre band signals are oiten so well refracted that a
round-the-world echo can be heard on them, the echd Mme being about
a seventh of a second.

Fading, which may occur in different forms at any tlme can be due to
several causes, Since the layers are not steady but rige and {all, 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 neutrallee each other.Polarlsation shifts may occur during re-
fraction, 6o that even with a wave of fairly steady amplitude the aerial
s energised 1o widely dif{fering degrees, and in large receiving stations
a special aerlaf 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
avtomatically, from aerlal to aerial to combat the chaging signal str-
ength.

It 18 often stated that ultra high {requancy signais are received with
certainty only over optical distances, where transmitter and receiver
can be seen one (rom the other. Recent experiments however have sho-
wn that these high {requencies, whilst penetrating lhe upper layers, are
often refracted {rom layers of alr 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 deanse
{onisations occurring in the E layer have also returned i/lira high (re-
quency signals, but this must remain a matter of chance.

Suitable angles for radiation (rom aerials for long distance wark are

up to 45 degrees lor 40 metres, up to 20 degrees for 20 metres, up to
10 degrees for 10 metres and as low an angle of radiation as possiblie
for higher {requenclee.

To understand how an aerial may radiate stroagly at a given angle it is
necessary to return tothe consideration of the hal{-wave aerial. As
already stated, tf 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-
11d all round the aerial. In a practical aerial, however, this pattern of
Fig. 5 must be regarded as the harlzonta) pattern, or more properly
the harizontal polar dlagram, since such radiation patterns are drawn to
polar co-ordinates.
@A totally different polar diagram is needed to show lhe radlatlos of the
aerial vertically.

The reason for the difference In the dlagrams 18 readily understocd when
1t 1s remembered that the earth 18 a conductor of electricity and thus
must be regarded a8 a reflector of waves. For the purpose of drawing
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radtalton diagra:ns it 18 generally reckoned that earth fa a perlect con-
ductor, but as this 1a not actuzlly so there 18 always an error in the
vertical polar dtagrnm. Thoese may be greater or smaller according
to local conditions which can only be allowed for by experiment.

This reflectlon, from the earth, of the radiation of the aerial bas many
Iar reachiag effects, and It 15 necesrary to see what ultimate result on
the rndiated powWer these effecta witl have.

Fig. 7T shawa the paths of waves from the aecttoo A of a horizontal
aer{al. The direct wave, AB, will at some potnt X be received toge-
ther with a wave ACD which bas been reflected from the earth and the
waves may be in or out of phase depending on the angle of reflection
and, thus, the diference in path length. It must be noted that the

wave reflected from the earth has its aigle of incidence equal to its
angle of reflection; that is, it ts reflected in the same way as light
from a mirror. The wave CD may thue be regarded as coming trom
an aerfal at E, the same distance below the earth as A 18 above it.
Once again, however, this factor is influenced by the local conditiona
and this 'image aerial' {a 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 dlIf erence in the effects of reflectios upon horizontal aod
vertical nerlals.

Constder the half wave aerlal erected vertically without aay reflect-
ion elfects. Then the pattern of Fig. § 1a turned throngh 30 degrees
and becomes the vertical {ree space polar diagram of the vertical
aerial whilst the polar diagrnm [or the horizontal radiation i8 a cir-
cle. In a practical vertical aerial with earth reflection, therelare,

the horizontat polar dlagram is atlll circular, 80 that the aerial ra-
dintes equally to all points of the compass. Unlike the hortzonlal
aertn!, the aeriil and its tm:ge the phase reversal causes the actual
and imagined currents to flow in the same direction.

Returnlng to Fig. 7 it can be seen that the fleld strength due to the
aeria) A at the distant point X cen lie between the limits of twice the
lleld strength which would be given by A without rellectioa, or zero
tfield strength. If the direct and reflected waves are in phase, then
they will gdd and produce twice the field strength of one wave atone.

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 18 a '‘reflection factor''.

Such factor disgrams can be little more than guldes, however, for the
refiective values of the ground vary [rom situation to situation. The
image aerial therefare will seldom be theoretically true whilst absor-
ption effects will further distort the piclure. For example, a typical
factor diagram shows ihat a vertical aerial 18 extremely eficient as a
radiator of low angle waves. In actual fact, however, the lowest waves
radiated from the vertical aerial, at least in a great numher of cases,
suffer s0 severely from absorption that they are lost before ever con-
trlibutlig to the aerial’s useful cutput.

The characteristic which finally decides the radiating angle of an aerial
18 the height of the aerial above earth. As has been shown this cannot
readily be determined with accuracy aince the coodition of the earth fal-
ts short of the presumed ideal. Sulfice it to say, therefore, that for
all horlzontal aerials together with vertlcat aerials an even number of
half waves long, the beat all rovnd operating heights above ground are

16

either n halfl wavelength ar one wavelergth. The latter height givea a
rather greater proportion of high angle radiation for local working. I
a helght of two wavelengths can be obtained even better working should
result, but for most amateur frequencies this will be impracticable.

It must be remembered that the height of a vertfcal aesial 18 measured
from the centre of the wire.

The three-quarter wavelength height should be avolded for these types
of aerials, since too much radiation is directed at a high angle, but
for the vertical aerial in odd number of hall wavelengths long, the three~
Quarter or one and a hall wavelengths heights are most suitable.

1¢, in place of the unstable earth reflectlig surface an efficient reflec-
tor 18 necessary far any reason, it 18 possible to provide this by cov-

ering the surface of the groww below the aerial with a me%al net. The
net must extead [rom at least half a wavelength in alt directions, and
whilst such a restricted area will have little or no effect upon the low
angle radiation of the aerisl, the device will at least allow the actual
aeral height to he established. In turn thls will make known the actuat
radiation resistance. The radiation resistance of the aeria! is also cha-
nged by the reflected waves, Ior those radiated directly to the earth and
thus reflected atralght up and past the aerial witl induce currents in the
aeriat in or out of phase with the main currents depending on the aerial @
height. Whilst the input to the aerial remains constant, therelfore, the
aerinl current chainges with height, the effect being equivatent to a
change in radiation resistance. Where the height 18 rougly . 3 of a wave-
length the radiation reistance rises almost to 100 ohms {where the half
wave aerial radiation resistance 18 reckoned as 73 ohms) and falls to

60 ohms where the hefght 18 roughly .6 of a wavelength. At helghts of a
wavelength or half a wavelength however, the radiation resistance la
very near to the theoretlcal vatue of 73 ohms, and it 18 recommended
that where ahorizontal half wave aerial {8 to be inatalled it be erected at
a height of one wavelength or, I lhe frequency is low, at a height of hall
a wavelength.

A [urther rellection elfect 18 seen with regard to the radiation from the
ends of the half wave horizontal aerisl, where the horlzontal polar dia-
gram appears to indicate that there 18 no radiation at all. Actually thts
{8 misleading, as the diagram of the lobe on the aerial in a vertical dir-
ection in F§g. 8 will show. There must be end on radiation ¢rom the half
wave aeriat, although it will be at a higher aogle than the broadside rad-
fation. In addition, to thia the null is further fllled ia by reftected vert-
ically polarised wavea which travel aut at the higher angles in the end on
direction of the aerial. The radiation in the direction of the aerial, there-
fore, 1a mare suited to local and shart distance working, but if it is
desired to use this end on radiation to the fuilest advantage, the aerial
may be erected In a sloping position. Where a harizontal half wave
aerial 18 supgorted one waveleugth high at one end stopizg down 1o a

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

The height of vertical aeriate 18 meascred from the centre of the aer-
1al, and if 18 interesting to note that in the Marconi aerial the wire may
ooty be a quarter wave long with one end earthed. The resanant half
wave length 13 then virtually completed by the image aerial through re-
flectlon.



CHAPTER 3
TRANSMBSION LINES AND AERIAL COUPLMIG

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 couplng it to the source of R. F. power was Inefficlent and undesir-
able.

Clearly there are two points at which a half wave ar a longer resonant
aerial may be fed with power -- either al a current loop or at a voltage
loop; points which on the single half wave aertal correspond {0 the centre
and end of the aerlal 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 ton low hight. Feeding the
centre of the aerial directly at the transmitter is even worse. and so
transmisslon lines, generally known as Feeders, were developedlo car-
ry power to the aerial with very llttle loss whilst the aertal itself can be
erected well in the open and at considerable htghts, i( desired.

A feeder may coasist of a sirgle wire, but most often there are two wires
to a transmisslon line, the wires belng spaced constantly through their

length by a certain fimed distance dependent upan the desired characterist-

ics of the feeder.

The {ecder may be used in one of two ways, ft 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
infiinite length there 18 no reflection from lhe end of the line and consequ-
ently no stnndlng waves are set up. These occur only when the line 18 cut
lo a certatn f{inite length and 8o can give current reflection f1'om its end.
Even then, if the wires o[ a two wire line are connected at their ends by

a resistance equal to the Charatteristic 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 agnln standing waves will not be
set up.

Such a transmissioa line, where the feeders terminate n a resistance
equal to their characteristic impedance and have no standing waves upon
them is the untuned line.

Where the transmission liep has 1ts feeders terminativg in a resistance
kigher or tower than the characteristiic impedsonce of the iine, standing
waves will be set up, this line being the tuned or resoaant transmlssioa
ltne. If the terminating resistance L8 }ower than the line’s characteristic
impedance the end toop of the standing waves will be a current loop. Cur-
rent loops wili also appear at approximately every balf wave length of line
down to the transmitter, the voltage ‘loops appearing with lhe usual 90 de-
gree phase difference. If the terminating reslstance is higher than the
Iine's churacteristic impedance then the end loop of the atandtng waves
will be a voltage loop with voltage loops appearing al half waves down the\
line, the current loops appearing at the usuval 80 degree intervals.

The Characteristic Impedance of the line 18 seen lo 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 tine. Since it 18 the impedonce
which 18 presented by a 1ong !ine of the agecified type to lmpulses jnduced
into the line. Moreover, connecting the ends of a pair of f{eeders through
a resistance equal to the characteristic impedance causges the transmls-
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ston 1ine to present the samp impedance across the other ends, no matter
how lcng the )ire.

The charactertstic impedance of a pair of lines, generally known as Zo,
18 determined by the radius of the wires used andthe spacing between
them. For air insulated feeders : Zo = 276 log %

where X s the spacing from centre to centre of the wtres and Y is the
radius of the wire, X and Y must both be in the same units, either inches
or centimetres.

Besides belng of air sgrce@ wires, feeders can also be constructed of co-
ncentric or coaxial cables, where gne conductor runs along the centre line
of a second tibular conductor. This outer conductar 18 often woven to
give flexibility, the two conductors being spaced Internally by several me~
thods ranging from solid rubber Insulalion to plastic 'thimblies”. Cables
are also made where two conductors are run side by side in rubber insu-
ladon with very close spacing, these twoconductors sometimes being
shielded with a third outer conductor enclositg the whole cable.

When sach transmlgsion lines are obtained commericnlly their surge im-
pedance wiil be staled; generally they are lowand ol the arder of 100 chms
or tess sothzl they may be coupled lo sucb an aerlal a3 the half wave to
give an untuned line.

The characteristic {mpedance of a coaxlal line ts given by :

Zo = mmc%

where A te the lneide dlameter of ihe outer conductor and B is 1lie diameter
of the inner conductor, unite again being the eame for the two conductors.
This formula holds only for lines having a high proportion of ajr spacing be-
tween the conductors, as when small separated spacers are used. When the
spacing between the conductors {a malnfained by a solid dielectric the expre-
ssfon for Zo must be divided by vK where K 18 the dielectric constant of the
material between the conductors {2.2 lo 2.95 for Indla Rubber).

The impedance 18 reduced in a 80lid dietectric lineby reason of the
increased capacity between the conductors, and for the same reasoa

the velocity of the wave along the line 18 also reduced,

The effect of thias 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 grezatest dlacrepancy and the twin afr-spaced wire feeder the least.

It 18 not necessary to make cslculated allowances for the apparent cha-

nge [n fesder iength, however, 8o 100g as the shortest feeder practicable

far the work in hand 18 used. With untuned llnes the effect will be neut-
rallsed by the matching system and with tuned iines the coupiing clr-

cuits to be deecribed in a later chapter will handle either a cerrent or
voliage 1oop at the feeder termination. The overall loas of efftciency
resutting {rom the Increased feeder capacity will be the most import-

ant effect, and it ¢ for this reasan that the ghartest poaslble feeder {8
advocated.

Twin lighting flex and cabtyre cablte have been used as equivalents to

twieted line feeders, but their fosses are high and they are not tobe re~
commended for outdoor work where weather conditions will rapidly cau-

8e perishing and changea in their characteristics. if they are used exp-
erimentally, they may be reclsaned to have characteristic impedances #f

the order of those given for rubber spaced coaxial iine ~- that 18 genera-

1ty lese than 100 ohms.
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Where a single wire feeder !5 used the characteristic tmpedance will be
roughly 500 ohms for a heavy gauge wire, 14S. W.G. for emample. Since
standing waves on a single wit'e would cause il to radiate as strongly as
an acrial the elngie wire line is generally uatuned and matched into the
aerial where the radiation resistance is of the same order as the line
impedance, S00 obms. Clearly some care ie needed in malding the ad-
justment, and further detalls appear in the discussion of the Windom and
VS1AA aeriats.

It 18 one of the greateet advantages cf the double wire transmission tine
that ila method of construction prevents it from radiating waves even
when it i8 a tuned feeder. The two wires, spaced as they are by only &
fraclien of a wavelength, carry equa! and opposite currents {except in
the case of the Zeppelin aerial, dsscribed later, where the currents are
not quite equal) and 8o the radiatfon from one wire effectively cancels .
out thal of the other. This spacing of the wires should not be greater
than a hundredth of the wavelergth for good cancellation.

1f it 18 nece88ary for the feeder to run close to absorbing or reflectitg
surfaces it 1a sometimes feund that the balance of the currents in the
two lines ia disturbed, the cause being that one line has a greater cap-
acity to the surface ar to earth than the other. In such cases the feed-
ers should be aeparated by tranapositton blocks, obtained commercially
by means of which the wires are regularly transposed ar crossed. Thro-
ughout their length therefore the average capacity of each line to earth
or other masases in proximity to it are equal.

In the fotlowing sections of the chapter, the efficlescles, methods of uge,
aertnl matchiog and transmitter coupling detaiis for the two types of
tranemiasion llpe are shown, together with constractionat detalls.

Efficlencies

Whilst the tuned line ts maore simple 1o use and adjust than the untuned
line, the losses in the tuned system are greatér. A deciding factar of the
usefulness of the tuned line fa the !ength of feeder required to run from
the tranemitter to the feeding point on the aerial, and where this length
exceeds 2 ar 3 wavelengths it will be preferable to use the untuned feed-
er, properly matched into the aerial impedance. A 2 wavelergth line
even at 20 metres glves a good run, however.

It ts common to measure both aerial gain (described later) and transm-
isslon !tne losses 1n decibels, a 1 dB lose corresponding to 25 per cent
of the power or }2 per cent ol the current or voltage la the line to which
the loss refers, 3 dB carrespaoding 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 800 ohm line, such,as hase already been mentioned, has a 1088 of only
.1 dB or less per wavelength when the }ine 18 antuned: that 18 when there
are no standing waves upon it. The untuned llne is therefore suitable for
very long rune, even though the loas will rise a littie under bad weather
condittfons or after tong use. The same line, with air spaced wires will
increase its loge under the tuned condition to an extend which depends on
the gtandlng wave ratio {see the next paragraph). The loss rises perhapa
10 as much as .5 dB p&r wavelength run in a new line and even mare with
bad weather or age.

When the coaxial lines with rubber spacing are used the losses are high-
er gtill, and these llnes are in geoeral unstuilable for runs longer than

1 wanvelength, particularly {f they are used as tuned feeders and are thus
carrying standing waves.
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COUPUNG UNTUNED TRANSMISSION LINES TO THE TRANSMITTER

Standtag Wave Ratio

As has already been explained, a transmisatop line will have set up along
it etanding waves of voltage and current unleas it is fed into an impedance
equal to ite own charactertstle impedance. Since a usual gure (or the
characteristic Impedancé of a line 18 600 ohms and the centre point of &
hatf wave aerial presents an impedance tothe line of about 73 ohms it
will be seen that such a line coupled directly to such an aerial will have
standing wavee on it, the first 100p, that at the aerfal and of the lire,
belag a current loop.

The ratlo of the mismatch of the two impedances le 600:73 and if the cur-
rent in the feeders 16 measured, first at a point of maximum current and
then at a point of minlmum current (t.e. &t a current lcop and null, sepa-
rated by a half wavelength) it will be found that the currents differ one (rom
ine other by the same ratio, 600:73 or, being simplified, 8:2:1. A meas-
ure Of the current ratio In the [eeders gives the degree of mismatching
between the aerial and the line, therefore, this ratio belng known as the
standing wave ratio, and the figure may be allowed to rise to 10:1 before
any disadvan®age becomes apgarent.

Tranemissioa Line Construction

The examples qooted In this chapter and elsewhere are based on a (eeder
impedance of 600 ohms which t8 2 widely used and a2 satiefactary value.
11l has the added advantage that a fairly stout gauge of wire can be ueed
with epacers of a convenlent length, a good combination being either

16 S.W.G. wires spaced 5" apart ar 14 5. W.G. wires spaced 8" apart.
It is ndvleable to use the lighter wire o that stressee and strajns
especlally at the centre of lhe aerial can be avoided as much as possi-
ble. Also for this reason, the epacers should be light 8o far as i8 con-
stetent with strength and good Insulating properties. It le very unllltely
thyt the feeders will need ta carry currents which canoot adequately be
handled by theee gauges of wire.

The wire is best enamelled s Llhat it will be protected from exposure
and corrosion.

The spacers between the wires should be obtained comrsercialty, though
they can be made of wood. They should be a yard apart along the wires
although where transposition btocks are used it might be found necessary,
afler tria), to decrease this distance to 2 feet. These blocks usually
glve a emaller spacing than 6" but the wire gauge to give a line of B00
ohms impedance can, of course, be caiculated from the formula already
glven. When transposition blocke are used it ia deslrable to slightly
reduce the spacing but since thls 18 not possible with the commercia$
products the same effect can be obtained by using a gauge of wire a size
smaller thanthat calculated. (See Figs. Ba and 9b).

Line spircers can be made up from three-elghthe or half inch hard wood
dowelling, the rods being cut lo length and having a notch filed acrosa
each end face. A small hole should algo be drilled near each end. The
rods are then treated in just bolling paralfin wax -- the wax must not
bell hard -- by immersing them and leaving till all aiz bubbles are dri-
ven off. When the spacers bave been drained they must be allowed to
stand untii the wax 18 perfectly hard.

To make up the transmission line the two feeder wires are positioned tn
the shallow grooves at the end of the spacers and retained in place with
a binding of 20 S.W.G. threaded through the drill holes. At }4 mega~
cycles a trangmission line 80 constructed can be up to three hall wave-
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langthe 1ong without support between the aerlal and the transmitter, and
longer lengths can be supported from wooden posts fitted with stand-of{
fnsulators.

Untuned Lines and Aerlal Matching.

Since slanding waves do not appear on a line whose impedance corres-
ponds with the aeriat impedance it would seem that all that {8 necessary
ie to arrange the sxrge impedance formula to glve a line of, say, 70
ohms to match the ordinary half wave aerial. When the calculations are
made 1t 18 found, however, thst the spacing of the two wires along the
transmission line woutd be very small -- the impedance of the line falls
as the spacing falls -~ whtlat the wire gauge becomes large. Such a line
with smali epacing, generally gives trouble even if only through weght
and easily changed characteristics due to the wires twisting nearer still
as the feeder swings in the wind, whitst insulatlon w11l be less efficleat
in wet weather. The solutlon is to use the higher impedance line and to
match it to the aerial throwgh an impedance trapsformer device.
A simple matching section le the Della match, shown in Fig, 10.1t will
seen that the feeder epacing le graduaily increased {rom a defintte paing,
the spacing distance rleing until the feeder wires meetthe aerial. The
fanniig out of the feeders in this way clearly wili give rise to a gradual
change of tine impedance over the sectton where the spacing Is rising,
the tmpedance growing higher. The line 18 connected to the aertal in
such a way that the impedance 18 greater than the 73 shms which would
appear.as the 1oad If the aerial were cut at the centre and the feeders
connected there. The two impedances, there{ore, are made equal by
the fanning out of the wires a:nd it must be noted that the aerial is not
cut but that the feeders nre tapped on to it.
The aerlal length A mustbe carrect, catculated ns already explained
snd tested, if desired, by aerla} tuning tests to be described, whiist
for a 600 ohm line the two measurements B and C are found from the
formulae : B 148 123

b, gL )
where both B and C are in feet and f t8 the working frequency in mega-
cycles. Since the formulae are based on the jigure on 73 ohms for
tbe aerial impedance the distance B and C will be alfghtly inaccurate
if for reasons of belght or other reflectios effects the aerjal imped-
ance is different. In any case it la posstble to check an untuned tran-
amiselon itne for standing waves, which, of course, shouldbe absent,
and to make experimeantal readjuatments in the tanning oot of the feed-
ers if the system 18 not warking properly. It may be noted that it ts
often etated that a standing wave ratio of, say, 2 on a theoreticaily un-
tuned 1\ne can be tolerated.
Testtng for standing waves on gn untuned line can be carrted ot with
either a current or voltage in®icator, the device, of courge, being one
which responds to radio frequency power. The simplest vottage indi-
cator 1s the nean lamp which will usually tight tf grasped in the hand
with one contact connected to a voltage point. 1If such a tamp 18 run
over a convenlent part of the feeder atleast a balf wave fn length, the
lamp either should not light at all or, If it does, the glow shouldbe
conatant. If the tamplights at one point and not at agother, ar if the
glow Ouctuntes, being wenk at one poiit and strong at another atanding
waves are present on the feeder, snd the matching is notaccurate.
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A similar check can be made by tapping a flaghlamp bulb of the 3 voit
vartety acroaa a length of the feeder line, the connecting points being,
eay, 2' apart. The bulb will thus act a8 a ehunt to the partion of the
tine across which it 1s connected and sufficient current will be passed
throvgh it to cause the fllamenl to glow. Again, in an untuned matched
feeder the glow ahould be reasonably constant at all pointa atong the
Iline. but a more definlle lest Is made by developing thia 1dea and using
instead of a bulb, a R.F. m)iliammeter reading up to, say, .5 amp.
The best type of instrument {a undoubtedly the thermo-coupie ammeter,
aithovgh almost any tnstrument used far measuring higb 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 frequenctes of 14
mcs. and over, but this tsof little consequence where comparattve rea-
dinga are Benerally all that are required.

The meter may be suspended from ihe iine or any other wir'e under test
by stout wire hooks firmly fixed to the connectiag terminals on the back
of its case, the hooits belng spaced to the desired amount by an Insula-
ling rod. {See Fig. 11).

Once again the unluned feeder should give constant readtogs throughout
tts length when it ts shunted by the meter. Peaks indtcate standing wa-
ves and consequentty mismatchtng. It must be remembered to bare the
metal of insulation at lhe checking points, afterwards protecting it with
shellac.

A development of the Delta Match {8 used with twisted wire feeders,
particularly in reception of ultra high frequency signals, The chnracter-
Istlc tmpedance of twin f.ex, such as lighttng cord, or cabtyre is very
roughly 100 ohms, depending on the maufacture. Such a line, 1t Is found
may be connected iato the centre of n haif wave aerlal without the ioss-
es rising too much, but a better method {8 to {an out the two wires a
foot or so from the aorlal. The aerial itself 15 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-
sutator 6" or 9" long. Ae short a run of feeder as possible should be
used to keep the loss low, and it may be mentioned here that a feeder
with a charactertstic tmpedance qutte close to 70 ohms may be made by
usiig two lengths of twisted nex in ptace of a single lerngth. The flexes
are wired in paraltel by connecting the ends of one wire in the first pair
with the ends of the corresponding wire in the second patr, the other two
wires also having thetr ends connected. This feeder is connected to the
aerial by again culling the aerial wire at its centre point and jointsg the
feeders to the cut ends. In this case the haives of lhe aeriat are not se-
parated by the targe dletanctng Insolator but are linked by a suitable
ehort insulator, of canventional design.

"Q " Bars

Fig. 12a showa a half wave ttne folded to become a double line one qua-
rier wave logg. Since the ltne is 8tiit resonant, although ils radtation is
cancelled out, the voltage and current distribution still hold good. The
current, inthe dlagram, le shown as a futl line with a dotted line Indlic-
ating the voltage distribulion. At the top end, therefore, with voltage

high and current low, appears a high impedance. and at the bottom with
high current and low voltage appears a [ow 1mpedance. These

ships still hold when the two quarter wnve conductors are not connected
acroas their lower ends, as in Fig 12b. The device of Fig. 12a is known
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as the Quarter Wave Transfarmer, whilst that of Fig. 12b 1akiown as
the " Q ' match, and 18 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 transmissionlineto the low impedance 73 ohms, of the half
wave aerial, and the matching impedance 18 determined from the formula

Zo = V'Rr

Thus for the combination above, €00 ohms into 79 ohms, the formuta
would become :

/600 x 73

743800

209 ohms as the impedance far the quar-
ter wave section. Q bars are generally obtained commercially, cut to
length, and given their diameter, usually 4" since they are made from
thin walled tubing, their spacingis found to be, from the formula already

given : Zo = 278 b4

or 2090 = 276 log X
_Tg. (Y is Use radius of the tube)

ar 52.25 276 log X
andlog X

2o

.1893

276
Therefore, from tables of 1ogarithms,
ing 1ninches, taken between centres.
At a frequency of 14 megacycles, therefore, corresponding toa wave-
length of 21-43 metres the Q bars wili be 5. 36 metres long, the metre
being 39.37 inches, spaced aimost J.5 inches between the centres of the
{"tubes. Since the Q bars must hang down verticaily irom the zerial
the tubes must be of 1"ght construction, preferably of thin aluminium. Th
spacers between the tubes may be of wood weil treated with wax, but sin-.
ce the distance is so small ceramic spacers would be better, The arran,
ment is shown in Fig. 13.

The Quarter Wave Trangformer

X = 1.456, which 18 the spac-

Il 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 {s clear that the transformer method of matching th
1fne impedance to the aerial impedance can be used on one frequency onl
since the transiomrer ts designed about a certain {requency. Generally '
speaking the matching device wlll give good operation over the band (1.e.
the Qbar match in the example above would cover the 14 megacycle ban
without serious loosea at the band limits) but for harmonic aerial opera-
tion it 18 necessary to use a tuned line.

Moreover, neither the Delta match nor the Q bar match is suitable for
matching a line Into a high impedance point or voltage 1oop. Where the af
rial is current fed, the tranamission {joe being led in at alow impedanc
point or current loop, these two systems can be &xcellent. Where, howe!
it ts necessary to feed the aerfal ata voltage l6op, as in various types
of aertals to ba described later, 1t ts necessary to use the closed type
of quarter wave (ransformer as shown in Fig. 14.
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Uollke the other methods of matching, however, the quarter wave trans-
former 18 not lim!ted to this one applicatioa. if the quarter wave section
is opened at the bottom, so that it becomes two separate wires ft.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 {mpedances is l1ow, since a lar-
ge beam aerlal might need feeders too long to be tuned. In such cases
carrecting stubs, developed from the quarter wave transformer are used.
The three methods are outlined below

Voltage Fed Aerials

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

The lransformer s made in the same way as the transmission line, and
is closed at the lower endby a movable shorting bar or wire which must
be readlly adjustable. Any clip which is used should be capable of really
{irm fixing 8o that it may be set to the correct operating position exper-
iment.1lly and then taped over, both, for weather protection and as addit-
1enal fastening..

The transformer for voltage feeding is shown in Fig. 14 and its method
of work1ng, as can be geen, {8 to match the line impedance to the aerial
tmped:mnce. This i8 accomplished by lapping the feeders on to the lrans-
former at a paint discovered by trial and error where the volt:ge to cur-
rent ratlo carresponds to the matching ratio desired.

The matching of the system commences with adjusting the aerial, with
the transformer in piace, to the required resonant frequency. The best
method of making this adjustment is to energise the aeria! under test In-
ductively from a temporary aerial erected at least a half waveaway and
working from the transmitter at ihe correct frequency. The temporary
aer!al covld 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 {rom the tiransmit-
ter . The coupllng at the transmitler 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 resonnnce, the indication is given by a
R.F. ammeter shunted across the shorilng bar on the transformer, or,
{f the currents are low, the ammeter may be used in place of the short-
1ng bar. The aerial t8 hoisted Into what will be (ts final position and the
current registered by the instrument noted -- it wiil probably be nece-
§8ary to rend the instrument through binoculars -- and the shorting bsr
is tien 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
expended on the work.

The shorllng bar s finally ixed 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 posltion that the
transmission iine has no standing waves set up nlong it. For a slart, the
feeder wires may be tapped on to the transformer about one thirtieth of
3 wavelength from a current loop, 1.e. the shorting bar. The ammeter
5 removed from the aerfa! and . indicate the presence of stand-
Ing waves along the feeders by tapping it across a suitable length of
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the feeder wire, as already desrtbed. Alternatively, the tranamiseico
Iine can be tested for standing waves by the neos. tamp method.

The points atong the transformer section where the feeders sre tapped
in are adjusted until standing waves on the transmission line are eli-
minated or brought toa verylow ratio. The transmitter coupling to the
{ine 8 then increased to the optimum amount as the iine comes into
proper working conditions. If difflculty ls experienced in dispensing
completely with standing waves it may prove helpful siightly to increase
Ihe length of the transformer section by moving out the sharting bar a
few inches. A low standing wave ratio will not affect the line efficlency
severely, althowgh 11 should be possible to make the line completely fiat.
With the line and transmitter working under their correct conditions the
last test is to inspect the current in each feeder wire clocse to the cou-
pling unit on the transmitter. The currents should be the same, and f
they diifer 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 aiong one wire than Lhe other, or sharp bends or
kirks at some point in the line. The proposed path of the feeder sheuld
be, of course, inspected for possibilities of the {irst two effects before
the aerial system 18 erected, but tf they occur a transposed tranamis-
slon tine should eliminate the trouble.

Current Fed Aerials

Aerial tength sn odd number of half waves, the transmission Line being
fed to the cenlre of the aerial.

In this case the impedance of the aerial at the point where power 1is fed
in 18 tow, far whether the aeria! 18 one three or five ha!f waves long a
current loop will appear at its centre. The transformer section in this
case 18 open at the bottom end, but in other respects ls identical with the
transfarmer already described. That ls it 1a constructed in the same way
as the tranemlssldo line, and suspended from the centre Of the aerial, the
feeders being tapped om to it lo give a suitable current-voltage ratlo.
The aerial agaln must be brosght to resonance either by lightly conpiing
it to the transmitter or by energlsation from a temporary aertal erected
a half wave length or mare distant. Since in this case the transfarmer
section has no adjustable shorting bar the aerial is adjust to resonance by
making it a foot or two louger than the calculated ftgure, and shortening
the ends. The arrangenoyent is shown in Fig. 15. When the asrlal is fed
direct for this first operation the feeders shot:ld be tapped one tenth of
the transformer tength down from the top.

It may be said here that the length of the aerial 1s 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 ghould be bared

for a suitable distance, run round the egg and twisted back upon ttgelf,
the joint being well soldered. The loop 1a then a short circuited toop
acting as a straight wire, and the aerial tength must be considered as
extending up to the extreme curve of the loop.

The resonant point of the aeria! 18 shown, as before, with the help of
aR.F. ammeter, but in this case the ammeter 1s connected across the
top of the transformer section, since the current loop appears here at
the centre of the aertal.

The adjustment 18 made by reduciug the tength of both sides of the aer-
{al by the same degree a few inches at a time, the current shown by the
ammeter belng noted unttl it passes through a peak. The aerial wires
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must not be cut emectly to length at each adjustment, therefore, althau-
gh the loop must be made a good electrical joint each time. A little
wire should be left spare 50 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

15 tedlous for the aerial must be raised to its working position fo~ each
current check, but the work repays care with efficiency,

When the aerlal is resonant the transmisslon line is agaln lapped on lo
the Iransformer about one thtrilelh of a waveleingth from lhe current lo-
op which 15 now al the top of the transformer, and the ammeter ts re-
moved from the aerial. The transmisslon line tap on to ihe trahsformer
is adjusted until no standing waves are present along ihe wires, the
transmitter loading being brought up to normal workicg 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 llne i5 unbalanced in capacity or is kinked at some
point.

In both these applicatlons of the quarter wave transformer the match ts
not perfect since the impedance presented to the transmisslon line con-
tains a reactlve component, That is to say that the impedance is not
purety resistive, a condition which, as has been seen, is conducive to
the setting up of standing waves on the line. When the transforming ra-
tlo 1s high, however, lhe effect 15 not serious but where the aerial fed
from the line has an impedance which wlll 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 correcling stub it ls nec-
essary to consider a transmission line connected into an aerial witltout
matchlng devices 50 that standing waves are set up. Along the [lrst
half wavelength of line, measured from the aerial, there wftl thus be
an apparent impedance slope and If at some sultable point in this leng-
th of the line the reactive component could be caacelled out by a cap-
acity or inductance, the equivalent of a quarter wave transformer (ap-
ping would be obtained with consequent matching and elimination of the
standing wave from that point back to the transmitter.

A correcting stub, Fig. 18, gives this Inductive ar capacitive effect.
An open stub acts as a capacitive stub, and is used where the ¢current
falls in value from the aerlal towards the stub: a closed stub acts as
as inductive stub and 1s used wher-e 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 mare desir-
able.

For several reasons. however, the stub is far from simple to constru-
ct and adjust. It must be perpendlcular to the feeders at the point of
attachment which means that some support must be furnished, both to
support the weight and to maintajn the correct angle whilst a good deal
of experimental work is necessary to determine both the size of the
stub and its preclse point of attachment. Since tis use can be avoided by
aerial design, it is felt that stub matchiag is best left to the profes-
sional and commerclal transmitter,

8ingle Wire Transmission Lines
Since the impedance of the aerlai, due to the sianding waves, varies
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at different points aloig the aerial nnd slnce the Impedance is purely
resistlve at each single point. it i5 possible to match into an aerial a
feeder 5ystem conslsting of a single wire. The [eeder will have its own
impedance, as usual, dcpendtng clilefly upon the gauge ol wire and the
aerial's sui'roundings, and tt is only necessary to tap this slngle feeder
on to a point alorg the aerlal where the aerial impedance equals the fe-
eder impedance to effect a match between the two.

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

The two importnnt dimenslons, 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 aerlal should [irst be brgught to resonance by energising it
from a temperary aerial at least hall a wavelength distant. the resonance
being indicated as before by an ammeter situated in a current loop of the
aerial. The resonance of the aerial is obtalned by adjusting the length of
the wire which should have been calculated [rom the [igure given, the gre-
atest reading of the ammeter showing the resonant polnt. Since it is
most llkely that single wire feeding will be applied chiefly to half wave
gerlats, this means that the auameter wiit be suspended in the centre of the
aerial, tapped across a length of the wire since it will nol be convenient
to cut the aerlal.

WIth the aerial at resonance the ammeter is removed a:d the feeder ts
tapped on, the distance, B, from the centre of the aerial depending on
the impedance, and therelore the diameter, of the {eeder wire, belng
very approxtmately one eighth of the aerlal length. The point at which

the feeder is tapped on, however, must be consideredonly as a stasting
point for (inal adjustment and the best method of checking the tapping po-
int i5 to use a pair af ammetere inserted into the aerial or lapped across
the wire, one either side of the tap and as close to the [eeder-aerial fun-
ction as possible. When the tap i5 correct the two meters wii! indicate
the same current, and the flnal lest 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 aerlal, with no sharpbends at any
place.

If the aerial 15 to be used at more than one [requency it i5 necessary to
maake these adjustments at the higher {requency.

1. Macintosh, VSfAA, has developed a single feeder matching system
for use on long wire aerials where there are four or more hall waves

on the aerial as when a full wave 40 metre aerial Is used nn 20 aad 10
raetre bands. The aerial is cut to length according to the flgure calcul-
ated from the resonant lengthformula, and the single feeder 15 tapped

00 at a point exactly one third of the aerial length along the wire. The
feeder must be of lesser diameter than the aerial wire toobtain correct
matching and where the aerial is 68 or 138 feet long it may be made of

14 S.W.G. wire, the feeder being of 30 S. W.G. Where the same aerial
wire i5 used on o 40 metre half wave aerlal, about 33 feet long, the feed-
er should be of 18 S. W.G.

The myin disadvantages ofthe single wire transmission line are firstly
that it ;lways gives a certain @‘oportion of radiation from the feeder and
5econdly that it is very prone to radlate transmitter harmonics. This
tan be an asset {n some cases but for general amateur work it is most
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desirabie to eliminate harmonic transmission to avon'd interference. In
addition to theae polnts the earthing of the transmitter and aerial coup~
{ing device must be good -- thle 18 dealt with tn the next sectlon on trans-
mitter couplings.

Tranemitter Coupiing

1t may be helpful to the novice to review the operation of a simple trans-
mitter befare considering the various methods of coupling the transmls-
sfon line to the finr! output, and in Fig. 18, §8 shown a purely basic cir-
cuit of a simple tranamitter, without modulaiion. The teswrode Crystal
Oscillator, CO., provides a controlled R. F. supply in the tuned anode
system of the first velve, the Power Ampllller, P.A., consisting of two
tetrodes in push-pull heing energleed through a ltok coupt'ug unit which ie
made up of two emalll coils connected by n tength of twisted feeder--
ordinary lamp card {s perfectly suitable for the job. Thialink coupling
has many uses, and {8 often used to connect an aerial tuning system to the
final etage of a transmitter.

The transmitter {s hrought into working conditions by first removing the
link coupling between the stages and tuning the anode circuit of the oscil-
lator. The mlllfammeter in the ancde 1line of the valve wilf show a pro-
nounced dip in current a8 the circuit comes {nto resonance with the cry-
stal frequency. When the C. Q. is warking correctly the P.A. coupling

18 restored, and the P.A. circuits tuned, the grid circuit indicatar being
the milliammeter in the bias lead which tadicates the grid current ffowing
and the anode circuit Indicator befng the mllliammeter in the anode sup-
ply‘line. As power i8 taken from the C.O. the anode resonant ctrcull of
the first stage mayneed eome retuning while the current dip wilt not be
no great as it formerly was. The current dip in.the plate circult of the
P.A. le very great as the final tuned circuit {the “tank circuit") comes
tnto resonance, and the degree of aeria. coupling {5 adjusted so that as
the aerisl draws power from the linal stage this current dip i decreased
until the valves are drawing their rated currernt at the resonant point.

As with some other feeder system's lt is possible to tap a singie wire
feeder directly on to the tank clrcuit of the transmitter, but in roost
cases thle fe poor gractice. The aerial is at a high pctential unlese

it 15 1solated #rom the tank by a condenser. It is iherefare 1{able to
harmonfc rediation through cepacity coupling and also radiates key

clicke on C.W. and where the earthing of the tank circuit 18 defective

or poor f§t 1a sometimes possible to have a standing wave set up act-
ualfy on the transmitter itself with consequent danger tothe operator,
possible insetabtlity and the l1ikefibood of high frequency enexgy belag

fed snto the mains eupply.

For theee reaeons it 18 not proposed to show direct coupling circuits,
Bince better results can be obtained with quite simple feeder couplers.
Fig. 19 shows the circuit of a singie wire feeder coupling, the feeder

coil being coupled to the tank through a link coupling. When the feeder
coil ig directly coupled to the tank cof} the coupling should be vartable
the general practice bel:g to make the feeder colld swing about a fix-

ed point or to run along Insulating bars toand from the tenk coll, as
shown n Fig. 20. The fink coupling 18 used where the fceder enters

the transmiitlig room via tnsvlatars and the feeder colil is situated

at thle point which 18 possibly some way distant from the transmitter.

In th18 case the link coupling can berun round the rocm to transfer
energy with very little loee and twisted flex link lines can be used al-
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though 2 boiter mothod ta to make up a small transmissionline with
amall spacing between straight wires especlally for the higher frequ-
encies over 14 mes,

Wherever lhe feeder coll and condenser sre situated they must be cap-
able of (uning to the tranemitted frequency, must be made up of good
components suitable for high frequency working with good ine-uiation
characterlstice and be mounted with good insulatioa from earth ex-
cept at the correct earthing point. For low power slations the tun-
ing condenser may be of the normal receiver type, but where the
transmitted power la high, double spaced high voltage condensers
should be used in fhe feeder circull s8s in the tank circuit. It {s alw-
aye good practiee to drive the condenser spindle through aa insulat-
fng couptifg. In geners) the capacily of lhe condenser should be kept
low, a sultable value being 150 m. mtda., the coll being chosen to
gult the capacily.

Operating

Where the coil {8 mounted to couple straight into the tank circuit.
Remove the feeder from the feeder coil and ewing outthiscoil to
the minimum coupling position, tuning the tank circuit for minimum
plate current. Tap the feeder 0n to a turn falrly low on its coll (i.e.
near the earth end) and bring the feeder cof! up to the tank coll, tun-
ing the feeder cordenser until tho tank current rises, indicating lhat
power 18 being drawn from the P.A. The tank may need slightly re-
tuning, but if 8o the degree of variation should be enly small. When
the two circuits are in resonance it will be found that by maving the
feeder tap towards the top end of 118 coil {awny from the earthed end)
the cuwrrent in the P.A. anode circult will rize, and n point should be
found where this anode current rises 1o lie full load current specified
for the P.A. valve or valves. The nmmeter shown in the feeder is
useful as 3n indicator, but it ie not necessary and should be shorted
out when the aerial is worki\\g correcily.

Link Coupling

The coils at the ends of a link coupler muat always be sitoated at a

point where the R. F. voltage in a circult 18 least, this belng shown on
the tank cfircuits in the diagreme by a dotted earth connectics. At the
feeder end of the coil this 1a always at the centre of the feeder coil but
at the transmitier the link must be situated at the ¢arthed end of lhe tank

doll where the P.A. is aingle ended and at lhe centre of the coll where the

P.A. has a balanced tank circuit. If the link coll 18 placed at the *hot™*
end of the tank cot! It wii] tend 10 pass on harmonic frequencies via cap-
aclly coupding.

The link coll may be wound over the tank or feeder coijls, bt 1l ls pre-
ferably to break these colls at the centre and to accommodate the link
coll on the former. Whilat thie meane that the {ink cofl Is not movable,
and so cannot give variable coupling, thie variation can be dispensed
with by experiment (o fiad the most efficient sjze of link call. This sys-
fem ia more robust whilst coll changing (s simpler.

The feeder coil can be made up 28 shown in Fig. 21 and It is convenjent
to have the feeder coils on a pin base 80 that they can be interchanged by
plugging the whole cotll assembly into a valveholder or simtlas socket.
At the transmttter the tank coil can also be made in this manner when a
balanced tank {8 being uecd. In a singie ended tank circuit the iink coll

kL]

can be wound on the bottom of the tank coll former or, if the tank cofl
{p 1ar€e and self supporti§, the link can be mownted at the earthed end
on 6tend-0ff insulators. The distance between the ink colle and lhe

eding or fad coile should be found by experiment as they will differ for
gﬁerent ctrcuits, but in general the spacing casn be kept low -- a quar-
ter or eighth-inch spacing between colls ts often sufficient.
A rough guide to the size of the ilak coll fs to make the coils a tenth to
2 third of the size of the tank coll, the proportion rising as the total nu-
mber of turns decreases, but the final selection of size must always be
by experiment, the colls at either end of the Unk coupling being of the
aame elze for the first triats.
fnstead of uetd8 a couPling codl with the feeder tuning cail it 1e possible
to tap on the link coupling line as shown In Fig. 22, and for wbichever
method §8 choeen the method of 1cading the aerial cn to the P.A. stage fa
ag follows.
Dieconnect the Mnk coupling line from the feeder call and tune the trans-
mitter tank to resonance, togive minimum plate current, then recouple
the 1ink 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 tuming of the
tank circuit should be for resonance although no change, or only a slight
change 1n condenser dottifag should be necessary. Increase the loading of
(he aerfal on the tank, if required, by tapping the feeder farther up the
coll, untfl the P.A. plate current 18 st the specified reading for the val-
ues used, N the link coil at the feeder end 16 dispensed with and the 1ink
coupling line s tapped an to the feeder coll, the tapping points can also
be used to adjust the load. The line should be tapped on to the feeder coll
at one turn efther side of the centre turn, when by increasing this distance
symmetrically the loading on the P.A. wiii rise.

Atr Spaced Twin Transmiasion Lines
Untuned Linea

Bere again the feeders may be coupled to the tank circuit in three ways,
directly, by a coil placed beside the tank cof), or by link coupling. Dir-
ect coupling {8 only to be recommended where the tank circuitts balanc-
ed-- that 1s, hae 8 centre point at earth polential so far as the R.F. cur-
rente are concerned -- the coupling method bejng shown in Fig. 23a.The
condensars must be at least . 0005 mfd. capacity, with a working voltage
well above that of the supply line to the P.A. whllet their capacity for R. F.
current carrylog ig glven for an absolutely minSmum value by

1= ~W

T,

where I 18 the current {n emperes, W {8 the power out(st of the stage in
watts and 2 18 the line impedance. In practice the candensers should be
sbie to carry a rather bigher current than thla and in the interest8 of sa-
fety the valus thus calculated might be doubled.
The method of directly coupiiog the feeders inductively to the tank coll 1a
shown In Fig. 23b, the coupling coll belng vartable with respect to its po-
sition beside the tank coll. The size of the coupling coll fe best found by
experiment, the adjustment neceesary being the s #inging in of the feeder
coll until the P.A. plate current ia at ite reted velue at the resonant po-
int. This system le, perhape, most useful when used with a singie ended
:an)): circuit, the coupiis:g coll belng mounted on the “earthy™ eide of the
ank.
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{ink coupling circuits for untuncd feeders are simflar to those used
with the siitgte feeder wire, the main difference being that the feeder
cofl i8 not earthed. The tink coils are still placed at low R. F. poten-
tia} Pointg on both the tank and feeder coils, and the feeders are tapped
gymmetrically on the feeder coi), as in Fig. 23c. The tank 18 tuned far
minimum plate current with no load from the feeder coil and when the
P.A. 18 at resonance the link clrcuit is compieted and the feeders tap-
an thelr coll 80 that the load is light -- the tapping polnts should be
close to the centre of the coll, The feeder coil 18 then tuced to resonance
as indicated by a rtee in the P.A. ptate current. The feeder tapping
points are then moved out from the centre of the coil, the nsmber of
{urns between each feeder and the centre of the coll remaining equal, un-
t1l tbe current reglstered in the feeder 18 as high as poss:ble with the
P.A. plate current at its correct reading. Al this stage it will be as
well to comgpare the currents in both feeder wires. Any unbalance may
be due 0 lack of symmetry about the centre polnt of the feeder coil but
will more probably be due to faults tn the transmission line as already
detailed -- a great capacity to earth of one line or a sharp bend {n the
feedere.
The feeder colt and condenser shown In the foregolog 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 18 rather
more elaborate, although of value since 1t may be used to cougle both un-
tuned and tuned transmission lines to the transmitter, whilst with cor-
rect operation the system 1s usefii! in the suppression of harmonic rad-
falion. The circuit, known as the Pl- section network, 1s shown In Fig.
24,
The suggested values are .002 mfd. for C, the same remarks applying
for voltage rating as befare, .000} mid for C1 and C2 except for 8¢ and
160 metre working, when they may be of .0003 mfd. capacity, whilst
both colls are wound 16 turns of 14 S, W.G. on a 23" dlameter former
to a length of 3" and tapped every three turns, the approximate settings
for varloue bands betng the full coil in for 180 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 pl-network {8 the same for both tuned and untuned
lines. and the coupler must be used on a balanced lank clrcuit.
Disconnect the network and tune the P.A. for minimum plate current,
tapping the input condensers symmetrilcally about the centre of the
tank coll afterwards, the coil taps of the network being set as indicat-
ed. When the condenser C2 1s 3at to half capacity and the P.A. 18 swit-
ched on the anode current will be high, 2ad it 1s reduced by adjusting
C) {rapidly, to avold overload), until the current falls to the correct
workiog value. If this cannot be obtatned, repeat with a new setting of
C2. and f at all settings of C2 the current is too high or too low, tap
the input condensers higher or lower either side of tbe tank centre point
or try new tappinge on the netwark cofls. The tank tuning should not be
altered. The aim 18 to make the minimum plate current obtained by the
adjustment of C1 coincide with the carrect value working current, and
upon thls 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
thms lmpedance would be about .) amp for a transmitter output of 10
watis, a 100 watt transmitter increasing this figure to about .3 amp.
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High currents in the feeders of nn untuned line can therefore be

ed as signs of mismatching of the 1ine to the aerial wilh consequent
standing waves, whilst the elficlency of the coupling al the transmit-
ter end may very roughly be checked by testing the (eeder'cotl for
heating up. If, afler a periodof running, the feeder coil is warm a
serious waste of power la indicated, and the coufling at both transm-
itter and aerial should be inspected for inelficienctes and mismatch-
ing. A different form of transmllter coupling migtt help since this
condition is sometimes found when feeders have to be coupled close
to the centre of the feeder coll to ottain the correct 1oading.

Tuned Transmisselon Lines

The tuned type of trnnsmisalon line 18 coupled to the transmitter by

a tuning unit by means of which the reactive component of the fmped-
ance 18 tuned out and the conditions for standing waves to be set up on
the (eeder wires are adlusted. The pi-network section described In fh
previous paragraph 18 suitable for use with tuned lines as well as un-
tuned linea, but generally a tuning unit 18 built up whichis able to

deal with vary-ing types of tuned iines 8o that changes In the aerlal

or [eeder systems can be met easily, and without need for major
adaptation of the circuit.

Prelerred practice 18 to have the tuning unit mounted at the point

where the transmission line enlers the Iransmitter room so that the
feeders, entering via insulnting bushes, run straight into the aerial
tuner which is then coupled to the Iranamitter by links, the link
coupling line preferably being an alr spaced twin line, the spacing
between the wires being small nnd constant. Twisted wires, such

as flex, may be used for short runs, but for any run where the
Iransmitter 1s working on the 20 metre band (14 mes,) or at high-

er frequencies the open wire coupling betwacn links will avotd losses
and le strongly advised. The line should be run round the wall on stani
off insulalors.

Before conalderlag the coastruction of the luning unit for coupllng the
feeders to the irnnsmltler, It 18 necessary to understand the condit-
fons required to put pdwer into the transmission line. In Fg. 25a r
hall wnve aerial 1a shown [ed at \he centre by the 600 ohim trans-
mission 1ine, nnd slnce the line ts terminated in an impedance low- I
er than tie own there wilt be a current loop present at the junction of
the 1ine and the aerial -- the correct condition since the centre of a
hatf wave nerlal must be current [ed. The broken 1ines in lhe (Igure
show the current amplitude along the transmission line, disregarding
phases and at the bottom of the line, which s clearly three hall waves
iong {elecirically) i8 another currenL toop. f the line 8 coupled to

the transmliter at this point, therefore, it mast be fed with current
and for ihla the aerial tuning unit muet be arranged as a series tuning
device, as In Fig. 25a.

Suppose, however, that the transmission line shown in Fig. 25a was
made a quarter wave shorter. Al thls paint (X) the current 18 at a veri
tow value and consequently, by the laws already discussed a voliage le=
op must appear at this polnl. The line, then, tf it termimates in the aer?
tat tuning unit a1 point X. nezds voitage feed, and for this lhe tuning unit
must be parallel tuned as in Fig. 25b.

To summarise -- when the transmission lne 18 an even number of Qua-
rter waves long it must be fed in the same way that it feeds the aerlal
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(current-current, voltage-voltage) and where the line 18 an odd number
of quarter wavea in length it must be fed in the opposite way 1o which it
{oeds the gerlal {current-current, voltage-eurrent).
Since these are electrical quarter waves, however, and since feeders
muat fit tnto the apace avallable, there will be some lines whose elec-
trical tengths are Indeterminate. With the unit to be deseribed however
there shouid be no diff iculty in tuning guch lines far it ts possible to
make the unit series or paraliel tuned very eimply, the line belng test-
ed 00 both methods of coupling. It 1s stfll possible for the line to give
trouble in matching, and if the feeders cannot easily be broogbt into the
correct operating conditions the best remedy la to add on or subtract
{rom the line a section one-eighth of a wavelength long. it ts the auth-
or's oPinion, however, that a well set up station will ruz a iransmission
live calculated (or the preferred method of feeding as accarately as poe-
sible, 80 that nothing is §eft to chance.
The tuntng unit, togehter with ita link coupling ceil, is shown in Fig. 26,
and It will be seen that the condenser switching 18 very simply perform-
ed with a palr of clips which, when cross-connected give paraliet tuning
and when left unconnected give series tuning with the coil.
There were obtalnable, pre-war, various manufactured aeriat tuning
coll which had a movable link coll wound inside the main inductance
80 that the degree of coupling could be ajusted, and the home construc-
tar might devetope the 1dea. Since cotl changing §8 necessary when cha-
nging [rom band to band, however, 1t mtghl be thought more convenient
1o construct the coll as in'the previous example, by splitting the tuned
windtng and IngertIng the link colll in the gap. Valuee [or the tuning unit
components are C1, C2, .00015 mfd. ganged, each section, tranemti-
ting type condeneer, double alr spaced.
Lul. 160 metre band
0 turns 22 5. W.G. Intwo eections, each section 3" long
with centre apace of %“. 20 turns per section.
80 metre band
T3 turns 30 5.W.G. Intwo aectiona, each section 1" long
with centre apace of $", 11 turns per section.
40 metre band ’
rns .W.G. In two sections, each section <" tong
with centre space of 3'', 6 turns fer section.
20 metre band
B urns 20 5.W.G. o twd sections, each section 5" tong,
with centre apsce of 1", 3 turns per sectlon,
L2 Approximate sizes, to be checked experimentally.
160 metre band, 8 turns 20 $.W.G. 1n centre space.
80 metre band, 6 turns 20 S. W.G. in centre space.
40 metre band, 4 turns 20 S.W.G. {n cenwe space.
20 metreband, 3 turns 20 8. W.G. In centre space.
The wire used may be enamelled or bare. The colls are all wound
on 1o lormers, preferably of \he ceramic type, and shoutd be suit-
able for all the usuval power outputs of smatler transmitters. For
powers over 25 watta or 80 lhe coils might be wound to have the same
inductances but with greater wire spacing and targer dlameter wire.
When the tank circuit 18 cha®@ed in waveband chaiging, thie P.A. link
coll will atso be changed a0 that it and lhe leeder unit link eoll are of
the eame slze.
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The coll slzes above are correct for parallel tuning, the next smaller
ooil belig used for series m®ioK on the same trand.

The meter in the feeder, as shown in Fig. 36 will give a good tudag
indication for current when series tuning 18 used, but with parallel
tunlng and thus voltage feedirg ila reading will be very low. In ibia
case {t s uaeful to mount a small 100 volt neon tube on the input ter-
minal of the ammeter, one connectlng ptn only of the bulb being uaed.
I the bulb {a given a amall capacity to earth it will fight al a voltage
loop, and thia capacity may be introduced by mounting beside the neon
lamp a email sirip of metal connected to earih, the metal being no
closer to the bulb than is neceasary to cause the bulb to glow.

The ammeter should be shorted with a clip when the circuit 1a In cor-
rect operatlon and the condenser should be driven through an {nsula.
ting shaft. There should be no power In the circuit when the serlea-
parallcl changeover 1a being made.

To tune the unit, dlscounnect it from the P.A. by breaking the link
circuit and tune the P.A. tank for resonance, or mlnlmum plate cur-
rent, Couple the aerial tudag unit with the tank, and tune either with
series ar parallel connectlons to sult the 1ine and waveband until the
aerial unit comes into resonance, as indicated by a rise in the P.A.
tank circuit and by inducation either by the ammeter ar neon bulb. Che-
ck the plate current of the P.A. so that the coupling of the link circuit
can be adjusted either by swliging of a movable coll or by more or less
furns on flxed coils, more turns being required if tbe P.A. current is
low. Keep the link coil at the transmitter of the same size as that at
the aerlal unit.

As before, the link coils must be in tow R. F. voltage posltlons, at the
centre of the aerfal tintng coil and at the centre of a batanced tank or
at the "earthy" end of a single ended tank circuit. The link coll at the
tank, where it is in the centre of the tank coil, may either be wound
over 1his coll or the tank coll may be sectionalised to leave room for
the link coil as in the case of the aerfal cotl.

CHAPTER ¢
Practical Aerjala

It 1a propsed in thia chapter to outline details of various aerials suited
to different trequency banda, and it is usval to point out that aerial per-
formance depends primarily on the leagth of the aerial proger. Por ex-
ampte, there are several types of half wave aerial, each with ita own
name, but the differences all ie in the feediing system which can have
very Ittlle {nfluence on the radiation pattern of a half wave aerial at a
given height, except In 80 far as one type of feed Inight be more conven-
fent or suitable tn some locallllleg than othera. Thia wiil be a fuestion
of feeding efflclency, however, and not a change In the characteriastics
of the aerial groper.

Quarter Wave Aerials
The Marconi Aerfal

R hae already briefly been mentioned that the Marcon! aerial consists of
a vertical quarter wave aertal earthed at §ta bottom end 80 that the res-
onant half wave 18 completed, in effect, by the "image aerial”. The
system le chiefly of use on the longer wavebands where a horizontal aer-
lal a half wave long would be too large both for the space at the amateur 's
disposal and for the correct erection at an adequate height.

L
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The eyetem, as it stande, however, 18 not too efficient. Qbviously the
resistance at the aerlal-earth junction must be low, elnce it 1s virtually

at the centre of a half wave resonant wire and 30 at the positior of a cup~

rent loop, and the radlation reslsetance of an earthed Quarter wave Is
approximately 36 ohms only. Thus, 1{ the aerial-earth resistance were
reduced to 38 ehms there would stlll be a poWer loses of haif the total
power in the syetem at thie point, leaving oniy half the power far rad-
fation, and moreover, since the cicrent loop 18 prectically at ground
level the vertical wire, with the current falling in nmplitude as the wire
rises, {8 not an efficlent radiator. For strong radiation it 1e desirable
thal the current loep be high -- this will mean that the ratio of the aer-
1al-earth resistance antt the serfal’'s characteristic tmpedance at the
same point witl be much laiger 8o that a proportionally larger amount
of power will be availlable for radiation whilst the most strangly radla-
ting part of the aerial will be well above the ground level.

The earthed vertical aerial Is therefore best adngted so that it consiste
of a vertical end horizontal wire, the horizontal length beli€ a quarter
wave whilet the vertical iength ie either a quarter wave or as long as
epace und coneiructional facitities will admll, this vertical portion rua-
ning to earth as befare.

Thie means, also, that the vertical wire wlll need to run 2s near as
poeslble to the tranemitter and that the earth wire from the coupling
coil, whoee length must be Included with the vertical portion, muat be
direct and short.

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

Fige. 27a and 27b show the arrangement of the system for wavebands
of 80 end 160 metres, the method of tuning used on the aerial coupler
dependirg on the length of the vertical wire. For wires of a quarter
wavelength the tuning eystem should be parallel tuned, whilst where the

a borlizontat half wave wire te voltage fed by a transmlssion line, one
end of which 18 mevely le(t insulated. (Fig. 28) The feeders are cou-
pled tothe tranemitter by the usual tunlng unit. anq are operated a8
3 tuned line -- that le with standing wavee on the tuning aerlal nile
can be made by referring to Figs. 25a and Fig. 25b.
Ag well as forming an efficient haif wave aerial the Zepp operates well
when the aerial 18 aay number of half wavee long. Some frecautions are
neceseary, however, depending whether fhe aerial 18 to be used a6 a
gingle frequency radlator or 18 1o be worked harmonically.
For example the best length of transmission line with the Zepp arrange-
ment s a quarter wave, bul in harmonic working thie becomes a res-
anant length, which should be avotded if poselble. Agaln, in single [re-
quency working it will be found that the currents in the feeders are nat
eq al, provided that the !ine and aeria} are operating at thelr optimum
adjustments, and when it 18 desired to make an aerfal accurately ree-
onant as {or single (requency workiog, the aerial should be cut a iittle
longer ‘han the length calculated lrom the formula, and may be finally
cut to length by the following method, which depends on the fact that
adding an exact half wave (electrical) length of wire to a transmiesion
line does not changc the conditione of the \ine's operation.
Disconnect the feeders from the aerlal and rrige them to their working
helght, suspending them from their Insulators. Set the transmitter to
its resonant point so that the tank circuit shows the aaode current dip,
and very loosely coupie the aerial tuning unit to the tank, When eeries
tuning is used the feederse on a Zepp aerial carry quite hlgh currents,
and ammeters with a range of at leaal one ampere ghiould be used for
gafety. T nethe aerial unit to resonance sothat the P.A. current risee
and the tuning point is well def.ned and the currente in both feedersare
~equal noting all the condeneer settings since reference back to the pre-

wlll be necessary. Now couple the horizontal aerlal to ite fe-
::2‘1' ae in the figure, retuning the aerfal co pliag unlt tothenew reso«:
ant point. If the aerial hee been cut a little 1ong for the frequency use
§t will be found that the condensaers of the aerial coupling unit have to be
set at a lower capacity than before, whilet should the aerial by any chance
be short, the condensers will have to be eet at a higher capacity. The cou-
pling between fhe P.A. and the aerial coupling unit should not be changed
when the aerial 18 connected to the feedere. The maximum currenis in
the feeders will be lower, but it should etill be poseible to obtain a good
reading and thus an {ndication of maximum feeder currents.
Presuming that the aeriai le slightly lang, lower the wire and cul a few
inches of one ead. The degree of mistuning in the aerlal unit will give
some {dea of how freely the cul may be made. The aerfal i then reholet-
ed and coanected again to the feedera and the aerial coupling unit once
again tuned for maximum feeder current -- that s, for resonance to ilie
';T)h;‘s process 18 repeated until the aerlal coupling unit has 1t8 condeneere
s maeeacity whilgf the sayplingcoll 1e 2¥iupe of 165 WG. apls get to their orjginal position found with the aerial disconnected (rom the
2o Tepngler 5u'g 1 frritey; elth, (Fgvisleq fordagalalerary feeder, when the aerial le at ite correct resonant length,
third t rn for higher frequency working. This 15 only neceseary for accurdte work on a ein€le otp:rat-
Half Wave Aertals ing frequency, of cowree. For general work it ie sufficient to cut the ae
PR 2eppfisrial rial to the length calculated from the formula.

Besldes the various forms of horizontal half wave aerlale already des-
ecibed in the foregoing cbapter there remains the Zepp aerial, where

vertical wire is less than one efghth of a waveleagth the tuning system
i8 serles tuned.

A counterpoiae, where used, should be erected on poles \nsulated from
earth and gufficiently high to clear the head, thie height necessarily be-
ing deducted from the aerial hejght, and since in the aerial under die-
cuesion the main radiation f8 from the vertical member the counterpolse
wiil be best i it is below the vertical wire, Since the functioa of the
counterpoise ie to present 8 capacity effect to earth the counterpoise
should be 2# large as epace will allow although it sho Id be kept to reg-
ular shape.Beneath a vertical aerial the counterpoise might well be
clrcular withd wirea radiating from the centre to the edge and Iniercon-
nected to break up resonant lengthe which might occur. The “earth”lead
will then be connected to the centre of the counterpoise.

The aerial tuning unii, whether series or parallel tuned, will be coupled
to the tranemttter, and the aerial loading on the final stage wil be edju-
sted ae hase already been shown. The condenser sha:ld be of .0003 mfd.

Long Aerlale
It ip proposed togive only a little space to the evbiect of 101%¢ aerials, for
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it 1a thought that the amateur will have lfttle chance to use them, owlig \ad
lack of space. Their main advantage lies in the fact that the loag aerial
radiates moet atrongly from tts ends wiiilet it can aleo be arraaged to
act as a harmonic aerial. The iong aerial (by which 18 meant an aerfal
the horizontsl portion of which le a number of wavelengths long) also
radiates relatively mare power in 11a favoured direction than does the
half wave aerfal, so that it may be said to have a power gain over the
shorter aerial The radiation realstance also rigses. For a three wavele-
agth aerial the radiation reeistance measured at a current loop is rough-
ly 120 ohme whilet the radiation in 1ts favoured direction (about 20 degr-
ees off from the l{ne of the aerial oo either side) is perhaps 50 per cent
greater than would be the casc with a half wave aerial under the same
coonditions.

So tar as feeding and adjustmenta go, the longer aerial 1@ treated 1n the
same way a8 the half wave aerials already described, except for the fact
that it 18 moust guitably fed by tuned feedera and fed at the end of the aer-
sl as 18 the Zeppelin aerial, or at a current loop. Thia ensures that the
currents in the aections of the aerial on either aide of the feedera when
they are not at the end of the wire are ot of phase, a necesaary condit-
ioo for the working of the aerlal as a 10ng wire proper.

Multiband Aerlale .

Probably of greatest use to the amateur licensed for operatiag on several|
bands e thg WIEDP aerial, devised by H. J. 8iegel the results of whose
experimenta were first published in Q3T. The aerial, shown diagramm-
atically in Fig. 29, appeara to radiate most strongly at right angles to ita
length but excellent ali round reports have been cbtained even when such
an aerfal has been used in a badly screened position.

The W3EDP aerial coneiste of an aerial wire, atraight if poasible atthough
{t may be bent if desired togivea runup toa " top, the height in"
the case of the ariginal aerial belag only twenty feet” The length of the
aerial is 84 feet, and the end of the wire being brought strafght to the aer-
fal coupling coil. The coupling 18 direct inductive, the aerjal coll being
mounted beside the tank coil of the P.A. on a swingiag gupport 80 that the
coupling can be varied at will. Contrary to general practice the aerial coil
fs mounted at the "hot'" end of the tank coll ¢o glve a degree of capacity
coupling, and the gystem i3 eimpiified by using plug in colle which are
changed for the various wavetands and which are tuned In each case by a
condenser Lo paratiel with the cofl.

In place of an earth conaection a counterpolae is used, connected to the
other aide of the aerial coll, the counterpolse consisting efther of 17 feet
or 64 fest of wire, depending oo the band to be worked. It is important
that the counterpoise should be at right anglea to the aerial and prefer-
ably straight aithxgM once agaln the wire can be bent to {it the apace
available if neceaaary.

The serfal ia beat adjusted by lcosely coupling the aerial coli to the tank
and tuning for rescaance, then by s winging in the aerlal coil the P.A. cir-
cutt may be 1oaded up toite carrdct current. Ap ammeter fn the aerial
will show the current, and should this 211 off in value befare the P.A.
loading 18 correct thie may be adjusted by eligbtiy shorteaing the aerial
wire a little at 8 ime to a maximum degree of two feet. The coils, on

2" dlameter formers, are wound s follows;-
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Waveband Counter potse Lengih Coll Size

080 metres 17 teet 20 turns 16 S. W.G. spaced
own dameter
40 metres 17 feel 7 turns 16 S.W.G. spaced
- own dtameter
20 metres 62 feet 5 turns 16 5.W.G, spaced
own diameter
10 metres Not used 3 turns 16 S.W.G. smaced
"

The value of the parallel condenser should be . 0003 mfd.

Already mentioned 18 the VS!AA aerlal with a single wire feeder which
may be used for multiband worhing.

Fl¢, 30 shows a centre fed aerial where the teeders are made of such

a length that the aerial and feeders together are tuned to the loweat [re-

quency it 1g desired to transmit whilst the serfal is cut to resonate a
higher frequency and its harmonics. One emample 15 given.

Bach hall of the aerial 18 made 333 feet tong, the transmissicn Line
belng 34 feet torg. The aerial may then be worked at 80, 40, 20 and
10 metres by coupling it through a tuning unit with series tuning an all
bands except the 80 metre band which is parallel tuned. The system ie
not highly e{ficlent 8o far as radiated power i3 concerned aince the
feeders are made to absorb some part of the poWer which cannot be
radiated, but the aerial s easily constructed by the amateur who de-
slres to work on several bands. The hejght of the aerial dependiag on
the feeder length, the line should be as direct as possibte,,

CHAPIER 5
Directlve Aerial Arrays

Whitat all aerisls, as has been shown, have a prelerred direction or
directions in which they radlnte moet strongly they stlll “broadcast"
their power to a considerahle extent. For a great deal of amateur work
this {8 convenient, for 80 many confacts are by chance and the greater

the area covered the better, but there are often occasions when the aer-

1at directed towards a certain dtatant point or having tts radlation com-
pressed into a more narrow angle wouldbe a deflnite advastage.
Directive aerials are generally made up of a number of aerlais, or ele-
ments, these being most often of half wave resonant lengths, and the
manner tn which the el ts are combined physlcally and electrically
control the preferred directica of radiation. Moreover, the directionst
property can be used either in the horizontal plane, the mare usual
method of use, and also in the vertical plane in which the directlonal
properties are used to tower the angte of propagaticu of the wave.
Diractlona! aerlals [all into two brond grouvpa, the first in which ail the
clements are driven with power from the feeders and the second in
which the aerial proper !s driven whilst the subsidiary elements are
excited from the radiation of the aerlnt and are therefore known as
Parasitic elements.

Those aerials tn which #!i elements are driven may further be sub-
dlvlded tnto three types, co-linear, broadside and end-fire arrays.

The Co-Linear Aertal

As the name denotes the co-linear aerial 1s made up of a series of ele-
mentes arranged end to end in a stralght ltne, each element being a
half wave in leigth. The neceasary tondition for the proper warking of
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the aerial is that the currents in all the elements are in phase at any
given moment, 80 that the almplest co-linear aerial is the one wave-
length long wire voltage fed at its centre.
The co-linear aerfal proper, however, 18 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 tong wire stretched
straight [or one half wavelength, tolded on itself for the next, stretch-
ed straight again, etc., and a fonr element aerial 18 shown in Fig.
31 with the current distributions shown as dotted lines.
The perlai may be fed as shewn, Wwith 2 tuned transmission line, and
slace on such aenials the rndlatlon resistance is not 80 easily deter-
milned it is felt that the adjustment of a tuned line wiil be mueh sitnp-
ler than that of an untuncd line. A flat or untuned line can be used,
however, the feeders being tapped on to one of the shorted quarter
wave 8tuds to glve the correct matching into the aerfal, the adjust-
ment being slmilar to that already described (n Chapter 3. The
tuned I'e may be run into the aerjal in place of any stub, or untuned
teeders can be Lapped oa to any stub, but 80 far as possible the feed
should be tn the centre of the aerial. When the aerial is an odd num-
ber of elements long the feed cah be intothe centre of the central
clement, when the aerial will require current feeding rather than
voliage feeding.
Theorectically the co-linear aerial ls most efficient when the spac-
ing between the ends of the elements i8 such that the centre points of
the elements are threc-qunrters of a wavelength apart, but thls cle-
arly will give rise to difflculties inthe nrrangement of the phaae
correcting stubs. A compromise 18 generally effected therelore, the
elements belag spnced Ly the width of the stubs which, since these
are constructed in the manner of transmission lines, will be only a
Tew inches.
A directlanat aerial naturally gtves a gain over a slngte half wave
aerial in the field atrengths from either aerial measured in thelr re-
iative preferred directions [or the same input power, ibe galn being
eXpressed as decibels of fleld sirength. Tle €ain [or a co-ulgear
aerial using 3 elements Spaced as above i8 a liftle over 3 decibels
and for a 4 element aerial between 4 end 5 decibels. The maximum
radation from the co-linear aerjal is, like that of the ball wave aer-
lal, broadside, or at right angles to the w-ire, and the same aerial
keight may be used as [or a hslf wave aerial. When the co-{inear
aerial is constructed vertically, however (n&t a practlcal proposi-
tion except for high frequencies), the radiation 15 at low angles and
1 thus anilable for long distance work in all directions.

The Broadside Aerial

Both the broadstde aivd end-fire nerlals are of similar physlcal con-
struction but whilst the end-fire aerial elements are fed out of phase
the broadside elements are fed in phase. The broadside aerlai may
be erected with the elements eV.her hosrizojtal or vertical, as ahown
{n Pigs. 32a and 32b, the array being known as the *stacked’ array
when the elemeats are horizomal and one above the cther.

With three elements a8 shown the aerial gain {8 more than 5 deeibels,
and a gain of 7 decibela may be obdalned using four elements whilst,
as the name suggests, the radiatlon is broadside to the aerials; that
is for the diagrams the strongest radiation is perpendlcular to the
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paper. With the elemgnts vertical as 1o Fig. 36othe directional effect
s horizardal, whilst low angle radiatian s obtalned from the stacked
array, the horizomtal radiation pattern being equivalent tothat 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 {rom the bottom element.

Whitst lhe aerial may be fed from untuned feeders with a matching
section, once agein it wili be simpler to use a tuned tcansmission
line. The traasposition inthe line between elements must be noted

in the two figurea. These give the phase corrections [er the element
currents.

End-fire Aerials

As in the broadside aerial the elements of an end-fire aerial are par-
allel, but the spacing le 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 1s possibly the most usefu} end-flre arrangement for
it combines with n galo of 4 to 5 decibels the viitue of radiahg both
at its fwxdamental and second harmonic (requencies, aeting, at the
latter, as a four element array.

The tine of radiation is shown by the arrow In the diagram.

Once again the aerial can be fed bath by tuned and untuned transmis-
sioa lines, but tuned ilnes will be simpler to use since the adjustment
of a matchlog section will be avoided.

Combined System Aerials - The "Lazy H".

1l is posslble to combine co-linear and broadsidenrrays, several
euch systems havlng been used with considerable success. One array
of this type is kaown as the *Lazy H', due to its slinpe, that of a cap-
itat H on its side. Thia is the form that is generaliy used, although
the elements can be vertical if desired. The aerjal s shown in Fig.
34. The radiation 18 broadside to the aerial whilst a gain of perhaps 5
decibels {5 ottained i the array is erected wel! in the openand at a
good height -~ st least a hal? wave length. The array may be fed, as
usual, either with tuned or untuned lines, the latter requiring a
matching system, the feed point shown in the diagram giving volt-
age feed to the aerlal.

The Sterba

Another combined system aerfal is the Sterba array, a more elabor-
ate nrray which requires some space for 18 erection. It is often
pointed ot that such an aerfal Is a closed circuit and is thus suitable
for use in a rigorous climate since it can be easily de-iced by coanec-
ting the feeders to a low voltage high curreit transformer to warm
the wire before transmission. The radiation ls again broadslde, the
gainbveing approximately 7 decibels for the nrray shown in Fig. 35,
whilst anather advantage 1s that if the transmissioy line is caupled as
shown the characterlstic impedance of the array L8 so close to 600
ohms that the feeders mny be untuned with only a taw standing wave
;auo. Fewer or more sections may be used than are shown in the
JRure.
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For all these aerjals it is sufficient to make the half wave elements
the calculated length as obtained fram the electrical length formula,
out for the half wave phase correcting lines causpting the elements
the length may be found {rom the formuja.
L = 480
-—

where L 18 the half wave line in {eet and { 1a the operating {requency
in megacycles,

parasitic Arrays

The directive aerials so far described can hardly be regarded &5

beam aerjals since the radiation, although iz a well defined direct-

fon, 18 equal and opposite on either side of the aerial, just as is the
case with a haif wave resonanl. To make an array radiate Lo one dir-
ection on one side of the aerial onty, it 1s necessary toluse @ reflect-
or behind the aerial, the reflector being parasitically energised in
such n wady that it cancels or tends to cancel radiation behind the aer-
ial. The effect can further be emphasised by using directors In froat

of the aeriat, spaced so that the wave i8 reinforced. The system is
improved by using directors sligitly shorter than the resonant leng-

th and reflectors slightly longer than the resemart leagth. The best

all ronnd spacing for the directing elements 15 one-tenth of a wave-
length and in Fig. 36 is shown an array with both reflector and dir-
sctor, although more directing elements may be used if desired, The
re.lector should be spaced from the fed elsment by 15 of a wave-
lengh, .

The gain of the array will be in the region of 7 declbela andthe me-
thod of feeding the resonamt aerial as ehown in the diagram is by a
matching system from an untuned trsnsmisslon line. This is for

the reason that the radiation resistance of a parasitic array {alls

to a very low value -- possibly below 20 chms, Ec that the ratio of
mismatch becames high. The Della match is efficient when used

with this array, as are the opep or closed matching stubs, and the
adjustmemnt must be by trial and er'ror. The Delfa match Is the sim-
plest to operate since it eatails no cutting to length of wires. One gui-
de as to the makiig of the Deita tap 16 that the length of the transmis-
sion iine where the feeders leave thelr parallel spacing and open vt to
meet the aerial should be 15 per cent, longer than the distance between
the two ends af the feeders when they are {inally tapped on to the aerlal.
The length af the director should be abowt 4 per cent, shorter than the
resonasnt aerial length, the reflector being about 5 per cent tanger,

As can be imagined the bandwldth permissible on all types of directive
aerinls 1s not great, but this i8 especially so Lo the parasitic type of
array where the energy distribution over the whole system depends oo
spacing and the rescmm2 qualities of the driven element. Generally spe-
aking, al! the aerjals wiil cover the higher {requency amateur bands
however, and it is unlikels that the amnteur will construct arraysto
work on the lower fi'eguencles if on no other accaount than size, so thal
1ittle trouble should be experienced on tiils score.

It must also be remembered that the aerial gain will glve contacts at
greater distances than those made with the plain aerial, and for this rea-
sop it i8 necessary to use the same aerial for reception, for the gain s
as effectlve for recepiion as {or transmissios. Some aerial switching
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device must be used therefore, by means of which the feeders aretrans~
ferred to the receiver for llstening, the most usual method bejng relay
opesated awitches on the aerlal coupling unit. Moreover, the inpat res-
istance of the receiver must be taken lnto accousf in order tat a prop-
er match may be made between the line and the receiver.

Rotating Beams

The sharper the angle of radiation {rom the directive array becames
8o does the ares over which contacts may be made become amailer.
Longer distancea may be worked, tut the amateur generally cequires
to change direction as weil, and for the higher {requencies, the 14 mc.
band and over, the maost practical and simple method is to make the
aerijal rotate, 8o that itsdirective propesties can be brought to any
bearing.

The difficulties of constructing such an serial are mecdamcal rather
than electrical, for no chaage in the characteristics of the aerlal are
caused by making it rotate. Some method of connecting the feeders
must be devised, and in some cases they are bro:git down to ratating
rings to which contact is made through inishes, and the we'ight £ the
top members of the aerial {8 reduced by using the simplest array pos-
alble. Suitable aerials for rotating beams are the parasiticarrays or,
Ior 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~
trolted accurately as far 88 cemipass direction is concerned. Although
80 much dependa on the aerial to be used and the location of the
tranamitter thnt nothing in Lhe way of bard and fast rules for the de-
sign of the rotating aerial can be given,

1t might be best firat to test the patentialities of the system by using
simple apparatus. A heavy poteto carry the movable head might
form the mast, well guyeu for strength and steadiness. Many arrays
have been made ¢f tubing 8o that the aerial wires require no end sup-
post, the elements belng carried on strong stand-off insulatora on a
amall platform, the tublng extending beyond the edge. Again, light top
members such ae bamboo polea can be used to carry the wirea whilst
in the case of the "Lazy B" array the platform may be dispensed with
and a simple {rame be bLuilt to carry the elemeats, the shage being
based upoo the conventional televlslon aerial.

In any case, the platform or [rame must be rigidly (ixed to a spindle
which ruas in beariag@s on the mast, the end af the spindie used for
driving the arsay being fitted with, for example, a bicycle sprocket
wheel. A chain drive of sulliclent length to drive the wheel through

a camplete turn can be canected via wire cable to a second length of
chain cunning aver a eecand sprocket wheel, this wheel being conn-
ected with the coatrol handle at ground level The cbhain and cable
drive will require feeding through amell pulieys at the top of the mast
to change the direction of the drive {rom vertical to horizoatal and the
platform must be [itted with atops at the correct positions. The fed

glement type of directive array need only make a 180 degree turn to
cover atl directions, but the parasitic array with a reflector will re-
quire to turn the whole 360 degrees. When the array is hand driven it
wil] probabiy be sulficient to allow the feeders enough slack to twist

with the aerlal. since rotation will be controlled by staps oa tie plalform
so the rotatlng coatacts may be dispensed with. [n motar driven arrays;
where the aerial will not. be reversed in ita direction tn moviag from
position to position but will always rotate in one directioun, the rotating
feeder corntacté muet be used.

Yet 2&00ther metbad of mount'ing a rotating array i5 to make the whole
mast movable, the aerial being firmly fized on a correspandingly simp-
ler ptatform at the top. The mast 13 pivoted at its base on a steel peg

8et in ¢oncrete and running in a pivat driven intothe bottom of the mast,
while a second bearing as strong as possible and a 8 high up the mast a3
posaible, holds the arrangement steady while altowing it toturn, This
asecondbearing may be a etrip of steel beit to circle the mast, which
should be rubbed to good true shape at the bearing place, the steel ring
preferably being bolteddirect to a staut wall or else mounted on a sub-
stantial post which can be held with guys. With this method the feeder
can once agaln be simplified 8o tong ae stops are [urnlshed to prevent the
mast from being turned too far, whilst another great advasniage ls that>
the mast can be turned through direct gearing via a crown and ptnion, or
by a direct cable drive.

Whatever method of drive 15 used it must be capable of calibration with
compass bearings, so that if a ratio of one to cne is maintzined the con-
trol handle can be marked io compassdirection. More often, however,
the drive ia geared down, baoth to lessen the work of turning the assembly
and to make the action steadier. Inthis case calibration will be more aif-
ficult. One method ln uge is to affix a pointer to the driving cable at
some convenient place, the pointer moving along a atraight scale wbich
is marked in cardincel polits, but here again the method depends chiefly
upon the ingenuity of the uaer. Some rotating aerials have been made
electrically controlled in such a manner that by turning an Indicator to
the required compaas direction the array rctates automatically untill it

15 aligned with the pointer. Other systems have recorded directlon by
allowing the rotating array to drive the arm-of a rhecstat which in turn
gives varying deflections on the scale af a ml(iliammeter supplied [ram
a small battery, the acale callbrated in degrees.

For the smateur who deelres to use a rtating beam aerjal, however, the
soundest preparation is to refer to as many periodicals on amateur affaire
as may be possible. New ideas and designs are constamtty fo:thcoming
on the subject and much good work cao 5till be done with this type of aer-
tal development.

Il is not sulficieit to set the aerial on a compass bearing taken {rom the
ordlnary Mercator's projection map. Radio waves travel by great cir-
cle routea and a good globe i5 a greas help to the proper setting of a ro-
tating aerlal. An azlmuthal map may also be used, cne centred about the
station's locality or as near to it as practicable. Such a map centred
about LLondon would be suitable for stations in the Midtands and alt the
South Eastern hall of England without unidue error.

When the aerial i8 beiag set by compass, moreover, it must be rememb-
ered that the glabe or map {rom which the bearing was obtained refere to
true Noith, whilat the compess indicatea magnetic Nosth. The error must
be corrected by applying the magnetic deviation correction for the year.
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Aerlal Erection

The tocation of the statiop will affect the actuzal construction of the aerial
more than any cther pa:t of the equlpmedt, and it is ofien possible to pr’
surrounding features tntouseful service. Aerials must he erected in re
sonably open and clear situations, hawever, and the position must be re
viewed {rom ail poinls of constderatian before the final aerial position
decided upon. Line length must be borne in mind, together withthe pr
imity ol large objects and whilat a single tree might prove a blessing a
row ol trees might prove a great difficulty to overcome, Stee! framed
buildtngs, pewer cables and gasonieters are further stumbling blocks,
Presumably however, ifthe pasition 18 suitable, one end of lhe aerial
will be carried by the house itself, whilst the ather end will be supporte
upoa a mast or tree. 1If a tree L8 used the aerlal should be keft well
awaylrom the branches and held by an extension cable, the two being se'
arated by at least two insulators, and it must be rememberedin such a_
case, that trees are flexible and liable to considerable mevement 1n wi
One nethod of overcomlig this is to run the aerial extension cable thr
a pulley lashed to the iree, the aerial welgbl belng borne by a counter-
welgh! al the end of the cable 8o that ag the tree moves the cable works
the pulley and the aerial remaijns taut,
The problem of wind and wind resistance is always before the amateur
whatever gauge of wire is used for the aerial aid transmission line, It
should bethe hard drawn type of wire. An aerial of soft wire canbe st
tched lo a surprising degree, sufflclent to ruin its resonant properties
with r t to Lhe {req y in use.
Wherever masts are to be used, their shape and type are governed by
their helght. An idea) mast [or heightg up to 50 feet is lie telephone
which requires no guying but such a mast is very difficult to came by.
ia perhapsbutter Lo tuild up a mast suited to the requiremerts of the sf
fan than to compramtse on a doubtful article, even though the time and
expense involved are sametimes considerable.
For » small mast a sutgle timber canbe used, but the height permlse-
able i8 such that the pole weuld almostnecessarily be mounted on ao el
vatlon of same sort -- possibly the roof of an outbuilding. Timber of thi
@' x 2" type, In pine, will be suitable for helgis of 20 [eet or less. &
may be said here that a!1 wooden masts, of any construcllan, mustbe
dther protected, whiist good timber, such as pine or deal musl be u
Creosote could be used, but a good lead palnt as used for house painti
on exterior work is probably beiter. Al least two coats s8hould be applie:
preferably moure, and the myast shouid be kept under periodical cbaerval
ion @0 that the protegtion afforded may nct deleriorate, The same pre-.
caution npplies to the guy cables nnd {ittings. 1t la far better to take
whole system down, under conlro), for renovations and repairs than to
have il braught down by a gale, wlth possibly extensive damage.
A gingle mast, so pratected, shauld b¢ supporled by three gys. Guys
shwuld be made of wire cable manufactured for such purposes, angd the,
are generally arranged in 8ets of three, equldistantly spaced rousd the
mast -- that is at angles to each other of 120 degrees. The twoguys
pulling against the aerial are really the wortdng guys, but tee third is
none the less necessary. Guys must bebrokenup intolengths which wi
not resonaie at the operating frequency or its harmonics, the method
being to run the guys reund egg insulators in such a manner that the tw
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joops, whilst insulated one from the other are interliked, Should the in-
sulator crack under a strain the guy portions will then nt part campany.
The (n8ulatora should, of course, be atained from a reputable company
and their use should be mentiocned at the time of ordering so that suitable
{fema are o2zined.

The length of each portion of the broxen up guy cas be made 25 feet,
when the cables will be non-resonant at all amateur {requeacies {rom
the ten metre band upwards,

One excellent type ot mast for heights of up to 40 feet is the A-shaped
masl, made {rom three leagthe of 2' x 2", each a iittle over 20 feet long.
it is not poesible to obtain timber of this length the two bottom aectlong
may be made up of two lengths of timber each, but the top seetion must
be of 2 slngle piece. Some odd tengths of wood to act as spacers Lor the
framework will also be required, the arrangement beiag shewn in Fig. 37
Such a mast is stmple to erect for ila weight is low in compazison to its
strength, and five guys will hoid it rigidly in place -- three from the top
and two [z-om the function of the frame and upright member, there last
two to run tothe fore and beh!ad since the splayed bottom ofthe frame
gives good sideways etzbility.

Several methods of fixing the foot of this mast are possible and 1) has
heen erected b {lat roofs as well a8 al ground leve). The bottom mem-
ber can be bolted to stalee well buried in rammed soll, or set an bolts
fsstened [n small concrete beds,

A)) littiogs should besattached to the mast before it i8 erected, inclnd-
ing the halyard through the top pulley which should be choses 8o that
there 18 no chance of the rope running of! the wheel and jamming. For
the halyard, aashcord can be used, but weatherproof manlla rope (8
excellent for the work Half Inch rope will hold a targe aerinl
Galvaniged wron wire of 10 or 13 gauge will be suitable for the guys,
aithough a small twisled 8teel rope, if obtainzble, would be better, pro-
viding the insulators were of r eulflctenl aize.

Precautions against Lightning and Klectrical Discharge

Since the transmitting aerlal will be erected tn the open and probably at
a good hejght it is more lilkely to be a aource of danger, 8o far as ele-
clrlcal atorms are concerned than i8 the ardtmary receiving aeria). The
chanceg of any aerial being struck by an actual lightning discharge are,
ag Is well knawn, very remote, tut the aerfal might well accumutate a
high charge Ln conditloas of static which could damnge equipment or in-
jure the aperator.

All aerjal and (eeder systems, therefore, should be fitted with some
form of 15ghtning switch and arrestor, a great number from which a
choice can be made haviog appeared onthe market. The simplest
switch, which should be well insulated nnd enclosed in a weather

proof box at the point where feedera enter the room or building, can

be of the two pole two way type, the feeders from the aerial being co,
naected to the arms and thus to earth on one throw and to the aerial
tuning unit on the other throw, a spark grp to earth glving protection
agajast discharge whilst the feedere are connected to the apparatus.
Some qulie ambitjous remoate control switches have been made by am-
atevrs, tat 80 long as the device 18 there and 18 of a type which will
Introduce no R. F. losses, the exact nature of the switch 18 of smali
impartance. What I8 needed is a method of connecting the feedera to
earth as desired and a epark gap, the apparatus having its earth coo-
nections running directly to the groand on the outelde of the tauldiog.
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THE BOW-TIE MONO-BAND BEAM

The Triband Beam was previously described. Since then, 1 have been cone
ducting further experiments and the outcome is the Bow-Tie mono-bangd
beam. For those who want a quick and easy and lightweight beam for one
band, here are details of a 20 metre beam which can be built of light
timber, wire and nails. It has a back-to-front ratio of about 20dB and a
gain over a dipole of about 6dB, A full scale unit has been built and fully
tested at the home of a friend and a model for reception on 144MHz hag
also been made.

A timber frame is made up consisting of one 12ft length of 2in x lin,
12ftlengths of lin x lin and two 7ftlengths of lin x lin. The main bo
consis of the 2in x 1in piece in the centre, with it extended 6ft each
with the 7€t lengths of lin x lin. Six feet in from each end of this asse
a 124t long cross piece of lin x lin is fixed.

Two lengths of insuiated wire, each 33ft 5in long are fitted as shown in th
diagram. Smali close-spaced insujators are used at each end and thedrives
element is also broken in the centre with an insulator. The beam may be
fed with either 70 or 50 ohm coax1al cable.

*ainaTony SO O ¢ CRIACED Fau- -I

10G PERIODKC DIPOLE ANTENNAS FOR TV AND COMMUN)-
CATIONS

In vecent years the accent on antenna design for TV and for communi-
cation networks has turned to wide-band antennas capable of giving med-
{urn ain over a wide range of frequencies. This type of antenna should
tdeally exhibit a substantialty flat galn frequency response, with mtnor
variations only, In feed-point impedance.

In the past, antennas for wide band applications have inctuded stub de-
covpled antennas and rhomb!ics. The former, while covering more than
onv frequency, exhibit a true response only over certaln restricted ba-
nds nnd not always with the major lobes faliing in the same direction,
While this performance may be acceptable for some harmonically-rela-
ted communications systems, It [eaves a lo! to be desired for wide band
applications.

The rhomblic antenna does achieve a reasonablegain and band width but
18 large in size and therefore not a practical progposition for many appll -
catlons. "

And, while various other antenna configuralions have been put forward
fhrom time to ttme, they have all lalled in some regard such as bandwidth
galn. size or impedance characterfstics.

A lot of research in this field of wideband antennas has coucentrated re-
cently on {og-periodic designs and derivations of same. The geometry of
a log-periodic {lcgarithmlc periodic antenna) structure is formed in such
a way that the electrical properties are repeated periodically over the
deslgn {requency range. Frequency Ilndepeadence Is obtained by making
the period of this repetition suitably sm:ui. Our discussions {n this chap-
ter will be confined to a version of theee structures known as the log~
perlodic dipole or LPD.

The log-periodic dipole antensa was invented by Isbell (1) at the University
of lllinois in 1958 as a direct result of ploneering work on log-periadic
slructures by Du Hamel (2).

The [og-periodic dipole (L,LPD) may be descried a8 a linearly polartaed
frequency independent ant of moderate £ain. 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 lim!ts of the anterna. In fact, this band
may be made arbltarily wide merely by properly extending the geometry
of the antenna structure. The band timits of a given design are determined
by non-electrical restrictions; size governs the low frequency limit, while
prectsion of construction governs the high frequency limit.

The dealgns featured tn these pages are derived from formulas published
by Robert Carrel of the Electrical Eagineering Research laboratory,
University of Bilinois, in hie paper "The Analysis and Design of the Log-
Periodic Dipole Antenna'. The basis of this paper is that, since the LPD
{8 made of conventional dipole elements, the mathematical treatment of |
the antenra may be expressed in terms of known properties of dipoles.
The normat log periodic dipole conslsts of two parsliel sections, ref-
erred to as feeders, to which the dipole elements are connected. These
hollow feeders also serve as the boom of the anterna. Adjacent elemeats
are connected to the feeders in an alternating fashion. For iastance, as
drawn infigure 1, the left hand element of the first dipole connects to the
top feeder, while the left hand element of the secotid dipole coanects 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 {ndlvidual frequencies within the pass band. In each
m cell the length of the feeder between adjacent dipoles (approximately one
quarter wave length) the reversal of feeder (an apparent half-wave shiit)
| \ and a furlher quarter-wave path back along the array in space, add up
\ to produce a 360 degree phase ghift. This 360 degree phase shift puts
Intercepted stgnals in phase, augmenting signa! pickup (rom (or trans-
\ mlsslon towards) the vertex of the aptenna.
By the same token, the cross phasiog between adjacent elements produces
a cancellation of signals from the rear of the antenna, The largsr ele-
\ ments at the rear of each cell also tend to discriminate against the rece-
/ ption from this direciion.
Excellent rejection of signals coming {n at anglee to theside of the ante-

1-——.
-
N

5ob O nna 18 brought about by the cross connection of adjacent dipoles. Thus,

v, in any two adjacent dipoles the intercepted sfgnal will be approximatety
\ ones equal in amplitude but 180 degrees out of phase, producing effective

el cancellation.

ada With thls system of log-periodic dipole antennas a balanced transmtsaion
1ine may be connected to the front of the feeder /booms. Alternatively, a
coaxial Iine may be {nserted threugh the back ¢f one of the hollow feeder
conductors and fed through to the front of the antenna. The coaxial shield
—— {g then connected to the front of this feeder and the centre coaductor to

/e (he front of Lhe other [eeder.

\ Using the latter method, the antenna serves as {ts own balun, the current
\ on the feeder at the large end of the antenna being small. [deally, 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 hza been found {n prac
lice that two parallel tubes can aallsfactorily replace the cones as long
\ ag the tube radius remaina small compared to the shortest wavelength
\ of operatton.
\ {n practice good mntching may be obtained with 75-ohm {mpedance, or
higher, coaxial cable. However, the use of ¥0-ohm transmission line

posses an additional construction groblem as lhe two boom system can-
not be salisfactorily designed for impedances much above 100 ohms. An
\ acceptable match can be achieved by running a small dlameter wire
through the centre of each feeder tube and connecting {t at the front of
the antenna to opposite feeders, as {llustrated in figure 2. Atlhe back
of the antenna, connection may be made between these wires and the
300 obm tranamisaion line.
The necessary {nformation 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 apaced to achieve correct matching to the transmisston
’l,.”. ' This dig- line used. The only electrical connection between the two feedera la at
the rear end,
grom tllustrates U the largest dipole {8 placed right at the back of the feeders, it acts
the }n‘.fconn‘c, as a reflector at frequencies on lhe high side of its own résonant (re-
tion of Gdl“’ll‘ quency. However, {t may be used as an active dipole by placlig it
approximately .125 of a wavetength from the end of the feeders. This
dipo’.l and ,WCS elfectively places a ghart circult at . 125 of a waveteagth behind the
largest element and Zt, the terminattng {mpedance, wilt therefore re-
the formulas used main fuductive at the 10w frequency limit of operation.
in utablhhlny an- k1):‘. the design of a log-periodic antenna, the length of the dipoles chaige
Y a factor designated gs Tau, while the spacing between these dipoles
tenna parometers. {8 related to them by a factor designated as Sigma. There is a vaijue
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of Sigma that wi) be oplimum for any desired directivity and will glve
a minimum value for Tau. This I8 shown as Optimum Sigma on the -
graph which relates the above facts to anterna galn.

For values of Sigmagreater than optimum the direcliivity falls off and
sidelcbes may appear. Almo, the length of the anteana far a given
bandwidth becomes excesslve, The front to back ratio for Tnu values
above 0.875 isgreater than 20dB. Below 0.875 the fronl tobact ratlo
depends on the value of S&ma and reaches a maximum near the opli-
mum value of Sigma.

in this chapter, we wlll assume (rom the outset that any antenna to be
designed will be for opttmpum performunce. Using the graph given (Fig-
ure 3 select the antenna gatn required and at the point where the cur-
ve for this galn is intersected by the optymum Sigma line read off the
values of Tau and Sigma.

Al this Juncture we must siress that at the lower frequencies. a high-
gatn antenna may require an unM-actically long boom length and may be
1oo large compared to a atandard Y a1 antenna. Do not forget, however,
that the gain required by antennas designed for low frequency operntlon
{8 not usually required lo be as high as that for high frequency operat-
ton, assuming a comparabte microvolt/Metre fietd strength.
Relerring lo the multiple Abac provided a rule jolning the selected val-
uves of Tauand St€ma on the "A" llnes wilt indicate, on the third "A"
line. a faclar known as Alpha. This factor is the value, in de€rees,

of haif the angle subtended at the vertex of the antenna - the angle be~
tween the antenna ax!s and a line throagh the tips of the elemenis, ns
in flgure 1. .

The next step involves the three ‘‘B" lines on the Abac :and the rule
placed between the value of Alpha just determined und the scale {aclor
Tau will {ndicate the "Bandwidth of the Active Reglon" Bar.

At this slage, Il 18 necessnry In determine the "Operating Bandwidih'
of lthe antenna, B, which 18 givenby dlividing the highest frequency of
operalion (in Megacycles} required by the lowest frequency #f opera-
tion required. This factor for "B should now be multiplied by the
previous figure for ‘'Bar'' to give a new factor, "Bs", which ts the
Structure Bandwidth.

it is now possible to ascertain the approximate length of boom requi-
redby utlitsing the 'C" lines of the Abac. This boomlength is given
as a decimal of a waveteigth at the lowest required operating frequen-
cy. The wavelength at the lowes! operating frequency may be deter-
mined by dividing 984 by the lowest required [requency in megncycles.
The nnawer will be in feet. Al thia st:ge, it may be declded whether
the gain sought required a boomlength which is {mpractical.

1f the largest element e to be used a8 ah nctive element an nddtt{onai
length of boom, apprextmnlely .125 of n wavelength al the lowest op-
eraling frequency should be added lo the above figure.

The Ffinat factor which must be determined 18 lhe number of dipoles re-
quired for the antenna, and this may be ascertained by the use of lhe
"'D" Itnes in the Abac.

For the antennas featured tn the second part of this chapter, we have
used a factor of 5904 divided by frequency in Megacycles to calculate
the lergth, n Inches, of a free hal’~wave in space. The largest dipote
of the antenna 18 cut to this leng th al the lowesi operating (requency.

in other words by divtding 5904 by the lowest operating frequency, in
Megacycles. we obtain the length in inches of the largest dipole. The
{ree space figure vsed does nol ajlow for end effect and because of
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\his. Bives a deliberale safely masgin for low frequency operation of
the antenna. If the largest element 18 used as a parasitic re(lector the
dimensions become automalicalty correct for the lowest frequency.
Do not forget that this dimenston and other dipole dimensions must be
gellt in two. one element (o each (eeder.
To work throUgh a practical example. we may select a gain of 9dB for
an antenma. From the graph the optimum Stgma i{s .158 and Tau Ia

864. From the Abac the Alpha s approxlimalely 12 degrees.
MovIng on one slep we ascertaln that the Bandwidth of the Actlve Reglon
Bar Is approx!malely 1.78. Assume the antenna is lo cover 150MC to
300MC then the Operazling Bandwidth {8 2. The product of the two fig-
urcs now lbecomes 3. 56 which ls the Structure Bandwldth. This gives
an approximate boom leigth of .85 of a wavelength al the lowest oper-
ating frequency. ”

Finally, the Abac shows that the number of dipoles is approximately 9.-5.
This means {n practice that 10 dipoles would be utilised. Having establl-
shed all our faclors it is now necessary to praceed with the mathemalics.
Use can be made of log and anti-10g8 lables to speed these calculations or
dipole spaciogs and lergths may be worked ont by straight mathematics.
we will explain the latier flrei then show how (o use the tables for speedy
calculations.
The second largest dipole mny be calculated by muttiplylng Use length of
the first by the Tau faclor. The third dipole Is the produict of the second
dipcle and the Tau factor and this process s repeated tlll alt the dipole
sizes have been calculated.
Takiug our previous example the inrgest dipole would be 39. 3 {nches in
length and, using the multiplicatlon of this nnd the Tau factor {.864) we
obtaln the lergth of the second dipole approximatcly 34 inches.
Muliiplylrg the lerglh of the second dipole by the Tau factor we find lhat
the third dipole is approxlmately 29. 3 inches in length. This process !s
conllnued until all the dipole lengths have been calculated. Having esta-
blished the dipole leagths we m.y now calculate the centre-to-centre
spacing of the dlpoles on the log periodicfeeder, or boom..
The first step is lo mulliply the Sigma factor by two. Now this Sigma

x 2 factor {sused to calculate the spaclugs. The (irst spaciig 1s equal
to the Jargest dipole multiplied by the above productl. The second spac-
11g s equal to the second largest dipole mulliplted by the Sigma x 2
product and the spaclig continues in this way (1l all spacings have been
calculated.
Returning to our previous example where a Sigma of . 158 was quoted
the product becomes .318. Multiplylig this by the largest dlpote length
gives the (irst spacing as 12. 4 inches. Mulliplying the second dipole by
the above product glves a second spacing of nppro:dmately 10.7 Inches.
The third spacing becomes approximnicly 8.3 and so we continue until
all the spacings have been calculated.
There only remains the problem of establishing the correct teed im-
Pedance of the ant Unfortunately, this requires more mathematlics
but no more than the average reader should be able to handle.
The first step is to decide the size (diameler} of the dipoles to be used
for the antenna. Next the ratlo of the dipole radius to the dipele length
{8 determined. The ratio should ideally be the same for each dipole
bWt {n practice the di{pole dlameters can be the same for each dipole,
or scaled In groups and the average ratlo used. Knowing this ratlo we
may determine the '"Average Characlerlstic impedance™ of the dipole,
Za, from the accompanyiig graph.
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The next step s to dlvide Za by the lmpedance of the coaxtal cable to be
utilised as a transmisslon line, This gives the reference figure for the
bottom line of the next graph (figure ). The value Sigma-prime. de-
plcted in the curves of this gragh, may be calculated by dlvlding Sigma
the sQuare roct of Tau. If the answer given on the left haand 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.
Know!g the Relative Impedance of the feeder (Zo) and the diameter of the
feeder booms {2a) it is possible to calculate the spact® of the feeder bo-
oms {centre-to-centre, given by b} which will produce a low standlng wave
ratio (SWX). This is fairly straightforward, although it entails the use of
mathematical "hyperbolic cosine' or '"cosh' tabjes, 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 2atimes the hyperbolic cosine of Zo/120. Thus
to ftnd b we must work out Z0/120, find &om the tables the hyperbolic
cosine of this, and finally muitiply the ¢osh by 2a.
For exnmple, [t Zo ls 120 ohms, b wil) be given by 2a times the cosh of
1.0, which from the tables I8 1.5431. If our boom diameter were 1 Inch
this would make the centre-to-centr'e boom spacing 1.5431 inchies. This
would mean that the booms would be separated by approzximately one half~
{nch.
To keep reflections from occurlng the antenna shoutd be terminated In ts
char acteristlc iImpedance(Zo). However, a short circuit ncross the feeder
booms a distance of .125 of a wavelength, or less, behind the largest ele-
ment will prove sitlisfactory. This polnt can be [ound experimentally by
running a shoriing bar across the boom elements until the lowest SWR 1s
obtained on the lowest frequency in the antenna range.
As mentioned earlier the boom feeders can be nsed with internal wires
to provide a four-to-one bglun transformation to suit a 300 ohm batanced
transmission line. This system is 1l1lustrated in a drawlng included in this
chapter but do not forget it will be necessary to design the feeder boom far
a match of 75 ohm transmission line. The size of the inner wire can be
calculated (rom the formuln D/d = 12.25 where D equais the inside dia-
meter of the feeder booms and d equals the outside dlameter of the wire.
The wire ts supported in a number of places, depending on the length of
theboom, so that it 1s centrally located from the back to tlie (ront of the
boom.
At this stage this concludes the long hand maths needed to deslgn a log-
perisdic antenna. We promised earlier to show a speedier way to cal-
culate the element tengths and spaclng with the aid of the log and anil-
leg tables.
To use these tables, it is necessary t0 determine a logarithmic pro-
gression figure. ‘This figure Is determined by taking the figure {or Tau,
.864 {n our previous example, and determining {ts log from the 1c€ tables,
In our example the 10g of 864 ls bar-) and .5365. As this {8 a mixture of
negative and posiiive figures it 18 necessary lo take the characteristic
(rom the whole number of 1 to obtain an Intégrated negative factor. In
sur exampie mlnus 1 plus .9365 equals tminus .06835. This becomes our
ldiarlthmic progression figure which Is used in conjunction with the log
tabtey,,
The next step'ls to determine the log which represents the length of our
largest dipole. In our example this dipele was 38. 3 Inches long, ard
the log for this is 1,5844. If we add our logarithmic progression tigure
or LPF to this log we obtain a tigure of 1. 5309 (addlng a negative number
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is the same as subtraction). Checklng this log we find that the antflog g
3395, Indtcating that the second dipole length 18 33.95 inches.
If we now add the LPF to the last log tigure, 1,5309, we obtain a new
figure of 1, 48'/4. This gives an antilog of 2924, indicating that the third
dipoje length ts 29. 34 inches. By conttnulng this additlon of the LPF we
may 28certain the length of all the dpoles in the antenna. The progress-
ive addition of the LPF amounts to repeated multiplicat'ion of the lengths
of Tau.
Having obtained the dipole tengths we may now determine the spactngs,
The ftrset spacing ts calculated as ostlined previously by the Sigma fac-
tor x 2 X largest dipole lesgth. Determine the 1og for this figure, which
15 12.47 {nour example. The log for this figure is 1,0836 and, by apply~
ing the LPF once more, we can obtain the 8pacligs for the antenna. The
next two spaclngs with logs In brackets are, 10.74 inches (7.0301) and
9. 26 inches{. 9666).
Using the twin boom system, the consiructor 1s’faced with the probtem
of ingulating the two booms and of malntasning even spacing throughout
the full length, Without very substanital insulators the twin section may
tend to twist. Agaln, the lower frequency arrays at least, pose lhe pro-
blem of attachlcg lhe elemente 1o the (eeder-booms without tntruding
into the hotlow tuhes and fouiing up the baiun matching system.
Ar:er considertig various Ways in which a twin boom antenna mightbe
constructed, we decided to Investigate instead the idea of supporting
the elements from a single boom, using standard TV fitttngs for insul-
ated dipoles; furither, {n the absence of the twin feeder-booms, 1o int-
erconnect the dipoles with a cross-phased harness of 1ight TV practice.
Infact, because we had n practical objective in view, it was decided
to try out the system in the shape of n prototype antenna designed to
encompass the full frequency range from (and'includﬁng) channel 0 to
channel 1, At the same time, an ntlempt wouid be made to mod!fy
the Impedance characteristic to match {t direclly to 300-ohm twin lead,
without the need for an intervening balun,
In covering the proposed frequency range from 45 to 222MC, the ;nt-
eana would be ideal for the avid VHF llstener, since it will take in
many TV channels, the 52 and 144M C amateur bands and other transa

- mlsslone n this portion of the spectrum, For the favourably located
TV viewer, it could be rotated to provide a wide chofce of TV pro-
grammes.
®ne complication should be menlloned, however, namely the necesstty
to have the correct polarisation for the transmission being received.
Provision woutd have to be made, where necessary, to hinge the ant-
enna go that it could be 8swung for either vertical or horizontat polart-
eatton.
As a starting point for the prototype antenna, the element lengths were
cut to the same stze as for a standard twin boom leg-periodic dipole
antenna. This left the problem of the dipale spacug as against condu-

The cross phosrng of adjacent elements is clor length between dipoles, crossed conductors being slightty longer

shown in the ..”. profmion which is not than parallel conductors bridgtag the same distance. Should we make
‘ L the spactig by the standard formula and accept the incorrect length of

drown to scale. How tha hollow feeder is ne

harness {n between, or conversely, make the conductor length correct

combined with the cooxial cable to produce 20 accept the spacing that resultod?

@ non-frequency conscious balun is .'_'0 1 was decided to adopt the second approach by using the caiculated Je-
illustrated. 4 Hn'o drawn through the tips %th of harness and acceptirg the epacing thal resulted, 1t was pastu-
of the elements intersects the axis of the lated that the glight difference in spactig would have tittle effect on the
antenna ot an angle d."',".“d as Alpha. frequencles ynder consideration but that the posliton might have to be
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reconsgldered above, say, 250MC. By reductng the size of the centre
tnsulntora al the higher frequencies. the percentage of spacing error
could be correspondingly reduced.

The testing pracedure involves mounling the antenna on a tower, on a
remotely controiled rotator and using 11 to pick up modulated test stg-
nals on selected frequencies. A detector circuit 18 mounted directly

at the feed point of the antennn and the detected voltage 18 fed aa a de-
modulated algnal throvgh a suitable cable to a polar diagram recorder.
The polar diagram recorder 8 synchronised with the rotator on the
tower and a direct plot far any position for the antenna {8 automatlically
obtained.

The polar diagram charts used are comptetely circular and are calii-
brated in decibels against a reference level which is the outer cirle,
Typicat emamples of these charts are reproduced herewith but the sec-
tions of the charts unused have been trimmed to save space.

The recorder s adjusted to the reference level on the chart with the
antenna under teat at its maximum response position, usually the fro-
nt of the antenna. After éach frequency plot of the test antenna is made
it {8 replaced with a resonant dipole and the chart marked with relevant
galn compared to the reference level. Using this method the forward
gain and front-to-back ratios may be read directly off the chart in deci-
bels. ]

As we expected fromthe design data, thegaln of the antenna was only
moderate but it gave 2 smooth response over the whole frequency range
with only minor variatton in feed impedance. With direct feed of 300 -
ohm transmission line the SWR proved to be better than 2 : 1 over the
entire frequency range. Uslig a four-to-one TV balun the antenna SWR
was better thon 1.5 : 3 over the entire frequency range when fed with
50-ohm coaxial cable.

These flgures are quite acceptable for normal TV viewing. This adap-
tatlon of the log-periodic dipole antenna thus solves both the mechan-
ical and the electrical probiems. The type of construction 18 certainly
more suitable for the average constructor and makes use of avallable
TV antenna "hardware’’.

Twographs of horizontal field patterns are reproduced herewith, one
showing a typlcat low band response and the other a response inthe
144MC region of the wide band antenna. Altbough the front-to-back
ratio does deteriorate at the low frequency end, the ratfo is stil} high
enough for most applications. As may be seen from these graphs, there
s very little response to the side of the antenna and, on the higher fre-
quencies, a high front-to-back ratto i{s exhibited.

In terms of measured performance, the forward galn, referred to a
dipote, aver:;ged out at 3.5dB between 45 and85MC and 5.5dB between
B5 and 222MC. The front-to-back ratios measured were as follows;
channel 0-7.5dB, 52MC-11.5dB, channel 1-14.5dB, channel 2-1348,
channel 3-18dB, channei 4-11dB: from there an it was weil above 20dB,
{n ract averaging 25. 4dB. While the lower chanael figures are modest,
they are adequate far moat primary area TV viewing locatlons.

In ract, the reduced low frequency performance results from a detib-
erate compromise aimed at reducing ihe slze of the wide band antenna
to acceptable dimensions. In this instance we used a Sigma value below
the optimum figure, reducing the boom length considerably, as well as
the number of elements required.

67



inchos]

HIGH GAIN SINGLE CHANNEL

b ¥}

3

L)

2

%I
243

ne

136

LS
9.2

ol

453

9

4
5

3nae

n9

33

396

414

K™Y

6375

"e

o 21

210

532

s

145

9.9

e 19

58

@AOm0

2 %)

9.

406

5

3.6

0.6

14

19,

ns

14

1o

'S

529

"

It waa nRkiced, by the way, with this antenna that measured galn, ref-
erred to a dipole, was always 2 to 3dB below the gain quoted Lu the dir-
ectivity gain chart. This suggests that the chart may have used an tso-
tropic antenna as the reference.

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

Also, included 18 a table giving dimensions for medium bandwidth an-
tennas, exhibiting higher gain than the wide band antenna. Thesge ant-
ennas ehould prove auitable for near fringe reception and will exhibit
good rejection for co-channel Interference from the side and rear.

A polar disgram of a log- periodic antenna made for channel 8 exhibits
the type of responee that can be expected from one of these antennaa.
The chart includes deslgn data for two amateur band anternaa far the
VHF bands. In lhle case, the excellent side and rear rejection prop-
erties of the antenna can be put to good use in reducing interference

on the amateur bands.

Digresslig for a moment, we must emphasise that 1f a wide band ant-
enna i8 uaed for \rznemiselon purpoaes the tranasmitter should be {ree
from harmonic or spurious emissions; should these fall withtn lhe
{requency coverage of the antennn they witl be radiated with equal
erfictency.

Those viewers llving in areas covered by the higher {requency TV
channels o:itiy, 6 to 1? inclusive, are catered for with the design of

an antenna to cover all these chanhels yet stiil exhibiting much the
same gain and characlerlstics as the eingle channel versions.

While It would be possible to reduce the 8ize of any of these anlennas,
1t would result in the detarioration of one or more of its properties
such aa reduced front-to-bnck ratio or higher SWR. The designs pre-
sented here will cover most requirementa.
Asg wlll be apparent from earlier discussion, the gain of the lcg-peri-
edic dipole antenna i& directly relsated to the number of elements and
boom length. At low frequencies high gain designs become too large
physically for practical consiruction, However, for frequencies
above J00MC, 1t becomes practical to build a distinctly high-gatn log-
perlodic antenna exhibiting zlao higher fromnt-to-back ratios and higher
side rejection, For amateur use on the 144MC or higher, band this
becomes an attractive proposition, as lheae properties may be achie-
ved without sacrificing bandwidth.
The same 1s true of (he higher frequency TV channels ard arrays lar-
ger than those shown tn the tabte can be made for (ringe area recep-
tion.
Standard atacktng arrangementa may be used with the stngle channel
antenmas to obtaln the benefits of stacked antennas. While atacking
bars may be used with the wide band antenna, a compromise would
have to be accepted in performance. In theae cases it 18 usual to
make the stackiig diatance optimum for one of the more frequently
used high-band channelg, the stacking distance being typically abeut
30 inches.
Another approach 14 to use special antenna co:plers available from
TV antenna manufacturers. These work on a one-way principle in that
a intercepted signal I8 fed from either or both antennss into the cou-
pler and on to the feeder. However, 1f one antenna is momentarity
not tnterceptirg a signal tt wtll not ‘suck-out" ftrom the coupler the
signal being intercepted by the other antenna. Uslng this coupler, the
aerials may be stacked al the height which gives the best reception.
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One of the propertiee not greviousty diecussed in relation to the log~
periodic 1a ita ability to be designed with a broken [requency pro-
greselon. For instance, it {s poasible to design the first few ele-
ments tocover a bandwidth of (requencies, jump the next 30 or 40
megacycles and then.continue on to cover another band of frequenacies.
Thie property allows the size of the sertal to be reduced when gepa-
rated channels only are required.

As acheck of these properties, an antenna was designed to cover TV
channels 4 and 8 with a emall margin on either side and a widegap tn
between. The deslgn, when checked, responded 138 well as two separa-
te 108-periodic antennas, with no detectable Interaction between both
gections. This was quite a severe test as these two TV channela have
a eecond harmonic relationship in which standard dual band antenna
conflguratien Pose very real probiems.

we regret that as the pumber of channel comblnatlone used are quite
high, we are not ahbte to give designe for all these combinatidns. How-
ever, the main point to bear in mind, when contemplatiog the uae of
icg-periodic antennase, ie that high gain oo the lower frequency chbananels
would Involve the use of an impracticable lergth of boom.

The conatruction of all the antennas described {8 relatively easy. The
boom selze will be dictated by the actus) eize of the array, the larger
antennas usiig 1 1 /8" to 14" diameter atum(nium tubing while 1" to 1*
diameter tubing may be ueed far the very high (requency antennas.

The dipoles are suppcrted by plastic tnaulators which uge single hole
mount{ng. These insulators should be selected for the frequency of the
antennas. Antemnas embracing frequencies around channels 1 and )
require z' dlameter elements and the Inaulatora are accordingly bigger
than those used for thinner elements.

Higher Irequency antennas, with shorter elements, can be made with
3/8" diameter tubing. All these {nsulatora should be mounted on the
boom nt the spacings given, with due care exercised in drilling the
nounting holes in the boom to give proper aljgnment of all the elements.
While a slight misalignment will not affect the performance of the ant-
enna, it can epell the (inished appearance.

The phasing harness i6 not critical and, in our antennas, consjsted of
3/18" diameter soft drawn ajuminium rod. Our griginal antennas used
a continuous piece of rod with clamps over 1 which were heid {n place
by the ecrews passing through the respective eiements apd 1ngulators.
However, there 18 no special reason why short lengthe of rod ar tube
with ends fiatlened and drilled could not be uaed between the various
clemente.

The end spacings of theee harneaa aactiona 1a determlned by the lngula-
{ore used and, where the crossover occurs, adequate apacing should be
glven {o ensure that the harnesa doee not touch under high wind cond(-
tions. Thie epaciog 16 not critical and could be approximately 4 to 1
inch for low frequency regione (longer harness) and $"to 3" for the
higher frequencies.

i{n fact, with larger sectlons of harneses used in low frequency antennas,
Il may be wise to use one or two plastic clip-on insviators %o etop away
of the harness.

While it 1a permisaible to have the end atub aelf.supporting, out behind
the longest element, it makes for a neater finiah to attach a couple of
additional insulators underneath the boom and bend the stub arcond the
end of the boom 2nd on to the 1ngulatars.
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You will note from our photagraph of the
wide band ant
brace is used and we do Tecommend that thlg I:»rat:ei:r1 :g:e?;;t g blomn
ba,i be used for boams exceeding J2 feet. P
flles8 you are lucky enough to have alj t
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large artenna, and this Includes our wideband

unit.
We ha:;‘;l:‘st 8cratched the surface of the applications of 1og-periodic ant
ennas Ope that our readers will dertve some gatlsfaction fro 1
lying the principles discussed, i
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TwWIN DOUBLSET ARRIAL POR DX

The diagram shows & type of doublet aerial which is very

useful for general short-wave listening. Efficliency 18 better
overall than that of the usual inverted-L type, wbile the dowa
lead 18 less liable to pick up interference adjacent to the
receiver. Two sets of dimensions are given to suit the band
coverage of ordipary dual wave receivers. Beyond the limits Starag
the response curve of the aerial eystem begins to fall off.

The aerial may be constructed of any suitable copper wire,
insulated or otberwise. The measurewments shown are from the
insulator to the piece of {nsulating material in the centre of
the aerial. This plece of insulating material may be of bakelite,
wood bofled in paraffin or asy piece of insulation which is
sufficliently robust to carry the strain of the wires. A suitable
alternative 1s to wire together four egg-type insulators. The
angle between length A and B is shown as 30 degrees but this
figure $8 not critical.

The aerial wires should be erected as high 2s possible and
pointing end-onto any known source of electrical interference
or to adjacent street mains. TV twin lead or plastic light
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.

Witbin the receiver, the wiring should ideally be arranged
80 that the aerial leads connect to the respecti-ve ends

of the aerial coil primary, the winding belng eartbed via a
centre tapping and separated from the grid winding by some
form of electrostatic shield {inset right). In fact, many
comounications type receivers are already fitted with twin
aerial termipals for connection to balanced leads.

In receivers not eo fitted, there may be difficulties about
tapping or ebielding the aerial coil primaries but it is 1
often possible to add a second aerial termindl and return th
primary winding(s) of the merial coil(s) to it, instead of
to chaeeis. {Inset left). The leads from the doublet aerial
can then be connected to the original and the new aerial
terminal, the chaesie earth wire being retained, as desired.

if no modification to the receiver is practicable, the leads
from the doublet must simply be connected, one to the recel

aerial terminal, the other to the earth terwinal. In this c

the normal chassie earth wire or earth return via the power

should be discarded.
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A MULTI-BAND TRAP ANTENNA FOR RECEIVEBAS

The Problem of providiog an aotenna to cover all of the EF
bands is one wbicb confronts most people at soms stage or
another. A separate co-ax fed dipole on eacb band is an
ideal solution, but oame which often proves impractical 1p
many locatioans.

¥here separate dipoles hecome impractical a single, multi-
band aotenua 1§ the logical solution and, in recent years,
two particular designs of multi-hand antepna eystemns seem
to have achieved popularity over all other types.

The first of these consists of multiple dipolas bung one
underneath the other and all fed from a copmon co-8x feed-
l1ine, as shown in figure 1. The dimensions given 1D ouy
diagram provide balf_wave dipoles for the 80, 40, 20 and
10-#eter bands with 15 meters being covered by tbe 40.-meter
dipole whicb acts 8§ three half-waves.

The aYstem works reasonably well but bhas tbe disadvantage of
being cumbersome 1o make and mount. The dipoles can be buog
about 3 to ¢ inches below each other but small weights oeed
to be attached by an ipsulated cord, to the ends of the 40,
20 and 10 meter dipoles to prevent the whole arraogement
from becoming tangled io a hlgh wind.

A reduction in the overall length of the multihand antenoa -
and a considerable simplification io copstruction can be
achieved by the use of a “trap' dipole as shown in figure 2.
1n this arrangemeat the traps are designed to resonate at

7%C, so that they isolate the inner and outer sections of
the antenna by virtue of the hlgh impedance they provide a
this frequency. The inoer section of the antenna therefore
becomes a balf-wave dipole at 40 meters, in fact, it will
seen that the length of the inmper sections is close to the
norma) length of a balf-wave at 40 meters, partlculariy whei
the capacitive end-effect of the trapa 1is taken into accoul

At 80 meters the traps will exhibit a bigh capacitive
reactance and a low {nductive reactance, €0 that they act
as eeries inductors between tbe two sections. The effect O
thie ia to electrically shortean the length of the antenoa 2
thie freduency so that, although its overall length 1is
physically eborter than a normal half wavelength at 80 mete
{t is actually an electrical half wavelength long.

At frequencies higher than 7¥C, the rape exhibit high ioduc
reactance and low capacitive reactance so that they act as
capacitors between the inoer and outer gections. The effect
thie is to decrease tbe electrical length of tbe antenna 60
that at 20 meters it looks like three half wavelengths, at
15 meters five half wavelengtha and at 10 meters sevea half
wavelengtbs.

1o sayinog the antenpa looks like a certain pumber of half
wavelengths at 2 given freluency we are, perbaps, taking SO
l1iberty because ip practice it wlll not be exactlY resonal
the thrse higher frequencies, somé degree of coppromise bel
pecessary.
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Triband Beam

TRIBAND BEAM AKRIAL

Over many months, I have been working on an aerial system which

bas shown 80 much promise that I thought that others may be BMAU PLASBTIC
interested in my findings thus far. The first one was in the INBULATORS
shape of a bow tie and it also resembled the now well known

X beam. Tbe bow tie configuation, wbile very successful as

2 single band array, did eeem to preaent some difficulties

when the idea of a tribander was to be considered. And so 720 TWIN PtASTIC
after a lot of experimenting I am now using what I consider to 100 NOT TRANSPOSE}
be the simplest and best home brew tribander yet. It bas no

traps or coils eand 80 no lossee related to such devices, also

po mysterioua blobs of electronics hanging on the array. Also,

mechanically the system is very si®ple, it bas no boom and a

14,21 and 28uHz veraion hae a turning radius of only 12 feet.

Many questions may be asksd. I8 it better than a quad? ¥hat
i8 the forward gain? Frankly, 1 do not know. However, tests
on the air ipndicate that it bas a back-to-front ratio of 3

to 4 S units, with substantial gain over a dipole. Or long
baul contacts, the indications are that the angle of radiation
i8 low. Comparisons indic¢ate that a commercially made 3
element 8ingle band medium spaced Yagi om 14MHZ i8 level
pegging with me into sucb diatant points as New York.

Tbe drawing ehows the general arrangement. 1 used a piece of

boafd 15i{p square in the centre and then two pieces of iin L |

conduit 10ft long and mounted at right angles on the board.

Then ap 8ft length of 5/81n diameter dowel was inserted into ,' COAT
each of the four ends of tbe conduit. Any metalwork used for
the frame must be securely bonded to the mast. The three loopp
are a little longer than the finnl figure. Leave the loops
uncut at tbis stage, except for the interconnecting feeder. l‘.
used 72 obm twin feedline but 300 obhm ribbon should be satis—
factory.

Adjustment is carried out with a Grid Dip. lnsert a onme or tw
turn link across the interconnecting feeder at the board and
cbeck for resonance. ¥hen 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 cbange in dip shows that it is due t
the feeder. With adjustmente carried out about 4ft above the
ground, the loope should be trimmed to resonate 2t the low en
of each band. ¥hen raised, the resonance points will shift t
about the middle of each band.

Now cut each loop at exactly tbe mid point or each side. Thes
points are insulated with coat buttons. Psss each lead throu

a bole in the button and tie a knot as close as possible to
wire end. This operation will use very little of tbe loop length
and the resonance wil} stay the same as before. Tbe aerial will
now radiate bi-directionally, witb good back-to-froant ratio and
forward gain. Loops are held in place by sny temporary wmeans
and when adjusted, the loope are held by open ended screw eyes,
screwed into the top of each rod.

The impedance appears to be about SC ohms at the feed point
where the line i8 attached to the centre board. A 50 ohm

coax feeder may be used and it will be found to give 2 low

S¥WR 8cross each band. No balup bes been found necessary and the
radiation pattern is eyametrical.

8
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MULTI-BAND VERTICAL AERIALS

This describes two somewhat more flexible multn b?vnedg\:c::?élwaﬁmls_
systems which have been cheloped d found tr:n?m P20
both for short-wave listening and

ied, The varations are
i 't wave use are many and varied, :
sy e e U o,
ation, cost, o ik .
igl:)efngt)égtfigg.c éhecﬁvity requirea, of real estate available
and so on.

i A
i will also vary according to theuser.
b factorsl_tc;::e:c:vnalldemq need an aerial, or aerials, _ll';:)r m:z;g;ly be
s aaee :1§n to his lar interest. These aengls MO g::)t:e ally ¢
o acctoxr;‘gond to signals ideally from all directions. ;ie L
mqu"ec’u:nnnitting would have quite a different ! ond
h:;t:’iyr:ments His aenal sys'em would more than llﬁ‘ely e
t ic ateur Service. o 2
S e arltl:ozai::d othem directivity characteristics, tenthheer
ey pm?a?algle qAngle rad would atso t;e of interest to
ggg‘tje?arr "?haese are just a few of the pos ‘ble considerations.
' i al mterest,
The above points are mentioned in pass  as being &f‘ghil;:x;gcr::om, st
ety amateux'\tveo: :%tng‘fa'd 0 and ef| t'?)‘z in detennining the
i t ul . n .
A p_(;lss;’t’ages;ﬁeig s?lite his requirements. The writer ca:fll)aei nys:f:m
bﬁﬁ at;xils group, having spent many years looking for an a
to meet his particular needs.

INg T S ich is
We have no intention of entening mto any contl;:)ve:‘sgda:etrguuét:};::ly
the “‘best’’ aeriat for amateur use, particularly t" enqt PG o
In the opinion of the writer they are both excelle ,
properly used.

5 o 110l
The wiiterhas a two-section crank-up ;tl)wexd Sgsfmzhagal:;dz?sv S‘wﬂl
has been for aerials for the 3.5, 7, 14, 21 an g Banc

i o thz twg d fﬁr = rm;rg‘:ypéﬁ'femm types of_u'._-
g lhg thre:il;:’g }zﬁl‘ m?test')r icss satisf'acthy from the radt_xaggt\i ggml-
'\‘r?e‘:f _Ie’o:: probl'em has been associated with the meansof r L

v g s f
A surplus type cowl gill motor has been used and 1?11;:1:;1?:;;1!])‘1‘:;0
doing the job. The real problem lies in the mean; O'Ihe ke
d:ivegshaf t to the shaft of U&tlzeas;i:;l’ ttiggbﬁa‘::?)t:ténd el s
7 always;_erg' stnngent,lzs; impose from tume to time. Othelr(‘amz}:;u
:lc:)rggi!\;vt P,lgve had similar experiences and may well be looking

way out.

i lution seemed to lie ift
uitc alotof money €l<., a so
Shonsfgr:%?'nccg?ngpgomise with the situation. Af te;.muc? ttrh?:gl;tsm
:g:an:ubiect. constdcration was given to the possibility of try .
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"Within the limits which we have alread

plane. This aerral is relatively simple to make, hasa low angle of radja-
tion and as it is omni-directional, dispenses with the need forany

i i ints which may not be in its favour are the fact that
1itdoes not beam the signal in any particular direction, with its
imPlications. Vertica) aerials also have 3 reputation for pickingup some-
what more noise than a horizontal system, Also, under some citcum-
stances, problems with BCl and TV can be experienced.

The pros and cons were weighed up and we decrded 20 “give it 3 go".
Initially, we roughed Up a simple unit, similar to the basic ground plane

asshown in the sketch. Each of the four radials and the vertical section
werc made of lin dfameter duralumin tubing, 13ft 6in long. Details of
the actual construction wil be given later on.

With the four radials actually on the ground, we connected a coaxial
cable with the braid to the radals and the inner conductor to the
vertical element, The cable, about 50f1 long, was connected to a {ull
coverage recener. In case you were wondering, the aesial in this fonn
iesonated at about 16MHz. A listening test was i

onal broadcast stations on frequencies between about
TMHz and 21 MHz, with amateur signals on the three bands
included in the same range, On 14MLlz in particular, amateur

sgnals were excellent from interstate as well as overseas, including
European,

Listening over a period of a couple of weeks showed t
aerial which would be ideal for many shost w.
the performance would be best around the re
I6MHz but results showed that it is quite sal(
the frequency range originally quoted and if
can bc tolerated, it can be used zight down to the broadcast band. n
point of fact, a fortunate situation exsts herc, in that most feceivers
&re more sensitive on the lower frequcncies and so they do not need
sch an efficient acrial as for higher frequencies,

hat this was an
ave liskencrs, Naturally,
sonant frequency of
sfactory over at least
some fall off in response

i Y quoted, we can confidently
®Commend this simple ground plane aeria) fo short wavelisteners who

M3y not have the space or other f. acilitics for something more ambitisus,

0‘}‘ findings thus far were ich that we were e
this acrial for Use as a transmitting and receivi
e HF amateur bands, What was required t|
®aking this acria) resonant on
Bethod of feed which meets ¢

ncouraged to develop
ng acrial for the top
hen was some means of
14.21 and 28MHKz¢, together with a

he requirem>nt of 2 low SWR.

fy""many years the wiiter has made usc of the multi-

stem as developed by Hans Ruckert, VK2A0U. Briefly, this system
onsists of splitting a dipole and mserting one or two parallel or series
circuits between the two halves.

band aejjal tuning

lean pe shown that a reso

Ry \ nant half wave dipole is equivalent toa
1€s resonant circuit atth

€ same (requency, Also, let us cong'der that

8l
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we have two parallel resonant circuits, in series, connected into the
centre of thedipole. Again, it can be shown mathematically,that this is
equivalent to two paraliel resonant circuits in series, with a series
resonant circuit connected across them and that the system is resonant
at three different frequencies, not necessarily haninonically related.

A very interesting exercise is to mock up an arrangement using two
equal lengths of wire, stiung horizontally and broken in the centre.
Add two parallel resonant circuits as shown and then investigate it
with a grid dip oscillator. Couple the GDQinto each of the coils in
tum, and you will find three resonances. 1t is also interesting and
itmpPortant to note that this system will not resonate at any other than
the2bove 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. Tlus is shown schematically in the appropiiate
diagram, By now many readers will be asking how the three wanted
resonznces are obtained. The answer in general teimsis that 14MHz is
l"g"lf" determined by L1, 2IMHz 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 21 MHz. This means that the
system is shortened for 14MHz, somewhat lengthened for 21MHz and
rather longer again for 28MHz. From pracaical considerations, the
element lengths which we have used are about the longest for the
frequencies involved, whercas the radials and the vertical radiator
could possibly be reduced to alower limit of 11 feet. This may lead to
sowre drop in overall efficiency and it would certainly mean a new

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

Having anived 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
satisfactoly means of feeding the system on all three bands. This can
be donw by means of alink coupling arrangement into one or both

of the mductous. :fowever, a method which we found to be very

sati factoiy closely resembles the familiar *“gamma’” match.

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

at the junction of the four radials. From the centre conductor, a lead

15 taken via a capacitor to a tap 2ft Sin up the vertical element, This
serves for both 14MHz and 21MHz. For 28MHz, anotherlead is taken
via a capacitor, to a tap 5%in up the vertical element. This arrangement
Can be adjusted to give a low SWR on all bands. The values which we
found to be opt'imum again apply onty when the same elcment lengths
are used. No doubt these adjustments will have to be modified if
shorter elements are used.
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From a constructional 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.

Wheteas we used lin OD dual tubing, with radials and vertical clement
each 13ft6in long, other materials and diameter may be used
according to individual needs and circumstances, We would suggest,

howcver, that the original etement lengths be adhered to, unless therc
{s a good reason for making a change.

Our construction was based on a "‘chassis” consisting primarily of a
picce of board, about Ift square and lin thick. Four pieces of 3in x
lin about 2ft long were added to the board, as shown in the sketch.
These are to provide a fixing for each of the radials, the radials being
held in place with two saddles for each. In addition to the four pieces
of 3m x lin just mentioned, we added an extra two pieces as shown,
ahout If t long. These are handy to acgommodate stand-offs, tes-
minations, etc, for the tuning items and the feeder system.

Hawving 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 diameter of the insulator being
such that it was an easy fit inside the end of the tubing. The vertical
elecment was then stabilised by using four guys, one to each of the radials.
We used stranded galvanised wire for the radials, broken by egg in-
sulators about 2ft apart. A point about 4ft up the vertical and about

the same distance along the radials from the centre would be sat'isfactory.
[n the constiuction, we made use of clampsintended for TV aerial use.

Inductor details, capacitor values, method of feeding, may all be
obtained from the table and drawings. Most of this information should
be sclf explanatory and the small details are left to the initiative and
particular requirements of the individual,

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 nced a bit of
Juggling to get the 14MHz response correct, but no trouble need be
anticipated. It would seem that thisinductor virtually determines the
maximum length of the vertical and radial clements. 1f they are
tncreased beyond the length which wehave used, then this inductor
would approach vanistiing point, On the other hand, with shorter

elements, this inductor will increase and will tlien assume the shape of
acoil,

All of the capacitors,C1, C2,C3 and C4, which we used. are of the
Mniaturc variable type. When they have been adjusted, cach one is put
iito a protective plasic container. to protect it from the weather. The
¢tontainers which we used were originally used for pharmaceu tical pro-
ducts, such as tablets, etc. These are not hard to come by. In each

;l:. we drilled two small holes in the case to pass the leads through,

s¢ holes were watetproofed later by a drop of Bostik or similar
Uhesive,
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VERTICAL RADIATOR
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To do th's, we need an SWR bridge and transitr'tter set to deliver only
enough power to actuate the bridge properly. A powerinput of about
2 watts or so should be sufficient. The bridge is connected in series
with the line, as closely as possible to the feed point at the 2ena), ie.,
within about 3 feet. The transmitter is then set to the desired centre
frequency in the 14MHz band and a smalj amount of power loaded into
the feedline, The SWR bridge w1l quickly tell its own stoty and this

will indicate what has to be done to improve mattes,

With the SWR bridge set for reflected power, check for ce
by introducing g piece of fenite aerja| rod into L2, If the
then L to be increased. Conversely, the opposite would be
trie, But at this stage, it would be well to lea ne and attempt

toreduce the meter readrng by adjusting C4 for minimum,

ntre frequency
meter drops,

etermined by adj
14MHz should be very clos

The transmitter is again changed
8MHz band and loaded up lightt
frequency with minimum 1eading
Boweffected by ad justing C3 a
- However, as intimate
MMHz and 28M}> and
achieved,

e.
and set to the centre frequency for the
Y once again. Adjust Precisely to

, by C2. A further reduction in SWR s
nd this should also fesult in a very low

d earlier, there is a compromise here between
d complete reduction to Zero reading may not

¥ith these Preliminary adjustments made, we are now faced with a
lar situation to that used for aligning a superhet receiver. The whole
Pfrocedure must be repeated for each band, untij al} ad justments are

“nect. On the second timearound, it may be determined whether L]
ud [ 2 wil) [ j i i

and can only be adj
her of the other two band



atleast on listening tests. Even with the radials at SOftabove ground,
little difference could be detected. In short, it would seem that the

tow 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-
icvlar, 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 TV1 and BC{, would be substantially reduced.

Since the ti-band ground plane has been erccted at the writer’s
location, it has survived a very strong southerly blow at the 28t

level, showing no signs of distress. At the same tiine, considerable
damage was done to property elsewhere. The perfosmance of the aenul
has been very satisfying, with good signal reports given by stations

as far away as USA, At the same time, we would not piesume to
compare it under poos 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 hesitationin
commending it to those whose interests are in this direction.

Having had considerable success with the 14MHz, 2iIMHz and 28Ml~!£
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 erec
a full size aerial for 3.5MHz. Lven one for 7MIz can be somewhat o!

a squeeze, e

Surely no one would dispute the eff ciency 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 to the
problem. As surprisingly good results are obtained with vertical whip
aerials in mobile work, even on the 3.SMHz band, we reasoned that at
least as good results could be obtained from a fixed vertical aerjal systere.

With tr.ese thoughts, we considered that it would be wo_rth starting of {
with just two radials and see how this worked out. A suitable length (or
these radials would be somewhere between a quarter wavelengtvh on
3,5MHz and 7MHz, or between 671t and 33ft. We chose a starting
length of 44(t as being about right to fitinto the space we had avail-

able.

ng to the vertical element details, we already had on hand a 29ft
length of 3in x 2in timber. Also, a piece of galvanised conduit, 5/8in
diameter and 11t in long was avai{able. The conduit was clamped t0
the top of the timber, with about 18in overlap. Wire could then be
sun from the conduit down to tlie bottom of the pole, thus givtng &
vertical length of about 30ft. The pole was then,....... up and screwe
to a selected post—actually part of a side paling fence. In my case, thi§
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 b?

with inaulators.

From the base of the pole nm tacked one of the radial wires along the

bottom rail of the fence. i
comer at the back of the a:c:ic?: ‘tih::adlal" w&:?g;;cl) e
y

tacked for t i along i
ke r the rest of its length, along the bottom rail of the back

system, this element should be loaded 1o bring |
) nng it i
glen_t of 44ft. As shown in the diagram, this hgslb:e)nagg::’.? e
ucing aloading coil L1 at a point 3ft from the bottom, e

This coil consy'sts of 8 tusms
st of 12SWG
meter and 1 3/8in long. We wound ours on
suitable former, it could be used, provided
material and proofed against the =
;ula:ors w:_rc used to mount the
Insulators for terminations, at i
) ) nation points  the bot
vertical section, which is ju st a inches ove the tgc:g:lgg tlil\en.:l

The 271t length between the botto, i

e ] € m of the cond i
;otll is pro;lded Wwith a regsonably heavy gauge ?)l‘ uclct);ggr t\?g;ogg &
ti?e\;‘;et?oam c;l:‘ :j ljfat;g Ig ﬁal;lge. The 3ft space between the c;)i[ znd
P £ vertical element s also a piece of the same

wire, 23/8in dia-
_butifyou have a
atitis of low loss
Two porcelain stand-of f in-
In fact, we used severa) of these

Assuming now that the vertical d
the next task is to tune the systg}:r{‘:?}tnggd ol
Another coil is required (L2) and the one -
18 turns of 12 SWG enamelled wire woun
cerarmic ribbed [ormer, the winding ’beiug =]
was finally tuned, we had shorted outthe
the number effectively to about 14,

are in positi
and 7MHz bands, "
we used consisted of
2 23/8m diameter
long. When the system
tamns, thus reducmg

With the L2 connected, 3 variable

cd in parallel with it as a e it i conmect-

measur . The mitia) tuping is

will be up 10 individual choice, but itm i i
. . ay be in th ini
MHz. The 3.5MKz f redquency is adjusted !:vith L2 ifm?fl?;g\: {»Zsr?; ’

added as 2
a therea&%l:lsr.w' Again, the exact frequency may be set to 3.6MHz,

Having initially found the two wa ted fn

10 go back and forth, ag before, vl b necessay

are correct..

At this point, we are again read
) ) agai y to start on th
;{vcouplmg the‘fceghne into the system and ade
outR. The coaxial line from the transmitter is with the
Vcrt?::lor%?nzcitn?em medjunction of theradials an bottom of the
. T conductor is run via another variable i
150pF or so, to a point 12in above L2. The serjes aapnci‘l:ggzﬁctjzgdoge

s;eripus business
it for mitumum

[}



set to approximately 88pF as shown in the diagram. thisbeing the
value which we finished up using.

The transmitter is now necded and should be set to the 3.5MHz ban
centre Irequency and tightly loaded into the system at first. An SW.
bridge should be connected into the line, close to the agxial reed poi
If the bridge is not available, then a field strength meter may be use

Set the SWR bridge for refiected power and check for centre

by introducing a piece of ferrite aerial rod into [.2. If the meter dro
then L2 may need to be increased. Conversely, the opposite would

true. In cases where a field strength meter is used, ad justment woul
made for maximum meter reading. Continuing, the series feed capac
is now adjusted for minimum SWR, or maximum field strength.

The same procedure 1s adopted for the chosen frequency of the M
band; but this titne. any adjustment in resona t frequency should
made with tlie 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, antil
adjustinents are complete. If the series capacitor setting is not the
for both frequencies, then a compromise will have to be made and
individual circumstances wilt dictate what this might be. However,
setting stfould be fairly ctose for both bands.

g*laving completed the final adjustments, the two variable capacitors
may be installed permanently, provided that they are protected fron
weather, An altemautive, and one which we adopted, is to replace th
two capacitors, each with a piece of coax cabie. To do this, carefull:
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 1s then connected into the place of ti
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
the writer is any indication, rcaders will find that although the syste:
accupies a minimum of space, it will give a good account of itself.
important point which should not be overlooked is the fact that the
aeria! as described only has two radials. This would be a basre minim
and there is littte doubt that if space is available to add extra radial
the more the better—results would be improved accordingly.

Just one final point, The thought has crossed the mind of the autho,
that it may be possible to achieve some measure of directivity by
switchisng in and out radials, as required. It has been established tha
one, two, or even three radials of the high band sysiem can be dis-
connected, without upsetting the SWR. 1 have not checked the idea
for directivity at the time of writing. If any reader tiies it, i would
interested to hear of the findings.
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USING ONE TV AERIAL FOR SEVERAL SETS

This article is based on one originally written by Mr R. Lackey. It has
been modified and updated, insome cases in consultation with the

author,

There has been a marked increase recently in queries concerning the
connection of more than one TV set to an aerisl. There appear to be
two situations which are prompting this; the increasing number of
people occupymg home units, and the advent of colour TV.

TV reception in home units has always presented a problem. The
bodies corporate almost invariably object to individual members
erecting thcir own TV aenal on the toof. At the same time, they
alse flinch at the cost of a communal aerial and distribution amplifiier
which, strictly speaking, is the correct approach to the problem

Most occupants do the best they can with an indoor aerial but this is

8 poor substitute. It is almost impossible tofind a *‘clean™ signal inside
1 building, and multiple ghosts are more or less inevitable. Nor is this
problem a question of receive quality, a fact which is seldom fully
appreciated.

In good s{gnal stm.ngth areas, at least, it should be possible to find a
compromise solution. One medium to highgain aerial should deliver

~enough signal to operate from four to six sets, so that two aerials
could conceivably service up to 12 units,

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

Multi-clement Yagi_antennas. such as the Hills 215, or the Austenna
406, are typicai of the antennas envisaged in this article, but

there 1s no reason why higher gain types could not be used where it
would seem to be appropriate.

gen?'ral rule,itisnot pra.ctical.)le to connect seve al sets directly in
» beca use the resulting mismatch in impedance will cause

ultiple reflecty . 7 Yo
imgei ections of energy to and fro in the line, resulting in blurred

In. . % 5
ren 4<.ldmon. there will almost certainly be sufficient coupling between
cetvers 1o allow oscillator radiation to produce mutuat interference.

- Rsulting in spurious patternson the screrens.



The problem thus becomes one of dividing signals in such a manner t
each length of line is terminated at the receiver end by a load approxi-
mately equal to its characteristic impedance.

At the same time oscillator radiation must be attenuated.

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

For five receivers the principie 1s the same, but 560 0r 600 ohm
resistors should be used; for six receivers, the resistors should be 630
or 750 ohms each.

In the case of Figure 2, for example, the addition of two 300 ohm non-
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 Ling
from the aerial.

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, but
the isolation between the sets if 14dB. For thsee sets the loss per set is
nearly 10dB, and the isolation 22dB. For four sets theloss is 1 2dB aid
the isolation 28dB, for five itis 14 and 32dB, and for six, 15.5 and
36dB.

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

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.

This condition is most likely to arise where it is necessary to run a
downthe front wallof a shop or building on a main road.

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

In these cases, an arrangement which employs co-axial cable, may be
used, asshown in Figure 4.,

The shielding effect of the outer metal braid will normally improve the
conditions mentioned but will attenuate the signals to a somewhat low¥
level than with the system iltustrated in Figures 1 to 3.

fig. 1. The simplest
arangement, which
wil) suit most do-
mestic situations.
The Joss (o each re-
ceiver IS small and
should not be a
problem in the
average suburban
focation.

ALLATOIOTORS 270 0N
30011, 0.6W CARION

000 Lm

#ig. 2 /04 THRLE ALQPVIAS
TOANTRwHA

08N Lt TO NOM DU T A TVD

a4

PAFRAABLY MOUNT RES!
ON PAGEL v EARTHED METAL
SHELOID RGX. YWE I8 NOT
EBRENTIAL.

fig. 2. Where three
seds are to be used
the losses 10 each
will be greater but
shouid not be
serious in good sig-
nal strength areas.
in marginaf cases a
better aesial may be
needed.

teft Fig. 3. A four-
way, or split

2 good aerial in 3
good {ocation.

o% 4. This arrangement will accommodate up to six mcdvers, either 300 or 75
m

impedance {mixed), and does not require a d

ad in d outlets.



aerials ke the 215 or 406, although des’igned to feed intoa 300 ohm
line may be directly fed into a 72 ohm co-axial line without the necessity
for a matching transformer or “‘balun® with its associated losses.

While it is possible to design baluns having losses of less than 1dB, many
of these commonly encountered may have losses as high as 3 to 4dB;a
deal more than the loss occasioned by operating a 75 ohm receiver ditecq
from such an aerial. (It should be appreciated that the impedanceof
such an aerial would be closer to 150 ohms than 300.)

Figure 4 shows an arrangement which 1s 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, not
is it necessary to replace them with a dummy load.

In home units, this latter requirement could be anunacceptable one. It
would be difficult to ensure that al) occupants alwaysfitted the dummy
plug when a set was disconnected for repairs or other reasons. The

result could be inconvenience to other occupants, possibly followed by
arguments or recriminations.

In Figure 4, the 72 ohm line is terminated in a 75 or 82 ohm non-
inductive Y5-watt or one-watt resistor to prevent reflections of energy
back up the line.

Each receiver, up toa 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 exch set loading the:
line unduly and to isolate each set against oscillator radiation from they
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.

Recewvers 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".

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.

The losses to each set will be 20dB for the 300 ohm receiver and 26d

for the 72 ohm receiver. lsolation between any two sets will be betwei
40 and 53dB, depending on the combination of impedances.
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For the system shown in Figures | to 3, it is best to group all the
resistors together in one location with individua! lines radiating to
each receiver,

With the system of Figure 4, the individual p-ads should be located nzir
each receiver and should be connected to the main co-axial line at pcint
as widely separated as possible.

Special careshould be taken in locating an acrial for a multiple receive
system, to place it in a high position well cleur of power wires, ncon
sgns or other sources of interfering signals.

A separation of at least 10ft between the aerial and power wires is
desirable and preference should be given to mounting the aerial on the
side of a building away from a roadway where motor vehicle ignition
interference is likely to be severe.

A range of two, three and four way sp'liners, housed in plastic boxes
and already fitted with correctly proportioned resistors are available
from regular wholesale houses.

White the arrangements suggested above may not be suitable in all cases,
due to insufficient signil 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 avaitable, particularly in
fiome unit situations, the only solution is a distribution amplifier system.
There is agood deal more to a system like this than the simple arrange-
ments we have been describing, and such a situation usually catls for a
professional organisation to assess the requirementsand submit a quote.

It is not the purpose of thisarticle to d'iscuss such instatlations in detail,
but a few points are worth noting. Even when an amplifier is used to
lift the signal level, a good quality aerral is still desirable, since this is
the only way to ensure a “‘clean’ signal, with a minimum of ghosts.

A hlg_her signal level makes possible an alternative approach to splitting
the}lgnal: thedirectional coupler. These are rather more complex
devices than the simple resistive splitters described, but have the advan-
tage of providing greater isolation between sets.

A typical coupler (illustrated) can be inserted in a I'ne and introduce a

of or}ly 0.25dB as far as the next tap on the tine is concerned. Its
N tap introduces a loss of 20d B for signals passing from the line to
set, but n.ot‘less than 40dB for signals generated by the set (iycal
radiation, etc) and trying to pass back into the line,

the
L

Provided the far end of the line is correctly terminated, there is no
T®Quirement to terminate any of the taps with dummy loads when a
setis disconnected.



British
16 SWG
18 SWG
20 SWG
22 SWG
24 SWG
28 SWG

28 SWG-

30 SWG

WAVELENGTH & FREQUENCY

Dia.
0.084"
0.048"
0.036"
0.028"
0.022"
0.018"
0.0148"
0.0124"

WIRE SIZES
Nearest EQuivaients Between Brilish, U.S.A. & Metric Sizes
U.S.A.

14B&S

Based oo the formula that :-
300000 divided by frequency in kilocycles or kilokertz =

wavelenglh in metres.

Dta.

0.064" =
0.0508" =
0.0859" «
0.0285" =
0.0226* =
0.0179" =
0.0142" «
0.0126' =

Metric
16 Gauge
12 Gauge
9 Gauge
7 Gauge

Dia.

1.6 mm
1.2 mm
0.9 mm
0.7 mm
0.55 mm
0.45 mm
0.33 mm
0.3 mm

300000 divided by wavelength in metres = frequency §n
¥ilocycles or kiloherts.
Note: As wavelength 8 increased then frequency 18 decreased

by the same (actor,

And as [req

ylsmc

length 16 decreased by the same faclor,

d theu wave-
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