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NATURE OF RADIO WAVES — POLARIZATION — REFLECTION — REFRACTION —
THE IONOSPHERE — THE TROPOSPHERE — GROUND-WAVE PROPAGATION

THE choice of a suitable antenna for ra-
diation at a given frequency is determined by the
nature of radio waves and their behavior in
traveling through space over different. paths.

Radio waves are electromagnetic waves whose
frequencies of alternation range from the region
just above the upper limit of audible frequencies
at approximately 15,000 c.p.s. to the lower limits
of heat and light wave frequencies at about one
million megacycles. The speed of travel for
radio waves is substantially the same as the speed
of light, 300,000 km. or 186,000 miles per second
in vacuum. The speed will vary in accordance
with the nature of the medium traversed. Simi-
larly to light waves, radio waves can be polar-
ized, reflected, refracted and diffracted.

The energy in a radio wave is divided equally
between traveling electrostatic and electromag-
netic fields. The electrostatic lines of force are
always at right angles to the corresponding
magnetic lines of force, as shown in Fig. 1. The
plane containing the set of crossed lines repre-
sents the wave front. The direction of the wave
travel is always perpendicular to the wave
front.

The iniensity of the wave is usually expressed
in microvolts per meter, which is a measure of
the dielectric stress produced by the electrostatic
component, or the voltage induced in a conductor
one meter long when held at right angles to the
magnetiec component.

Polarization

The direction of the lines of force in the elec-
trostatic field is taken as the direction of polariza-
tion of the wave, If the direction of the electro-
static lines is perpendicular to the earth, the
wave is said to be vertically polarized; while if the
electrostatic lines are parallel to the earth, the
wave is horizontally polarized. An antenna which
generates a vertically polarized wave is itself said
to be vertically polarized, while generators of
horizontally polarized waves are themselves said
to be horizontally polarized. The polarization of a
high-frequency antenna is the same as its position

with respect to the earth’s surface; that is, a
vertical antenna is vertically polarized and a
horizontal antenna is horizontally polarized.

Waves of low frequency traveling along the
ground usually maintain their polarization in the .
same sense as generated at the antenna. At high
frequencies the polarization of the wave may be
altered during travel. In such cases the polariza-
tion may vary quite rapidly, and is often circular
or elliptical because the wave is divided into
several components which follow different paths.
A horizontally polarized wave traveling in contact
with conductive earth suffers very rapid attenua-
tion, because the electrostatic field is short-
circuited. The ground acts as a conductor at
frequencies up to about 10 Me., but is more like a
dielectric at higher frequencies.

As a result of the alterations during travel, the
energy taken from the wave by the receiving
antenna will normally be greatest when the an-
tenna polarization is the same as that of the
arriving wave. Therefore, the polarization of the
antenna is of considerable importance. It should
be noted, however, that at high frequencies the
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Fig. 1 — Representation of the electromagnetic and
electrostatic fields of a vertically polarized radio wave
traveling along the ground. The arrows indicate the in-
stantaneous directions of the fields for a wave travelling
perpendicularly out of the page toward the reader.
Reversal of the direction of one set of lines would reverse
the direction of travel, but there is no change in direc-
tion when both are reversed.
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polarization of the receiving antenna should be
related to the arriving wave, regardless of the
polarization of the generating antenna. It has
been found that arriving waves at 7 Mec. and
higher tend to be horizontally polarized, so that
on the average a horizontally polarized receiving
antenna will be the more effective. At 3.5 Mec. the
polarization of the arriving wave may be of
either type; there is some evidence of a shift
between day and night conditions. The polariza-
tion of arriving waves is chiefly vertical on 1.75

Me.

Reflection

Radio waves may be reflected from any sharply
defined discontinuity of suitable characteristics
and dimensions in the medium in which they are
traveling. Any good conductor differing in
dielectric constant from that medium meets the
requirements, if its dimensions are at least
comparable to the wavelength. Therefore, the
radiation from an antenna may be reinforced in
a given direction if a similar element is suitably
placed in the field of the antenna. In addition, the
surface of the earth forms such a discontinuity, as
do also the boundaries between ionospheric layers
of differing dielectric constant and the boundaries
between dissimilar air masses in the lower atmos-
phere. At certain frequencies radio waves are
readily reflected from these discontinuities as
well as from smaller bodies, such as a ship or
an airplane,

Refraction

As in the case of light, the radio wave is bent
when it moves obliquely into any medium having
a different refractive index from that of the me-
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Fig. 2 — Diagram showing direct and ground-re-
flected components of the space wave. Neglecting the
curvature of the carth and the effect of refraction in the
atmosphere, resultants of the space wave may be com-
puted according to the following formulae:

he+ be _ h _ he
d T di de
he — hr
d E:

Tan 02 =
Tan 61 =

Height is calculated to the center of a dipole antenna.

dium which it leaves. Because the velocity of
propagation differs in the two regions, that part of
the wave front which enters first travels faster or
slower than the part which enters the new region
last, resulting in a turning or refraction of the
wave front. Refraction may affect the wave in

~ either the troposphere (lower atmosphere) or the

ionosphere, or both.

Diffraction

When a wave grazes the edge of an object in
passing, it tends to be bent around the object.
This effect, ealled diffraction, results in the exten-
sion of the range of waves which normally follow a
line-of-sight path, so that such waves may be
received at some distance below the brow of a hill
or around the edges of an obstruction.

- Types of Waves

In general, radio waves may be classified ac-
cording to the paths they follow in traveling as
ionospheric waves, tropospheric waves and ground
waves.

The ionospheric wave, often called the ‘‘sky
wave,”’ is that part of the total radiation which
is directed toward the ionosphere (the upper
atmosphere, above 60-mile heights). It may or
may not be returned to earth by the effect of
refraction and reflection in the upper atmosphere,
where differing layers of dense ionization exist.

The tropospheric wave is that part of the
total radiation which undergoes refraction and
reflection in regions of abrupt change of dielectric
constant in the lower atmosphere (troposphere),
such as the boundaries between air masses of
differing temperature and moisture content.

The ground wave is that part of the total radia-
tion which is directly affected by the presence of
the earth and its surface features. Attention is
called to the fact that this definition includes
certain components which may not at once be
recognized as belonging to a ground wave. Besides
the surface or earth-guided wave there is also a
space wave, which is not to be confused with the
inospheric wave so long described as the “‘sky”
wave. The space wave is itself the resultant of
two components, the direct wave and the ground-
reflected wave, as shown in Fig, 2,

The Ionosphere

Principal dependence for communication be-
tween distant points on the frequencies below 30
Me. is placed upon the ionospheric wave. This
wave leaving the transmitting antenna travels
upward from the earth’s surface at such an angle
that it would simply continue out into space if its
path were not bent sufficiently to bring it back to
earth. The medium which causes such bending is
the tonosphere, a region in the upper atmosphere
where free ions and electrons exist in such
quantity as to cause a change in the refractive
index. Their presence is accounted for by the
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effect of ultraviolet radiation from the sun. The
ionosphere includes a series of densely ionized
layers existing at different heights. Each Iayer
consists of a ecentral stratum of ionization which
tapers off in density both above and below.

The higher the degree of ionization, the greater
the bending on any given frequency. The atmos-
pheric pressure is also a factor, since greater
density resulting from the higher pressures tends
to work against the ionization effect. Thus, the
greater the height of the ionized layer, the more
favorable the conditions for refraction.

For a given density of ionization the amount of
refraction becomes less as the frequency of the
wave becomes higher. The bending, therefore, is
smaller at high than at low frequencies, and, if the
frequency is raised to a sufficiently high value,

the bending eventually will become too slight to -

return the wave to earth even when it enters the
ionosphere at a very small angle to the plane of
the ionized layer. Therefore, at this and higher
frequencies, long-distance communication be-
comes impossible.

A simplified illustration of the paths taken by
high-frequency waves encountering the iono-
sphere is shown in Fig, 3, where the effect of a
single layer is considered. A wave of moderate
frequency entering the layer will be bent back to
earth, provided the angle which it makes with the
layer is small enough, As the angle at which the
wave enters is increased, the wave returns to
earth nearer to the transmitting point. As the
angle is still further increased, a critical angle will
be reached at which the wave just manages to be
bent back to earth. Waves entering at still higher
angles will not be bent enough and, passing
through the layer into space, become useless for
communication. Energy radiated at angles above
this critical angle obviously is wasted.

Layer Height and Critical Frequencies

By using a frequency low enough so that waves
which enter the ionosphere at the maximum
angle of 90 degrees (i.e., waves going vertically
from the transmitting antenna to the ionosphere)
are returned to earth, it is possible to measure the
height of the ionosphere. This is done by measur-
ing the time taken by the wave to go up and back,
when the distance can be readily calculated.
The distance so found is the virtual height, or the
height from which a pure reflection would give the
same effect as the refraction which actually takes
place.

If the transmitting frequency is gradually
increased while height measurements of this type
are being made, eventually a frequency range
will be encountered where the virtual height
increases rapidly, until finally the wave does not
come back. The frequenecy just above that at which
vertical reflection ceases is known as the critical
Sfrequency. As the frequency is further increased
beyond the critical frequency, the wave must enter
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the ionosphere at progressively smaller angles in
order for it to be bent back to earth. At the lowest
practicable angles — about 4 or 5 degrees above
the horizontal from the transmitting point —
long-distance transmission is possible at fre-
quencies up to about 2.5 times the critical fre-
quency. Thus, the critical frequency is a measure
of the ability of the ionosphere to return high-
frequency waves to earth.

Multiple Layers

Measurement of critical frequencies has indi-
cated the presence of several ionized layers rather
than only one. Thus, a critical frequency at, say,
5000 ke. may be determined for a layer at a cer-
tain height; yet as the frequency is raised above
5000 ke. new refractions appear to return from a
higher layer. When the critical frequency from
this new layer is reached, a further increase in fre-
quency may discover the effect of refraction in a
third and still higher layer, until finally the last
critical frequency is passed and no further return
of the waves can be recorded.

Two such layers are recognized as having a
permanent existence. The lower one, called the
layer, maintains a virtual height of 70 to 75 miles
throughout the day and from season to season.
The critical frequency of the E layer varies with
the altitude of the sun, however, showing daily
maxima at noon with minima occurring after mid-
night, the daily maxima being greater in summer
than in winter. Because the ¥ layer is relatively
low and therefore under relatively high pressure
and subject to a high degree of ionization, there is
considerable absorption of energy from waves
passing through it in the daytime.

The upper permanent layer is designated in
daytime as the Fs layer; at night it is known as the
F layer. Through the day there is an intermediate
layer, F'1, appearing at about sunrise and fading
out at night. This layer generally is absent in
winter. Its virtual height reaches about 140 miles
during the middle of the day and is virtually
constant from season to season. Its critical fre-
quency varies much as does that of the F layer.
The F3 layer shows considerable variation both in
virtual height and in critical frequency during the
day and from season to season. In winter the
virtual height may be as low as 140 miles, while
in summer it may be as high as 200 to 250 miles.
The critical frequency is much higher in winter .
than in summer, and in winter the maximum
tends to occur near noon while in summer it is
reached in late afternoon. It is the F3 layer which
is responsible for returning 14~ and 28-Me. waves
to earth in the daytime.

The F layer averages about 185 miles in vir-
tual height during the period of darkness, while
its critical frequency drops off rapidly from the
daytime Fa value, reaching a minimum at mid-
night. It is effective for night transmission of
14-Me. signals.
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Some investigators have reported the presence
of other layers, the most impoertant being one
designated as the D layer and having a virtual
height of about 37 miles. The D layer appears to
affect daytime broadecast signals at considerable
distances. Its appearances are irregular.

Skip Distance

At frequencies above the eritical frequency the
ionospheric wave will not be returned to earth
near the transmitter. Even those waves which
barely meet the conditions for refraction, those
just below the critical angle, will return to earth
at some considerable distance from the trans-
mitter. The region lying between the end of the
useful ground wave and the point where the
highest-angle waves return to earth is known as
the skip-distance zone, because all ionospheric
waves “skip over” the region and, since it is be-
yond the range of ground waves, no signals are
heard.

The skip-distance zone depends upon the fre-
quency employed by the transmitter and the
state of the ionosphere. The zone will be wider as
the frequency is raised above the critical fre-
quency. For a given frequency, the skip distance
will depend upon the time of day and the period in
the various cycles affecting ionization. There is, of
course, no skip distance below the critical fre-
quency for a particular layer, since all ionospheric
waves return to earth below that frequency.

The region over which the ionospherie-wave
signals can be heard beyond the skip zone also de-
pends upon the frequency. The smaller the range
of angles at which the wave can be refracted, the
narrower the useful region will be. Beyond the
distance at which the wave making the smallest
angle with the ionosphere is returned to earth
there will be another silent zone, resulting from
the second skip.

Multiple Reflection

Waves which strike the earth’s surface after
having been refracted in the ionosphere usually
will be reflected upwards again, especially if the
arriving angle is not too near the horizontal.
Nearly horizontal waves, since they must travel a
greater distance along paths adjacent to the sur-
face, suffer greatly from absorption. A considera-
ble part of their energy is consumed in ground
losses, since the ground is not a perfect conductor.

On reflection from the ground the waves again
travel to the ionosphere, and if conditions are
suitable they will be refracted once more and
returned to earth a second time. This process,
known as multiple reflection, may continue until
the energy in the wave is completely absorbed.
Most long-distance transmission is of this “‘multi-
hop” type, since the height of even the Fg layer
is such that the greatest possible distance that
can be covered in one hop, with a wave entering
- the ionosphere at the smallest angle, is less than

3000 miles. The energy taken from the wave in
traveling through the ionosphere is less than that
absorbed when the wave strikes the ground, so
that as a general rule the smaller the number of
hops the better. Therefore, the wave should enter
the ionosphere at a low angle for minimum at-
tenuation. Energy absorption in the ionosphere
is least at the higher frequencies, and this, plus
the fact that high-frequency waves are reflected
from ionized layers at greater heights, accounts
for the fact that long-distance transmission is
more readily possible on the higher frequencies.

It should be borne in mind that in multi-hop
transmission the ionosphere conditions may vary
greatly over the transmission path. In east-west
transmission, for instance, the wave may start out .
in full daylight and complete its journey in dark-
ness, while in north-south transmission it may
leave the transmitter in winter to arrive at a
receiver in summer. These differences in time and
seasons play an important part in determining the
distance over which satisfactory transmission is
possible.

Variations in the Ionosphere

Since ionization depends wupon ultraviolet
radiation from the sun, conditions in the iono-
sphere may be expected to vary in accordance with
changes in the sun’s radiation. Besides the daily
variation depending upon the height of the sun in
the observer’s sky, there are at least three other
regular cycles in ionization. One is a period of 28
days, which corresponds with the period of the
sun’s rotation. The effect of this cyecle is particu-
larly evident in the 14- and 28-Mec. bands. For a
short period in each 28-day cycle, transmission
conditions reach a peak, usually followed by a
fairly rapid drop to a lower level, and then slowly
build up to the next peak.

The cycle of longest period yet observed covers
about 11 years, corresponding to a similar cycle
of sunspot activity. The effect of the ll-year
cyele is to shift up or down the critical frequencies
for F- and Fo-layer transmission. At a sunspot
minimum the critical frequencies are lowest, and
hence long-distance transmission must take place
on lower frequencies. At this time the 28-Mec.
band is very seldom useful for DX work. The
14-Me. band is good in the daytime but is seldom
useful at night. At a sunspot maximum, following
a minimum by approximately 6 years, the 28-Me.
band is good for long-distance work in the day-
time and the 14-Me. band is useful throughout
most of the day. The most recent sunspot maxi-
mum is considered to have oceurred in 1938.

Superimposed upon the conditions resulting
from the 11l-year cycle are the yearly or seasonal
variations, which depend, like the daily variation,
upon the earth’s path around the sun and the
angle at which radiation from the sun enters the
ionosphere. The wintertime conditions are most
favorable and summer least favorable for long-
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Fig. 3 — Showing bechavior of
high-frequency waves on encount-
ering the ionosphere. Waves leav-
ing the transmitter at angles above
the critical are not bent enough to
. be returned to earth. A high-angle
wave which returns at A may be
reflected upward from the ground
and re-refracted to appear at point
B (two-hop transmission). Such a
wave will not be as strong at the
receiving point as one which makes
the journey from the transmitter to
B in one hop.

TRANSMITTER

distance communication. Because of the varying
length of the day in different seasons, however,
the best all-around conditions for long-distance
transmission usually are found in the late fall and
early spring.

Daily variations on 14 and 28 Me., depending
upon the time in the sunspot cycle, have been
described above. On lower frequencies the effect
is chiefly that greater distances can be covered at
night than in the daytime, although at a sunspot
minimum the 7-Me. band becomes better for long-
distance night transmissions. .

Fading

Since ionosphere conditions are not constant,
it is to be expected that refraction effects will not
be perfectly uniform. As we have seen, there is a
gradual change in the transmission efficiency with
the time of day. In addition, waves entering the
ionosphere at different angles will be refracted
differently. Because of the differing lengths of
the paths involved, a group of such waves may
arrive at the receiving antenna, at times in phase
so as to ald each other and at other times with
phase differences which partially or wholly op-
pose. Furthermore, the polarization of the incom-
ing wave may shift, while the receiving antenna
polarization remains fixed. Any of these effects
may cause the received signal strength to vary
over a wide range. This variation may be quite
rapid, especially at the higher frequencies. In
addition, the transmission conditions may not
be alike for waves of slightly different frequen-
cles, so that in the case of voice-modulated trans-
mission, involving side-bands differing slightly
from the carrier in frequency, the carrier and
various side-band ecomponents may not be prop-
agated in the same relative amplitudes and phases
they had at the transmitter. This effect, known
as selective fading, causes severe distortion of the
signal, especially in the case of frequency-modu-
lated signals received over other than line-of-
sight paths. This distortion results from the fact
that the instantaneous frequency of the f.m.
wave is subject to continual variation, so that
when two waves reach a receiving antenna by
different paths they differ in instantaneous fre-
quency. The result is a combined wave in which
components of both amplitude and frequency

modulation make up a new modulation at a fre-
quency which is not harmonically related to the
modulation impressed at the transmitter, but
which depends upon the differences in transit
time for the different paths traveled by the
waves. The resulting distortion is greatest at high
modulation frequencies and with high depths of
modulation.

Fading may be entirely different at two receiv-
ing points only a short distance apart. By the use
of antennas separated by a wavelength or two,
feeding separate receivers, it is possible to take ad-
vantage of this to overcome the effects of ampli-
tude fading, but not of selective fading. Simul-
taneous use of inputs from antennas of differing
polarization also will often serve the same pur-
pose. Such a receiving arrangement is known as a
“diversity”’ system.

Magnetic Storms

During the sunspot maxima, and for some
time following, occasional severe disturbances in
the ionosphere may develop, affecting variously
the propagation of radio waves on all frequencies.
These disturbances are marked by corresponding
abnormal conditions in the earth’s magnetic field
and by more frequent and spectacular displays of
the visual phenomenon known as the aurora, ex-
tending further from the polar regions than is the
normal case,

The effect of magnetic storms on low-frequency
waves is to increase the daytime signal strength
above normal while the intensities at night are
subnormal, comparable to the daytime levels.
On the higher frequencies long-distance communi-
cation frequently becomes impossible, the signals
dropping sharply in strength without warning. A
peculiar effect appears on the very-high frequen-
cies in which voice transmissions are next to im-
possible, while abnormal distances may be cov-
ered with c.w. signals or tone-modulated keyed
carriers. At times even e.w. carriers appear to be
modulated by a characteristic noise, similar to
tone modulation. Best results in v.h.f. transmis-
sion and reception with directive antennas is ob-
tained during these ‘“‘aurora skip’’ periods if the
array is pointed in a northerly direction, without
regard to the directions of stations contacted. It
is as though the auroral curtains were serving as
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global reflectors. Distances of the order of 500
miles are then attainable at 50 Mec.

Sporadic E-Layer Refraction

Observers using frequencies between 14 and 60
Me. have become familiar with an exceptional
propagation effect which is attributed to the
“‘sporadic F layer.” Actually, this is not a con-
tinuous layer, but appears to consist of scattered
patches or clouds of relatively dense ionization at
a height approximately the same as that of the
E layer. Such clouds, varying in density, are pres-
ent in random positions nearly all the time. Their
effect is to raise the critical frequency to a value
sometimes twice that which can be returned from
any of the regular layers by normal refraction.
This effect is responsible for the only known
type of ionospherie transmission on the very-high
frequencies. Distances of about 500 to 1400
miles are possible, provided that the ionized cloud
is situated about midway between transmitter
and receiver or is of very considerable extent.

On 50 Me., sporadic-E transmission usually is
most effective in the early summer months (May
and June) and is infrequently observed in winter.
In contrast to regular ionospheric transmission,
there appears to be no correlation of the condi-
tions with respect to the time of day. Two-hop
transmission is relatively infrequent, since two
clouds of ionization seldom are favorably situ-
ated for a second reflection. One or two occur-
rences have enabled amateurs on the East and
West Coasts to communicate by means of 50-Me.
waves.

The presence of sporadic-F refraction on the
14- and 28-Me. bands is indicated by abnormally
short skip, a typical case being when 14-Me. sig-
nals from a transmitter only 100 miles away ar-
rive with a strength usually associated with dis-
tances of this order on 7 and 3.5 Mec.

Propagation in the Troposphere

Just as ionospheric transmission has little use-
fulness for the very-high frequencies, so the
tropospheric wave is of relatively slight impor-
tance on the lower frequencies. The principles
discussed in this section and the one on ““Ground-
Wave Propagation” to follow will, therefore,

Tuns the heavier masses.

Fig. 4 — F2 layer trans-
mission at high frequen-
cies (14 and 28 Mec.). The
waves are partially bentin
going through the two
lower layers, but not suffi-
cicntly to return to earth.

have their principal bearing upon the very-high
and ultrahigh frequencies. '

The lower atmosphere is a theatre of warring
air masses whose movements determine our
weather. Masses of air hundreds of miles in area,
miles in depth and millions of tons in weight may
remain at rest for a time over a region, becoming
affected by the surface temperature and humidity
characteristic of the region. When eventually
they are moved by the forces of atmospheric cir-
culation, often at tremendous speeds, they may
travel over regions quite different from their
origin, while retaining for some time their original
characteristics as warm-dry or warm-moist, cold-
dry or cold-moist. When they meet dissimilar air
masses, the lighter, warmer and drier air over-
Boundaries between
dissimilar masses are created, called fronts by the
weather analyst. The front represents a dis-
continuity in the dielectric constant of the tropo-
sphere, which serves to refract and reflect radio
waves in much the same manner as the iono-
spheric layers but at much lesser heights. The re-
sult is the return to earth of 50- and 144-Me.
signals, and possibly those of higher frequencies
as well, at distances appreciably beyond the
range of ground-wave propagation,.sometimes up
to 400 miles.

The most common of these tropospheric dis-
continuities is known as the temperature tnversion.
Normally, the temperature of the lower atmos-
phere decreases at a constant rate with increasing
height, When for any reason this lapse rate of ap-
proximately 8 degrees F. per 1000 feet of eleva-
tion is altered, a temperature inversion is said to
take place. Some of the types of temperature
inversion are the dynamic inversion, resulting
from the overrunning of a warm air mass by a
colder mass; the subsidence inversion, caused by
the sinking of an air mass heated by compression;
the mocturnal inversion, brought about by the
rapid cooling of surface air after sunset; and the
cloud-layer inversion, caused by the heating of air
above a cloud layer by reflection of the sun’s rays
from the upper surface of the clouds. Similar
sharp transitions in the water-vapor content of
the atmosphere may also bring about refraction
and reflection of v.h.f. waves.
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Tropospheric wave propagation is marked by
characteristic fading phenomena. The governing
conditions are much less stable than those in
ionospherie transmissions, but are increasingly
predictable as knowledge of weather conditions
and air-mass movements is advanced. Hourly and
seasonal variations are observed. Best conditions
often prevail in the evening and just before sun-
rise. Conditions are generally poorest at mid-day
when the atmosphere is relatively stable. Season-
ally, the summer usually offers better conditions,
and there is a peak period in the late spring and
early summer corresponding with the best period
for sporadic E-layer propagation. Effects are
heightened at locations along the sea coasts by the
on-shore hreezes.

Because of the effect of shifting angles of ad-
vancing fronts and the differences in extent of the
fronts, ability to vary the angle of principal radia-
tion from a v.h.f. antenna may enable the opera-
tor to gain maximum advantage from prevailing
tropospheric conditions. An antenna which is so
mounted and fed as to be entirely flexible in
orientation, not only at all angles with respect to
the horizon and the direction of maximum prop-
agation but also in a range of at least one wave-
length in height above ground, will serve best in
tropospheric wave propagation. A device which
would automatically orient the antenna in re-
sponse to changing propagation conditions is still
the dream of the v.h.f. operator, but not beyond
the realm of possibility.

Ground-Wave Propagation

At the present time the most reliable means of
propagation of all frequencies above 30 Me. is by
the ground wave; though the range is confined to
distances only slightly beyond the length of the
line of sight from the transmitting antenna to the
receiving antenna because of the rapid absorp-
tion of ground waves at the very-high frequencies.

The distance to the horizon over level terrain,
including normal refraction and diffraction effects
slightly beyond the horizon, is expressed by the
formula

D = 1.41V%

where z is the height in feet of the center of the
transmitting antenna and D the distance in miles.
When both the transmitting and receiving points
are elevated, the maximum line-of-sight distance
will be the sum of the distances computed by the
formula for each location. The actual range of
the space wave, however, is greatly affected by
diffraction caused by intervening hills and other
irregularities of terrain, as well as by the presence
of reflecting surfaces at suitable points behind the
transmitter and receiver. Such reflectors may con-
sist either of earth contours or of artificial metal-
lic elements arranged in the form of a directive
antenna, array. There is evidence to support the
theory that the presence of a relatively consistent

local convection current or an updraft, such as is
usually found on the windward side of a ridge or
mountain range, may affect propagation to a
measurable degree. Although this is properly a
tropospheric effect, it bears a more direct relation
to topography.

The considerations of antenna orientation for
effective ground-wave propagation are the same
as discussed in the section on tropospheric propa-
gation. The height of the center of the antenna in
wavelengths above the surface is of primary im-
portance. Because the effect of the ground-re-
flected component of the wave is important in
aiding or in distorting the direct wave, a range of
adjustment in height of the center of the antenna
15 particularly desirable. Further reference to
Tig. 2 will show the effect of the ground-reflected
component on phase angles when refraction and
earth curvature are neglected and the intervening
terrain between transmitter and receiver is
smooth and level. Since the actual conditions are
usually far more complex, the formulas given may
be taken only as an approximation, and in prae-
tice the amateur will be rewarded by experimenta-
tion with antenna height and orientation, checked
by reports from a remote receiver, as well as by
field-strength measurements wherever possible.

Space-wave calculations are of particular im-
portance in the case of horizontally polarized
waves at very-high frequencies. The surface wave
has but little effect on such waves. A formula
which will apply to most practical computations
of field strength for horizontally polarized waves
at very-high frequencies can be written as

ZEO ht ,Lr
— sin 27

Spa =
pace wave - 7

where the notation is as given in Fig. 2. F, is the
field that would be produced if the antenna were
in free space and the currents were the same as
those actually present, and M\ is the operating
wavelength.

Since the curvature of the earth introduces two
effects that operate in opposite directions, this
formula can be used where there is a moderate
amount of earth curvature. This is explained by
the fact that the eurvature makes the effective
heights of the transmitting and receiving an-
tennas which must be used less than their actual
heights, resulting in an actual received field
strength less than the field that would be calcu-
lated for the same antenna height neglecting
curvature. At the same time, the wave reflected
from the slightly spherical ground diverges more
than would be the case if the reflection took place
from a plane surface, thereby reducing the inten-
sity of the ground-reflected wave arriving at the
receiving antenna. This reduces the extent to
which the ground-reflected wave can cancel the
direct wave, and so tends to increase the strength
of the receiving field.
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Besides the factors affecting the space wave
with its direct ray and ground-reflected compo-
nents, the attenuation of the surface wave or
earth-guided wave must be considered. This
involves both the conductivity and dielectric
constant of the earth within the path and the
presence or absence of irregularities of surface and
of wooded areas and man-made structures, as in
cities, which tend to reduce the effective conduc-
tivity of the earth. These effects at the very-high
frequencies are too complicated for reduction
to a formula, and are best evaluated by a field-
strength survey.

The conductivity and dielectric constant of
earth vary widely. The depth to which ground
currents of appreciable amplitude exist ranges
from about 5 feet at the very-high frequencies to
50 feet or more at broadcast frequencies and be-
low. Therefore the earth constants are not partic-
ularly sensitive to surface conditions, such as
recent rainfall. A number of types of terrain are
listed in the order of their relative conductivity:
sea water, fresh water, rich moist loam, clay,
rocky soil, sand. If the surface is not level, or if
it be wooded or contain many buildings, the
effective conductivity is reduced.

Antennas and Wave Propagation

From this discussion of wave travel it should be
apparent that one of the functions of the antenna
is to send a wave into the propagating medium in
such a way that it will have the best chance of
being returned to earth at the receiving point.
This is chiefly a matter of the angle at which the
wave encounters reflecting and refracting discon-
tinuities, although in some cases polarization
may be of importance. It must be recognized
that the desirable conditions will change with
frequency.

The desirable type of ‘“‘send-off”” for waves of
different frequencies can be summarized as fol-
lows, by the various amateur bands:

1.75-Mc.: Low-angle radiation is indicated for
the longer distances. High-angle radiation may
cause fading toward the limit of the ground-
wave signal, because the downcoming waves add
in random phase to the ground-reflected and
surface waves. Vertical polarization is to be
preferred.

3.5 Mc.: As at 1.75 Mec., waves at all angles of
radiation usually will be reflected, so that no
energy is lost by high-angle radiation. It is true
again, however, that the lower-angle waves will in
general give the greater distance. Polarization

on this band does not appear to be of great
importance.

7 Me.: Under most conditions, angles of radia-
tion up to about 45 degrees will be returned to
earth; during the sun-spot maximum, still higher
angles are useful. It i1s best, however, to concen-
trate the radiation below 45 degrees. Polarization
is not important, except that losses probably
will be higher with a vertically polarized antenna,

14 Me.: For long-distance transmission, most of
the energy should be concentrated at angles be-
low about 20 degrees. Higher angles are useful for
comparatively short distances (300400 miles),
although 30 degrees is about the maximum useful
angle. Aside from the probable higher losses with
vertical polarization at the antenna, the polariza-
tion may be of any type.

28 Mec.: Angles of 10 degrees or less are most
useful. As in the case of 14 Me., polarization is not
important so far as the ionosphere is concerned.

50 Mec.: The lowest possible angle of radiation
is most useful for all types of transmission. Verti-
cal polarization has been chiefly used for line-of-
sight and tropospheric transmissions, although
horizontal polarization is also successful. In any
event, in both these types of transmission the
same polarization should be used at both trans-
mitter and receiver. For sporadic E-layer trans-
mission there is no evidence to favor any par-
ticular type of polarization.

Higher frequencies: The relatively small amount
of data indieates that, as in the case of 50-Me.
optical and tropospheric transmission, either
horizontal or vertical polarization may be used
so long as the same type is employed at both ends
of the circuit. Concentration of low-angle radia-
tion in a preferred direction by means of suitable
arrays of reflector, radiator and directors, or
radiator and parabolic reflector, become increas-
ingly desirable and physically practicable at the
very-high and higher frequencies.

Wherever possible the location of any antenna
should be chosen only after careful experimenta-
tion. Often a shift of only a few inches in the
position of a v.h.f. antenna with respect to sur-
rounding objects will result in a marked change in
the pattern of field intensity. Since any reflecting
surface that tends to concentrate an appreciable
portion of the radiated energy along the hori-
zontal increases the intensity of the ground wave,
advantage should be taken of any natural re-
flectors that might aid in a favored direction.
Conversely, carefullocation may do much tolessen
the effects of obstacles in a desired direction.



. ANTENNA FUNDAMENTALS

CURRENT AND VOLTAGE DISTRIBUTION — HARMONIC OPERATION — ELECTRICAL
LENGTH — RADIATION PATTERNS

THE strength of the field radiated from a
section of wire carrying radio-frequency current
depends upon the length of the wire and the value
of the current flowing in it. For a given power
input to the wire, the current will be highest when
the reactance of the wire at the frequency of the
r.f. current is zero, just as the current in a circuit
consisting of a coil and condenser is highest when
the net reactance of the cireuit is zero — in other
words, when the circuit is resonant.

The shortest length of wire which will resonate
to a given frequency is one which is just long
. enough to permit an electric charge to travel
from one end to the other and then back again in
the time of one r.f. cycle. If the speed at which the
charge travels is equal to the velocity of light, or
300,000,000 meters per second, the distance
which it will cover in one cycle will be equal to
this velocity divided by the frequency in cycles
per second, or
__ 300,000,000

f

in which X is the wavelength in meters. Since the
charge traverses the wire twice, the length of wire
needed to permit the charge to travel a distance A
in one cyecle is A/2, or one-half wavelength. There-
fore the shortest resonant wire will be a half wave-
length long.

The reason for this length can be made clear by
a simple example. Imagine a trough with barriers
at each end. If an elastic ball is started along the
trough from one end, it will strike the far barrier,
bounce back, travel along to the near barrier,
bounce again, and continue until the energy im-
parted to it originally is all dissipated. If, how-
ever, whenever it returns to the near barrier it is
given a new push just as it starts away, its back-
and-forth motion can be kept up indefinitely.
The impulses, however, must be tzmed properly;
in other words, the rate or frequency of the im-
pulses must be adjusted to the length of travel and
the rate of travel. Or, if the timing of the impulses
and the speed of the ball are fixed, the length of
the trough must be adjusted to ‘“‘fit.” —

A

In the case of the antenna, the speed is con-
stant, so we have the alternatives of adjusting the
frequency to a given length of wire, or the length
of wire to a given frequency. The latter is usu-
ally the practical condition.

By changing the units in the equation just
given, and dividing by 2, the more useful formula

_ 492
f (Mec.)

is obtained. In this case I is the length in feet of a
half wavelength for a frequency f, given in mega-
cycles, when the wave travels with the velocity
of light. This formula is the basis upon which
several significant lengths in antenna work are de-
veloped. It represents the length of a half wave-
length in space, or when no factors which modify
the speed of propagation exist.

Current and Voltage Distribution

If the wire in the first illustration had been
infinitely long the charge, or electrical potential
(voltage) and the current — an electric current is
simply a charge in motion — would both decrease
slowly with distance from the source. The slow
decrease would result from dissipation of energy
in the form of radio waves and in heating the wire
because of its resistance. When the wire is short,
however, the charge is reflected when it reaches
the far end, just as the ball bounced back from the
barrier. With radio-frequency excitation of a half-
wave antenna, there is of course not just a single
charge but a continuous supply of energy, varying
in voltage according to a sine-wave cycle. We
might consider this as a series of charges, each of
slightly different amplitude than the preceding
one. When a charge reaches the end of the an-
tenna and is reflected, the direction of current
flow reverses, since the charge is now traveling
in the opposite direction. However, the next
charge is just reaching the end of the antenna, so
we have two currents of practically the same
amplitude flowing in opposite directions. The re-
sultant current at the end of the antenna therefore
is zero. As we move farther back from the end of
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the antenna the magnitudes of the outgoing and
returning currents are no longer the same because
the charges causing them have been supplied to
the antenna at different parts of the r.f, cycle.
There is less cancellation, therefore, and a meas-

/.
Current &Va wage

EX/K

L
Fig. 201 — Current and voltage distribution on a
half-wave wire. In this conventional representation the
distance at any point (X, for instance) from the wire,
represented by the heavy line, to the curve gives the
relative intensity of current or voltage at that point.

urable current exists. The greatest difference —
that is, the largest resultant current — will be
found to exist a quarter wavelength away from
the end of the antenna. As we move back still
farther from this point the current will decrease
until, a half wavelength away from the end of the
antenna, it will reach zero again. Thus in a half-
wave antenna the current is zero at the ends and
maximum at the center.

The voltage, or electrical potential, along the
wire will behave differently; it is obviously great-
est at the end since at this point we have two prac-
tically equal charges adding. As we miove back
along the wire, however, the outgoing and return-
ing charges are not equal and their sum is smaller.
At the quarter-wave point the returning charge is
of equal magnitude but of opposite sign to the
outgoing charge, since at this time the polarity of
the voltage wave from the source has reversed
(one-half cycle). The two voltages therefore can-
cel each other and the resultant voltage is zero.
Beyond the quarter-wave point, away from the
end of the wire, the voltage again increases, but
this time with the opposite polarity.

It will be observed, therefore, that the voltage
is maximum at every point where the current is
minimum, and vice versa. The polarity of the
current or voltage reverses every half wavelength
along the wire, but the reversals do not oceur at
the same points for both current and voltage; the
respective reversals occur, in fact, at points a
quarter wave apart.

The distribution of current and voltage along
the wire follows, for all practical purposes, a sine
curve. The phenomenon of standing waves is
easily observed by inserting an ammeter at vari-
ous points along the wire to measure the current,
or by using a voltage-sensitive device such as o
neon lamp to indicate the voltage maxima and
minima.

A maximum point on a standing wave is called
a loop (or anti-node) ; a minimum point is called a
node.

. Harmonic Operation

If there is reflection from the end of a wire, the
number of standing waves on the wire will be

equal to the length of the wire divided by a half
wavelength. Thus if the wire is two half waves
long there will be two standing waves; if three
half waves long, three standing waves, and so on.
These longer wires, each multiples of a half wave
in length, also will be resonant, therefore, to the
same frequency as the single half-wave wire.
When an antenna is two or more half waves in
length at the operating frequency it is said to be
harmonically resonant, or to operate at a har-
monic, the number of the harmonic being the
number of standing waves on the wire. For exam-
ple, a wire two half waves long is said to be
operating on its second harmonic; one three half
waves long on its third harmonie, and so on.

- Harmonic operation is often utilized in antenna
work because it permits operating the same
antenna on several harmonically-related amateur
bands. Tt is also an important principle in the
operation of certain types of directive antennas.

Electrical Length

The electrical length of a linear circuit such as
an antenna wire is not necessarily the same as its
physical length in wavelengths or fractions of a
wavelength. Rather, the electrical length is meas-
ured by the #Zme taken for the completion of a
specified phenomenon.

For instance, we might imagine two linear cir-
cuits having such different characteristics that the
speed at which a charge travels is not the same in
both. Suppose we wish to make both circuits
resonant to the same frequency, and for that
purpose adjust the physical length of each until a
charge started at one end travels to the far end,
is reflected and completes its return journey to the
near end in exactly the time of one r.f. eycle. Then
it will be found that the physical length of the
circuit with the lower velocity of propagation is
shorter than the physical length of the other. The
electrical lengths, however, are identical, each

- being a half wave.

In alternating current circuits the instantane-
ous values of current or voltage are determined by
the instant during the eyele at which the measure-
ment is made (assuming, of course, that such a
measurement, could be made rapidly enough). If
the current and voltage follow a sine curve, which
is the usual case, the time, for any instantaneous
value, can be specified in terms of an angle, the
sine of which gives the instantaneous value when
multiplied by the peak value of the current or
voltage. A complete sine curve occupies the 360
degrees of a circle, and represents one cycle of
a.c. current or voltage. Thus a half cycle is equal
to 180 degrees, a quarter cycle to 90 degrees, and
S0 On.

It is often convenient to use this same form of
representation for linear circuits. When the elec-
trical length of such a circuit is such that a charge,
traveling in one direction, takes the time of one
cycle to traverse it, the length of the circuit is said



Antenna Properties

13

e e e e e e e e e e e e e e e e e e e e e e e

to be 360 degrees. This corresponds to one wave-
length. On a wire a half wave in electrical length
the charge completes a one-way journey in one-
half cycle, and its length is said to be 180 degrees.
The angular method of measurement is quite use-
ful for lengths which are not easily-remembered
fractions such as 15 and 14 wavelength, or multi-
ples of such fractions.

Velocity of Propagation
The speed or velocity at which electromagnetic
waves travel through a medium depends upon the

dielectric constant of the medium. At radio fre- -

quencies the dielectric constant of air is unity, so
that the waves travel with the velocity of light in
a vacuum. This is also the velocity of the charge
traveling along a wire.

If the dielectric constant is greater than 1, the
velocity of propagation is lowered. Thus the
introduction in appreciable quantity of insulating
material which has a dielectric constant greater
than 1 will cause a slowing down of thé speed of
the wave. This effect is frequently encountered in
practice in connection withboth antennas and
transmission lines, and causes the electrical
length of the line or antenna to be somewhat
greater than the actual physical length.

Length of a Half-Wave Antenna

The electrostatic capacity at the ends of a half-
wave antenna is higher than might be expected,
because of the presence of the instlators which
support the antenna. For ordinary antenna sys-
tems this “‘end effect,”” for the reason described in
the preceding section, causes the physical legeth
of the antenna to be about 5 per cent less'than the
length of a half wave in space. The percentage
varies slightly with different installations, but as
a good average the length of a half-wave anfenna
may be taken to be

_ 492 X 0.95
I (feet) = F Moy
or
468
{ (feet) = f_(_I\—/Ic—.)

This formula is sufficiently accurate, for all
practical purposes, for finding the physical length
of a half-wave antenna for a given frequency, but
does not apply to antennas longer than a half
wave in length.

The current at the ends of the antenna does not
quite reach zero because of the end effect, as there
is some current flowing into the end capacity.
Similarly, the voltage at the center does not pass
through zero, but drops to some low, but finite,
value at the point where the reversal in polarity
takes place. This is because the resistance of the
antenna is not zero, and therefore some energy is
consumed; hence there must be some voltage
present to forece the current to flow.

Antenna Resistance

The energy supplied to an antenna is dissipated
in the form of radio waves and in heat losses in
the wire and nearby dielectrics. The radiated
energy is the useful part, but so far as the an-
tenna is concerned it represents a loss just as
much as the energy lost in heating the wire is a
loss. In either case the dissipated power is equal to
I?R: in the case of heat losses, the B is a real re-
sistance, but in the case of radiation R is an as-
sumed resistance, which, if it had actually been
present, would have dissipated the same power
that actually disappears by radiation. This ficti-
tious resistance is called the radiation resistance.
The total power loss in the antenna is therefore
equal to I2(Rg + R), where Ry is the radiation re-
sistance and R the real resistance, or ohmie
resistance.

Since the current varies at different parts of the
antenna, it iIs necessary to specify the point at
which it is measured. The current, radiation re-
sistance and ohmic resistance are always meas-
ured at a current maximum, or loop. For a half-
wave antenna in free space — that is, entirely
removed from any objects which might affect its
operation, including the earth — the radiation
resistance is equal to about 73 ohms. This value is
modified by the presence of conductors or dielec-
tridmaterials in the field of the antenna, and by
the presence of the ground. The ohmic resistance
depends upon the size of the conductor and the
material of which it is made. The resistance of

_copper wire of size No. 14 or larger is quite small

at high frequencies, compared to the radiation
resistance, so that most of the energy loss in a
half-wave antenna is by radiation. Because of
this, well over nine-tenths of the energy supplied
to the antenna is radiated in the form of electro-
magnetic waves. In other words, a high-frequency
antenna is more than 90 per cent efficient.

Antenna Impedance

The impedance of an electrical circuit is equal
to the voltage divided by the current. If in an a.c.
circuit the voltage and current are in phase —
that is, reach their positive maxima and negative
maxima together — the impedance is resistive
only. If reactance is present, however, the maxima,
of current and voltage do not coincide and the
current and voltage are said to be out of phase.
The difference in phase is measured by the frac-
tion of a cycle separating corresponding points on
the voltage and current waves, and, since thisis a
matter of time, can again be expressed in degrees.

In the half-wave antenna the current and volt-
age are approximately 90 degrees out of phase, as
we have already seen, except at the center where
the standing wave of voltage is changing polarity.
At this point the voltage and current are in phase,
and the impedance is resistive only. At all other
points along the antenna the impedance is largely
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reactive. As shown by Fig. 201, the voltage in-
creases and the current decreases as we move
away from the center of the antenna and, since
impedance is equal to /I, the impedance pro-
gressively increases, reaching equal maximum
values at the ends.

If the antenna is some multiple of a half wave
in length, asin Fig. 202, the impedance reaches its
lowest value (and is resistive) at each current loop,
and its highest value at each voltage loop. The

Vo/tage, Cu%
ey

Fig. 202 — Harmonic operation of a long wire. The
wire is long enough to contain several half waves. The
current and voltage curves cross the heavy line repre-
senting the wire to indicate that there is a reversal in the
direction of the current, and a reversal in the polarity of
the voltage, at intervals of a half wavelength. The re-
versals of current and voltage do not coincide, but occur
at points a quarter wavelength apart.

impedance thus goes through regular cycles just
as do the standing waves of current and voltage.

The antenna impedance is important in connec-
tion with methods of feeding power to the an-
tenna, sinee the impedance at the point at which
the power is introduced determines whether the
power must be supplied at high voltage and low
current, low voltage and high current, and so on.

Radiation Patterns

The radiation from an infinitesimally small
Iength of wire carrying a radio-frequency current
would be distributed equally in all directions. The
section of wire could be considered as a point
source of radiation at the center of a sphere of any
desired radius, and the field strength would be the
same at every point on the surface of such a
sphere.

We can consider a wire of appreciable length
to be made up of a chain of such elemental point
radiators, and find that when this is the case the
field strength is no longer uniform at equal dis-
tances in any direction from the wire, This comes
about because the waves radiated by the elemen-
tal lengths do not add in the same way in different
directions with respect to the wire.

To illustrate this, let us take two point radia-
tors, or elemental lengths of wire, and separate
them by a half wavelength. Each radiates equally
well in all directions, but we shall confine ourselves
only to one plane, that of the page. If the currents
are of equal intensity and in phase, the fields
about each at a given instant might look like the
pattern shown in Fig. 203. Because of the separa-
tion between the radiators, the fields along the
line X-Y passing through the two points always
oppose each other, so that the net field strength
is zero along that line. This is a direct consequence
of the time taken by the field to reach a point a

i

|

v
Fig. 203 — Interference between waves from two
separated radiators causes the resultant directional ef-
fects to differ from those of either radiator alone. The
two radiators shown here are separated one-half wave-
length. The radiation fields of the two cancel along the
line X-Y but, at distances which are large compared to
the separation between the radiators, add together
along line A-B. The resultant field decreases uniformly

as the line is swung through intermediate positions from
A-B to X-Y.

half wavelength away. On a line A-B perpendicu-
lar to that joining the radiators, the opposite con-
dition exists. Here the fields are always in phase,
or adding, so that the resultant field strength
along such a line is practically twice the field of
either radiator alone.

The situation is much more complex when a
wire consisting of a series of infinitesimally small
radiators is considered, since it is necessary to
take into account the effect of the radiation from
each elementary length, which includes not only
an allowance for varying current wvalues in
different parts of the wire, but also phase dif-
ferences. Formulas for relative intensity of radia-
tion in any direction from wires of any length are
available, however. The solutions of the formulas
give the radiation pattern of the antenna con-
sidered. The complete radiation pattern is a solid
figure in which the distance from the center to any
point on the surface gives the relative intensity
of radiation in that direction from the antenna,
the antenna being the point at the center. The
patterns differ greatly for antennas of different
lengths.

The solid pattern of radiation from any straight
single wire in free space is always symmetrical
with respect to the axis of the wire. Therefore if
the pattern is cut by any plane containing the
wire axis the cross-section of the pattern will al-
ways be the same. The outline of the section of
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the solid pattern on such a plane gives the plane
directive diagram. Such a diagram for a half-
wave antenna is shown in Fig. 204. It is usually
plotted on polar codrdinate paper (paper with
radial lines marking the 360 degrees of angle in a
circle, and with a linear scale of concentric circles
for marking amplitudes). The plane directive dia-
gram is very useful in antenna work, but it must
be remembered that this type of diagram shows
only two dimensions of a three-dimensional
figure. The third dimension always must be
specified in practical work.

If a plane is passed through the doughnut-
shaped solid pattern of a half-wave antenna at
right-angles to the axis of the wire, the cross sec-
tion of the solid pattern will be a circle. In this
plane, therefore, the radiation is of equal intensity
in all directions.

Although the actual antenna wire is repre-
sented in Fig. 204, it is important to keep in mind
that in any directive diagram or radiation pat-
tern the antenna is represented simply by a point
at the center of the pattern. Every plane which is
passed through the solid pattern to get a plane
directive diagram must therefore pass through
the center of the pattern.

The points on the pattern where the radiation
is zero are called nulls, and the curved section
from one null to the next on the plane diagram,
or the corresponding section on the solid pattern,
is called a lobe.

Radiation and Induction Fields

In addition to the radiation fields already
described, there are also magnetic and electric
fields about an antenna which correspond to the

Fig. 204 — Plane directive diagram of a half-wave an=
tenna. The solid line shows the direction of the wire,
although the antenna itself is considered to be simply a
point at the center of the diagram. The length of the
arrow represents the relative field strength in that
direction.

The “doughnut” form of the solid directive pattern
can be visualized by imagining the drawing glued to a
piece of stiff cardboard with a short length of wire fas-
tened at the center, in the position occupied by the solid
line, to represent the antenna. Then twirling the wire
rapidly will give a representation of the actual solid
pattern.

ordinary magnetic field about a coil carrying
current, or between the plates of a charged con-
denser. In other words, these induction fields re-
sult from the self-inductance and self-capacity of
the antenna. The strength of the induction fields
is inversely proportional to the square of the
distance from the antenna, while the radiation ~
fields die away directly with the distance. The
two kinds of fields have equal intensity at a dis-
tance equal to the wavelength divided by 2, or
slightly less than 14 wavelength. At about 34
wavelength the induction field is negligible
compared with the radiation field.

The induction field is of little importance be-
cause it decreases so rapidly with distance. How-
ever, in making field strength measurements in
the vicinity of an antenna its existence must be
kept in mind and the antenna not approached too
closely if the strength of the radiation field only
is to be measured.

Reciprocity

The various properties of an antenna apply
both to transmitting and receiving, subject to
some qualifications when the path of the waves
between the transmitting and receiving points
involves propagation through the ionosphere.
Thus, the more efficient the. antenna for trans-
mitting, the more effective it will be for receiving.
The directive properties will be the same for both
transmission and reception, and, in the case of
directive antenna systems, the gain will be the
same on both transmitted and received signals.
The current distribution and impedance will like-
wise be identical whether the energy is fed di-
rectly to the antenna from the transmitter or
whether it is picked up from passing waves of the
same frequency.

In long-distance transmission the observed
behavior may sometimes be at variance with this
rule because the waves may not take exactly the
same paths through the ionosphere when going in
opposite directions, and therefore an incoming
wave may not strike the antenna at the same
angle, in either the horizontal or vertical planes,
which gives the best results for a transmitted
wave whose destination is the source of the re-
ceived signal. Thus the two waves may be
utilizing different parts of the directive pattern
of the antenna, with some departure from com-
plete reciprocity. On the average, however, the
reciprocal relation for transmitting and receiving
holds quite well even with varying ionosphere
conditions.



. GROUND EFFECTS

REFLECTION FROM THE GROUND —

REFLECTION FACTORS — GROUND

RESISTANCE — FREQUENCY EFFECTS

THE performance of an antenna, particu-
larly with respect to its directive properties, is
considerably modified by the presence of the earth
underneath it. The earth acts like a huge reflector
for those waves which are radiated from the an-
tenna at angles lower than the horizontal, so
that the downcoming waves strike the surface
and are reflected by a process very similar to that
* by which light waves are reflected from a mirror.
As in the case of light waves, the angle of reflec-
tion is the same as the angle of incidence, so that
a wave which strikes the surface at an anglé of, for
instance, 15 degrees, is reflected upward from the
surface at the same angle.

k- The reflected waves combine with the direct
waves, or those radiated at angles above the
horizontal, in various ways, depending upon the
orientation of the antenna with respect to earth,

Fig. 301 — At any distant point, P, the field strength
will be the resultant of two rays, one direct from the
antenna, the other reflected from the ground. The
reflected ray travels farther than the direct ray by the
distance BC, where the reflected ray is considered to
originate at the “image” antenna.

the height of the antenna, its length, and the
character of the ground. At some vertical angles
above the horizontal the direct and reflected
waves may be exactly in phase — that is, the
maximum field strengths of both waves are
reached at the same time at the same spot, and
the directions of the fields are the same — so that
the resultant field strength is equal to the sum of
the two. At other vertical angles the two waves
may be completely out of phase — that is, the
fields are maximum at the same instant and the
directions are opposite, at the same spot — so that

the resultant field strength is the difference be-
tween the two. At still other angles the resultant
field will have intermediate values. Thus the ef-
fect of the ground is to increase the intensity of
radiation at some vertical angles and to decrease
it at others.

The effect of reflection from the ground is
shown graphically in Fig. 301. At a sufficiently
large distance, the two rays which converge at
the distant point can be considered to be parallel.
The reflected ray travels a greater distance in
reaching P than the direct ray does, however, and
this difference in path length aceounts for the
effect described in the preceding paragraph. If
the path of the reflected ray is exactly a half wave
longer than the path of the direct ray, the two
waves will arrive out of phase. This corresponds
to the condition illustrated in Fig. 203, Chapter
2. If the path of the reflected ray is just a wave-
length longer than that of the direct ray, however,
the two rays arrive in phase. This is true provid-
ing the phase of the reflected wave is not changed
in the process of reflection from the ground,
which is the case with a perfectly-conducting
ground.

Image Antennas

It is often convenient to use the concept of an
image antenna to show the effect of reflection. As
Fig. 301 shows, the reflected ray has the same
path length (AD equals BD) that it would if it
originated at a second antenna, of the same char-
acteristics as the real antenna, but situated below

+ Anfenna - Antlenna
+
ground
G777
- /ﬂ?ﬂc + =
/m e
+

Fig. 302 — Horizontal and vertical half-wave an-
tennas and their images.
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the ground just as far as the actual antenna is
above it. Like an image in a mirror, this image
antenna is “‘in reverse,” as shown in Fig. 302. If
the real antenna is horizontal, and is instantane-
ously charged so that one end is positive and the
other negative, then the image antenna, also
horizontal, is oppositely poled; the end under the
positively charged end of the real antenna is
negative, and vice versa. Likewise, if the lower
end of a half-wave vertical antenna is instantane-
ously positive, the end of the vertical image
antenna nearest the surface is negative. Now if we
look at the antenna and its image from a remotc
point on the surface of the ground, it will be
obvious that the currents in the horizontal an-
tenna and its image are flowing in opposite
directions, or are 180 degrees out of phase, but
the currents in the vertical antenna and its
image are flowing in the same direction, or are in
phase. The effect of ground reflection, or the
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Fig. 303 — Ground reflection factor, horizontal an-
tennas 14 wavelength high.
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Fig. 304 — Ground reflection factor, horizontal an-
tennas 14 wavelength high,

image antenna, is therefore different for hori-
zontal and vertical half-wave antennas.

Reflection Facitor

The effect of reflection can be expressed as a
factor which, when multiplied by the free-space
figure for relative intensity of radiation at a
given vertical angle from an antenna, gives the
resultant relative radiation intensity at that
same angle. The limiting conditions are those
represented by the direct ray and reflected ray
being exactly in phase and exactly out of phase
when both, assuming there are no ground losses,
have exactly equal amplitudes. Thus the re-
sultant field strength may be either twice the
field strength from the antenna alone, or zero.

The way in which the reflection factor (based
on perfectly-conducting ground) wvaries with
antenna height is shown in the series of graphs,
Figs. 303 to 320. Figs. 303 to 314 apply to hori-
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Fig. 306 — Ground reflection factor, horizontal an-
tennas 14 wavelength high.
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Fig. 307 — Ground reflection factor, horizontal an-
tennas 3§ wavelength high.
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Fig. 305 — Ground reflection factor, horizontal an-
tennas 34 wavelength high.

50°  60° 70° 80° 90° 80° 70°  60°  50°

400 40°
r30° l 30°
20%_ 20°
109, 10°
%o 15 10 os o0 05 10 15 20

Fig. 308 — Ground reflection factor, horizontal an-
tennas 34 wavelength high.
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zontal antennas of any length, and to vertical

antennas an even number of half-waves long.
Figs. 315 to 320 apply to vertical antennas an
odd number of half-waves long. Comparing the
two sets, it is seen that the positions of nulls
(multiplying factor zero) and maxima (multi-
plying factor 2) are interchanged for the two
sets of conditions.

Tt must be remembered that these graphs are
not plots of vertical patterns of antennas, but
represent simply multiplying factors representing
the result of reflection from the ground. With the
distinction between vertical and horizontal an-
tennas noted, the graphs apply equally well to
all antennas. Also, it should be understood that
they apply at vertical angles only. The ground
makes no distinetion between geographical di-
rections in reflecting waves.

Fig. 321 shows the angles at which nulls and
maxima oceur as a function of the height of the
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I'ig. 309 — Ground reflection factor, horizontalfan-

tennas 7g wavelength high.
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Fig. 310 — Ground reflection factor, horizontal an-

tennas 1 wavelength high.
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Fig. 311 — Ground reflection factor, horizontal an-

tennas 114 wavelength high,
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antenna. This chart gives a rough idea of the
ground reflection pattern for heights intermediate
to those shown in detail in Figs. 303-320, and
also facilitates picking the right height for any
desired angle of radiation.

Ground Characteristics

As already indicated, the charts are based on
reflection from a perfectly-conducting ground. In
practice, the ground does not act like a perfect
conductor at high frequencies. The effect of
ground losses is to reduce the amplitude of the
refleeted wave so that the maximum reflection
factor is something less than 2 and the null does
not reach zero. Also, there may be a shift in
phase with reflection which further changes the
actual picture.

At all except the lowest angles these effects are
small, and no serious error is introduced by
assuming that the ground acts like a perfect
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Fig. 312 — Ground reflection factor, horizontal an-
tennas 114 wavelength high,
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Fig. 313 — Ground reflection factor, horizontal an-
tennas 134 wavelength high.
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Fig. 314 — Ground reflection factor, horizontal an-
tennas 2 wavelengths high,
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reflector. The effect at angles below about 10
degrees is to give increasingly more attenuation
than is indicated by the charts, until at about 3
degrees and lower there is no radiation, for all
practical purposes. This applies to either hori-
zontal or vertical antennas, so that the reflection
factor at the horizontal with a half-wave vertical
antenna, which theoretically is 2, actually is zero.
Thus the apparent advantage of the vertical
antenna at very small angles is not realized at
high frequencies.

At frequencies of the order of 1.75.and 3.5 Mc.
ground losses are of less conscquence, and the
charts become more nearly true for all vertical
angles.

The “effective reflecting planc” of the ground
— that is, the surface from which the reflection
is considered to take place at the heights given in
the charts — seldom coincides with the actual
surface of the ground. Usually it will be found
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Fig. 315 — Ground reflection factor, vertical half-
wave antenna with center 14 wavelength above ground.
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Fig. 316 — Ground reflection factor, vertical half-
wave antenna with center 3¢ wavelength above ground.
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Fig. 317 — Ground reflection factor, vertical half-
wave antenna with center 4 wavelength above ground.

that this plane appears to be a few feet below the
surface; in other words, the height of the an-
tenna taken for purposes of estimating reflection
is a few fect more than the actual height of the
antenna. A great deal depends upon the character
of the ground, and in some cases the refleeting
plane may be ‘“‘buried’ a surprising distance.
Thus in some instances the charts will not give
an accurate indication of the effect of reflection.
On the average, however, they will give a quite
satisfactory representation of reflection effects,
with the qualifications with respeet to high fre-
quencies and low angles mentioned above.

Ground Reflection
and Radiation Resistance

Waves radiated from the antenna directly
downward reflect vertically from the ground and,
in passing the antenna on their upward journey,
induee a current in it. The magnitude and phase

50°  60° 70° 80° 90° 80° 70° 60°  50°
40° 409
[30° 30°
202, § 207
1ol 109
;.O . oo
20 15 10 05 0 05 10 5 20

Fig. 318 — Ground reflection factor, vertical half-
wave antenna with center 3{ wavelength above ground.
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Fig. 319 — Ground reflection factor, vertical half-
wave antenna with center 1 wavelength above ground.
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Fig. 320 ~—— Ground reflection factor, vertical half-
wave antenna with center 114 wavelength above ground.
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of this induced current depends upon the height
of the antenna above the reflecting surface. The
total current in the antenna thus consists of two
components, one caused by the power from the
transmitter, the other caused by absorption of
energy from the reflected wave. The second com-
ponent is of course smaller than the first, but at
some heights the two will be more or less in phase,
thus giving a higher total current than would re-
sult from the same input power to an antenna in
free space; at other heights the two would be out
of phase and the opposite is true.

The change in current with height, while the
input power is constant, is equivalent to a change
in the radiation resistance of the antenna. For
example, a horizontal half-wave antenna will
show a eonsiderable change in radiation resistance

S
N
~

X

as its height is changed, and only at certain ¥

heights will the resistance equal the free-space
value of 73 ohms. This is shown in Fig. 322.

Ground Screens

The effect of a perfectly-conducting ground can
be simulated, in the vicinity of the antenna, by
installing a metal screen or mesh underneath the
antenna near or on the surface of the ground. Such
a screen often will improve the performance of the
antenna by reducing losses in the ground near the
antenna where, because of the high intensity of
the radiation, such losses are most serious. The
screen is most effective at the higher frequencies.
It should preferably extend at least a half wave-
length in every direction from the antenna, al-
though good results have been reported with
screens having 25 per cent smaller dimensions.

Besides reducing losses, a ground screen rather
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Fig. 322 — Variation in radiation resistance of a
horizontal half-wave antenna with height above per-
fectly -conducting ground.

effectively establishes the height of the antenna
insofar as the radiation resistance is concerned.
For this purpose, the height will be the actual
height of the antenna above the screen. Since
reflection from a screen of reasonable dimensions
takes place only at high angles, however, the
presence of the sereen will not appreciably modify
the effect of the actual ground at the lower angles,
because the low-angle waves are reflected at
considerable distances from the antenna.
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Fig. 321 — Angles at which nulls and maxima (factor = 2) in the ground reflection factor appear for antenna
heights up to two wavelengths. The solid lines are maxima, dashed lines nulls, for horizontal antennas or vertical
antennas having a length equal to an even multiple of one-half wavelength. For vertical antennas an odd number of
half-waves long, the dashed lines are maxima and the solid lines nulls. For example, if it is desired to have the ground
reflection give maximum reinforcement of the direct ray at a 20-degree wave angle (angle of radiation) the antenna
height should be 0.75 wavelength. The same height will give a null at 42 degrees and a second maximum at 90 degrees.
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. FEEDER SYSTEMS

ANTENNA COUPLING — TUNED FEEDERS — UNTUNED LINES — MATCHING
SYSTEMS — ADJUSTMENT

THERE i8 an unfortunate tendency in
amateur circles to describe antenna systems by
their method of feed. Such desecription gives rise
to ambiguities and suggests that the performance
of the antenna is dependent on the type of feed
system used. Such is not the case. The soleffunc—
tion of any feed system is to transport power from
the transmitter to the antenna with a mintmum of
loss. There would be no need for feed systems if it
were not for the fact that surrounding objects will
modify and reduce the effectiveness of any an-
tenna, and it is therefore desirable to have the
antenna placed ““in the clear,” away from houses,
wires, metal pipes and poles, and thick trees. In
multi-element arrays (to be described later) the
transmission line is also used to phase the ele-
ments properly.

Types of Feeders

Feed or transmission lines are of two general
types, tuned and untuned. As explained previously,
if a line is infinitely long, a current started down
it will eventually dissipate and hence there will be
no reflection and consequent standing waves.
This holds for both a one- or two-wire line. Any
line has a characteristic impedance which depends
on the size and spacing of the conductors. If the
line is cut to some finite length and a resistance
equal to the characteristic impedance is used to
replace the length of line that was running out an
infinite length, there will still be no reflections
because, for the portion of the line being con-

.

sidered, nothing has been changed. A transmission
line terminated in its characteristic impedance,
and thus having no standing waves on it, is called
an untuned or flat line.

It is of importance to remember that the line
must be terminated in a resistance; a reactive com-
ponent in the terminating load will cause standing
waves even though the load impedance (in ohms)
is equal to the characteristic impedance. For this
reason, any reactive component in the load must
be tuned out or canceled before a perfect match
can be obtained.

If a line of finite length is not terminated in its
characteristic impedance, there will be current
and voltage reflections from the end which will
combine with the current flowing towards the end
to form standing waves. If the impedance at the
end of the line is higher than the characteristic
impedance, there will be a voltage maximum or
loop at the end of the line and also approximately
every half-wavelength in towards the sending end
of the line. If the impedance at the end of the line
is lower than the characteristic impedance of the
line, a current loop will appear at the end of the
line and approximately every half-wavelength in
towards the sending end of the line. The greater
the difference between the impedance of the line
and the terminating impedance, the greater the
mismalch is said to be, and the greater will be the
amplitude of the standing waves of current and
voltage.

The standing waves cannot exist, of course,
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Fig. 401 — As shown at A, the current Infraity
distribution ,is fairly uniform along an A
infinitely-long line, attenuating slightly
because of losses in the line.

The line can be any finite length, L,
as at B, and still have nearly uniform < T

current distribution along it, if it is
terminated by a resistance equal to the
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unless the entire line is of a length resonant to the
frequency of the applied encrgy. For this reason,
all lines operated with standing waves on them
must be tuned in some fashion, else power could
not be put into it. Tuning is normally accom-
plished by a coil and condenser combination at
the transmitter end of the line, and the coil is also
used to couple to the transmitter. Lines with

g:: * B £ lowR

Fig. 402 — A line terminated by other than its charac-
teristic impedance will have standing waves of current
and voltage on it. If the termination impedance is higher
than the characteristic impedance of the line, a voltage
loop will appear at the termination and at every half-
wavelength back towards the sending end. A current
loop will appear at the termination if the terminating
impedance is lower than the characteristic.

The voltage and current loops have been represented
in this diagram as they would show up by testing with
a neon bulb (for voltage loops) or a bridging ammeter
(for current loops) along the line. 1t should be remem-
bered that any two successive loops along the same
wire are out of phase, as are corresponding loops on
different wires.

standing waves on them are called resonant or
- tuned lines.

With standing waves on the line, the current
and voltage distribution will be as shown in Ifig.
402. It will be noted that a voltage maximum and
a current minimum always appear at the same
point, and vice versa.

It was mentioned above that the current (and
voltage) loops appear ‘approximately’ one
half-wavelength apart. When we mention a half
wavelength without qualification we mean a half
wavelength in air and, since the velocity of the
wave i8 less along the wire than in air, a wave-
length along a wire is slightly less than a wave-
length in air. As the impedance of the line is
decreased (by using closer spacing or larger conduc-
tors, or both), the velocity is decreased due to the
increased distributed capacity of the line. Further
discussion and actual figures will be given Iater in
this chapter.

Standing-Wave Ratio

If the currents are measured at a current loop
and current minimum, or node, along a line with
standing waves on it, it will be found that the
ratio of the loop-current to node-current will be
the same as the ratio of the line and terminating
impedances. This is called the standing-wave ratfio.
Thus, for example, if a 600-chm line is terminated
by either a 72- or a 5000-ochm resistance, the mis-
‘match and the standing-wave ratio will be 8.3-to-

1 in either case. The standing-wave ratio is a
direct indication of the degree of mismatch along
a line, and is useful in the adjustment of untuned
lines.

Any line used to feed an antenna will have no
standing waves along it if it is connected to the
antenna at a point where the impedance is resis-
tive and matches that of the line. T'his is normally
impractical, except in some special cases to be
desecribed later, and the line usually operates with
some standing waves on it. This is no particular
disadvantage if the line is not more than several
wavelengths long and the standing-wave ratio is
not higher than about 10-to-1.

Tuned Lines

Resonant lines enjoy widespread use in amateur
work because of their flexibility and reliability.
Except in a few special cases, the use of a tuned
line is the only way that multi-band operation of
the same antenna and feed line can be obtained.
It is obvious that, since a tuned line can be con-
sidercd as simply part of the antenna folded back
on itself to prevent radiation, power can be put
into the system on any frequency that it can be
tuned to. For this reason, the amateur interested
in multi-band operation and limited in space to
only one antenna uses a tuned line for feeding.

Tuned lines are usually connected to the an-
tenna system at one end or at the center although,
in an antenna several half-wavelengths long, they
may be connected at any voltage or current loop.
If the line is connected to the end of the antenna
(or any other voltage loop), the line is thus ter-
minated in a high impedance and a voltage loop
will appear at the end of the line and every half
wavelength back along the line. If the line is con-
nected to the center of a half-wave antenna (or
any current loop in an antenna several half-wave-
lengths long), the line is terminated in a low im-
pedance and a current loop will appear at the
end of the line and every half wavelength back
along the line. It is thus easy to determinc
whether a voltage or current loop will appear at
the transmitter end of the line. If a voltage loop
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Iig. 403 — Two simple ways of varving the coupling
between the final tank and the antenna coil.
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is to appear at the transmitter end of the line, a
parallel-tuned circuit will be required to bring the
system into resonance, and a series-tuned circuit
is required if a current loop is to appear at the
transmitter end of the line. The line, of course,
does not have to be any exact length, since the
tuned circuit will compensate for a good deal of
deviation, but it is best to have it as near as pos-
sible to some multiple of a quarter wave, since
there are some critical lengths where it will be
found difficult to bring the line to resonance with
either series or parallel tuning. In such a case, a
few turns of wire added in each feeder will usually
bring the length up to one that can be tuned.

Representative feeder lengths and the type of
tuning required are given in Chapter Five, for a
half-wave antenna, and they can also be applied
to longer antennas of harmonic lengths.

Transmitter Coupling to Tuned Lines

The values of inductance and capacity to use
in the antenna coupling system will depend upon
the transmitting frequency, but they are not
particularly critical. With series tuning, the coil
may consist of a few turns of the same construc-
tion as used in the final tank; average values will
run from two to three turns on 28 Mec. to perhaps
10 or 12 at 3.5 Mec. The coil preferably should be
such. that the inductance can be varied in case it
is not possible to reach resonance with the con-
densers used. This can be done by shorting-out a
few turns of the coil at one end with a jumper
connection. The series condensers should have a
maximum capacity of 250 or 350 pufd. at the
lower frequencies; the same values will serve even
at 28 Mec., although 100 pufd. will be ample for
this and the 14-Mec. band. Since series tuning is
used at a low-voltage point in the feeder system,
the plate spacing of the condensers will not have
to be very great. Ordinary receiving-type con-
densers are large enough for plate voltages up to
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Fig. 404 — Four methods of link coupling the antenna tuning unit to the final amplifier tank. A and B are for
unbalanced tanks, and the link is placed near a low-voltage point on the amplifier tank coil. The balanced tanks,
at C and D, have the link loop at the center, where the r.f. voltage is low. Coupling is varied by changing the position
of the loop with respect to the antenna coil or by moving the taps.

1000, and the smaller transmitting condensers
have high enough voltage ratings for higher-
power applications. With high-power ’phone it
may be necessary to use condensers having a
plate spacing of approximately 0.15 to 0.2 inch.

In parallel-tuned circuits the antenna coil and
condenser should be approximately the same as
those used in the final tank circuit. However, if
the line is not of such a length that a voltage loop
appears exactly at the antenna tuning unit, it
may be found that the antenna tuning circuit
cannot be.coupled tightly enough to the final
amplifier tank to draw the desired amount of
power. If this is the case, the ratio of C to L in the
antenna tuning circuit should be increased; i.e.,
the inductance should be decreased by shorting
or removing turns.

The simplest and most straightforward method
of coupling the antenna tuning circuit to the
transmitter final tank coil is to place it alongside
the tank coil, with some provision for swinging it
or moving it away, to vary the coupling. This
has the disadvantage of intreducing some capac-
ity unbalance to the transmitter and antenna
tuning circuit, as well as requiring that the an-
tenna feed line be run from the lead-in point,
where 1t enters the building, over to the trans-
mitter.

Link Coupling

An alternative system that enjoys widespread
use is “link coupling.”’ This allows the antenna
tuning unit to be mounted on the wall where the
feed line enters the room. A low-impedance line
of twisted flexible wire, or No. 14 enamelled,
spaced by small ceramic spacers, can be used for
the link. The close-spaced open line is better on
28 Me. and higher frequencies than is the twisted
pair, although the twisted pair is normally quite
satisfactory on the lower frequencies.

Typical link-coupling circuits are shown in Fig,
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404. Variable link coils such as are now available
on many manufactured coil sets, can be used at
either the final amplifier tank coil or the antenna
coil. The fixed links consist of two or three
turns of wire wrapped around the plate coil at
a low r.f.-voltage point and insulated from the
coil. Both the double link and the tapped coil
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Fig. 405 — Circuit diagram of the antenna tuning
unit.

C1, C2 — 100-gufd., 0.07-inch spacing (National TMC-
00

Li — 22 turns No. 14, 234 -inches diameter, 4 inches long
(Coto-Coil with variable link).

Lz — 4 turns rotating inside Li.

M — R.f. ammeter, 0-2.5 for medium power.

For parallel tuning, clips should be attached at points
marked “x.” Clips left free for series tuning.

system work with the same efficiency: it is some-
what easier to adjust the coupling with the varia-
ble link assembly. The link should be wound or
tapped on the antenna coil symmetrically at the
center of the antenna coil, where the r.f. voltage
is least. By thus reducing the capacity coupling,
there is less chance of capacity transfer of the
harmonic energy and radiation at these undesira-
ble frequencies. The values of antenna tuning
condensers and coil are the same as with the
straight inductively-coupled system.

To tune the antenna, first loosen the antenna
coupling (by swinging out the link or removing
the taps from the antenna coil) and tune the
final amplifier for minimum plate current. Swing
in the link about half-way (or tap on to one turn
either side of center) and tune the antenna unit
for a maximum rise in plate current. The final
amplifier tuning condenser should be tuned for
minimum plate current again but the setting
should not have changed appreciably from the
original no-load setting. The coupling can be in-

Fig. 406 — A link-coupled antenna tuning unit for
use with resonant feed systems. The inductance, with
variable link, is mounted on the condenser frames.
Clips are provided for changing the number of turns,
and for switching the condensers from series to parallel.

creased, by moving in the link (or tapping across
more turns), until the final amplifier is drawing
rated plate current. When the coupling and tun-
ing adjustments are correct there will be practi-
cally no detuning effect on the transmitter tank;
that is, the resonance setting (minimum plate
current) should be the same both with and with-
out the link in place but, of course, the current
values will be different. If such is not the case, it
indicates an abnormal amount of capacity

. coupling caused by unbalance in the system or

overcoupling caused by too many turns at one or
both ends of the link line. If the final cannot be
loaded heavily enough, it indicates that too high
an L-C ratio is present in the antenna tuning
unit, where parallel tuning is being used, and the
inductance should be reduced. No trouble should
be experienced with series tuning. In general, it
is best to use the minimum number of link turns
that will give sufficient coupling.

There will be some odd lengths of feed lines
that cannot be coupled with either a series or
parallel circuit, even though the L-C ratio is re-
duced as mentioned above. In such cases, the
feeder length should be changed by adding or
subtracting about 34-wavelength of line or by
adding loading coils in the line. Another alterna-
tive is to tap the feed line down towards the cen-
ter of the coil of a parallel-tuned antenns circuit,
as shown in Fig. 407. This will work satisfactorily
in many ecases, but if the line must be tapped too
near the center before the system can be loaded
properly, it will be found that the center of the
coil gets quite warm, indicating considerable loss
in the coil. Any heating in the antenna coupling
system indicates inefliciency and loss of antenna
power, and the coupling system should be checked
and changed if possible,

Pi-Network Coupling

A pi-section coupling network is shown in _Fig.
408. This is a low-pass filter, and is capable of

H—E

Fig. 407 — In cases where sufficient loading cannot

be obtained with either series or parallel tuning, the
feeders should be tapped-in on a parallel-tuned circuit.

Feed line

coupling between a fairly wide range of im-
pedances such as is encountered in going from
series to parallel tuning. Suitable constants are
given under the diagram. The method of adjust-~
ment is as follows: First, with the network dis-
connected, tune the transmitter tank to reso-
nance, as evidenced by minimum plate current.
Then, with trial settings of the clips on L; and
Ls (few turns for high frequencies, more for
lower), tap the input clips on the final tank coil at
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points equidistant from the center so that about
half the coil is included between them. A balanced
tank circuit must be used. Set Caz at about half
scale, apply power, and rapidly rotate C: until
the plate current drops to a minimum. If this
.minimum is not the desired full-load plate cur-
rent value, try a new setting of Cs and repeat. If,
for all settings of Cs the plate current is too high
or too low, try new settings of the taps on L; and
Ly, and also on the transmitter tank. Do not
touch the tank condenser during these adjust-
ments. When, finally, the desired plate current is
obtained set C; carefully to the exaet minimum
plate-current point. This adjustment is important
n manimizing harmonic output.

The pi-network method of coupling is very
useful in portable work because it makes it
possible to put power into almost any length of
wire. For portable application, it is usually used
in the unbalanced version (by shorting Ls) and,
since single-ended unbalanced amplifiers are
generally used, the tank condenser and C; be-
come the same condenser. The pi-network cou-
pling is convenient in this application, but it
should not be used for fixed-station work because
of its lack of harmonic-rejection properties ex-
cept under critical adjustment conditions.

Feeder Current

The feeder current as read by the r.f. ammeters
is useful for tuning purposes only; the absolute
value is of little importance when working with
tuned lines. When series tuning is used, the cur-
rent will be high, while but very little current
will be indicated in a parallel-tuned system. With
a given antenna and tuning system, of course, the
greatest power will be delivered to the antenna
when the readings are highest. However, should
the feeder length be changed, no useful conclu-
sions ean be drawn from comparison between the
new and old readings. For this reason any indica-
tor which registers the relative intensity of r.f.
current can be used for tuning purposes. Many
amateurs use flashlight or dial lamps for this
purpose instead of meters. They are cheap, and
when shunted by short lengths of wire so that

considerable current can be passed without burn-
out will serve very well even with high-power
transmitters.

Meters are useful in tuned lines for mdlca,tmg
current balance in the line. There will be a mini-
mum of radiation from the line when the currents
" are balanced, provided the current readings are
taken at the same relative points on each wire of
the line. If an unbalance of more than 10 per cent
is indicated, it is well to spend some time in ad-
justing the line. Unbalance in the line can be
caused by unequal feeder lengths, unequal feeder
capacity to ground or, in any unsymmetrical
antenna system (like the Zepp and unlike a cen-
ter-fed), incorrect length of antenna. Radiation
from the tuned feed line is not particularly serious

except where the feed line runs close to absorbing
objects or where one is trying to obtain good
directivity and wishes to reduce spurious radia-
tion and reception.

Line Spacing
For effective cancellation of radiation, the
spacing between the two wires must be small in
comparison to the wavelength; a separation of
0.01 wavelength or less is desirable. For 14 Mec.
and lower, the wires need not be closer than six
inches, the length of the popular “feeder spread-
LI
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load 00d

1
[}
2 L,

10—

Feed line

'
-

Fig. 408 — A pi-section_network for coupling to a
tuned line. C; and Cz ma¥lie 100 to 250 xufd. each, the
higher-capacity values being used for lower- frequoncy
operation (1.8 and 3.5 Mec.). Plate spacing should in
general be about half that of the final tank condenser.
For operation from 1.8 to 14 Mec., Li and Lz should
each be 15 turns of No. 12 or 14 wire wound on a 214-
inch diameter to occupy 3-inches winding length, and
tapped every 3 turns. Approximate settings are 15
turns for 1.8 Mec., 9 turns for 3.5 Me., 6 turns for 7 Me.,
and 3 turns for 14 Me.

C is a blocking condenser of 0.001 pfd. or so.

1

ers’”’ manufactured for this purpose. Four inches
is an optimum spacing for 28 Me. and higher.
From the practical standpoint, too-close spac-
ing is undesirable, especially with long sections of
line. The wires inevitably swing with respect to
each other when there is wind; if the spacing is

" close, this means that insulating spreaders must

be installed at frequent intervals to prevent the
wires from touching, and this in turn increases
the weight of the line. Swinging also causes a
varying detuning effect, since the change in
spacing represents a change in capacity which
reacts on the transmitter, and is evidenced by
periodic variations in loading.

For work on communication frequencies, the
6-inch spacing represents a compromise which
works out well in practice.

When it is necessary that two or more open
transmission lines run near each other, they
should be separated by a distance not less than
ten times the line spacing, if mutual ecoupling is
to be avoided.

Untuned Lines

As explained earlier in this chapter, standing
waves will not exist on a transmission line termi-
nated in the characteristic, or surge, impedance.
Such lines may resemble the resonant lines in
physical construction, but their operation and
adjustment are different. In contrast to the
resonant lines, non-resonant or untuned (or
‘“‘flat”’) lines may be of any desired length. They
are excellent for feeding an antenna at some dis-

i
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tance from the transmitter but have the disad- 190 7
vantage that their use normally restricts the - "
antenna to one band. 180
The surge impedance of a line consisting of two
parallel conductors depends upon the inductance e
and capacity of theline per unit of length. In turn,
800 . 160
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200 // Fig. 410 — The characteristic impedances
/ of typical concentric lines.
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Fig. 409 — The characteristic impedances of typical 4
spaced-conductor transmission lines. 280 |— / /
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these quantities depend upon the size of the con- — / /
ductors, their spacing, and the dielectric constant 260 ke / / .
of the medium between the conductors. When \‘o[/ // //
the dielectric is air, the surge impedance of two N 7
parallel conductors is given by o240 X / /
/. 4
Z = 276 log b § / ¥ /
. 8 g o/
where Z is the surge impedance in ohms, b the Y 220 / 4‘\0' /
spacing, center to ecenter, and a the radius of the g / / 9
conductor. The quantities b and ¢ must be meas- < / / \;y
ured in the same units (inches, cm., ete.). Surge % 200 ,/
impedance as a function of spacing and wire size % / / _/ /
. : gt /, /
is plotted in chart form in Fig. 409. ~ 4 /
A less common form of transmission line con- 180 / £/
sists of a wire located axially in a metal tube, the /
two being insulated from each other. This type of 4
line is useful for speecial applications where the 16O / /
radiation must be reduced to negligible propor- ( / /
tions, and where low impedance is required. The : 2 3 4 5 & 78910
surge impedance of such a concentric or coaxial

DIAMETER OF CIRCLE D (INCHES)

: Fig. 411 — The impedance of a 4-wire
Z = 138 log — line. Opposite wires (not adjacent ones) are
a connected together at each end of the line.

line is given by
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Fig. 412 — Methods of cou-
pling an untuned line to the
final amplifier plate tank. The
antenna tank in C can be
similar to the plate tank,
while the constants for the
network at I) are similar to
those in Iig. 408.

©

where Z is the impedance in ohms, b is the inside
diameter of the outer conductor and « is the out-
side diameter of the inner conductor. The formula
is correct for air dielectric and approximately so
for a line having ceramic insulators so spaced that
the major portion of the insulation is air. Fig. 410
gives impedance values for typical conductors.
Well-designed concentric lines are hermetically
sealed at both ends and filled with dehydrated air
or an inert gas such as nitrogen, to prevent the
condensation of moisture inside the line.

Because it is impractical to go below certain
impedance values with a two-wire line, and where
it is not, desirable to use metal tubing (as in a low-
frequency Q-match system, described later), it is
possible to obtain a low-impedance line with four
or more wires. The four wires can be equally
spaced on the periphery of a circle, opposite wires
being paralleled. In actual practice, disks of balke-
lite or small plastic ‘““coasters’” are used for
spacers, the four holes for the wires being drilled
in the form at the proper points and the wires are
then threaded through and tied. Fig. 411 gives
impedance values for normal spacing and the
usual sizes of wire.

Still another type of line is simply a single wire.
The surge impedance of such a line made of No.
14 wire will be approximately 500 ohms. This type
of line has the disadvantage that no provision is
made for cancelling radiation as in the case of the
two-wire line. However, if the line is not too long,
the radiation will be relatively small because the
current in the line is small compared to the an-
tenna current. If the line is tied into the antenna
at a point where the impedance is 500 ohms, no
standing waves will appear. A chart giving repre-
sentative lengths of antennas and the point of
attachment of a single-wire feeder is given in
Chapter Five.

Low-Impedance Line

It can be seen from the formula for the char-
acteristic impedance of a two-wire line that the
closer the spacing and the larger the wires, the
lower will be the impedance. It happens that the
impedance of a two-wire line composed of twisted
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No. 14 rubber-covered wire of the type used in
house wiring will be approximately that of the
center of a half~wave antenna itself, thus simpli-
fying the method of connecting the line to the
antenna. Such diserepancy as may exist between
line and antenna impedance can be compensated
for by a slight fanning of the line where it con-
nects to the two halves of the antenna, as ex-
plained in Chapter Five. The twisted pair line is a
convenient type to use, since it is easy to install
and the r.f. voltage on it is low because of the low
impedance. This makes insulation an easy matter.
The losses are somewhat higher than those in
spaced lines with air insulation, however, and will
increase with frequency. Special twisted line for
transmitting purposes, having lower losses than
ordinary rubber-covered wire, is available.

Sinee it is difficult to examine a low-impedance
line for standing waves, the easiest way to check
the performance is with an auxiliary length of
line. The current can be read in each leg of the
line and recorded. Then an auxiliary quarter-
wavelength of line is added to the line and cou-
pled to the transmitter as before, making sure to
load the transmitter to the same input. The cur-
rent in the line, read at the transmitter end,
should be very nearly the same as before. For a
final check, an auxiliary eighth-wavelength piece
of line can be added. If the readings are quite
close in the three cases, there are no standing
waves on the line, and it is properly terminated.
If the readings are not close, the termination at
the antenna end must be adjusted.

A very rough check for the proper operation of
a low-impedance line is to let the transmitter run
for 5 or 10 minutes, feeding the line. If, after this
time, there are no spots along the line warmer
than other spots, it is safe to assume that no seri-
ous standing waves are present.

Feed line

I

o

Transmitter Coupling to Untuned Lines

Similar coupling methods are used with all
types of two-wire untuned lines, whether of high
or low impedance. Several systems are shown in
Tig. 412. Inductively-coupled methods are pref-
erable to direct coupling when a single-ended or
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unbalanced tank feeds a balanced transmission
line; this avoids line unbalance which might oceur
with direct coupling. In the direct-coupled cir-
cuits, the fixed condensers are useful only when
the output amplifier plate supply is deries-fed to
the plates. These condensers, when used, should
have a rating somewhat above the maximum
plate voltage used and should have a capacity of
500 ppfds. or more. The current rating should be

C  Single wire
— ?éedc:—

.

higher than any current encountered in normal
operation, which can be calculated by

w
N\ Z
where I is the current in amperes, ¥ is the power
output in watts and Z is the impedance of the
line,

The taps or coupling coil (Fig. 412-A and
412-B) should be placed symmetrically about the
center or r.f. ground point on the coil. The taps or
coupling should be adjusted to make the final
amplifier draw normal plate current; if the line is
operating properly the taps will not affect the
setting of the plate tank condenser. In the case of
the method shown at Fig. 412-C, the coupling
tank is first adjusted to resonance with the plate
tank circuit, using very loose coupling; the taps
are then set at trial positions and the current in
the line measured. The tap positions and coupling
between the coils are adjusted to give maximum
line current with normal tube plate current. No
portion of the coupling tank should heat during
operation; any heating indicates losses and in-
correct adjustment.

The filter network shown at D is the same as
that already described in connection with reso-
nant transmission lines (Fig. 408), its adjustment
when used with non-resonant lines being identi-
cal.

Methods of coupling the single-wire feeder to
the final amplifier are shown in Fig, 413. It is im-
portant to note that, in Fig. 413-B, the antenna
coil must be grounded for satisfactory operation.

Connected fo anfenna at current /oap

X

Fig. 415 — Quarter-wave X

matching sections. The dis-

tances X and X + Y can be

found from the graph in Fig.
416.

X+Y
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Jransmitter
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It may be grounded directly to a physical ground
or to the transmitter, but the former is preferable
and less likely to cause trouble. In both methods,
the feeder is tapped up on the coil until normal
plate current is drawn, with all circuits tuned to
resonance. :

There is no adjustment at the transmitter end
of an untuned line that will reduce the standing
waves on an improperly-terminated untuned line

Fig, 413 — Methods of
coupling the single-wire feeder
to the final tank circuit. It is
important to ground the set
(A) or the antenna tuning
circuit (B).

and, for this reason, the line should be matched
at the antenna as carefully as possible in every
case.

Matching the Line

In the untuned lines just described, impedance-
matching depends upon connecting the line to
appropriate point on the antenna. Twisted-pair
lines and concentric lines can be made to match
the impedance of an antenna at a current loop
(65-100 ohms) and can thus be connected directly
to the radiator, but in most cases it is necessary to
use some type of impedance-matching trans-
former between the line and the antenna. The
“transformer” ordinarily used does not resemble
the ordinary coupled r.f. transformer, but is

simply a section of transmission line,

Delta Match

Because of the extremely close spacing re-
quired, it is impracticable to construct an open-
wire line that will have a surge impedance low
enough to work directly into a half-wave antenna.
Such wire lines usually have impedances between
400 and 700 ohms (see Fig. 409), 600 ohms being
a widely used value that can be obtained with
No. 12 wire spaced 6 inches. An open-wire line
can be matched to half-wave antenna by ‘‘fan-
ning out” the end of the line and tapping on to
the antenna at critical points. Fig. 414 shows how
this is done. The section E is fanned to have a
gradually increasing impedance so that its im-
pedance at the antenna end will be equal to the
impedance at the antenna section C, while the

Connected to antenna at voltage loop

-
/|

X+Y

Line Lo
Transmitter

A
Shorted
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Fig. 414 — Delta match for a half-wave antenna.
It is important that the matching section, E, come
straight daway from the antenna without any bends.
Formulae for calculating the lengths C and E are given
in Chapter Five.

impedance at the lower end matches that of the
transmission line.

Formulas for calculating the lengths C and E
for matching a 600-ohm line at any frequency
are given in Chapter 5. Performance of the line
and match can be checked by examining the line
for standing waves, their presence indicating that
a mismatch is present. A neon bulb will serve as a
rough indication of standing waves along the line,
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or an r.f. galvanometer can be used as described
later.

Quarter-Wave Matching Sections

A widely-popular form of matching transformer
is the quarter-wave matching section, Two meth-
ods of using them are shown in Fig, 415, If the
quarter-wave section is connected to a voltage
loop of the antenna, it is necessary to short the
matching section, while the section is left open if
it is connected to a current loop of the antenna.

The length of the quarter-wave open-wire
matching section can be caleulated from

L (feet) = ____@___
Freq. (Me.)

This will give an approximate length, and the
section should always be tuned after it has been
put in place.

The exact length of the matching section and
the position of the line taps must be determined
experimentally, since it will depend upon the
impedance of the line as well as the antenna im-
pedance at the point of connection. The imped-
ance of the line is not important — the quarter-
wave section can be used to mateh practically any
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Fig. 417 — Two gadgets for measuring line current
when adjusting untuned lines. The one shown at the
left is hung across one wire (after the insulation has
been scraped away), while the loop method at the right
indicates the average between the two feed wires.

line impedance. The lower the impedance of the
line, the nearer to the current loop on the match-
ing section will be the proper point of econnection,
Although flashlight and other small lamps can
be used to adjust a quarter-wave section (or
“matching stub”), a thermomilliammeter is the
ideal instrument for proper tuning. It can be
rigged as shown in Fig. 417, so that it can be
shunted across sections of the line or antenna.
The first step in adjusting the matching section
is to bring it and the antenna into resonance. This
ean best be done by exciting the antenna from a
temporary antenna at least a half-wavelength
away (the transmitter being on the proper fre-
quency, of course) and adjusting the length of
the stub until maximum current is obtained in the
shorting bar. The shorting-bar current can be
read by shunting the thermomilliameter across it
or, if the eurrent is very low, by using the meter
as the shorting bar. After the maximum current
has been obtained, the temporary antenna can be
removed and the feed line tapped on to the stub
about 14 wavelength from a current loop. The
line 18 coupled to the antenna and the meter (or

low Z

Fig. 418 — Longer lengths
than quarter-wave can be used
for matching stubs. A half-
wave section used to match a
low impedance must be closed,
while a three-quarter-wave
section is open if matching a
low impedance and closed if
matching a high impedance.
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flashlight bulb) is used to examine the line for
standing waves (difference in current along the
line). The line is tapped at various points on the
matching stub until a place is found that gives the
minimum standing-wave ratio. The stub-length
ean then be increased slightly (by one or two
inches on 14 Me., for example) and the line again
examined for standing waves. After slight read-
justments of stub length and line-tap position,
the line will be perfectly “flat”’ and there will be
no standing waves along its length. If a meter is
used to check the current, both wires of the line
should be checked to make sure the current is the
same in each side. If it isn’t, look for capacity un-
balance of the line (one side closer to ground or
surrounding objects than the other) or a sharp
bend in the line.

It should be kept in mind that if the antenna
and stub are tuned to resonance independently
by excitation from an auxiliary antenna, it will
never be possible to match the line exactly. This
is because there is always a reactive component
along the stub except at the ends. However, by
making the closed stub slightly longer (or an open
stub slightly shorter), {he reactive component can

Low Z High Z
3A 3
4 T
/]
// d



Feeder Systems

31

— A = A
e C ]
N
B S e Slbrzczder:r
==
Lntyned line
any length J/b readsrs

Fig. 419 — The “Q” match used with a half-wave
antenna. Formulae for calculating the lengths and spaec-
ing are given in the text.

be eliminated at the point where the line is tapped
on, and a perfect match will ensue. Some slight
standing waves along the line are of little conse-
quence as far as power transfer to the antenna is
concerned. It is more important to keep the cur-
rents in the line balanced at all times, to minimize
radiation from the line, Fig. 416 is a chart of stub
lengths and tapping points for variousimpedances.

When the connection between matching section

and antenna is unbalanced, as in any end-fed

system, it is important that the antenna be the
right length for the operating frequency if a good
match is to be obtained. The balanced center-fed
system is much less critical in this respect, any
deviation in the correct length of the antenna
being made up in the matching stub.

A matching stub doesnot necessarily need be a
quarter-wave long. It can be made any multiple
of a quarter-wavelength, and it is often more con-
venient to adjust a half-wave or three-quarter-
wave stub. Application of these lengths is shown
in Fig. 418.

The ““()** Antenna

The impedance of a two-wire line of ordinary
construction (400 to 600 ohms) can be

where Zs is the impedance of the matching sec-
tion, and Z; and Z, are the impedances being
matched (line and antenna impedances). A quar-
ter-wave section matching a 600-chm line to the
center of a half-wave antenna (72 ohms), for ex-~
ample, should have a surge impedance of 208
ohms. The spacings between conductors of vari-
ous sizes of tubing and wire for different surge
impedances are given in graphical form in Fig.
409. With half-inch tubing, for example, the
spacing should be 1.5 inches for an impedance of
208 ohms.

The length, B, of the matching section should
be equal to a quarter wavelength, and is given by

L (feet) = — 22

Freq. (Me.)

the factor being smaller because of the decreased
velocity along the close-spaced line compared to
the open line. For a four-wire matching section, a
factor of 238 should be used.

The Q-match system can also be applied to
antennas longer than a half wavelength. Fig. 420
gives the impedances necessary to match various
long-wire antennas to representative lines.

The height above ground will also affect the
resistance at the current loops of any antenna
(see Chapter Five) and should be considered
when designing the matching section.

Corrective Stubs

A method of matching, or correcting, that re-
sembles the quarter-wave mateching section pre-
viously described is the so-called ‘corrective
stub.” It consists of an open or closed stub that
can be connected to the line at a convenient
point, and it will eliminate the standing waves on
the line from that point back to the transmitter
end. It will have no effect on the line between the

matehed, without tapping, to the imped-
ance of the center of a half-wave antenna 4

by the use of a quarter-wave line of special

characteristics. The matching section

S
g

must have low surge impedance and

- OH:

therefore i3 commonly constructed of

large diameter conductors of aluminum
or copper tubing, with fairly close spac-
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ing. This type of antenna can be pur-

chased in kit form and is known as the

“Q” antenna. It is shown in Fig. 419.

MATCHING, SECTION
&

The important dimensions are the length

a

& 50
~
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of the two halves of the antenna, A, the
length of the matching section, B, and

Z‘_ygof-'
=]

the spacing between the two conductors

of the matching section, C, and the im-

=
-3

pedance of the untuned transmission line
connected to the lower end of the match-
ing section.

The required surge impedance for the
matching section is

Zs2 VZ]Z?

1 2 3 4 5 6 7 8
ANTENNA LENGTH, IN WAVELENGTHS

Fig. 420 — Required surge impedance of “Q” matching sec-
tions for radiators of various lengths. Curve A is for a line im-
pedance of 440 ohms, Curve B for 470 ohms, Curve C for 580
ohms and Curve D for 600 chms. Dimensions for the matching
section can be obtained from Fig. 4009.
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gpen or closed’

point of attachment and the antenna. However,
in a case where a perfect match has not been ob-
tained at the antenna and the line is long, it is
possible to save some loss in the line due to stand-
ing waves by eliminating the standing waves be-
tween the point of attachment of the corrective
stub and the transmitter.

The corrective stub system is shown in Fig.
421. In order to use it one must first determine
the standing-wave ratio on the line (ratio of
current node to current loop wvalues) and the
points where the loop and node occur. The chart
in Fig. 422 gives the length and position of the
corrective stub for various standing-wave ratios.
An open stub is used near a current loop and a
closed stub near a current node.

The stub performs much the same function as
the quarter-wave matching section but can be
inserted at any convenient point along the line,
two positions being possible for every half wave-
length of line. It should be placed as close to the
antenna as is convenient, in order to make as
much of the line as possible act as an untuned
line.

Comparison of Tuned and Untuned Lines

Practically all of the various type of lines just
described may be used with elaborate as well as
simple antennas. Tuned lines are, in general,
easier to adjust than the untuned types and have
the advantage that they are adaptable to more
than one band more readily than is the untuned
line type of feed. However, the losses are some-
what higher in a tuned line than in an untuned
line, and the tuned line should not be used where
the length is more than about 3 or 4 wavelengths
or where the tuned line is terminated in a low
impedance. A comparison of the losses in a 600-
ohm tuned line for wvarious terminating im-
pedances is shown in Fig. 423. It is apparent that
if the line termination is about 40 ohms or less, as
in the case of some of the close-spaced directive
systems, the standing-wave ratio rises so high
that serious losses ensue. In fact, the losses in the
line can quite easily exceed the gain of the an-
tenna system, resulting in a net loss instead of a
gain.

Regardless of the type of line, the currents in
the two wires should be kept as nearly equal as
possible. An unbalance of current in the line can
result in incomplete cancellation of radiation
with resultant radiation losses from the line. The
current in each wire of a two-wire line should be
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70 Antenna

Fig. 421 — The “corrective stub” is simply
a section of transmission line hung on the line
at the proper place. It is first necessary to
determine the standing-wave ratio of the line;
the position and length of the stub can then
be found from Fig. 422.

checked at some convenient point and, if the un-
balance is greater than 10 per cent, a check of the
line should be made. Line unbalance can be caused
by unequal lengths of wire in the line, capacity
unbalanece to ground or, in the case of an unsym-
metrical antenna system, incorrect length of
antenna. For the latter reason, symmetrical an-
tenna systems are always better from the stand-
point of minimum feeder radiation. Capacity
unbalance can be introduced at any place along
the line where one side of the line has more
capacity to ground (or a grounded object) than
the other, or it can be introduced right at the
coupling to the plate tank. Grounding the center
of the coupling coil will sometimes help here, or a
Faraday shield can be used.

Harmonic Radiation

From the standpoint of harmonic radiation, the
untuned line systems usually result in lower
harmonic radiation than do the tuned line ones,
except in the case of a broad-band antenna such
as the terminated rhombic. Harmonic transfer to
the antenna system can usually be reduced by the
use of a purely inductively-coupled system (such
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Fig. 422 — Distances and length of the line or loop
of the corrective stub are given in fractions of a wave-
length, but this value can be easily converted, since one
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Freq. (Me.)
ured from the current loop or node towards the trans-
mitter.

wavelength equals . All distances are meas-
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Fig. 423 — An experimentally-determined

chart of the losses in 1l4-wavelengths of

tuned line for various terminating imped- (' db)

ances. The loss in 1}4-wavelength of untuned

line is about 0.2 db. 1
s

as link coupling). The pi-section filter, unless
tuned exactly as described, is notoriously bad for
its harmonic-passing proclivities and should be
avoided except for portable work, where its ad-
vantage of feeding practically any length of wire
overshadows the disadvantage of harmonic
radiation,

Since harmonies are usually transferred to the
antenna by capacity coupling, it is desirable to
reduce or eliminate the capacity coupling in
every case. Link coupling is excellent in this re-
spect, provided the link is kept at ground poten-
tial. This can be done by placing the link at the
low-voltage points on the coils (at the part of the
coil where it is by-passed to ground, or the center
of a balanced circuit) or, in stubborn cases, by
grounding the link. The link coil should be made
up of turns wound close together, and they should
never extend over an appreciable length of the
tank coil.

In the case of untuned transmission lines, the
center of the coupling coil can be grounded (this
also affords good drainage for static charges), or
a Faraday shield ean be used. The Faraday
shield, in its simplest form, consists of a4 comb of
metal between the two coils to prevent capacity
eoupling. No closed loops of wire should be pres-
ent in a Faraday shield, since induced currents
would cause heating and losses. If the shield is
used between two coils whose ends are coupled,
the shield should be flat, and if it is used between
two concentric coils it must be concentric be-
tween the two coils. In either case it can be made
by winding wire spaced its own diameter on a
flat or round form (depending on the use) on
which has first been placed a sheet of celluloid or
heavy paper. The wire can be anything from No.
22 to No. 14, and bare wire is the easiest to work
with. The winding is painted with several coats
of collodion or coil dope and, when dry, the wires
at one end are soldered together. The wires are
then cut and the resultant sheet of parallel wires,
insulated from each other and fastened at one
end, is grounded and used as a shield between the
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tank coil and the output coil. It prevents capacity
coupling but has no effect on the magnetic
coupling,.

A single-wire feeder capacity-coupled to the
tank circuit will have practically no discrimina-
tion to harmonics and, for this reason, the
inductively-coupled system is preferable.

Line Velocity
The velocity of radio-frequency current along a
line varies with the type of line, and this will
modify the calculations for quarter-wave match-
ing sections of various kinds, such as in the
Q-match system. The length of a quarter-wave
length of line can be caclulated from
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where V will depend upon the type of line used.
The factors are as follows for the common types:

L (feet) =

Parallel open wire line ¥V = 0.975
Parallel tubing V = 0.95
Concentric tubes V =10.385
Twisted pair ¥V = 0.56-0.65

To obtain a half-wave or full-wave section,
multiply L by 2 or 4, respectively.

Line Losses

As mentioned previously, the loss in an untuned
600-ohm open line is about 0.12-0.15 db. per
wavelength of line and, if tuned, will vary de-
pending upon the standing-wave ratio. The best
rubber-covered low-impedance lines have a loss of
about 1 db. per wavelength of line — ordinary
rubber-covered lamp eord has a surge impedance
of about 140 ohms and about 1.4 db. loss per
wave-length when dry. It is practically worthless
when wet, but can be used for many indoor appli-
cations. Two lengths may be paralleled to give a
70-ohm line, but the loss figure remains the same.
The parallel moulded-rubber type of lamp cord
has a surge impedance of about 120 ohms, and it
will stand the weather much better.



CHARACTERISTICS — HORIZONTAL AND VERTICAL RADIATION PATTERNS —
METHODS OF FEEDING

Tex simple half-wave antenna is proba-
bly more widely used than any other type, since
it is easy to install and adjust. It will, further-
more, give excellent results both in transmission
and reception, and, when suitable feeding meth-
ods are used, is readily adaptable to use on more
than one band.

The important characteristics of the half-wave
antenna — radiation resistance, impedance varia-
tion along its length, current and voltage distri-
bution, ete. — have already been discussed in
Chapter 2. The free-space radiation pattern also
was discussed in that chapter.

At the outset it is essential to keep thoroughly
in mind that a single wire antenna having a total
length of one-half wavelength at the operating
frequency is always a half-wave antenna, no
matter what special name may be given it. It has
been the practice to label an antenna by the
method of feeding it, and we find such terms as
“Zepp,” “single-wire-fed Hertz,” ‘doublet,”

“center-fed doublet,” Y doublet,” “J,’ and

various others applied to what is essentially the
identical antenna. The characteristics of a half-
wave antenna are the same no matter what feed
method is used. Of course, the results may vary
somewhat with different feed methods, depending
upon the efficiency of the feeder, length of the
line, and the accuracy with which it is matched to
the antenna. These variations are not chargeable
to the antenna itself, however, since a given half-
wave antenna in a given location will radiate a
given amount of power fed to it in just the same
way regardless of the means by which the power
gets into the antenna.

Polarization

‘Half-wave antennas usually are suspended
either horizontally or vertically, depending upon
the type of polarization desired. As mentioned in
Chapter 1, the kind of polarization is not of par-
ticular importance in the 3-30 Me. range insofar
as transmission through the ionosphere is con-
cerned. The way in which the antenna is mounted
does affect 1ts directivity, however, and may also

S

Fig, 501 — Free-space radiation pattern of a half-
wave antenna parallel to the ground. The pattern is in
the plane of the wire, viewed from above.

affect its efficiency when losses in nearby objects
are considered.

Referring to Fig. 501-A, imagine that the an-
tenna is being looked down upon from a height,
with the page representing the surface of the
ground. The antenna is, therefore, horizontal,
The directive diagram shows the relative in-
tensity of radiation along the surface of the ground
in various compass directions; maximum radia-
tion is broadside to the antenna and minimum
radiation is off the ends. If, however, we suspend
the antenna wvertically, the horizontal directive
pattern will be simply a circle; in other words, the
radiation is equally intense in all directions. A
vertical antenna is non-directional in the hori-
zontal plane, while a horizontal antenna shows
marked directional effects in the same plane.

The losses in local objects tend to be somewhat
lower with a horizontal antenna than with a ver-
tical antenna. For a given height of pole or other
supporting structure, a horizontal antenna usu-
ally will be farther away from the ground, trees,
ete., since all of the wire is at the maximum
height of the poles. When the antenna is vertical,
however, its lower end is considerably nearer the
ground, and if the pole height is the same only the
top of the antenna will be at the same height as
the horizontal antenna. The greater proximity of
the ground and other energy-absorbing objects
usually means that more of the energy in the
radiated waves is absorbed before it gets well
started on its way.

Effective Directive Diagrams

The purely horizontal directive diagram of an
antenna does not always give a true indication of
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the directive performance of the antenna, since at
high frequencies the waves which are useful for
communication always depart or arrive at some
angle above the horizontal. Thus when the half-
wave antenna is horizontal, there may be con-
siderable useful radiation off the ends at some
angle above the horizontal, although the plane dia-
gram of Fig. 501, which shows horizontal radia-
tion from a horizontal antenna, indicates that in
the direction of the wire axis there is none.

This can be made clear by examination of Fig.
502, which shows a horizontal half-wave antenna

Fig. 502 — The effective
directive pattern of the an-
tenna depends upon the angle ¢
of radiation considered. As
shown by the arrows, the
field strength in a given com- b
pass direction will be quite A
different at different vertical
angles.

T AT

with a section of its free-space radiation pattern,
taken on a plane cutting vertically through the
wire. The effect of the ground is neglected. The
lines OA, OB, and OC all point in the same geo-
graphical direction, but make different angles in
the vertical plane with the antenna, correspond-
ing to different angles of radiation. So far as com-
pass directions are concerned, all three waves are
leaving the end of the antenna.

The purely horizontal wave OA has zero ampli-
tude, but at a somewhat higher angle correspond-
ing to the line OB, the field strength is appreciable.
At a still higher angle corresponding to the line
OC the field strength is still greater. The higher
the angle considered, the greater the field strength
in the same compass direction, for the figure
shown. It should be obvious, therefore, that in
plotting a directive diagram it is necessary to
specify the angle of radiation for which the dia-
gram applies. The shape of the diagram will be
altered considerably at different radiation angles,
when the antenna is horizontal.

Since the useful angles of radiation vary with
frequency, as described in Chapter 1, the direc-
tivity of the antenna also will depend upon the
frequency. In order to plot diagrams which repre-
sent the performance of the antenna under
average conditions, it is necessary to choose radia-
tion angles which are representative of transmis-
sion and reception on the frequency considered.
Even on one frequency the most useful angle will
depend upon the distance to be covered; for
short distances, just beyond the limit of the first
skip zone, the highest angles which will permit
reflection from the ionosphere are most useful,
while for extreme long distances low angles are
most desirable since low angles give the smallest
number of skips and hence the lowest attenua-
tion. Thus the directivity of the antenna will also
vary with the transmission distance and with

ionosphere variations, which in turn depend upon
the various factors described in Chapter 1.

It might seem from this discussion that it
would be impossible to predict the directivity of
the half-wave antenna without all sorts of qualifi-
cations, and in one sense that is true. However, it
is possible to get a very good idea of the average
directivity of the antenna for work over long dis-
tances (‘“long,” that is, for the frequency con-
sidered) by choosing the angle which on the aver-
age represents about the center of the band of
angles found to be useful for the purpose. Angles
of 9, 15 and 30 degrees have been selected, repre-
senting the mid-band angles for 28, 14 and 7 Me.
respectively. The corresponding patterns are
shown in Fig. 503. The diagrams should not be
taken too literally, however, in view of the pre-
ceding discussion, but rather should be considered
simply as an indication of the type of directivity
to be expected for average work,

The Vertical Half-Wave

The directive pattern of a vertical half-wave
antenna is a circle regardless of the angle of radia-
tion considered. That is, for any given angle in
the vertical plane the field strength is the same in
any compass direction. The field strength will be
different for each vertical angle, or angle of radia-
tion, but the shape of a diagram will not change
when the angle is changed.

This being the case, we can neglect the hori-

Fig. 503 — Directive patterns of a horizontal half-
wave antenna at three radiation angles, 9, 15 (solid line)
and 30 degrees. The direction of the antenna itself is
shown by the arrow. These patterns are plotted to a
30-db. scale, which is about proportional to signal
strength as determined by ear. If 30 db. represents an
S9 signal, 0 on the scale will be about S1. All three
patterns are plotted to the same maximum, but the
actual amplitudes at the various angles will depend
upon the antenna height, as described in Chapter 3.
The patterns shown here show only the shape of the
directive diagram as the angle is varied.
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zontal directivity since there is none. The vertical
directivity, or field strength at various angles of
radiation, is the characteristic of interest. In a
practical antenna system this will depend upon
the height of the antenna above ground, as de-
scribed in Chapter 3.

The relative intensity of radiation at various
vertical angles will depend upon the free-space
radiation pattern of the antenna alone and the
modifications of that pattern brought about by
reflection of the waves from the ground. The theo-
retical pattern is found by multiplying the field
strength of the free-space pattern at each vertical
angle by the ground reflection factor for that same
angle. The ground reflection factors vary with the
height of the antenna, as shown in Chapter 3. The
effect of the ground on the pattern of a half-wave
vertical antenna is shown in the charts of Figs.
504-507. These are theoretical patterns, based on
the assumption of a perfectly-conducting ground.
Except for the fact that the maximum radiation
is not purely horizontal, because of ground losses,
they are fairly representative of actual practice.
The practical result of ground losses is to curve
the lower end of the pattern inward, somewhat as
shown by the dotted lines.

These charts illustrate the importance of height
in relation to frequency. The height is, of course,
in terms of fractions of a wavelength. The higher
the antenna the sharper the directive characteris-
tic in the vertical plane. If conditions permit, a
height should be chosen which concentrates the
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radiation at the vertical angle most suitable for
communication on the frequency used.

At 14 and 28 Me. it is best to have the antenna
as high as possible so that it will be well clear of
energy-absorbing objects in the vicinity. The
height used, however, should be such that a null
will not appear in the region of the most useful
angles of radiation. Usually, the actual height
above the ground will not be exactly the same as
the equivalent height for which the type of reflec-
tion indicated takes place. The equivalent re-
flecting surface is generally a few feet below the
actual surface. It may pay to move the antenna
up and down over a range of a few feet, continu-
ing the test over a period of some days, to deter-
mine the best actual height.

When a ground screen is used, the screen acts
as the conducting surface, and if its radius is of
the order of a half wavelength or more the an-
tenna height can be considered to be its actual
height above the screen.

The Horizontal Half-Wave

The shape of the directive diagram of a hori-
zontal antenna depends upon the radiation angle,
as already described. The way in which it varies
is shown in Fig. 503, for the three reference angles,
9, 15 and 30 degrees. At still higher angles the
pattern approaches a circle, which means that a
half-wave antenna working at high angles shows
practically no directive effects, This is actually
the case on 3.5 Mc., at least for moderate dis-

Vertical-Plane Radiation Patterns of Vertical Half-Wave Antennas Above Perfectly-Conducting Ground
The height is that of the center of the antenna. Dotted lines indicate approximate effect of attenuation of the very

low-angle radiation because of ground losses.

50°  60° 70° 80°_90° 80° 70° 60°  50°
100 408
'30° 30°
1202 20°
HOS 10°
‘h “—
Lo Srmm et =TT 0°
4 3 2 1 0 I 2 3 4

Fig. 504 — Height 14 wavelength.

60° 70° 80°_90° 80° 70° e0°  50°

50°

Fig. 505 — Height 14 wavelength,

50°  60° 70° 80° _S0° 80° 70° 60°  SO°
hage a0
F30° 30°
20°, 20°
o o®
L. bt T e o

4 3 2 | 0 I 2 3 4
Fig. 506 — Height 34 wavelength.
50°  60° 70° 80°_90° 80° 70° 60°  50*

Iy
40°

-~ -

—
-y Y

2 1 0 ] 2 3 4
Fig. 507 — Height 1 wavelength.



Half-Wave Antennas

37

tances, and often applies on 7 Me. At long dis-
tances on either of these bands, where the lower
angles are more useful, the “pulling in” effect
at the ends of the antenna may be more pro-
nounced. '

The antenna should always be run in a direc-
tion which will give the greatest field strength in
the most desired direction of communication.
This means that the half-wave antenna should be
broadside to the desired direction. For instance, if
communication on an east-west line is most de-
sired, the antenna should run from north to south.
Proper orientation of the antenna is most im-
portant at the higher frequencies, where low-angle
radiation is most useful, because it is at low angles
that the antenna shows the most pronounced
directivity.

Fffect of Height

The height of the horizontal antenna does not
affect the shape of the directive diagram at a
given radiation angle, but simply changes the
intensity of radiation. The effect of the ground is
similar to the case of the vertical antenna, al-
though as explained in Chapter 38 the angles at
which the nulls and maxima occur are reversed.

The effect of height on the angle of radiation
is shown in Figs. 508-519 for several heights.
Since the free-space pattern of a horizontal an-
tenna is not a circle, it would take an infinite num-
ber of diagrams of this type to give a complete
picture of the vertical characteristic at all hori-
zontal directions. In these charts, the shape of the
vertical characteristic is shown for the direction

Vertical-Plane Radiation Patterns of Horizontal Half~-Wave Antennas Above Perfectly-Conducting Ground
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Fig. 508 — In direction of wire; height 1{ wave-
length.
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Fig. 513 — At right angles to wire; height 24 wave-
length.
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in which the antenna runs (minimum radiation)
and broadside to the antenna (maximum radia-
tion). At intermediate dircctions the wvertical
characteristic will assume a shape which de-
pends upon how close the direction considered
is to one or the other of the two limiting direc-
tions shown.

A height of at least a half wavelength is neces-
sary for appreciable radiation at angles of the
order of 15 degrees, and greater heights are de-
sirable. At the higher frequencies, where low-
angle radiation is necessary, the heights needed
are easier to attain, since the height is in terms of
fractions of a wavelength. A height should be
chosen which centers the radiation in the most
useful group of angles for the frequency used, and
heights which put nulls in these angles should be

avoided. As in the case of the vertical antenna,
the effective ground plane, for purposes of reflec-
tion, usually is a few feet below the actual surface
of the ground, while a ground screen of suita-
ble size tends to act as the actual reflecting
plane.

These patterns are theoretical, and assume a
perfectly conducting ground. Losses in the ground
tend to reduce the maximum intensity of the
lobes and to prevent the appearance of complete
nulls. The positions of nulls and maxima may also
be shifted slightly, but on the whole the charts are
quite representative of actual performance.

Radiation Resistance

The theoretical value of about 73 ohms for the
radiation resistance of a half-wave antenna in

Vertical-Plane Radiation Patterns of Horizontal Half-Wave Antennas Above Perfectly-Conducting Ground
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length.
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Half-Wave Antennas

39

free space is modified by the presence of the
ground. Tor a horizontal half wave above per-
fectly conducting ground the actual value oscil-
lates about the value of 73 ohms as shown in
Fig. 322. The actual value of radiation resistance
may be considerably above or below 73 ohms,
particularly when the height is slightly less or
slightly more than a half wavelength.

This variation in radiation resistance has little
practical effect on the efficiency of a half-wave
antenna because the loss or ohmic resistance is
still quite low in comparison to the radiation re-
sistance even at heights which give values of the
order of 50 ohms. It is of interest chiefly because
it may affect the termination of non-resonant
feeder systems, particularly those types intended
to match into the center of the antenna without
in-the-field adjustment.

Length of a Half-Wave Antenna

It was pointed out in Chapter 2 that because of
end effects the physical length of a half-wave
antenna averages 5 per cent less than the length
of a half wave in space. The factor varies some-
what with frequency, being 0.96 for frequencies
below 3000 ke. and 0.94 for frequencies above 30
Me. The factor of 0.95 applies throughout the
frequency range of particular interest in this
chapter, however, so that for frequencies from 3
to 30 Mec. the formula

Length of half wave, feet = ..

Jf Me.)
is sufficiently accurate. Antennas for amateur
bands lying outside this range are treated in
separate chapters.

In practice, the actual length of the antenna
may be found to depart slightly from the figure
given by the formula, principally because of
height above ground and the proximity of such
objects as poles, trees and buildings to the an-~
tenna. This variation may be neglected in most
cases, except possibly insofar as it may affect
feeder performance, a subject which will be dis-
cussed later. Aside from this, a few per cent vari~
ation in length will have no appreciable effect on
the characteristics of the antenna itself.

A point of some concern to many constructors,
particularly beginners, is that of determining the
actual length of the antenna, since in practical
construction it is necessary to run the wire
through the supporting insulator and twist it
back on itself to make a mechanically suitable
connection, The best plan is to clean off all the
insulation on the last 8 or 10 inches of wire, run it
through the eye of the insulator, leaving a few
inches of the bright wire over which the end can
be twisted. The joint should be carefully soldered
so that a closed loop is formed, both mechanically
and electrically. The measurement can then be
made to the insulator eye when the wire is
stretched tight.

R.F. Milliammeter
®

L
Length adjusted
simultanéously

here and here

Exciting Antenna

7o Xmtr.

Fig. 520 — Using a separate temporary antenna to
excite a half-wave antenna whose length is to be ad-
justed.

Determining Length

There are several methods by which the electri-
cal length of the antenna may be adjusted quite
accurately to a half wave at the desired fre-
quency. All of them involve disconnecting the
feeders from the antenna. Needless to say, the
adjustment should be made with the antenna in
its final position.

One such arrangement is shown in Fig. 520.
An r.f. galvanometer is connected in the center of
the antenna, either by inserting it in the wire or
by connecting it across several inches of the wire.
The full-scale range of the meter will depend upon
the amount of power available and the coupling
to the auxiliary antenna. The latter may be a
temporary affair strung somewhere in the vicin-
ity, preferably a half wavelength or more away
from the antenna to be adjusted. It is connected
to the transmitter by any convenient type of
transmission line.

The conventional current-squared galvanome-
ter, which has a full-seale range of 115 ma., will be
satisfactory for powers up to 100 watts when con-
nected directly in the center of the antenna. For
larger powers it can be connected across a few
inches of the antenna, the connections being
made at equal distances from the center of the
wire.

Starting out with the antenna known to be
slightly long for the frequency, the power input to
the transmitter is adjusted to give a suitable read-
ing on the antenna meter. Then equal lengths of
wire (a few inches) are clipped off each end of the
antenna, so that the meter remains in the center,
and the meter reading noted. The power input to
the transmitter should be kept constant. This
process should be repeated, with the meter read-
ings recorded each time, until the current has
passed through a maximum and begins to de-
crease. The length which gives the highest meter
reading is the correct one for that frequency. A
curve of antenna current against length may be
plotted so that the exact maximum can be deter-
mined in case it falls between two arbitrarily-
selected lengths in the experimental procedure.

Since the antenna length must be adjusted with
the antenna in position, the determination of the
correct length may be a somewhat tedious task
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because it will usually be necessary to lower the
wire to change the length. Also, with this method
. it will often be necessary to use binoculars to
read the ammeter, which is not altogether casy
if there is a breeze.

An alternative method is to use a vacuum-tube
oscillator loosely coupled to the antenna as shown
in Fig. 521. A low-range (0-1 to 0-5) d.c¢. milliam-
meter is connected in series with the oscillator
grid leak, and a small pick-up antenna connected
to the oscillator grid. When the pick-up antenna
is brought near the antenna to'be checked, the
oscillator is tuned to the point which gives maxi-
mum dip in grid current indicating that the an-
tenna is taking energy, at its resonant frequency,
from the oscillator. With the coupling loosened so
that the pointer just flickers downward noticeably
at resonance, the frequency of the oscillator
should be checked by any convenient frequency-
measuring means. If the frequency is too low, the
antenna should be shortened a bit and checked
once more; similarly, if the frequency is too high
the antenna should be lengthened.

Since it will not usually be possible to bring the
oscillator itself close to the antenna, a small
doublet-type pick-up antenna may be connected
to a twisted-pair line and the latter run to the
oscillator, which may then be operated from the
ground. The pick-up antenna may be temporarily
fastened to one of the insulators supporting the
antenna so that it will be near a high-voltage
point. T'o avoid the possibility of resonance in the
desired frequency range in the line, the grid cur-
rent should first be checked with the pick-up
antenna considerably removed from the regular
antenna, to make sure that there is no dip within
a reasonable range of the operating frequency.

Still a third method makes use of the fact that
the addition of a half-wave section to a line does
not disturb the line’s operaticn when the addi-
tional section is exactly an electrical half wave.
In this method the antenna is end-fed by a tuned
line which can be disconnected from the antenna
at will, as shown in Fig. 522. Either series or
parallel tuning can be used at the transmitter end
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Fig. 521 — The grid-dip method of checking the
frequency of a half-wave antenna. The oscillator circuit
may be of any type so long as it can be tuned to the
frequency at which the antenna is resonant. With 45
to 90 volts on the plate, a 10,000-ohm grid leak will be
satlsfactory when a 0-5 d.c. milliammeter is used in
series. The feedback should be ad_]ustcd to bring the
pointer to about half scale.
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Fig. 522 — Using a transmission line to determine
the resonant frequency of the antenna. The method is
described in the text.
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- of the line, depending upon the line length. With

the line disconnected from the antenna, the tun-
ing is adjusted to give maximum feeder current,
using the loosest eoupling which will give a satis-
factory reading. (Without the antenna connected,
the meter readings will be quite high, so very loose
coupling should be used at thé start.) Then the
feeder is clipped to the antenna and, without
changing the coupling, the tuning is again adjusted
for maximum feeder current. The current will be
much lower, but this does not matter; it is the
tuning adjustment giving resonance, or the maxi-
mum current, whatever that maximum value
may be, which is wanted. If the condenser or
condensers are found to be set at lower capacity
than before, the antenna is too long; if at higher
capacity, the antenna is too short. When the
antenna is exactly the right length, the condenser
settings will be the same either with or without
the antenna connected.

Adjustment of the antenna length by one of the
methods described is not necessary unless it is
desired to get the most accurate feeder match at
one frequency. This accuracy is not needed in the
case of lines of ordinary length since, as described
in Chapter 4, a mismatch ratio of 2 or 3 to 1 does
not appreciably increase the losses in a line which
is not more than a wavelength or so long. It is
useful when the line is unusually long, so that
feeder losses become appreciable when a mis-
match occurs, but in most cases this is not a con-
sideration. Furthermore, the length is correct for
one frequency only, and for another frequency in
the same band the antenna will no longer be
exactly an electrical half wave.

Methods of Feed

In the following sections, the application of the
various types of transmission lines to the half-
wave antenna will be discussed. The information
given here should be used in econjunction with the
design and adjustment data given in Chapter 4
for the type of line under consideration. The dis-
cussions in Chapter 4 are perfectly general; only
those conditions peculiar to the half-wave an-
tenna are given sttention in this chapter.
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The feed methods apply equally well to anten-
nas installed either vertically or horizontally, —
or, for that matter, to those which slant. Although
as a matter of convenience most of the diagrams
show horizontal antennas, it should be kept in
mind that the position of the antenna with respect
to ground does not affect the feed method.

Voltage Feed

The simplest, although not the best, method of
feeding power to the half-wave antenna is to con-
nect one end through a low-capacity condenser to
the final tank coil of the transmitter, as shown in
Fig. 523-A. This is often called ‘“‘end feed” or
“voltage feed.” The disadvantage of this system
is that it necessitates bringing the end of the
antenna into the station, which usually means
that the height must be limited and that the
dielectric losses in nearby objects will be com-
paratively high. It involves no feeder or tuning
apparatus, however, and is useful on the lower
frequencies where there may not be room enough
for a regular antenna-feeder system.

The coupling condenser, C, is used simply for
insulation in case the final tank is series-fed, to
prevent plate voltage from appearing between the
antenna and ground. Its capacity may be quite
low; in fact, a condenser of the disc neutralizing
type may be used. The condenser need not be
variable, however, and may be constructed from
two pieces of copper or aluminum sheet an inch
or two square. A variable condenser will permit
some adjustment of loading, but the same adjust-
ment can be attained by tapping the antenna at
the proper point on the tank coil. Whichever
method is most convenient may be used. With the
tap, the blocking or coupling condenser can be a
mica unit of about 100-zufd. capacity and a volt-
age rating higher than the maximum d.c. plate
voltage (twice the d.c. plate voltage on a plate-
modulated Class-C stage).

The method of adjustment is as follows: With
the antenna disconnected from the tank, tune the
tank to resonance (minimum plate current). Then
tap the antenna on the coil at a point near zero
r.f. potential. In the case of a single-ended tank
circuit this will be near the end of the coil opposite
that connected to the plate; with a balanced tank,
near the center tap. Retune the tank to resonance,
again indicated by minimum plate current. The
new minimum will be higher than without the

antenna connected, however. The setting of the

plate tank condenser will change little, if at all, if
the antenna is exactly a half wave at the operating
frequency. An appreciable change in the condenser
setting will indicate that the antenna length is
incorrect; short, if more capacity must be used,
and long if less capacity is necessary. Move the
tap towards the plate end of the coil a turn at a
time, returning the tank each time, until the am-
plifier is drawing full-load plate current. This will
be the rated plate ecurrent for the tube or tubes

if the amplifier is properly excited. A rough idea
of the output ean be obtained by touching a neon
lamp to the end of the antenna; if the brightness
of the glow passes through a maximum before the
tap is moved up to the position which gives rated
plate current, the point of maximum output has
been passed, and the tap should be returned to
the point which gives the brightest glow. If this
happens, the amplifier probably is not being
driven properly (insufficient excitation).

If a variable coupling condenser is available,
the condenser may be connected directly to the
end of the tank. The adjustment procedure is
similar, but instead of moving the tap up on the
coil the condenser capacity is increased from
minimum in steps, with the final tank being
retuned each time, until the maximum output or
rated plate current is reached. The plate spacing
of the coupling condenser must be at least that of
the plate tank condenser, although only a small
capacity is used.

Capacity coupling of the antenna is likely to
lead to trouble with harmonic radiation, since the
antenna also will be resonant to any harmonics
which may be developed in the amplifier. Also, if
the antenna is not just the right length a standing
wave may develop on the transmitter. As a result
the transmitter may assume an r.f. potential
above ground, so that parts of the circuit which
should be ““dead” for r.f. turn out to be ‘“hot.”

Troubles of this sort can be largely avoided by
using inductive coupling between the transmitter
and antenna, as shown in Fig. 523-B. In this case
the antenna is tapped on a separate tank, tuned
to the same frequency as the transmitter, and
coupled inductively to the transmitter tank coil.
The coupling circuit should be grounded either at
one end or at the center —it does not matter
particularly which is used — through a short con-
nection to a good ground separate from the trans-
mitter ground. To adjust, couple 1 and the tank
coil loosely, and tune C; to resonance. There will
be but a slight rise in plate current as C; passes
through resonance, provided the coupling is very
loose. Increase the coupling in small steps, re-
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"Fig. 523 — Voltage feed to an antenna. With this
method no feeders are used, but the end of the antenna
must be brought into the station.
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tuning C; and the plate condenser to resonance

each time, until the rated plate current is secured. -

The right coupling is that which will make the
plate current drop off as C; is tuned to either side
of resonance, and just rise to the full-load value
(with the plate condenser tuned for minimum
plate current) with €1 at resonance. The coupling
circuit should have about the same L/C ratio as
the final tank circuit, although the values are not
critical. The voltage rating of Ci should be the
same as that of the plate tank condenser.

Center Feed

Another method of putting power into the an-
tenna without a feeder system is sometimes used.
It is called center feed, and is shown in Fig. 524.
The half-wave antenna is in two sections, with the

Half-wave Antenna

& L J_C2
I
L Aoad

m Xmtr
tonk

Fig. 524 — Current-fed antenna without feeders. The
number of turns for 11 is not critical; average values
will be from 2 or 3 turns at 28 Me. to 10 or 12 at 3.5 Mc.,
using the same type of winding as the plate tank coil.
Ci1 and Cz should be identical; maximum capacity
needed will vary from 250 to 350uufd. at 3.5 Mec. to
100 ppfd. at 28 Me. The larger size can of course be
used for all bands.

center brought into the station. This scheme has
the same disadvantages as to losses and lack of
height as the end-feed method, although the losses
may be somewhat lower because the part of the
antenna entering the station is at low r.f, voltage.

The antenna is coupled to the final tank by
means of a small coil, Ly, the reactance of which
is tuned out by means of the two condensers,
C; and Cs. The size of the coil is not critical; it
need have only sufficient turns to give adequate
coupling for power transfer between the final tank
and antenna. Usually a few turns, varying from
one or two at the higher-frequency bands to 10 or
so at the low-frequency bands, of the same diam-
eter as the tank coil, will be sufficient. The an-
tenna condensers, C; and Cq, have to carry only a
relatively small r.f. voltage, hence the plate
spacing may be smaller than the spacing of the
plate tank condenser. The maximum capacity
needed depends upon the frequency and the size
of Li, as given under the diagram.

The tuning adjustment is carried out about as
described under end feed. Starting with I, de-
coupled from the tank cireuit, tune the tank to
resonance. Then increase the coupling in small
steps, tuning €7 and C3 simultaneously for maxi-
mum plate current and the tank condenser for
minimum, until the minimum plate current isthe
rated current for the amplifier. Use the smallest
value of coupling which will give this condition.

Ammeters may be inserted to read the antenna
current, maximum current indicating maximum
power in the antenna. One ammeter connected
in either of the antenna leads will suffice to in-
dicate the power in the system as a whole.

The center-feed arrangement tends to reduce
radiation of even harmonics, and because of the
induective coupling seldom gives any trouble with
r.f. at supposedly ‘“‘dead” spots in the trans-
mitter. Also, the antenna length need not be
figured with extreme care, since the tuning ap-
paratus inserted at its center permits varying the
resonant frequency over quite a range on either
side of the resonant frequency of the wire alone.

End Feed with Resonant Transmission Line
(Zepp)

The use of a transmission line between the -
transmitter and antenna permits locating the
latter in the most advantageous position avail-
able. One of the most popular types of feed for a
half wave antenna is a resonant line with one wire
connected to one end of the antenna. This ar-
rangement, commonly known as a “Zepp’ an-
tenna, is shown in Fig. 525. The transmission line
preferably should be some multiple of a quarter
wave in length, or nearly so.

Since only one side of the transmission line is
connected to the antenna, there is always a slight
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Fig. 525 — The Zepp antenna. The length of the half-
wave antenna is given by the formula earlier in the chap-
ter. When the feeder length, Y, is an odd multiple of a
quarter-wave series tuning is required at the transmitter,
as shown at (A). When the length Y is an even multiple
of 14{-wave parallel tuning is needed (B). Method of
coupling is described in Chapter 4.
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unbalance in the line, even when the two currents
are exactly out of phase all along the line. The
two wires do not act independently, however, be-
cause of the coupling between them, and therefore
the current at a loop in the ““dead’ or open feeder
does not differ greatly from the current in the
“live’ feeder, or the side of the line connected to
the antenna. Hence there is but little radiation
from the line, provided the antenna length is
correct.

The effect on feeder balance of incorrect length
is shown in Fig. 526, which shows an antenna
with quarter-wave feeders. Instantaneous current
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Fig. 526 — Effect of antenna length on feeder-current
balance with an end-fed antenna. (A), antenna length
correct; (B) and (C), incorrect.

directions also are shown. When the antenna
length is correct, as at A, the feeder currents are
opposite in phase all along their length, and of
approximately the same amplitude in each feeder.
If the antenna is too long, however, as at B, the
current goes through a reversal on the antenna so
that the standing wave on the live feeder is moved
along as compared to that on the dead feeder.
Thus the feeder currents are not exactly out of
phase and there will be some radiation from the
line. The effect of too short an antenna is shown in
C, where the standing wave on the live feeder has
been moved in the opposite direction. There must
always be a current node at the end of the dead
feeder, so that the current distribution on this
feeder is not greatly affected by the antenna
length.

The greater the departure of the antenna length
from a true electrical half wave the greater the

feeder unbalance, and hence the higher the radia-
tion from the line. In most cases a small amount
of line radiation does no particular harm, so it will
usually suffice to cut the antenna for the most-
used frequency and line radiation can be neglected
for work over a range of a few per cent either side
of the optimum frequency. This is particularly
true for short lines. As the line becomes longer —
a few wavelengths or more — the energy radiated
becomes a greater percentage of the total fed to
the system, and the frequency range over which
operation can be carried out with negligible line
losses becomes smaller.

For ease of coupling power into the system it is
advisable to make the feeder length a multiple of
a quarter wavelength. Some departure from this
length can be tolerated, because the discrepancies
can be made up to some extent in the tuning ap-
paratus where the line is coupled to the trans-
mitter. However, lengths which fall nearly mid-
way between quarter wavelengths often give
trouble, making it hard to find a tuning adjust-
ment which will ‘““take power” from the trans-
mitter.

The most popular coupling system for the
Zepp antenna consists of a coil and one or two
condensers arranged either for series or parallel
tuning, depending upon the feeder length; series
tuning for feeders an odd multiple of a quarter
wave in length, parallel tuning for even multiples.
Recommended lengths are given in the table, with
the type of tuning required.

RECOMMENDED LENGTHS OF TUNED
FEEDERS, IN FEET, FOR VARIOUS
FREQUENCY BANDS

Series Tuning, Parallel Tuning,
End Feed End Feed
Parallel Tuning, Series Tuning,

Band Center Feed Center Feed

3.5 Mec. 55-90 3045

oK : 180-220 110-150
7 Me. 2545 15-20
95-115 60-90

125-150
14 Me. 15-22 28-38
48-55 60-70

80-90 125-135
28 Me. - 7-10 14-138
23-27 30-35
39-44 48-52
56—60 65-70

The feeders should be as nearly as possible
a multiple of ¥4 wavelength, whenever cir-
cumstances will permit. A quarter wave-
length is (average for each band) 65 feet at
3.5 Mec., 3314 feet at 7 Me., 17 feet at 14 Me.,
and 814 feet at 28 Me.
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Series tuning and parallel tuning correspond
respectively to voltage feed and current feed as
previously described. The same considerations
apply to the coil and condenser constants and
ratings, and the tuning procedure is that already
described. The similarity of a quarter-wave feeder
with series tuning to the current-fed half-wave
antenna is readily appreciated, if the two halves
of the antenna of Fig. 524 are imagined to be bent
to form a parallel-wire transmission line. Likewise,
parallel tuning with half-wave feeders is readily
comparable to voltage feed to a half-wave an-
tenna, Fig. 523, except that a second half-wave
wire is connected to the other side of the coupling
tank to eliminate radiation. A ground connection
on the coupling coil is not necessary with the
feeder system, but can be used if desired. It should
be made to the center of the coupling coil, how-
ever, and not to one end.

Besides series and parallel tuning, other cou-
pling arrangements suitable for use with resonant
lines, as shown in Chapter 4, may be used with
the Zepp antenna.

Center Feed with Resonant Feeders

Instead of feeding at the end, the resonant
transmission line may be inserted in the center of
the half-wave antenna as shown in Fig. 527.
With this arrangement the feeder is connected to
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Fig. 527 — Center-fed half-wave antenna with tuned
feeders, The antenna length does not include the length
of the center insulator. When the feeder length, Y, is
an odd multiple of 1{ wavelength parallel tuning is
required at the transmitter (A); when an even multiple,
series tuning is used (B). See Chapter 4 for coupling
and tuning data.
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Fig. 528 — Effect of antenna length with center feed.
W_heu the antenna length is incorrect the standing waves
shift along the feeders, but the balance is not affected.

a low-impedance point in the antenna, so that the
impedance looking into the feeder at the transmit-
ting end is just the opposite, for the same feeder
length, to the case with the Zepp antenna. Thus a
quarter-wave feeder shows high impedance at the
transmitter, and parallel tuning is required, while
a half-wave feeder shows low impedance and
series tuning is necessary. The general rule is:
Use series tuning with feeders an even multiple of
a quarter wave in length, and parallel tuning with
odd multiples.

With center feed incorreet antenna length does
not unbalance the feeders, so long as both sides of
the antenna, are the same length. In other words,
if the system is syminetrical, a situation such as
that shown in Fig. 526 cannot occur. Rather, the
standing waves on the feeders shift as indicated in
Fig. 528. The nodes and loops move symmetrically
along both feeders, so that a considerable depar-
ture from the resonant frequency will not cause
feeder radiation. Such an antenna can be worked
over a very wide frequency range with practically
no loss of efficiency.

In addition, the inherent unbalanece of the Zepp
system is not present with the transmission line
connected to the center of the antenna, since the
two wires of the line are equally loaded. On the
whole, therefore, this arrangement is preferable to
the Zepp from the standpoint of feeder operation.

As in the case of the Zepp antenna, the pre-
ferred feeder lengths are those which are close to
multiples of a quarter wavelength. Again, any
type of coupling suitable for use with resonant
lines (Chapter 4) can be employed.
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Non-Resonant Lines

As explained in Chapter 4, a transmission line
which is terminated in a resistance equal to its
characteristic impedance will not have standing
waves, and no special length is needed for proper
operation. This feature is often advantageous, be-
cause it is sometimes inconvenient to make the
length of a line one of the quarter-wave multiples
desirable for satisfactory power transfer.

An important feature in the use of non-resonant
or “flat’’ lines is the method by which the imped-
ance at the antenna is matched to the line im-
pedance, This distinguishes the various types of
non-resonant feeder systems used with half-wave
antennas.

Twisted Pair Feed

The simplest method of assuring a match be-
tween the antenna and the line is to make the line
impedance equal to the antenna resistance. In the
case of the half-wave antenna this resistance aver-
ages about 73 ohms at the center, so that a line of
73 chms impedance is required.

Tt is not practicable to construct an open-wire
line having this value of impedance, but one can
be made by using rubber-insulated wire, which
not only permits the two conductors to be quite
closely spaced but also further raises the capacity
per unit length by providing a higher dieleetric
constant in the medium between the wires. A line
of this type is simply connected into the center of
the half-wave antenna, as shown in Fig. 529. It
may be made any convenient length. At the trans-
mitter end it can be coupled to the final tank by
means of a turn or two of wire, without any
special tuning apparatus. However, a tuned
coupling circuit can be used if desired, as shown
in Chapter 4. ,

The accuracy of the match will naturally de-
pend upon the exaect value of line impedance —
twisted pairs of different types have differing im-
pedances, as listed in Chapter 4 — and in addi-
tion will depend upon the height and location of
the antenna. The effect of height on the resistance
has been already discussed in Chapter 3. 1t is pos-
sible to make the antenna impedance match the
line impedance, if the latter is in the vicinity of
70 ohms, simply by adjusting the height of the
antenna until standing waves are minimized. The
antenna impedance will be affected somewhat by
nearby trees and buildings, but it is impossible to
forecast the magnitude of this effect. The best
plan is to keep the antenna as much in the clear as
possible.

For a good match, it is essential that the an-
tenna be the right length; the correct length for
the operating frequency can be determined by one
of the methods already described. If the line im-
pedance is somewhat lower than the antenna im-
pedance a better match can be brought about by
fanning the last few inches of the line, as shown

in Fig. 529, to form a “V.” The amount of fanning
necessary will depend upon the relative antenna
and line impedances, and usually will be between
6 and 18 inches. The match may be checked by
inserting ammeters in each antenna leg at the
junction of feeder and antenna, adjusting the
“V7 until the current is maximum.

It 1s notreadily possible to measure directly
the standing waves on a twisted-pair line. One
method of checking is to measure the current into
the line at the transmitter end, then temporarily
insert a section about a quarter wave long (elec-
trical length) between the regular line and the
coupling coil, and read the current into the new
section of line. If the current is within 10 per cent
or so of its previous value, the line is quite well
matched. A badly mismatched line will show
““hot spots” along its length if operated for a
period of time with a few hundred watts input,
since the losses are higher at the voltage loops
when standing waves of appreciable magnitude
are present.

As shown in Chapter 4, the increased line loss
for standing wave ratios of 2 or 3 as compared to
a really “flat” line is not serious. If the line is
properly matched to the antenna at one fre-
quency, therefore, it will work quite efficiently
over a fair range of frequencies on either side of
the correct one. If the antenna is to be used over
a whole band, the system should be carefully
matched for a frequency near the center of the
band.

Compared to air-insulated lines, losses in a
twisted-pair feeder are high. Such lines therefore
should be used only in short lengths (in terms of
wavelength). The loss in a twisted-pair line in-
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Fig. 529 — Twisted-pair feed to a half-wave antenna.
The antenna length does not include that of the center
insulator. The distance B depends upon the relative
impedance of the antenna and the line, as described in
the text. As much as 18 inches may be beneficial.

creases markedly as moisture is absorbed in the
insulation. It pays, therefore, to use high-quality
lines and to take precautions against rain. Where
the line connects to the antenna the “V?”’ should
be well covered with rubber tape, and care should
be taken to keep the waterproof covering on the
line intact. Ordinary lampcord is not recom-
mended because of lack of weatherproofing.
With twisted-pair feed, radiation of even har-
monics of the transmitter frequency is quite low
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Fig. 530 — Half-wave antenna fed by 70-ohm con-
centric line, either air- or rubber-insulated. See Chapter
4 for coupling details. The antenna length does not
include the length of the center insulator.

because the line is badly mismatched at even
multiples of the fundamental frequency. Odd
harmonics can readily be radiated, however. A
coupling system which diseriminates against
harmonices is to be preferred.

Concentric-Line Feed

A 70-ohm concentric cable, either rubber- or
air-insulated, can be used to replace the twisted
pair feeder described in the preceding section.
The arrangement is shown in Fig. 530. If a rub-
ber-insulated cable is used, all of the remarks in
the preceding section on adjustment, use and
losses, apply with equal force.

With air-insulated lines — that 1is, lines in
which the inner and outer conductors are held at
fixed spacing by means of high-grade ceramic
spacers, which form a relatively small part of the
total dielectric — the losses are negligible, even
in unusually long lines. The type consisting of a
copper tube enclosing a concentric wire is espe-
cially good from the standpoint of being weather-
proof, and there is practically no loss by radiation
from such a line. Data for conductor sizes and
spacing to make a 70-ohm line are given in Chap-
ter 4. Also available are flexible concentric lines
of the requisite impedance, consisting of a
braided-wire outer sheath enclosing a stranded
inner conductor, the two being separated by cup-
shaped ceramic or polystyrene spacers. These are
also low-loss, but less impervious to moisture
than the solid type.

Matching and coupling adjustments are the
same as for twisted-pair feeders. An antenna with
this type of feed is equally capable of working
over a reasonable frequency range without exces-
sive loss because of standing waves.

Open-Wire Feed with Delta Match
When an open-wire line of conventional con-

struction is to be operated non-resonant with a
half-wave antenna, some form of special matching
arrangement must be used at the antenna end,
since the line impedance is of the order of 500 to
600 ohms while the antenna resistance is only 70
ohms. The delta matching transformer as applied
to a half-wave antenna is shown in Iig. 531.

As in the case in all matched systems, the an-
tenna length must be correct for the operating
frequency if an exact match is to be secured. The
length can be adjusted independently, as already
described. For s 600-ohm line, the coupling
length, £, and the feeder clearance, C, are given
by the following formulas:

148
E (feet) = j"—(m—‘)‘
: _ 118
C (feet) ——f (Mc) (3 to 30 Mec.)
C (feet) = }(11\1([—30) (Above 30 Mc.)

where f is the frequency in megacycles.

The dimensions given are based on an antenna
resistance of 73 ohms and therefore will be subject
to some modification if the actual resistance
differs from that figure beecause of the antenna
height or other factors. The correct adjustment,
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I'ig. 531 — Half-wave antenna with delta matching
transformer. The antenna length L is calculated by the
formula previously given in this chapter. Dimensions
C, D and E are calculated as described in the text.

in case the line is not flat, can be obtained by cut-
and-try wvariations of the dimensions C and ¥
until standing waves on the line are minimized.
When adjusted for the center of a band, this
type of antenna system is capable of working at
good efficiency over the whole band. Any of the
coupling systems deseribed in Chapter 4 suitable
for working with a 600-ohm line may be used to
transfer power from the transmitter to the line.
One should be adopted which will help discrimi-
nate against harmonics, however, since this sys-
tem will radiate harmonics, both even and odd, of
the fundamental frequency fairly well as com-
pared to other antenna-feeder arrangements.
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Half-Wave Antennas with Matching Stubs

A non-resonant line of the order of 600 ohms
can be readily matched to a half-wave antenna
through the use of linear matching transformers
of the type deseribed in Chapter 4. Such a match-
ing section or stub can be connected either to the
center or the end of a half-wave antenna, where
the antenna impedance is resistive, as shown in
Fig. 532, If a quarter-wave stub is terminated at
the center of the antenna where the resistance is
low, the impedance looking into the other end of
the stub is high; therefore an open-ended stub is
required. On the other hand, if the stub is termi-
nated at the end of the antenna, where the re-
sistance is high, the impedance looking into the
other end of the stub is low, hence a closed stub
is called for. The closed stub is more convenient
to adjust, so if the stub feeds into the center of
the antenna it may be more convenient to make it
a half wave long, which will permit using a short-
ing link on the far end.

Matching stubs resemble the quarter-wave or
half-wave resonant feeders used with the Zepp
and center-fed antennas both in electrical and
mechanical properties. Ordinarily the stub has a
surge impedance of 600 ohms, although other val-
ues may be used. Like these antenna systems, the
center-fed arrangement is more symmetrieal and
can be more accurately adjusted, since both wires
are connected to the antenna.

In the end-feed arrangement it is essential for
accurate matching that the antenna length be an
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Fig. 532 — Use of quarter-wave stubs to match an
open-wire line to a half-wave antenna. In the upper
drawing, the antenna length does not include the length
of the center insulator. Data on adjustment will be
found in Chapter 4, together with additional informa-
tion on the use of matching stubs.

The end-fed system shown in the lower drawing is
often ealled a “J” antenna when the antenna and stub
are vertical.
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Fig. 533 — The “Q” antenna, using a quarter-wave
matching section whose characteristic impedance is the
geometric mean of the antenna and line impedances.
The antenna length does not include the length of the
center insulator. The length B and spacing C of the
matching section can be found from the data given in
Chapter 4.

electrical half wave for the operating frequency.
Departure from this length leads to the same sort
of performance illustrated in Fig. 526. Although
a reasonable frequency range can be covered
without serious loss from mismatch and radiation
from the stub, better performance in both re-
spects will be secured when the stub connects to
the center of the antenna. In this case, the
antenna will work well over an entire band
if its length is adjusted for the center of the
band.

With the end-fed system, the antenna length
should first be adjusted independently to the
operating frequency, with the stub disconnected.
After this is done, the stub may be connected to
the antenna (but not to the line) and, using the
same method, the shorting link adjusted so that
the whole system, antenna and stub, is resonant
at the operating frequency. The line may then be
tied to the stub and the matching carried out as
deseribed in Chapter 4.

With center feed, the antenna length is not
critical, since discrepancies can be made up by
adjustment of the stub. The antenna and stub
may be resonated as a unit, independently of the
line, again using the methods described earlier in
this chapter. With a quarter-wave stub this will
involve clipping the free ends until resonance is
secured. It is best to start out with the stub in-
tentionally long. Once the system is resonant the
feeders may be attached and their position on the
stub adjusted for minimum standing waves as
described in Chapter 4. A further ‘‘touching up”
of the stub length, as described in Chapter 4, may
be necessary for an exact match.

These antenna systems will radiate harmonics
to some extent, although the mismatch on har-
monic frequencies is bad enough so that compara-~
tively little harmonic energy reaches the antenna.
However, it is advisable to use a coupling system
which will help discriminate against harmonies.
Chapter 4 should be consulted for suitable cou-
pling arrangements for working into an open-wire
line.
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Q-Bar Matching

By using a quarter-wave line of suitable char-
acteristic impedance an open-wire line can be
matched to the center of a half-wave antenna
without the necessity for tapping on the matching
transformer. The linear transformer impedance
must be the geometric mean of the antenna and
line impedances, as described in Chapter 4. Data
for the construction of such a transformer are also
given in that chapter.

Thus the 73-ohm antenna resistance can be
matched to a 600-ochm line by using a linear
matching transformer having an impedance of
210 chms, approximately, connected as shown in
Fig. 533. The “Q” section must be constructed
with large-diameter conductors to achieve this
impedance. Conventionally, it is made of tubing
of about half-inch diameter, usually aluminum,
supported by insulating spacers which maintain
the correct center-to-center spacing between the
conductors. With half-inch tubing, this spacing
will be 1.5 inches to match 73 ohms to 600. Spac-
ings for other sizes of conductors can be found by
consulting Chapter 4.

For an exact impedance match, the antenna
length must be correct for the operating fre-
quency. The correct length can be determined by
one of the methods given earlier in this chapter.
The length of the “Q’ section also must be cor-
rect; it can be determined by the same methods
if made slightly long to begin with, by disconnect-
ing it from the antenna and using a movable
shorting link on one end. The match will be
affected by the height of the antenna, just as in
the case of twisted-pair or concentric-cable-fed
lines. If appreciable standing waves are present
on the line when the antenna is installed, they can
be minimized by varying the spacing of the “Q”
bars, providing the antenna and “Q” section
lengths are correct. ““Q” antenna parts are pur-
chasable in kit form, and a satisfactory match
usually will be secured by following the instruc-
tions when such a kit is proecured. In any event,
the losses from standing waves will not be serious
when operation is carried on in various parts of a
band, providing the system is first correctly ad-
justed for the center of the band.
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Fig. 534 — The single-wire-fed half-wave antenna.

Length L is calculated as previously described, or may
be taken from the charts, Iigs. 535-539. The distance
D also is given in the charts.

The “Q” matching system with a half-wave
antenna discriminates against even harmonics of
the transmitter frequency, just as in the case of
other center-fed systems. Nevertheless, it is ad-
visable, in the interests of low harmonic radiation,
to use a tuned coupling circuit to provide further
attenuation of the harmonics. Chapter 4 may be
consulted for suitable circuits and operating data.

Single-Wire Feed

The single-wire non-resonant line can also be
used to feed a half-wave antenna. Of all the vari-
ous feeder systems available it is probably the
least desirable, for three reasons. The line radia-
tion tends to be higher because there is no second
wire with out-of-phase current to cancel the ra-
diation from the first. Hence there is always
some radiation, which can be minimized only by
as accurate matching as possible so that the line
current will reach the lowest possible value. Sec-
ond, a single-wire-fed antenna radiates rather well
on harmonics (it is often used for that purpose)
and particular precautions must be taken to pre-
vent harmonies of the operating frequency from
getting into the system. Third, the efficiency of
the feeder is dependent upon the characteristics
of the ground over which it is installed, since the
return circuit is through the ground. Ground hav-
ing good conductivity is essential to the perform-
ance of the feeder, and relatively poor results may
be expected if the ground is very rocky, or dry
and sandy, for any considerable depth.

For a good impedance match it is essential, as
with other non-resonant lines, that the antenna
length be correct for the operating frequency.
The length may be adjusted independently as
previously described in this chapter. The other
critical dimension, shown in Fig. 534, is the dis-
tance D from the center of the antenna to the
point where the feeder is attached. Antenna
length and dimension D are both shown in the
charts of Figs. 535 to 539, for a feeder of No. 14
wire. The distance D will depend upon the size
of the feeder wire, since this determines the char-
acteristic impedance of the feeder. D is equal to
the length of the antenna multiplied by a factor
which varies with the wire size. For No. 12 wire
the factor is 0.133; for No. 14 wire, 0.139; and
for No. 16 wire, 0.144.

Placing the feeder tap incorrectly does not
change the resonant frequency of the antenna,
but affeets only the standing-wave ratio on the
feeder. However, if the antenna is the wrong
length standing waves on the feeder cannot be
eliminated no matter what the position of the tap.
The feeder should leave the antenna at right
angles for a distance of at least a quarter wave,
and sharp bends in the feeder should be avoided
if possible.

The single-wire-feed system can be operated
over a fair frequency range without serious losses.
At frequencies other than that for which the an-



Half-Wave Antennas

49

tenna is resonant the standing wave of current
on the antenna shows a discontinuity where the
feeder joins the antenna, and of course standing
waves show on the feeder. The antenna length
can be checked by inserting an ammeter in the
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Fig. 535 — Length of half-wave antenna for the
frequency range 1750-2050 ke.
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Fig. 537 — Length of half-wave antenna for the fre-
quency range 7000-7300 ke.

Length of Half-Wave Antenna in Feet for the Various

Amateur-Band Frequencies ‘

The lengths shown by the solid curves apply to any
half-wave antenna with any type of feed system, sub-
ject to slight modifications on account of location of the
antenna as mentioned earlier in the chapter. The dotted
curves show the distance D, Fig. 534, from the center
of the antenna to the point where a No. 14 single-wire
feeder is attached.

antenna on each side of the feeder, as close to the
junction as possible; if the antenna length is cor-
rect, the ammeter readings will be equal. Stand-
ing waves on the feeder can be checked by the
procedure outlined in Chapter 4.
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Fig. 536 — Length of half-wave antenna for the
frequency range 3500-4000 ke.
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Fig. 538 — Length of half-wave antenna for the fre-
quency range 14,000-14,400 ke.

t:l’ 28 (Ffzt! 2!3[' 2/4!/
=
\ )
3 284 A7 L
3 P /1
P

% 28.8 5
S o
3 20.2 7 pd
3 P i
D 4"
& 29.6
& i pd A
0 30.0 .

5’6" i5'i0” 16’2 16'6” 610"

Fig. 539 — Length of half-wave antenna for the
frequency range 28,000-30,000 ke.
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THEIR DIRECTIONAL AND RESISTANCE CHARACTERISTICS

As POINTED out in the previous chapter,
the maximum radiation from a half-wave antenna
is broadside to the wire, with some modification
introduced by the height above ground. However,

|
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fill in the radiation in other directions. I'urther,
the long-wire antenna radiates more power in its
most favorable direction than does a half-wave
antenna in its favorite direction. This power gain

Fig. 602 — Free-space diagrams of typical long-wire antennas.

when the wire is a wavelength or more long the
radiation tends to concentrate more and more off
the ends, although®some minor lobes appear and
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Fig. 601 — The variation in radiation resistance and
power in the major lobe of long-wire antennas. Curve A
shows the change in radiation resistance with antenna
length, while Curve B shows the power in the lobes of
maximum radiation for long-wire antennas as a ratio to
the maximum of a half-wave antenna.

is obtained at the expense of radiation in other
directions. By properly orienting a long-wire
antenna it is possible to put out a stronger signal
in the desired direction than would be possible
with a half-wave antenna.

Asg in the case of the half-wave antenna, the
long-wire antenna will normally be worked at
resonance, so that maximum power can be intro-
duced into it. The radiation resistance as meas-
ured at a current loop becomes larger as the an-
tenna length is increased. Fig. 601 shows how the
radiation resistance and power-gain of the major
lobe increases as the length of the antenna is
increased. The radiation resistance given is the
free-space resistance and will be modified by the
height above ground, similar to the case of the
half-wave antenna.

Free-space patterns of a few long-wire antennas
are given in Fig. 602. These are not the patterns
obtained in actual practice, because of the ground
modification and also because they only show
what would be obtained along the horizontal
plane, where no radiation is ever obtained in
actual practice. However, they serve to show how
the pattern is modified as the length of the radi-
ator changes.

More practical patterns are shown in Figs.
603-608. These patterns show the radiation of
various long-wire antennas for varicus vertical
angles of radiation. The height above ground does
not modify these patterns but it does have an
effect on the gain of the antenna over a half-wave.
Reference to Figs. 303-314 gives the factors that



Long Single Wires

51

should be applied to the antenna pattern for
various heights and, if possible, the antenna
should be hung at a height that gives the maxi-
mum radiation at the desired vertical angle., In
any event, a study of I'igs. 603-608 will allow onc
to predict with a fair degree of accuracy the per-
formance of a proposed long-wire antenna.

Fig. 603 — The horizontal pattern for a one-wave-
length antenna at vertical angles of 9, 15 and 30 degrees.

Fig. 604 — The horizontal pattern for a 1l4-wave-
length antenna at vertical angles of 9, 15 and 30 degrees.

For wires longer than five wavelengths, the
chart shown in Fig. 609 shows the angles of the
major and minor lobes and also the nulls of the
free-space pattern.

The above patterns are for the wire at equal
height above the ground throughout its lehgth.
If the wire is sloping on level ground, there will be
a modification of the pattern, usually tending to

%

Fig. 605 — The horizontal pattern for a 2-wavelength
antenna at vertical angles of 9, 15 and 30 degrees.

result in greater radiation directly off the end of
the wire in the direction the wire points down-
ward. If the wire is parallel to sloping ground,
there will be increased low-angle radiation in the
downward direction of the slope and reduced
radiation in the opposite direction.

Length of a Long-Wire Antenna

The proper length of a long-wire antenna can-
not be found by simply multiplying the length of
a single half-wave antenna by an integer. As men-
tioned in the previous chapter, a half-wave an-
tenna is shorter than a half wavelength in free
space by about 5 per cent because of the “end

ﬂ -] ‘i‘oo 8‘00 ' o
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Fig. 606 — The horizontal pattern for a 3-v;'avelength
antenna at vertical angles of 9 and 15 degrees.
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effect”” of the wire, but these effects operate only
on the end sections of the antenna; in other parts
of the wire these effects are absent and the wire
length is approximately that of an equivalent
portion of the wave in space.

The formula for the length of a long-wire an-
tenna is

492 (N — 0.05)

Length (feet) = Freq. (Mc.)

where N is the number of half-waves on the an-
tenna. From this it is apparent that an antenna
cut for any particular frequency will be slightly
off resonance at exactly twice that frequency (on
the second harmonic) or four times that frequency
(on the fourth harmonic). This effect is not impor-
tant except where tuned feeders are used at one
end of the antenna, in which case there will be
some unbalance of current in the feeders at the
harmonic frequencies. A symmetrical system
would of course be free from this slight disad-
vantage.

Feeding the Long-Wire Antenna

All that has been said about the feeding and ad-
justment of a half-wave antenna applies equally
as well to the long-wire antenna except for one
stipulation: since the currents in adjacent sections
of a long-wire antenna must be out-of-phase, the
feeder system must not upset this relationship.
This requirement is met by feeding the long-
wire antenna at one end or at a current loop. A
two-wire feeder cannot be inserted at a current
node (except at the end of the wire), since this in-
variably brings the currents in two adjacent half-
wave sections in phase; if the phase in one section
could be reversed then the currents in the feeders
would be in phase and the feeder radiation would
not be canceled out.

The above does not mean that the antenna
would not work if the current in two adjacent
half-waves were in phase; it simply means that
the antenna would not be functioning as a long-
wire antenna and the patterns given would not
hold without modification.

TABLE I

LENGTHS OF LONG-WIRE ANTENNAS
(Feet and inches)

Me. A in 22 DN 4N )N BA 7 8\
1.8 | 584 807 1080

1.9 | 505 765 1024

2.0 480 726 972

3.5 | 275 415 555 696 836 1120

3.6 | 267 403 540 677 813 1087

3.7 | 260 393 525 660 791 1058

3.8 | 253 382 512 642 770 1030

3.9 | 246 372 498 625 751 1003

4.0 | 240 363 486 609 732 978

7.0 | 13747 [ 207'6" | 278 348 418 559 700 840 980 1120
7.1 1354 | 204’8 | 274 343 412 551 690 828 967 1105
7.2 133’ 5" | 202 270 338 407 543 680 817 954 1090
7.3 } 131777 | 199 266 334 402 536 671 807 940 1075
14.0 6877 110311 139 174 209’ 3”| 280 350 420 490 561
14.1 681" | 103'2"” | 138 172787) 207’ 9’| 278 347 417 487 557
14 .2 67/ 7" | 102’ 5" 137 171’ 6" 206’ 3| 276 345 414 483 553
14.3 67’2 | 101’9 136 1707 4’7 204" 9"| 274 342 411 480 549
14.4 66’ 8" | 101 135 1697177 203’ 3" 272 340 408 477 545
28.0 34"4' | 519" 69’'5" | 87 1046|140 175 210 245 280
28.5 33'8" 1 b1 682 | 856" 102' 9| 137'6" | 172 206’ 6’| 241 275
29.0 33’1 | 50'2" 67 84 101 135 169 203 237 271
29.5 3276 | 49'4" 65’ 10| 8276’1 99'3"| 132'9" | 166 199’ 67/ 233 266
30.0 32 48’ 5" 64’9’ | 81'3"| 97'5"| 130°'6" | 163 196 229 262
50.0 19°2” { 29 38’11\ 48'8"| 58 7' 784" | 98 117/10”| 137' 4" 157
51.0 187107"|. 28'5" 381" | 47'10”| B7'5"”| 76’87 | 96 115’ 6') 134’ 8’| 154
52.0 18'6 | 27117 374" | 46°11” 564" 754" | 94’1 113 132 151
53.0 18’ 2" | 275" 36’8 | 46 55’2 "73'10| 92’4”| 111 129'6"| 148
54.0 177107} 26’11"" 36 451" | b4'2” 7267 | 9177"| 109 1272 145’ 6"
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Fig. 607 — The horizontal pattern for a 4-wavelength
antenna at vertical angles of 9 and 15 degrees.

End-Fed Long-Wire Antenna

The coupling, adjustment and tuning of an end-
fed long-wire antenna is exactly the same as for a
half-wave antenna and need not be mentioned
in great detail, since it has already been covered
in Chapter Five. However, it should be pointed
out that, while it is possible to put power into
almost any length of long wire, several experi-
menters have found that careful pruning of the
length of the long end-fed antenna leads to greater
ease of coupling and possibly better transfer effi-
ciency. The exact length can be determined ex-
perimentally by the same means as outlined for
the half-wave — the antenna should introduce no
reactance to the tank circuit to which it is con-
nected (have no effect on the tuning when
connected). Since the wire can be made exactly
resonant to only one frequency, some amateurs in-
troduce an additional length of wire to the end-fed

antenna when going from the high-frequency end

to the low-frequency end of a band. Pruning of
the antenna is a simple matter, since it terminates
right at the transmitter, and it is only necessary
to adjust the length until the antenna has no
effect on the tuning when it is connected to the
tank or antenna tuning coil.

Tuned Feeders for the Long Wire

Tuned feeders are probably the most practical
for the long wire, since they permit multi-band
operation with all of the antenna “in the clear.”
As mentioned previously, feeding the end of the
long wire will allow it to operate as a long-wire
antenna on all bands, but if it is fed at a current
loop it only operates as a long-wire antenna on the
band where it is fed at the current loop.

The tuned feeder lengths and tuning systems
will be the same as for a half-wave antenna and
need not be duplicated here. The same is true of
the adjustment methods.

Fig. 608 — The horizontal pattern for a 5-wavelength
antenna at vertical angles of 9 and 15 degrees.

Matching Sections

Quarter-wave and “Q” match systems can be
used with the long-wire antenna. However, the
use of a quarter-wave matching section will limit
the operation to one band, and the “Q” system
must be used as tuned feeders for bands other
than the one for which it is adjusted.

In designing quarter-wave matching sections
and Q-match sections, it should be remembered
that the radiation resistance for a long-wire
antenna is higher than for a half-wave (see Fig.
601), and this must be taken into account in cal-
culating the values of the matching section.
However, because of the increased radiation re-
sistance, the long-wire antenna tunes more
broadly than one of lower resistance.

90°
; \ \ > \ NN Y8
« 80° \ \ kY \.\\ N \‘\\\:: s
\ \ ST -
§ 70° i \ \ \l \\\\\-Y¥6
,-\ “ N \\ \ ~ -~
Q \ \ » ~ SN 5
a N -~ ~
b, 60 \ '\ ~ S
‘I-
§ son \ \\‘ ‘-u._‘k \:'--._.4
m '\\ \ ."'s__—:h..' 3
N ke ~ 1
E \ -~ .‘-... [ — 2
S 3 =
Wy o ]
E 20
= i1
X o0
Q

| 2 3 4 5 6 1 8

LENGTH IN WAVELENGTHS

Fig. 609 — A chart of the angle the major and minor
lobes (solid lines) make with the wire, for different
length antennas. The dotted lines represent the nulls.
No. 1is the major lobe and has the gain given in Fig. 601.



MULTIBAND ANTENNAS

CONSIDERATIONS IN HARMONIC OPERATION

IT HAS already been explained how an
antenna will not only be resonant at its funda-
mental frequency but also at frequencies very
nearly equal to the harmonic frequencies. This
immediately suggests that the same antenna can
be used for operating on several bands, and that
is exactly how the large majority of amateurs use
their antennas. Space limitations often make it
impossible to install more than one antenna sys-
tem, and it is usually much better to have one
well-designed antenna operating on several bands
than to have two or three antennas packed
closely together in one backyard. Although sev-
eral antennas ean be made to work individually
even though they are close together, it is almost
impossible to get clean directive effects from any
one because of the mutual interaction of the vari-
ous systems. And it is practically impossible to
predict the performance of an antenna that is
closely surrounded by several others.

Because the antenna will also respond to its
harmonie frequencies, the problem of multi-band
operation is not one of antenna but of feed sys-
tem. In general, flat- or untuned-line systems
work only on one band, and multi-band operation
therefore predicates the use of a tuned line sys-
tem. The only antennas that can be used on more
than one band with non-resonant lines are ter-
minated rhombics and a few special systems (see
Chapter 14). Discussion in this chapter will be
confined to the simpler types of antennas.

An antenna cut to be a half wavelength on one
band will be a full wavelength long on the next
band (second harmonic) and two wavelengths
long on the next (fourth harmonic) amateur band
after that. If this antenna is end-fed, as the Zepp
or in Fig. 701, and thus fulfills the condition for a
long-wire antenna (that adjacent half-wave sec-
tions be out-of-phase), the radiation characteris-
tics on the various bands will be as shown in the
previous chapters, Figs. 503, 603 and 605. 1f the
antenna is center-fed, the patterns resemble those
for half the antenna.

The table of feeder lengths and tuning ar-
rangements given for half-wave antennas in
Chapter 5 holds also for antennas worked on

their harmonies. It is only necessary to know
whether the feeder is connected to the antenna at
a current or voltage loop. An examination of the
current distribution of an antenna on its funda-
mental and harmonics will show that a feed line
connected to a voltage loop on the fundamental is
connected to a voltage loop on all of the harmonic
frequencies that fall in the amateur bands (even-
numbered harmonics), and a feed line connected
to a current loop on the fundamental is connected
to a voltage loop on all of the harmoniec frequen-
cies that fall in the amateur bands (even-num-
bered harmonics). The tuning procedure is iden-
tical to that with any tuned-line system.

As mentioned in Chapter 6, the harmonic
resonant frequency of an antenna is not exactly
equal to an integral multiple of the fundamental
frequency. For example, a half-wave antenna
resonant at 85600 ke. will not be resonant at 7000
and 14,000 ke. but at 7190 and 14,560 ke, This is

For opération on
3.5, "1, 14 end
28 mc.

g
XMTR. I =

<

Tuned to some frequency
as transmitter

Foroperation
on L75me.

KMTR

3
200000

Fig. 701 — A simple antenna system for five amateur
bands. The antenna is voltage fed on 3.5, 7, 14 and 28
Me., working on the fundamental, second, fourth and
eighth harmonics, respectively, For 1.75 Mc. the system
is a quarter-wave grounded antenna, in which case
series tuning must be used. The antenna wire should be
kept well in the clear and should be as high as possible.

If the length of the antenna is approximately 260
feet, voltage feed can be used on all five bands.
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Fig. 702 — Practical arrangement of a multi-band
antenna, The total length A+B-+ B+ A, should be a

half-wavelength for the lowest-frequency band, usunally
3.5 Mec. See Table II for lengths and tuning data.

of nio importance in an antenna system fed at the
center because the currents in the feeder will be
balanced at any frequency, the discrepancy in the
length of the antenna proper being talken up
symmetrically. As a matter of fact, any antenna
that is center-fed with tuned feeders is not at all
critical as to length, and it is only important that
the system be as nearly symmetrical as possible.
If both feeders read equal current it is a good in-
dieation that the system is balanced.

However, because a half-wave antenna ig not
resonant to the exact harmonics, a Zepp or other
end-fed antenna should be cut for the band on
which it is to be used most frequently. The proper
length is obtained from

492 (N — 0.05)
Freq. (Me.)

where N is the length of the antenna in half
wavelengths. Table I in Chapter Six gives repre-
sentative lengths.

Table I in this chapter shows the type of tuning
system to be used on the various bands with sev-
eral different lengths of antennas and feed lines.

The antenna with a tuned feed system is the
most convenient for multi-band work, although
some of the others can be used. A “Q”7-fed sys-
tem can be used on the higherfrequencies by
tuning the line. A system with a quarter- or half-
wave matching section can be used by tuning the
feeders, provided an open and not a closed
matching section is used, although even a system
with a closed section can be made to work in an
emergency. An antenna fed by low-impedance
line is practically worthless on the harmonic fre-
quencies, The delta-match system can be used on
the harmonic frequencies, although some stand-
ing waves will appear on the line. Any system can
be used on the harmonie frequencies by tying the
feeders together at the transmitter end and feed-
ing the system as a single wire would be fed, by
means of a tuned circuit coupled to the trans-
mitter.

If single-wire feed is used on more than one
band, a better match will be obtained if the point
of connection of the feeder to the antenna is

Length (feet) =

made exactly one-third the antenna length from
one end. While this disagrees slightly with the
figures given in Chapter Five for a hall-wave
antenna, it has been found to work better on the
harmonic frequencies. The antenna length should
be such that it resonates in the middle of the band
on which it is used most, the length being de-
termined from the formula previously given.

Compromise Muliiband Antennas

Because of the inherent symmetry of a center-
fed antenna system, it is readily possible to oper-
ate such an antenna on a frequency lower than
that for which the flat-top is cut, provided the
total length of wire in the system is great enough
to be resonant at the lower frequency. Thus in
Fig. 702 the radiating portion of the antenna con-
sists of the two sections marked “A’’; if, how-

TABLE 1
MuLri-BaND REBONANT-LINE FED ANTENNAS
Antenna Feeder ’ Type of
Length (f1.) Length (ft.) Band Tuning
With end feed:

243 120 1.75-Me. ’phone series
4-Mec. 'phone parallel
14 Me. parallel
28 Me. parallel

136 67 3.5-Me, c.w. geries
7 Mo. parallel
14 Me. parallel
28 Me. parallel

134 67 3.5-Me. c.w. series
7 Me. parallel

67 33 7 Me. series
14 Me. parallel
28 Me. parallel

With center feed:

272 135 1.75 Me. parallel
3.5 Me. parallel
7 Me. parallel
14 Me. parallel
28 Me. parallel
137 67 3.6 Me. parallel
7 Me. parallel
14 Me, parallel
28 Mec. parallel
675 34 7 Me. parallel
\\ 14 Me, parallel
A\ 28 Mec. parallel

The antenna lengths given represent compromises
for harmonic operation because of different end
effects on different bands. The 136-foot end-fed
antenna is slightly long for 3.5 Me., but will work
well in the region (3500-3600 ke.) which quadruples
into the 14-Mec. band. Bands not shown are not
recommended for the particular antenna. The cen-
ter-fed systems are less critical as to length; the
272-foot antenna may, for instance, be used for both
c.w. and 'phone on either 1.75 or 4 Me. without loss
of efficiency.

On harmonics, the end-fed and center-fed anten-
nas will not have the same directional characteris-
tics, as explained in the text.
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TABLE II
ANTENNA AND FEEDER LENGTHS FOR SHORT
MurTi-BAND ANTENNAS, CENTER-FED

Antenna Feeder Band Type of
Length (Jt.) Length (ft.) Tuning

137 68 1.75 Me.. series
3.5 Me. parallel
7 Me. parallel
14 Me. parallel
28 Me. parallel
100 38 3.5 Me. parallel

7 Me. series

14 Me. series
28 Mec. series or
parallel

67.5 34 3.5 Me. serics
4 7 Me. parallel
14 Me. parallel
28 Me. parallel
50 43 7 Me. parallel
14 Me. parallel
28 Me. parallel
/ 33 51 7 Me. parallel
5.1 14 Me. parallel
28 Me. parallel
33 31 7 Me. parallel

14 Me. serics
28 Me. parallel

ever, the feeders marked ‘B’ each have the same

length as one-half the antenna (A), the total
length of wire obviously will resonate at just half
the fundamental frequency of the antenna alone.
IFor example, if A and B are each 33 feet, the an-
tenna has a length of 66 feet and its fundamental
frequency is therefore in the 7-Me. band. The
total feeder length is also 66 feet, which added to
the 66 fébt antenna gives a total length of 132
feet, a length which is resonant in the 3.5-Me.
band.

An antenna system operated with the feeders
as part of the total resonant circuit will accept.
power readily, but is not so efficient a radiator
as a full-length antenna, because only part of the
system does the radiating. However, it will permit
operation on bands for which space for a full-
length antenna is not available, and even though
the efficiency is reduced it is better to accept
lower efficiency than not to be able to work on the
band at all. Practically the only requirement of
such a system is that the total length of wire must
be great enough to permit tuning to the band. It
is desirable, of course, to have as much of the
length in the “flat-top” as the available ground
space will permit. The proportion of length be-
tween flat-top and feeders can be anything that
will fit the space, so long as the system is sym-
metrical.

Table 11 gives a number of representative com-
binations of this type for operation on wvarious
bands. The type of tuning required at the trans-
mitter also is indicated.



DIRECTIVITY — PHASED SYSTEMS — GAIN AND ADJUSTMENT

AS HAS already been pointed out, no radi-
ating system radiates equally well in all direc-
tions. Some antennas show directional effects in
the vertical plane but none in the horizontal
(simple vertical antennas) and most show direc-
tional effects in both the vertical and horizontal
planes (horizontal antennas). These directional
effects are not very marked in simple antennas,
however, and it is only when more complicated
systems are used that the term “directional” is
normally applied.

Fundamentals

The merit of a directional antenna is usually
measured in terms of its “gain,” which can be
defined as the ratio of the power that must be
supplied to a standard comparison antenna to lay
down a given signal at a distant point to the
power that must be supplied to the directional
system to give the same signal strength. For
example, an antenna with a gain of “5’" requires
only one-fifth the power that the comparison
antenna would to give the same signal or, in other
‘words, using the directive antenna with the same
power is equivalent to increasing your power five
times. The comparison antenna is usually taken
as a half-wave antenna in the same plane and at
the same height above ground as the directional
system. In the case of a “stacked” system (to be
described later), the height of the comparison
antenna is taken as the center of the directional
system.

The directivity of an antenna relates to the
sharpness or narrowness of the radiation pattern;
the sharper the pattern, the greater the directiv-
ity. Directivity and gain normally go hand-in-
hand, but some systems are capable of added
directivity with little or no gain. In this case, the
directivity is useful in reducing QRM in receiv-
ing, but no increase in signal strength is obtained.
Antennas with sharp patterns in the horizontal
plane are said to have good ‘‘horizontal directiv-
ity” and, likewise, antennas with sharp patterns
in the vertical plane are said to have good
“vertical directivity.”

Incidentally, many amateurs wax enthusiastic

about their new directional systems because they
seem to be such a great improvement over their
previous antennas, when actually all they have
done is to talke greater pains with the new instal-
lation and ereet it a great deal higher and more
favorably than the old one. This is not a fair
comparison between the two antennas although,
as far as the amateurs are concerned, the new
antennas are world-beaters! )

The gain realized in transmitting is also ob-
tained in receiving and, if a directional system is
available, it should be used for both transmitting
and receiving, by means of an antenna change-
over relay or ‘switch. The old adage that “you
can’t work ’em if you can’t hear 'em” is all too
true.

All phased systems are derived from three es-
sential types: the collinear, broadside and end-
fire. Collinear elements are ones that lie on the
same axis and are excited in phase. The maximum
radiation is broadside to the axis and is modified
by the ground in exactly the same way that the
radiation from a single element is. Broadside
elements are ones that are parallel to one another
and are excited in phase. The maximum radiation
is broadside to the plane of the elements. End-fire
elements are parallel to each other but are excited
out-of-phase, the exact phase difference being
dependent on the separation and the desired
pattern, The maximum radiation is in the plane

[T
i [

A B c

Fig. 801 — The fundamental elements of phased
arrays. Collinear elements are shown at A, They are
excited in phase, and the maximum radiation is broad-
side to the axis of the elements. Broadside elements are
shown at B; they are excited in phase and their maxi-
mum radiation is broadside to the plane of the elements.
C shows end-fire elements; excited out-of-phase, the
maximum radiation is in the plane of the clements along
a line perpendicular to the elements.



58

THE A.R.R.L. ANTENNA BOOK

e e i U

of the wires on a line through the centers of the
elements. Radiation from collinear and broadside
elements is always bi-directional, but it can be
either bi- or uni-directional from the end-fire
gystem, depending upon the separation and phase
difference. Fig. 801 shows the various fundamen-
tal elements of phased systems.

‘The elements used in phased arrays are usually
a half-wavelength long because they are then
easiest to feed and phase, but some systems use
elements that are 8¢-wavelength long and some
employ shortened elements. However, unless
otherwise specified, one should visualize half-
wave elements in all of these discussions.

Horizontal collinear elements will give a sharp-
ened broadside pattern in the horizontal plane
but will have the same vertical pattern as a half-
wave antenna at the same height. Vertical col-
linear elements will have a sharpened vertical
pattern (lowered angle of radiation), but the
horizontal pattern will be the same as that of a
single vertical element.

Horizontal broadside elements will result in a
sharpened pattern in the vertical plane (lowered
angle of radiation) but no change in the horizontal
plane over a single horizontal half-wave antenna.
Vertical broadside elements give a sharpened
horizontal pattern and the same pattern as a
single vertical half-wave in the vertical plane.

End-fire elements give a sharpened pattern in
both the horizontal and vertical planes.

Combinations of the various systems will com-
bine their effects and result in a much sharper
radiation pattern in both planes. There are no
bargains in directional antennas. The end-fire
system, which gives a sharpened pattern in both
the horizontal and vertical planes, is often diffi-
cult to construct and feed. The other systems,
although easier to feed, require more space.

Difficulty in feeding is brought about by the
fact that as antenna elements are moved closer
together, the radiation resistance is decreased (in
some close-spaced systems 1t goes as low as 10 or
15 ohms). This lowered radiation resistance, the
load that the feed line must tie into, results in a
high standing-wave ratio on a tuned line, with
consequent losses. If an untuned system is used,
it isTfound that the antenna system tunes quite
sharply (is said to have *“high Q") and will not
take power readily over an entire amateur band.
In general, collinear and broadside arrays have a
higher impedance (lower Q) than do the end-fire
systems.

The plane of polarization of any directional

A A A
z Z Zz

nj>
nj»
Nj>»

MY

TABLE 1

THEORETICAL GAIN OF COLLINEAR
HALF-WAVE ANTENNAS

Spacing Between ~ Number of Half-Waves in

Centers of Adjacent Array vs. Gain in DB.
Half-Waves 2 3 4 5

Yowave........ 18| 33| 45| 53| 6.2

3{wave........ 32| 48| 6.0 | 70| 7.8

system is the same as the plane of polarization of
one of the elements. Vertical and horizontal
elements in the same array do not result in very
practical systems, since the radiation divides up
into the two planes of polarization in proportion
to the number of elements radiating in each plane.
The resultant is a vector addition of the two
components. In general, horizontal elements ap-
pear to be better than vertical ones beecause they
make for quieter reception. There isn’t much
choice on transmitting, except that it is usually
easier to put horizontal elements “in the clear.”

Collinear Arrays

The system shown in Fig. 802 is the fundamen-~
tal type of collinear array. The gain for various
numbers of elements is given in Table I and the
free-space patterns are given in Figs. 803-805.
The gain and sharpness of the patterns depend
upon the number of elements and their spacing,
center-to-center. Although 34-wavelength spac-
ing gives greater gain, it is difficult to construct a
suitable phase-reversing system when the ends of
the antenna elements are widely separated. For
this reason the half-wave spacing is generally
used. The length of the elements is not critical and
if, in a system of three or four collinear half-wave
elements, the elements are not exactly a half-wave
long, no harm will be done as long as all of the
radiating elements are the same length, so that
the current in the phasing sections will be bal-
anced and result in & minimum of radiation from
these sections, For this reason, it is preferable to
feed the system at the center, thus making it sym-
metrical and less prone to feeder unbalance and
radiation.

The phasing sections of a collinear array of
more than two elements can be adjusted by first
balancing the two center elements. This is done
by trimming them until the feeder currents are
equal. Then a phasing section and additional
element (that has been cut to the same length as
the already-adjusted elements) is hung on to one

Fig. 802 — The simplest form of
collinear array is shown at A. The

>
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/
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Imal )

feed here

I x systems at B and C have greater gain

U but require the use of the quarter-

wave phasing sections. All feed points

shown are high-impedance. Collinear arrays

can also be fed from one end, but the current

distribution is not as good as with a balanced
C or nearly-balanced system.
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of the elements already-in place and the phasing
gection (which was deliberately made slightly too
long) is shortened until maximum current appears
at the shorting bar, with constant input to the
transmitter. The process is then repeated on the
other side of the system. Adjusting the current to
maximuim at the shorting bar does not insure that
the element length is exactly a half-wavelength
(or whatever is counted on) but it does minimize
radiation from the phasing section. The calculated
length of the element will be close enough.

A collinear array with tuned feeders will work
on more than one band but, unless it is only a two-
element affair, the radiation will only be broad-
side on the band for which the array is cut. The
two-element collinear array will give broadside
radiation on the band for which it is designed and
on the next lower-frequency band, although the
gain and directivity will be less.
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Irig. 803 — I'ree-space diagram for a 2-element col-
linear array with half-wave elements. The scale is simply
relative field strength,

The Extended Double Zepp

If a two-element broadside array is contem-
plated, and some additional room is available, it is
advisable to use the “extended double-Zepp.”
This is similar to the two collinear half-waves in
phase except that 0.64-wavelength elements are
used instead of 0.5-wavelength ones. With tuned
feeders, it is an excellent two-band affair and has
greater gain on two bands than if only half-wave
elements were used.The length of the elements is
not critical, since the gain increases as the ele-
ments are lengthened from 0.5-wavelength up to
0.64-wavelength, but they should not exceed the
0.64 figure because the gain falls off after that.

The extended double-Zepp principle can also be
applied to more than two elements, and Fig. 806
shows the dimensions for several 14-Me. varia-
tions. Fig. 807 shows the free-space pattern of a
two-element extended double Zepp.

g
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40°

50°  e0°  10° 70°  60° s0?

. Fig. 804 — Free-space diagram for a 3-element col-
linear array with half-wave elements.

Broadside Arrays

The gain and directivity of broadside arrays
also depends upon the number of elements and
the spacing, the gain for different spacings being
shown in Table I1. Half-wave spacing is generally
used, since it simplifies the feeding problem when
the array has more than two elements.

Broadside arrays can be used with either ver-
tical or horizontal elements, In the former case
the horizontal pattern is quite sharp while the
vertical pattern is the same as that of one element
alone. If the elements are horizontal, the pattern
is sharpened in the vertical plane, giving low-
angle radiation, but the horizontal-plane pattern
is the same as for a single element. The height re-

50° 60° &60° 50°

70°
f

80° 90°

80° 70°

Fig. 805 — Free-space diagram for a 4-element col-
linear array with half-wave elements.
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TABLE II

THEORETICAL GAIN OF BROADSIDE
HALF-WAVE ELEMENTS AT
DIFFERENT SPACINGS

Separation in Fraclions Gazn wn DB.
of Wavelength
5% 4.8
34 4.6
L5 4.0
34 2.4
b1 1.0
P 0.3

THEORETICAL GAIN VS. NUMBER OF
BROADSIDE ELEMENTS WITH
HALF-WAVE SPACING

No. of Elements Gain tn DB.
2 4
3 5.5
4 7
8
6 9

quired limits the number of elements which can
be suspended horizontally, so that more than two
are seldom used. The lower element should pref-
erably be a half-waveclength above ground, al-
though the system is still effective if the lower
element is only a quarter wavelength above
ground.

Broadside arrays can be fed by either tuned
lines or matching sections and untuned lines. Fig,.
808 shows typical examples.

Whenever elements are mounted above each
other, as in the case of a collinear system with
vertical elements or a broadside array with hori-
zontal elements, the elements are said to be
“stacked.”’” Stacked arrays have the advantage
that they result in the low-angle radiation so
necessary for DX work and that they minimize
ground losses.

The ““Lazy H>’

A simple combination of two collinear elements
stacked and phased for broadside radiation re-
sults in the so-called ““lazy H” antenna that has
been used quite effectively by a number of ama-

teurs. It is shown in Fig. 809 and de-
rives its name from its resemblance to
a reclining ““H.” The elements can be

REF. FREQ.
14200 Kc.

| ’ | .
~ 45 ]

either vertical or horizontal, but the
horizontal elements are more popular
because the system can then be fed
from the bottom.

The “lazy H’’ can be fed by a tuned
line or with an untuned line and
matching section. If the elements
have been cut with a fair degree of ac-
curacy and the system is erected at
least a half-wavelength from surround-
ing objects that might affect its tuning,
the system can be tuned simply by the
tuned line or the quarter-wave match-
ing section. If exact adjustment is
desired, the top elements can be con-

7
? T.‘a.a.r?m'éfer-

nected and the system tuned (either

Fig. 806 — Application of the “extended
double Zepp” principle to various collinear
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arrays. The dimensions shown are for 14.2 Me.
— they can be doubled for 7 Mec. and halved
for 28 Me. The top two arrangements are two-
element arrays and have a gain of approxi-
mately 3 db. The bottom drawing shows a
four-element array which has a gain of approxi-
mately 7 db. Although shown with matching
sections, tuned feeders can be used.
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Fig. 807 — The free-space pattern of a two-clement
extended double-Zepp.

by tuned feeders or adjusting the shorting bar of
the matching section), and then the lower ele-
ments can be clipped on experimentally and their
length varied slightly until they show no effect
on the tuning of the system. The bottom elements
will affeet the resistance of the system and if a

n>
N>
N>

N>

A
2
2
D Gl
o 7§—
feed
A B

The Sterba Array

Another modification of stacked collinear cle-
ments is the horizontal Sterba array shown in
Iig. 810. This system is very nearly the same as
the “lazy H” except that it is a closed-circuit and
consequently can be de-frosted or de-sleeted by
running enough 60-cycle a.e., from a 5- or 10-volt
transformer, to warm it up and melt the ice.

Two methods of feed are shown in the diagram,
although the simpler point of feed is point “F,”
since the impedance at this point is fairly close to
600 ohms, and a line can be connected directly
without serious standing waves.

Sterba arrays can be used with vertical ele-
ments, but the necessary height can only be ob-
tained with elaborate structures or on the very-
high frequencies.

The Bruce Array

Still another version of the broadside antenna
is the Bruce array, shown in Fig. 811. Since the
radiation from a wire is proportional to the cur-
rent in it, only the center portion of each half-
wave is used for radiation in the Bruce system.
Although it results in vertical polarization and
doesn’t have the gain of the arrays with half-wave
spacing, the Bruce can be quite effective for the

N|»
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C

Fig. 808 — Several combinations of broadside arrays. At A, the feed is at a high-impedance point, and it is low-
impedance in B and C. Any number of elements can be used, but six is normally the practical limit.

matching section is being used the line will have
to be tapped lower on the section, but the tuning
should remain the same.

If it is not possible to have the lower section at
least a quarter wavelength above ground, you can
cheat a bit on the spacing between the top and
bottom section by pulling the phasing section
aside by means of an auxiliary rope. The spacing
between top and bottom section can be reduced
down to almost 34 wavelength without too much
loss in gain. However, the phasing section must
always be a half wavelength long electrically.
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N[>
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N

feed
Fig. 809 — The “lazy H” antenna uses two collinear
elen}ents stacked a half-wavelength above two more
collinear elements, all excited in phase. The feed point
shown is a high-impedance one.

Fig. 810 — A six-element Sterba
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—= array is shown at A. More or fewer
sections can be used, for greater or
less directivity and gain. The imped-
ance at point “F” is such that it
provides a fair match for a 600-ohm
line, and no matching system is re-
quired. The antenna can also be fed
at point “F;” (after closing F), and
this point will be a high-impedance
B8 one. B shows the current distribution.
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Fig. 811 — The Bruce array is shown at A. Any number of elements can be used, although the system should
include at least threefhalf-wavelengths of wire if any appreciable gain is to be obtained. The system can be fed at
one end of the wire (a high-impedance point) or, preferably, at the center (point P) by either of the methods shown
at B and C. This will be a medium-impedance point. The current distribution is shown at D. It is apparent that
the currents in the vertical elements are all in phase, while the currents on the horizontal elements tend to cancel.
Two Bruce arrays can be stacked, as at E, to improve the vertical directivity and make the feed truly symmetrical.

'The length of the elements can be found from the formulae:

Quarter-wave elements Length (feet) = E—ﬂ%
Eighth-wave elements Length (feet) =ﬁ1(zl\d—c:)
TABLE III

THEORETICAL GAIN OF TWO END-
FIRE (180° PHASE DIFFERENCE) HALF-
WAVE ELEMENTS WITH VARIOUS

SPACINGS
Spacing in Gain in DB.
Fractions of Wavelength
15 4.3
Y80 4,1
M 3.8
34 3.0
14 2.2
54 1.7

80° .

L | | SU [
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Fig. 813 — The W8JK array or “flat-top” beam. The single-section affairs
(A and B) can be either end-fed (A) or center-fed (B). If center-fed with
tuned feeders, it becomes a two-section W8JK on the second-harmonic’
frequency and can thus be used on two bands. The length L is not critical
and can be anything from 716 to %10 of a wavelength. But in any flat-top
beam, all lengths L should be exactly equal, The spacing should be between
14 and 14 of a wavelength, although the system will still show gain when the
spacing is as high as a half-wavelength, The distance “d” in the two-section
array (C) should be about two feet. The feed at A and C is high-impedance;
that at B is low-impedance.

Fig. 812 — Free-space pattern of two half-wave
elements spaced a quarter wavelength and fed 90 degrees
out-of-phase. The radiation is in the direction of the
element with the lagging current.

amateur with limited height. If
two Bruce arrays are placed one
above the other, as in Fig. 811E,
vertical direetivity will be im-
proved.

End-Fire Arrays

End-fire arrays give the great-
est gain and directivity for a
given space and are widely used
by amateurs. They have the
disadvantage that their radia-
tion resistance is low, which
makes them more difficult to
feed, and they tune more
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Fig. 814 — Free-space patterns of single-section and
two-section W8JK beams. The gain of the single-section
W8JK is 4.3 db., the double-section yields a gain of
about 6 db.

sharply, which throws off the tuning in wet
weather.

If two parallel half-waves are fed 180 degrees out-
of-phase, their gain will increase as the spacing is
decreased, as can be seen from Table III. The
radiation resistance is lowered at the same time.
Fed out-of-phase, they acquire a uni-directional
characteristic at certain spacings and phasings,
as can be seen in Fig. 812. Feeding other than
180 degrees out-of-phase is somewhat difficult and
end-fire arrays are not normally used in this fash-
ion, although methods will be mentioned later.

The W8JK or “Flat-Top™ Array

The maximum gain for an end-fire array is ob-
tained with eighth- to sixth-wave spacing, and the
ordinary utilization of the principle is called the
“WS8JK array,” after the amateur who first used
it. Several versions are shown in Fig. 813. It can
be fed by either a tuned or untuned line, at either
the end or the center, although the center is pref-
erable. A two-element affair is called a “single-
section WSJK,” one with four elements is called a
“two-section WBJK,”” and so on. If a single-sec-
tion W8JK is fed with a tuned line at the center,
it becomes a two-section affair at the second har-
monic (with quarter-wave spacing) and thus can
be used for two-band operation. This makes a
practical rotatable array for 14 and 28 Me.

The array is adjusted by tuning the line or the
quarter-wave matching section (if an untuned
line is used). The length of the elements is not
critical, and they can be anything from 7/16 to
6/10 of a wavelength, However, it is important
that they all be exactly the same length. The
longer elements will give a sharper beam in the
horizontal plane.

End-fire arrays of this type have the advantage
that, when used in the horizontal plane, they re-
sult in a lower effective angle of radiation than
can be obtained by any other type of phased array
of equivalent height.

Close-spaced end-fire arrays with vertical ele-
ments do not give a particularly sharp horizontal
pattern (although the null is quite marked) but
will result in a lower angle of radiation than would
be obtained with a single vertical element,.

Combinations of End-Fire with
Other Systems

The end-fire principle can be combined with
the broadside and collinear systems to give many
different combinations, but most of them intro-
duce structural difficulties and they are not
normally used. The four-section W8JK is of course
a combination of end-fire and collinear elements,
and offers the most practical type of structure be-
cause 1t can be strung from two wooden spreaders.

If possible, it is particularly advantageous to
combine the end-fire and other systems with quar-
ter-wave spacing and 90 degrees phase difference,
to obtain uni-directional characteristics. Fig. 815
shows how two “lazy H” antennas can be spaced
a quarter wavelength and fed to give a choice of
two uni-directional characteristics. Other adapta-
tions will suggest themselves to the amateur. The
phase difference can best be adjusted by listening
or transmitting tests, adjusting the difference in
line lengths until minimum back reception or
radiation is obtained. Each antenna should have
its matching section and line adjusted separately
— the phasing adjustment is made only with the
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Fig. 815 — Two antenna systems, arranged for end-
fire radiation, can be controlled from the shack by
running two separate feed lines to the transmitter and
making one feed line a quarter wavelength longer than
the other. If the lines are connected. as shown in the
diagram, the radiation will be unidirectional in the di-
rection A through B. Reversing one feed line at the trans-
mitter will make the system unidirectional in the oppo-
site direction. Although shown here applied to two lazy
H antennas, the principle can be used with any systems
fed by/flatlines and spaced an odd multiple of a quarter
wavelength.
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length of one of the feed lines. As can be seen,
transposing one set of feeders at the transmitter
end will reverse the phase difference and the di-
reetion of maximum radiation.

Length of Elements in Phased Arrays

Since it is important in phased arrays to have
all of the dimensions exact (except in the collinear
and W8JK types), care should be taken that these
dimensions are calculated properly. Although
nearby objects can load the elements and modify
their clectrical length, an antenna ““in the clear”
can be calculated with a good deal of accuracy.
The “end effect” that modifies the length of radi-
ators is, for the most part, caused by the dielectric
of the insulator, and elements that are supported
at a current loop will not show this effect to such
a degree. However, most antenna elements are
supported at a voltage loop and consequently
suffer the end effect. Half-wave phasing sections
have to be made somewhat shorter than a half-
wavelength in air because of the dielectric of the
spacers. Self-supporting elements work out to be
about the same length as wire ones because, being
self-supporting, they have a greater diameter and
more capacity.

The length of the half-wave elements used in the
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468
Freq. (Mc.)
The length of a half-wave phasi.ng section
should be computed from

Length (feet) =

480
Freq. (Me.)
Phasing

It is desirable to be able to trace out the relative
phase of the currents in a multi-clement antenna,
in order to understand how a system operates or
to check on the possibilities of a newly devised
system. Many diagrams of multi-element an-
tennas show arrows indicating the relative direc-
tion of currents throughout the system, but this is
sometimes confusing to one who isn’t used to it.

A somewhat simpler method of checking the-
phasing in an antenna system, that can be applied
to any type of antenna, is shown in Fig. 816. It
consists of starting at a known high-voltage point
on a wire, arbitrarily marking that point “plus”’
and then following along that wire and alternately
marking each half-wave point “minus” and
“plus.” For example, in the “lazy H’’ shown in
Fig. 816-A, the point F on wire No. 1 is selected for
the starting point and the marks are made along
that wire. Where the lower right-hand element at-
taches, at L, both wires (the element and
the feed line) are traced out. Then, knowing
that the two-wire line connected at L must

Length (feet) =

have currents out-of-phase on it, a mark of
opposite polarity (minus) is made on the
other leg of the line where it joins the an-
+ tenna at L. The rest of the antenna is then

antenna  this chapter should be computed from
+ % -+ % - + - + -
o /!
wire No.t wire Vo 2
A
2
L
+ - -1 1+
A B
A
+_ |5 o
G
-| |+ -1 |+ -| |+

G
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D

Fig. 816 — Phasing can be traced out on any antenna
system by starting at a voltage loop on the wire, arbi-
trarily marking that point “plus” and then marking the
half-wave points alternately minus and plus. See text
for further explanation.

traced.

An examination of the marks now shows that
this is a workable system: the currents are in the
same dirvection in all wites, as indicated by the
relative positions of the plus and minus signs, and
the phasing section is properly connected, since
the currents are in opposition along it.

Fig. 816-B shows the result if the phasing sec-
tion is not reversed. Obviously the system will not
work as a broadside array because the upper and
lower collinear sections are not in phase.

As a further example, a Sterba array is shown
in Fig. 816-C. Here we use a point such as # as a
starting point, since we know that if the phasing
sections are to operate as phasing sections with no
radiation, the current in the two wires must be
out-of-phase. Further, it shows why the end wires,
at points G, can be closed without affecting the
performance, since connecting the wires does not
affect the rest of the system. We see that this sys-
tem can be fed at the ends of the phasing sections
(high-voltage points) or a quarter wavelength
from one of these points (high-current points).

Fig. 816-D shows still another example, in this
case a Bruce array. However, in this case it is a
little clearer to draw in the arrows to represent
the current.
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REFLECTORS AND DIRECTORS — COMBINATION ARRAYS — FEED SYSTEMS
— ADJUSTMENT

K= 4 seerron of wire approximating a half
wave in length is brought near a half-wave trans-
mitting antenna, it will intercept some of the
energy radiated by the antenna and will re-radiate
it. The re-radiated energy will combine with that
directly radiated by the antenna in such a way
as to modify considerably the directional pattern
of the antenna alone, depending upon the relative
positions of the two wires, the magnitude of the
currents flowing in them, and the relative phases
of the currents. The ““free’’ wire is said to be para-
sitically excited, and is called a parasitic element.
Parasitic elements can be used to form, with a
driven antenna, quite effective directive systems,
and currently enjoy wide popularity because of
their adaptability to rotatable installations.

It is characteristic of parasitic-element systems
to show maximum radiation in one direction, as
contrasted with the many wholly-driven systems
which are bi-directional. This is a useful feature,
especially for a rotatable system, because it helps
reduce interference in receiving from directions
other than that over which communication is
being carried on, and also reduces the interference
which the transmitter might otherwise cause in
those same directions. The parasitic element,
which is always parallel to the driven element
(the driven element usually is called the “an-
tenna,”” although the term really should be used
to include the whole system), is called a reflector
when it causes reinforcement of the radiation
along the direction looking from the parasitic
element to the antenna, and a dérector when
maximum radiation is along a line looking from
the antenna to the driven element. This is shown
in Fig. 901.

The phase of the current in the parasitic ele-
ment with respect to that in the antenna depends
upon the spacing between the two elements and
the tuning of the parasitic element. The tuning is
usually adjusted by changing the length of the
parasitic element, although regular tuning means
may be employed instead. A reflector is usually
tuned to a frequency somewhat lower than the
operating frequency; that is, the reflector is

slightly longer than the antenna. The converse is
true of a director; it should be tuned to a fre-
quency somewhat higher than the operating fre-
quency, or its length should be slightly less than
that of the antenna. It is possible, however, to
tune either a reflector or director to the operating
frequency directly, in which case it is called self-
resonant. Whether the self-resonant parasitic
clement operates as a director or reflector is
determined by the spacing between the antenna

‘and the parasitic element.

Single Parasitic Elements
(““Two-Element Beam’)

The gain in field strength with a reflector or
director as compared to the antenna alone will
depend upon the spacing between the two ecle-

Fig. 901 — Antenna systems using a single parasitic
element. In A the parasitic element acts as a director, in
B as a reflector, the terms referring to the direction,
with respect to the antenna, in which maximum radia-
tion takes place.
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Fig. 902 — The maximum possible gain obtainable
with a parasitic element over a half-wave antenna alone.
The parasitic element tuning is supposedly adjusted for
greatest gain at each spacing. The effect of resistance
loss in the elements is not included.

GAIN-DB

ments and the tuning (or length) of the parasitic
element. The maximum gain obtainable with a
single parasitic element, as a function of the spac-
ing, is shown in Tig. 902. The two curves show the
greatest gain to be expected when the element is
tuned for optimum performance either as a direc-
tor or reflector. The shift from director to re-
flector, with the corresponding shift in direction
as shown in Fig. 901, is accomplished simply by
tuning the parasitic element — usually, in prac-
tice, by changing its length. In other words, the
parasitic element may be either a director or re-
flector at any spacing.

With the parasitic element tuned to act as a
director, maximum gain is secured when the spac-
ing is approximately 0.1 wavelength. The peak is
rather sharp, and the gain drops off rapidly at
greater or smaller spacings. When the parasitic
element is tuned to work as a reflector, the spac-
ing which gives maximum gain is about 0.15
wavelength, with a fairly broad peak. The direc-
tor will give slightly more gain than the reflector,
but the difference is less than 14 db. and there is
consequently little choice between the two types
of operation on the basis of these theoretical
curves. In practice, other considerations may
influence the selection.

In only two cases are the gains shown in Fig.
902 secured when the parasitic element is self-
resonant. These occur at 0.1- and 0.25-wave-
length spacing, with the parasitic element acting
as director and reflector, respectively. For re-
flector operation, it is necessary to tune the para-
sitic element to a lower frequency to secure
maximum gain at all spacings less than 0.25 wave-
length, while at greater spacings the reverse is
true. The closer the spacing the greater the
detuning required. On the other hand, the direc-
tor must be detuned toward a higher frequency
(that is, its length must be made less than the seli-
resonant length) at spacings greater than 0.1
wavelength in order to secure maximum gain.
The amount of detuning necessary becomes

greater as the spacing is increased. At less than 0.1
wavelength spacing the director must be tuned to
a lower frequency to sccure the maximum gains
indicated by the curve.

Attenuation

Besides gain, another important consideration
in the selection of the type of operation (director
or reflector) for the parasitic element and its
tuning is the amount by which the signal is re-
duced in the direction opposite to that in which
maximum gain is secured. To get the best uni-
directional effect it is obviously desirable to se-
cure, along with high gain, maximum attenuation
to the rear. In other words, the “front-to-back”’
ratio should be asjigh as possible.

Generally speaking, the conditions which give
maximum gain forward do not give maximum
signal reduction, or attenuation, to the rear. It is
necessary to sacrifice some gain to get the highest
front-to-back ratio. The reduction in backward
response is brought about by adjustment of the
tuning or length of the parasitic element. With
a reflector, the length must be made slightly
greater than that which gives maximum gain, at
spacings up to 0.25 wavelength. The director
must be shortened somewhat to achieve the same
end, with spacings of 0.1 wavelength and more.
The tuning condition, or length, which gives
maximum attenuation to the rear is considerably
more critical than that for maximum gain, so that
a good front-to-back ratio can be secured without
sacrificing more than a small part of the gain.

T'or the sake of good reception, general prac-
tice is to adjust for maximum front-to-back ratio
rather than for maximum gain. Larger front-to-
back ratios can be secured with the parasitic
element operated as a director rather than as a
reflector. With the optimum director spacing of
0.1 wavelength, the front-to-back ratio with the
director tuning adjusted for maximum gain is
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Fig. 903 — Radiation resistance as a function of spac-
ing, when the parasitic element is adjusted for the gains
given_in Fig. 902,
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only 5.5 db. (the back radiation is equal to that
from the antenna alone). By proper director
tuning, however, the ratio can be increased to 17
db.; the gain in the desired direction is in this case
4.5db., or 1 db. less than the maximum obtainable.

Radiation Resistance

The radiation resistance as measured at the
center of the antenna, or driven element, varies
as shown in Fig, 903 for the spacings and tuning
conditions which give the gains indiecated by the
curves of Iig. 902. These values, especially in the
vicinity of 0.1-wavelength spacing, are quite low
compared to the 73-chm radiation resistance of
the half-wave antenna alone. The reflector and
director curves coincide at 0.1 wavelength, both
showing a value of 14 ohms. At greater spacings
the resistance increases, with the reflector show-
ing somewhat higher values than the director.

The low radiation resistance at the spacings
giving highest gain is important in three ways.
First, the radiation efficiency goes down because,
with a fixed loss resistance, more of the power
supplied to the antenna is lost in heat and less is
radiated, as the radiation resistance approaches
the loss resistance in magnitude. Second, the
selectivity of the antenna system becomes higher
as the radiation resistance decreases. This means
that optimum performance can be secured over
only a narrow band of frequencies as compared
with the frequency-performance characteristic of
a higher-resistance antenna. Third, the number
of suitable feeder systems becomes limited, and
adjustment becomes more critical.

The loss resistance can be decreased by using
low-resistance conductors for the antenna ele-
ments. This means, principally, large-diameter
conductors, usually tubing of aluminum, copper,
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I'ig. 904 — The special case of a self-resonant para-
sitic element used in conjunction with a half-wave
antenna. Zero db. is the ficld strength from a half-wave
antenna alone. Greatest gain is in the direction A at
spacings less than 0.14 wavelength; in direction B at
greater spacings. Between 0.1 and 0.225 wavelength
there is no attenuation in either direction.

Fig. 905 — Antenna system using two parasitic
clements with a driven antenna, one as a reflector and
one as a director.

or copper-plated steel. Such conductors have
mechanical advantages as well, in that it is
relatively easy to provide adjustable sliding sec-
tions for changing length, while the fact that they
can be largely self-supporting makes them well
adapted for rotary antenna construction. With
half-inch or larger tubing the loss resistance in
any two-element antenna should be negligible.

With low radiation resistance the standing
waves of both current and voltage on the antenna
reach considerably higher maximum values than
is the case with the antenna alone. For this reason
losses in insulators at the ends of the elements
become more serious. The use of tubing rather
than wire helps reduce the end voltage, and
furthermore the tubing does not require support
at the ends, thus eliminating the insulators and
one source of power loss.

Self-Resonant Parasitic Elements

The special case of the self-resonant parasitic
element is of interest, since it gives a good idea of
the performance as a whole of two-element sys-
tems, even though the results can be modified by
detuning the parasitic element. Fig. 904 shows
gain and radiation resistance as a funection of the
element spacing for this case. Relative field
strength in the direction A of the small drawing
is indicated by curve A; similarly for curve B.
The front-to-back ratio at any spacing is the dif-
ference in the values at that spacing for curves
A and B. Whether the parasitic element is func-
tioning principally as a director or reflector is
determined by whether curve A or curve B is on
top; it can be seen that the principal function
shifts at about 0.14 wavelength spacing. That is,
at closer spacings the parasitic element is prin-
cipally a director, while at greater spacings it is
chiefly a reflector. At 0.14 wavelength the radia-
tion is the same in both directions; in other words,
the antenna is bi-directional with a gain of about
4 db.

The front-to-back ratios that can be secured
with the parasitic element self-resonant are not
very great except in the case of extremely close
spacings. Spacings of the order of 0.025 wave-
length are hardly practicable with outdoor con-
struction, however, since it would be difficult, if
not impossible, to make the elements sufficiently
stable, mechanically. Better practice is to use
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spacings of at least 0.1 wavelength and detune the
parasitic element for greatest attenuation in the
backward direction. ‘

The radiation resistance increases rapidly for
spacings greater than 0.15 wavelength, while the
gain, with the parasitic element acting as a re-
flector, decreases quite slowly. If front-to-back
ratio is not an important consideration, a spacing
as great as 0.25 wavelength can be used without
much reduction in gain, while the radiation re-
sistance approaches that of a half-wave antenna
alone., Spacings of this order are particularly
suited to antennas using wire elements, such as
multi-element arrays consisting of combinations
of collinear and broadside elements.

Two Parasitic Elements
(*“Three-Element Beam’)

It is possible to use two parasitic elements in
conjunction with a driven antenna to give a
further increase in directivity and gain. In such a
case it is best practice to use one parasitic element
as a reflector and the other as a director, all three
being in the same plane, as shown in Fig. 905.
Experimental work indicates that the optimum
spacings are the same as those for single elements;
that is, director spacing of 0.1 wavelength and
reflector spacing of 0.15 wavelength give maxi-
mum gain. Also, the previous remarks about tun-
ing for gain and maximum front-to-back ratio
continue to hold good. In some cases the reflector
is spaced 0.1 wavelength rather than 0.15 from the
antenna in order to secure mechanical symmetry;
this reduces the possible gain somewhat, as is
evident from Fig. 902; but the difference is small.

Loss resistance becomes more important when
two parasitic elements are used because the radia-
tion resistance as measured at the center of the
driven antenna drops to a low value with close
spacings. With the director spaced 0.1 wave-
length, and the reflector 0.1 to 0.15 wavelength,
radiation resistances of the order of 8 to 10 ohms
are encountered. Good-sized tubing of good con-
ductivity must be used for the elements if the
gain possibilities of the system are to be realized.
Further, the system becomes even more selective
to frequency than the two-element antenna, so
that peak performance ean only be secured over a
still smaller range of frequencies.

Fig. 906 — A “four-element” antenna system, using
two directors and one reflector in conjunction with a
driven antenna.

Three Parasitic Elements
(‘“Four-Element Beam’’)

Additional parasitic elements may be added to
any reasonable extent desired, and in an early
form of this type of antenna (Yagi) several direc-
tors were used ahead of the driven element, with
one reflector behind. With close spacing, two
directors in addition to a single reflector repre-
sents about the practical limit insofar as useful-
ness is concerned, since the continually decreasing
radiation resistance is being met by a rising loss
resistance because of the greater number of ele-
ments. For the purpose of the rotatable antenna
four elements represent a practical limit, in me-
chanical construction as well as in performance.

The four-element arrangement is shown in Fig.
906. Again the spacing and tuning considerations
for single parasitic elements apply. Directors are
spaced at intervals of 0.1 wavelength, while the
reflector may be either 0.1 or 0.15 wavelength
away from the driven element. The radiation
resistance is 5 to 6 ohms, so that resistance losses
in the system must be reduced as much as possible
if appreciable improvement in gain over a
3-element array is to be secured. Large-diameter
tubing should be used, and it should be mounted
rigidly to ensure electrical stability.

The low radiation resistance gives a four-
element system quite high selectivity, so that
optimum performance can be secured over but a
relatively small band of frequencies on either side
of that for which the system is aligned.

Gain and Front-to-Back Ratio

The gain of arrays using parasitic elements is
not readily calculated, nor is it easy to measure
under conditions which hold in actual operation.
It is impracticable to measure field strengths at
the vertical angles useful for communication,
while horizontal measurements do not neces-
sarily give a true picture of the antenna’s per-
formance, particularly with respect to front-to-
back ratios. There is no question, however,
about the effectiveness of the systems.

On the basis of ground measurements and
actual experience, average gains and front-to-
back ratios realizable under normal conditions in
practice are about as follows:

No. of Gain over Front-to-
Elements Half Wave Back Ratio
2 4 to 5 db. 10 to 15 db.
3 6 to 7 db. 15 to 25 db.
4 7to 9db. 20 to 30 db.

A great deal depends upon the care with which
the system is adjusted. Maximum front-to-back
ratios, in particular, are obtained only at the
frequency for which the system is tuned.

Methods of Feed

In antenna systems using close-spaced parasitic
elements the low radiation resistance makes
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feeding the antenna a special
problem. When the radiation
resistance is below 30 ohms, an
cordinary resonant line of the
open-wire type should not be A
used if its length is more than a
half wavelength, since the
losses resulting from the drastic
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matehing section, Z1 the an-
tenna impedance and Z; the
impedance of the transmission
line. Assuming a 600-ohm
transmission line, the required
matching-section impedance
varies from 95 ohms for a 15-
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A and B, or by choice of proper 1 quite long. For all practical
impedance in the quarter-wave C % purposes, therefore, a 600-ohm
matching section in C. Tor line can be matched to any
lines of appreciable length, Y J_ type of parasitic array — two,
however, the open-wire type is line three or four elements — sim-
recommended because its losses ply by connecting it to the
are the lowest of any of those —a—— center of the antenna through

commonly used by amateurs.
It does not pay to spend good
money on a rotary antenna
only to throw away the gain
in the transmission line.

The matching stub arrange-
ments in A and B are of the
type already deseribed in Chap-
ter 4 and are similarly ad-
justed. Because of the low
terminating impedance it is
desirable to use a fairly low-
impedance stub, since the
adjustment will be less critical. No special im-
pedance value is necessary; simply construct the
stub of tubing and use close spacing. Provision
should be made for keeping the stub conduc-
tors rigidly spaced with respect to each other.
The matching section of the familiar “Q” an-
tenna makes a good stub for this purpose. The
half-wave stub at B is somewhat more con-
venient to adjust than the open-ended arrange-
ment at A, provided its length can be accom-
modated. See Chapter 4 for the adjustment
procedure.

In G, a concentric line is used to bring about a
match between the antenna and transmission
line. The impedance of any practicable open two-
conductor quarter-wave section is too high to be
suitable for the purpose, hence the necessity for
the concentric line. The matching section imped-
ance is given by the equation

Z, =~Z7,Z,

where Zj is the required surge impedance of the
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Fig. 907 — Recommended meth-
ods of feeding the driven antenna
element in close-spaced parasitic ar-
rays. The parasitic clements are not
shown. A and B, open and closed stub
matching transformers; C, quarter-
wave matching section (7Q”); D,
delta matching transformer.

a quarter-wave section of 70-
ohm line.

In the interests of minimum
loss and to get a known imped-
ance value, the air-insulated
type of line is to be preferred.
The length of the antenna and
the length of the line should be
independently adjusted to res-
onance, if possible, although
the formulas given in Chapters
4 and 5 may be used without
consequential error. The an-
tenna may be resonated by one of the methods
deseribed in Chapter 5, and the line by the
method given in Chapter 11.

Rubber-insulated twisted-pair or concentric
lines also may be used for the purpose. The
standing wave ratio on the matching section is
quite high, so the losses will be higher than nor-
mal for this type of line, but since only a short
length is required the actual loss i3 not high
enough to be serious. The line length in this case
will be considerably less than a quarter-wave-
length in space; the approximate length can be
found by reference to Chapter 4, but the line had
best be adjusted to a quarter wavelength at the
operating frequency before installation, using the
oscillator method described in Chapter 11. The
flexibility of the rubber insulated line may give it
preference in some installations. Whatever the
type of line used, it need not run in a straight line
but can be coiled up or bent in any convenient
fashion.

The delta matching section shown at Fig.
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907-D is quite suitable for open wire lines. It has
the advantage that cutting the antenna element
in two to insert the line is not necessary. The sides
of the delta should be kept as rigid as possible to
avoid detuning in a wind. The dimensions ¢ and b
should be determined experimentally, since they
will depend considerably upon the number of ele-
ments in the antenna, the spacing between them,
their tuning conditions, and the size of the conduc-
tors used. Dimension & should be about 15 per
cent greater than a, both being varied simultane-
ously, while a check is maintained on the stand-
ing-wave ratio on the line (see Chapter 4), until
standing waves are minimized. It is not necessary
to strive for a perfectly ‘‘flat’’ line, since the losses
will not increase perceptibly with standing wave
ratios of 3 or 4 to 1 on a 600-ohm line.

Frequency Characteristics

The selectivity of the various antenna systems
becomes, as already mentioned, increasingly
higher as the number of elements is increased.
The system therefore should be adjusted for
optimum performance on the frequency which is
going to be used most. Changing the operating
frequency is equivalent to shifting the tuning of
the parasitic elements, and it is readily possible
for an element to act as a director at one end of
the band and a reflector at the other, when it has
been cut to operate as one of the two at the center
of the band.

Since the element length is not highly critical
for good gain, but is highly so for attenuation to
the rear, the chief effect of operating the antenna
“off-frequency” is to reduce the front-to-back
ratio without greatly afiecting the forward gain.
In some cases the gain may actually increase, at a
frequency slightly different from that for which
the system was adjusted, when the initial adjust-
ment was made to secure maximum front-to-back
ratio. For transmitting, therefore, the ordinary
antenna will work quite satisfactorily over a
band. It will also give good gain over the same
band for receiving, but only near the right fre-
quency will it give the attenuation to the rear
for which it was designed.

There will usually be no trouble in getting the
antenna to accept power when the frequency is
shifted. A change in frequency usually brings
with it a change in radiation resistance, but this
is readily compensated for by adjustment of the
coupling at the transmitter. The relatively small
mismatch at the antenna will not materially in-
crease the losses in an open-wire line.

Height Above Ground

Reflection from the ground takes place in the
same way with parasitic element arrays as with
any other type of antenna. The reflection factors
shown in Chapter 3 apply with equal force, there-
fore. It is obviously desirable to choose a height
which will aid in producing maximum radiation
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at the angles most useful for the type of communi-
cation to be carried on. Since this subject has
already been covered in earlier chapters it need
not be discussed further here. 7

Height above ground also plays an important
part in determining the radiation resistance of the
array, especially when the elements are hori-
zontal. The radiation resistance figures so far dis-
cussed in this chapter are the free-space values,
and they will be modified in much the same way
as the radiation resistance of a horizontal half-
wave antenna is modified in the presence of the
ground. Since it is advantageous to keep the radi-
ation resistance from dropping to too-low values,
heights which cause a reduction in resistance
should be avoided. Thus a height of the order of
0.6 wavelength (Fig. 322) is likely to give poorer
performance than 0.5 wavelength, contrary to the
customary impression that every bit of height
gained 1is reflected in better performance. Since
the effective ground plane usually is below the
surface, the height cannot be determined very ac-
curately without some type of measurement. One
rather simple method is to ““explore’ with a hori-
zontal half-wave antenna whose height can be
readily adjusted. With an r.f. meter in its center,
and keeping constant input to the transmitter,
the height should be changed in small steps while .
readings are taken of the antenna current. A
height which gives maximum antenna current of
course represents a height at which the radiation
resistance is low, and vice versa.

Adjusting Arrays

For proper adjustment of a parasitic array
some means must be available for measuring field
strength at a reasonable distance from the an-
tenna. To obtain significant results, the measur-
ing equipment should be set up at least several
wave-lengths from the antenna. A receiver with
an S-meter makes a satisfactory measuring set for
comparative purposes. The codperation of a local
amateur can be secured for the tests; a receiving
point a distance of even a mile or two from the
transmitter will not be too far away providing
there is a fairly clear path between the two
locations.

The first step is to set up the antenna and
couple it to the transmitter. The length of the
parasitic element or elements should be set for
self-resonance (the regular half-wave formula for
length will be close enough). The line should then
be matched to the antenna as closely as possible
by whichever method is chosen, this adjustment
being made with the parasitic elements in place
at the spacings to be used.

With the preliminary work finished, the an-
tenna should be directed so that the receiving
point is directly to the rear. A field strength read-
ing (S-meter reading) should be taken, then the
director length should be decreased, readings
being taken at each step, until the field strength
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at the measuring point is minimum. If there are
two directors, the one nearest the antenna should
be adjusted first, followed by a similar adjustment

to the one farthest away. With the directors fin-

ished, the reflector should be lengthened to the
point which gives a further reduction in field
strength. It may be necessary to change the gain
of the receiver occasionally to keep the reading at
a suitable point on the meter scale; this change
should preferably be made when the adjustment
of one element is completed and before the next
one is touched. Maximum backward attenuation
should be secured with the director about 4 per
cent shorter than a half-wave antenna and with
the reflector about 5 per cent longer. That is, for
the director
450
Length, feet = F (Mey)

and for the reflector
492
JF Me.)

These figures are approximate only, and the exact
length can be found only by careful adjustment
while measuring the signal strength. The antenna
element length is not critical except insofar as it
may affect the match to the transmission line.
The regular half-wave formula is sufficiently
accurate.

After the elements have all been adjusted as
deseribed it is advisable to make slight readjust-
ments to each parasitic element again, in the
same order as before, to compensate for interac-
tion between elements when the tuning of one is
changed. Going through the process a few times
should bring out the best set of tuning conditions.
Finally, the line may be rechecked for standing
waves and, if necessary, rematched. The radiation
resistance of the array will change as the elements
are adjusted, but the shift will not be great
enough to affect the line losses sufficiently to
change the results.

The receiving antenna should have the same
polarization as the transmitting antenna, and
preferably should be far enough away from other
antennas to be free from stray pickup. It should
be connected to the recciver through a line, such
as twisted pair, which will in itself have the least
possible signal pickup. Likewise, the line between
the transmitter and transmitting antenna should
be checked for current balance. Radiation from
the transmission line readily can confuse readings
designed to bring out the set of adjustments
which gives the minimum backward signal. This,

Length, feet =
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and the possibility of direct pickup of signal by ra-
diation from the transmitter itself, are additional
reasons why the measuring point should be con-
siderably removed from the transmitting point.

If the receiver S-meter is calibrated in db. the
front-to-back ratio can be determined by swing-
ing the ‘antenna around to face the receiving
point, keeping the receiver gain fixed. Since most
receiver calibrations are approximate, too great
reliance should not be placed on the reading so
obtained, but it will at least indicate the order of
front-to-back ratio secured.

Gain measurements can be made only by com-
paring the field strength from the array with that
from a half-wave antenna at the same height and
position and fed the same amount of power. This
is inconvenient, in most cases, since it involves
taking down one antenna and putting up the
other. The ordinary receiver is not capable of
accurate enough measurement, and since day to
day measurements with simple equipment of this
type have been found to show variations of the
same order as the gain to be expected, it is unsafe
to compare a reading obtained on one ocecasion
with another that may have been taken several
days previously.

If the antenna is not rotatable, it will be neces-
sary to install the receiver at some point directly
behind the antenna. Alternatively, a portable
transmitter may be similarly located and the array
adjusted to give minimum response to its signal.

Multi- Element Arrays

Parasitic reflectors or directors may be used
with any of the broadside or collinear arrays
described in Chapter 8. The close spacing which
gives greatest gains is not very suitable for this
type of antenna, however, because it is prac-
tically impossible to get enough mechanical
rigidity in wire elements to prevent bad detuning
in a breeze.

It is more practical to use only one set of para-
sitic elements, one behind each driven element in
the array, tuned to work as a reflector. Quarter-
wave spacing between driven and parasitic ele-
ments is satisfactory mechanically, and does not
involve much loss of gain. With proper tuning, —
that is, with the refiector slightly longer than the
condition which gives self-resonance — a theo-
retical gain of about 4 db. and a front-to-back
ratio of about 10 db. can be secured. The correct,
length can be determined by measurement as
described previously, using one pair of elements
for the purpose. Then all the parasitic elements
can be made the same length.



SIMPLE AND COMBINATION FORMS OF LONG-WIRE DIRECTIVE SYSTEMS

As romvep out in Chapter 6, the lobe
of maximum radiation from a single long wire
makes a more acute angle with the wire, and the
power in the lobe becomes greater, as the length
of the wire (in wavelengths) is increased. There
are several ways in which long harmonic wires
can be combined to add the effects of the single
wires and give greater gain.

The Echelon Antenna

If two long wires are made parallel to each
other and excited out-of-phase, the radiation will
cancel in the direction perpendicular to the plane
of the wires. The radiation is then maximum in
the plane of the wire and at angles equal to those
of the lobes for a single wire of equal length. If
the two wires are staggered, two of the four Iobes
will disappear, providing the stagger and spacing
of the wires is correct, for their length. This form of
antenna is shown in Fig. 1001 and is called the
““gchelon” antenna. It is normally used with the
wires in the horizontal plane, but it can be used
with the wires in a vertical plane. However, when
the wires are used in the vertical plane, they must
be slanted to make the lobe come down to a rea-
sonable angle with the horizontal and this neces-~
sitates supports that are too Ligh for all practical
purposes. The horizontal echelon antenna should
be at least a wavelength above ground for best
results.

The amount of stagger can be ecalculated from

feed

Fig. 1001 — The “echelon” antenna uses two long
parallel wires excited out-of-phase. In its simplest form
it is a bidirectional affair, although it can be made uni-
directional by the addition of two more elements. See
text for dimensions “s” and “d.” The angle is the angle
of the major lobe for the length 1., and can be obtained
from Fig. 609.

(. _ 492 sin «
s (feet) = = Ter) sin 24

and the distance between wires is given by
492 cosw

d (feet) =
(feet) 7 (Mec.) sin 2«

where o = angle of maximum radiation from a
single wire {obtained from Fig. 609).

As an example, an echelon antenna with 3-
wavelength legs would be spaced a half wave-
length and staggered 0.29 wayvelength.

The echelon antenna can be made uni-direc-
tional by introducing another pair of wires at
quarter-wave space and 90 degrees phase relation
with the first pair, but this is a refinement used
only in commercial installations.

The two wires of the echelon should be fed as
shown in Fig. 1001 so that radiation from the
feeders will be minimized and not tend to cancel
the directivity.

The prineipal objection to the echelon antenna
is the fact that the gain only becomes significant
when wires of at least three wavelengths are used
and when the height can be made at least a
wavelength. These figures are not hard to attain
at 28 Mec. and higher, however.

The ““V’’> Antenna

Two wires combined to form a “V”’ at such an
angle that the main lobes reinforce along the line
bisecting the V make a very effective directional
antenna. If the two sides of the V are excited 180
degrees out-of-phasc, by connecting the two-wire
feed line to the apex of the V, the lobes add up
along the line of the bisector and tend to cancel in
other directions, as shown in Fig. 1002. The V an-
tenna is essentially a bi-directional system, and
the gain depends upon the length (in wavelengths)
of the wires. The V is a simple antenna to build
and operate, providing the necessary room is
available, and with tuned feeders it can be oper-
ated satisfactorily on several bands, although it is
of course optimum for only one. Nevertheless, it
will show considerable gain on several bands, the
gain increasing as the frequency increases. The
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\ FOR HORIZONTAL “V"

\ (For maximum output)
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Fig. 1003 — Design chart for horizon-
tal “V” antennas. The enclosed angle be-

-
n

tween sides is shown plotted against the

Iength of the legs in wavelengths. The
actual length of the legs in feet can be

8

found from the table in Chapter 6.
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Values in parenthes:s represent agproxima.

longer the V the less will be the departure from
optimum angle on several bands.

The chart in Fig. 1003 gives the dimensions
that should be followed for an optimum design to
obtain maximum power gain from a V beam. The
wave angle referred to is the vertical angle of
maximum radiation for a height of 14 wave-
length, and this angle becomes less for any given
length as the height above ground is increased.
Tilting the whole horizontal plane of the V will
tend to increase the low-angle radiation off the
low end and decrease it off the high end. If the
ground slopes, the antenna should be made
parallel to the ground and preferably with the
open end of the V down the slope.

The gain of the V beam can be increased by
stacking two beams one above the other, a half-
wavelength apart, and feeding them so that the
legs on one side are in phase with each other and
out-of-phase with the legs on the other side. This
will result in a greatly lowered angle of radiation.
The bottom V should be at least a quarter-
wavelength above the ground and preferably a
half-wavelength.

Two V beams can be broadsided to form a “W?¥
and give greater gain. However, two feed lines are
required and this fact, plus the five poles required

i
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to support the system, renders it normally im-
practical for the amateur. It is used by many
commercial short-wave stations.

The V beam can be made unidirectional by
using a reflector at least a quarter wavelength in
back of the antenna. A better plan is to use

- another V placed an odd quarter-wavelength in

back of the first and to excite the two with a phase
difference of 90 degrees. The system will be unidi-
rectional in the direction of the antenna with the
lagging current for quarter-wave separation.
However, the parasitic or driven reflector is not
normally employved by amateurs because it re-
stricts the use to one band, although it has proved
to be quite effective in commereial work.

The V can be made unidirectional and aperi-
odic by terminating the open ends of the V to
ground through resistors. These resistors must
dissipate almost half the power fed to the antenna
and the ground connection must be an excellent
one, Because of the practical difficulties involved,
terminated V’s are not often used, although they
present excellent possibilities.

Feeding the V

The V beam is most conveniently fed by tuned
feeders, since they permit multi-band operation.

Fig. 1002 — Two long

wires and their respec-

- tive patterns are shown
at the left. If these two
wires are combined to
form a “V” whose angle
is twice that of the major
lobes of the wires, and
the wires are excited
out-of-phase, the radia-
tion along the bisector
of the V adds and the
radiation in the other
directions tends to cancel.
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Fig. 1004 — Two suggestions for V-

32 beam combinations. The two-wave-
length affair at the left gives good

general coverage, because it gives a

0° choice of five directions. The system at

3 the right gives more gain but a choice

2A
72°

Ffeed line

If an untuned line is used, the quarter-wave
matching section is as convenient as any, since it
allows the entire system to be tuned before at-
taching the feeders, by simply adjusting the
shorting bar on the matching section. The length
of the wires in a V beam is not at all eritical, but it
is important that both wires be of the same elec-
trical length. Balanced feeder currents (in a tuned
line) give sufficient indication of balanced lengths
in the antenna proper.

The terminated V is fed by a 600-ohm line,
and a good match will be obtained with almost
any -combination. The terminating resistors
should be adjusted for minimum standing waves
on the feeders and the performance shculd be
checked on several frequencies throughout a
band.

¥V-Beam Combinations

The V beam lends itself admirably to a general-
coverage system by arranging several V beams
radially and selecting the one in the desired direc-
tion by switching to the proper feeder combina-
tion. Antennas of this type have been used at
several outstanding DX stations with excellent
results. Fig. 1004 shows the general principle and
gives the length and angle combinations that
can be used. '

Feed Line

of only three directions. (Since the sys-
tems are bidirectional, “direction”
means along a bidirectional line.) Other
combinations could be: seven 4-wavelength elements
arranged radially at 5114 degrees; five 5-wavelength
elements arranged half-radially at 45 degrees; nine
6-wavelength elements arranged radially at 40 degrees.

The proper pair of wires can be selected by
running all of the feeder wires into the shack (the
feeder spacers will be hoops instead of bars) or the
antennas can be switched at the pole by means of
a remote relay., Fig. 1619 shows one practical
scheme for supporting the multi-wire line from
a V-beam combination. Other methods can be
devised to fit different conditions.

In any V-beam combination, it is important
that the flat-top lengths be so adjusted that going
from one combination to the next will not affect
the tuning at the transmitter end. This can be
readily done by progressively pruning the an-
tennas at the far ends until they all match up.
Care must be taken, of course, that the wire in
each feeder is exactly the same length if they
are all brought into the station.

Obtuse-Angle Vs

It might be considered that an obtuse-angle V
could be used, since if it were fed at one end and
properly proportioned the lobes should reinforce
along the perpendicular to the bisector. However,
for the same amount of wire, the obtuse-angle V
is definitely inferior to the acute-angle V. Two
obtuse-angle Vs, side by side to form a diamond,
are something else agaih, and require a chapter by
themselves.
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TILTED-WIRE ANTENNAS — RHOMBIC DESIGN AND ADJUSTMENT —
FREED METHODS — INSTALLATION

THE family of antennas of which the
rhombie, or diamond, antenna represents the
highest development — and, in fact, the most
practicable form — differs somewhat in principle
from the antenna types already described. Previ-
ously discussed antennas operate with standing
waves of current and voltage along the wires; in
this chapter we are principally concerned with
antenna systems in which the current is practi-
cally uniform in all parts of the antenna.

In its elementary form, such an antenna would
consist of a single wire grounded at the far end
through a resistor having a value equal to the
characteristic impedance of the antenna, as shown
in Fig. 1101. This termination, just as in the case
of an ordinary transmission line, eliminates stand-
ing waves. The current therefore decreases uni-
formly along the wire as the terminated end is
approached, the decrease being caused by loss of
energy by radiation and by resistance loss in the
wire. The energy remaining when the end of the
antenna is reached is dissipated in the terminating
resistor. For such an antenna to be a good radi-
ator, its length must be fairly long, in terms of
wavelength, because the current is relatively
small. Henee greater wire length is necessary to
radiate the same energy as that from a shorter
antenna with the higher current which results
with standing waves. Also, the wire must not be
too close to ground so that the return path
through the ground will cause cancellation of the
radiation. If the wire is sufficiently long it will be
practically non-resonant over a wide range of
operating frequencies.

The directional characteristic of a non-resonant
long-wire antenna differs from that of a resonant
long wire of the same length in an important
respect. The terminated wire is practically uni-
directional, giving greatest response to incoming
signals which arrive from the general direction in
which the wire points, looking along the antenna
toward the terminated end. The directional char-
acteristic varies with the length of the wire, in a
fashion somewhat similar to the shift in direc-
tional characteristic of resonant long-wire an-

tennas, as shown in Fig. 1102, but in every case
the radiation or response is considerably smaller"
in the backward direction than in the forward.

The free-space pattern of a non-resonant long
wire antenna would have the usual solid form
discussed earlier in this booklet, the drawings of
Fig. 1102 representing cross-sections in planecs
containing the wire. The angle which the main
lobe makes with the wire depends upon the an-
tenna length, but because of the different type of
current distribution these angles are not the same
for resonant and non-resonant antennas of the
same length. The difference is most marked for
short wires (the main lobe makes an angle of about
45 degrees with the non-resonant antenna, and 54
degrees with the resonant antenna, when both are
one wavelength long) but for lengths of two wave-
lengths and more the differences are so small as to
be negligible. The energy which, in the case of a
resonant wire, would be radiated in the backward
direction, is absorbed by the terminating resistor
in the case of the non-resonant antenna.

The elementary non-resonant antenna is not an
especially good radiator in the single-wire form
just described, but the general principle is utilized

"in the construction of highly-effective unidirec-

tional antenna systems.

Tilted-Wire Antennas

The type of antenna shown in Fig. 1103 is the
forerunner of the diamond or rhombic type, and is
of interest for that reason, although now seldom
used. The principle of operation resembles the
combining of major lobes of radiation already
described in Chapter 10, although in a somewhat
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I'ig. 1101 — The terminated long-wire antenna which
is the basis of non-resonant antenna design. The current
falls off slowly from the transmitter end to the terminat-~
ing resistor, but there are no standing waves.
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different fashion. For example, suppose that each
of the sides, or legs, of the V is two wavelengths
long, so that the major lobe of each wire makes an
angle of 36 degrees with the wire. Then the tilt an-
gle ¢ (half the total angle included between the
wires) may be adjusted so that the major lobes of
radiation from the two wires will add in the de-
sired direction. The tilt angle then becomes the
complement of the angle which the main lobe
makes with each wire. This is shown in Fig. 1103,
for horizontal transmission to the right in the
figure. In directions other than to the right in the
plane containing the antenna the radiation from
the individual wires will tend to caneccl more or
less completely.

When the lobes of the two wires are aligned in
this way, the currents induced in the antenna by
a wave coming from the desired direction do not
add exactly in phase at the receiver end. For this
condition to be met a somewhat smaller tilt angle
is required. This tilt angle, ¢, is made such that
the projection of one leg on a line joining the two
ends of the antenna (in the figure, the ground
forms such a line) is exactly one-half wavelength
less than the length of the leg. The difference
between the tilt angle for coincidence of the major
lobes and that for optimum phasing is greatest
with the shorter leg lengths; for example, with a
leg one wavelength long, ¢ is about 45 degrees for
alignment of the lobes, but 30 degrees for opti-
mum phasing. With lengths greater than two
wavelengths the difference is of the order of but a
few degrees. In general, the optimum angle for
best all-around performance lies between the two.

The terminating resistor at the far end absorbs
the back radiation, just as in the case of the ele-
mentary form of terminated antenna, so that the
antenna is esscntially unidirectional.

The form of tilted wire antenna shown in Fig.
1103 is simple in construction, since only one pole
is required. However, for all but quite high fre-

»

Antenna
Axis

- ®

Fig. 1102 — Typical radiation patterns (cross-section
of solid figure) for terminated long wires. (A) length two
wavelengths; (B) four wavelengths: both for an idealized
case in which there is no decrease of current along the
wire. In practice, the pattern is somewhat distorted by
wire attenuation.

OPTIMUM
DIRECTION

Iig. 1103 — The tilted wire antenna, showing the
directions of the main lobes for each wire for legs two
wavelengths long, when the tilt angle ¢ is adjusted for
alignment of the lobes.

quencies — 28 Mec. and higher — the pole height
needed to provide the proper tilt angle for a leg
length great enough to provide appreciable gain is
beyond the facilities available to most amateurs.
Also, it is difficult to secure a satisfactory termina-
tion because of wvariation in ground resistance
with weather conditions. This might be overcome
by the use of a large ground screen under the
antenna and extending a half wavelength or so
beyond the wire in all directions, but the installa-
tion of such a screen probably would be imprac-
ticable in most locations. A form of transmission-
line termination also may be used, with the far
end of the antenna connected to the center of a
half-wave wire running parallel to the ground
and perpendicular to the line of the antenna. The
impedance at the center of such a wire will be low,
and currents induced by the incoming waves
from the desired direction will balance out. How-
ever, such a termination is good only for the fre-
quency for which the wire is cut, so that a wide
frequency range is not possible. These difficulties
are overcome by the use of the diamond-shaped,
or rhombie, antenna.

The Rhombic Antenna

The rhombic antenna, shown schematically in
Fig. 1104, consists of two tilted-wire antennas of
the type shown in Fig. 1103 placed side by side.
The terminating resistor is connected between the
far ends of the two sides, and is made approxi-
mately equal to the characteristic impedance of
the antenna as a unit. The rhombic may be con-
structed either horizontally or vertically, but
practically always is made horizontal, since the
pole height required is considerably less. Also,
horizontal polarization is equally, if not more,
satisfactory at the frequencies for which this
antenna is suited.

The rhombic antenna is probably the ideal
arrangement for the amateur who wants to obtain
maximum gain in a given direction, and who has
the ground space necessary for its construction.
It will give excellent results over a frequency
range of more than 2 to 1, and will also radiate
well, although with reduced gain and directivity,
at frequencies considerably lower than that for
which it is designed. Along with the excellent fre-
quency characteristic, it also gives higher gains
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than any other types of antennas except a very
few which require much more elaborate construe-
tion. In addition, it is not critical as to adjustment
or operation.

In the horizontal form the general principles
for determining the tilt angle, ¢, are the same as
already deseribed. However, the choice of the tilt
angle is modified somewhat by the fact that the
maximum radiation is not in the plane of the
antenna, but is at some angle with respect to the
ground. This is true of all horizontal antennas,
and has already been discussed in the chapter on
ground effects. In the design of a rhombic an-
tenna, therefore, the angle of maximum radiation
(often called the wave angle) above the ground
must first be considered. It is desired, naturally,

Fig. 1104 — The rhombic or diamond antenna. The
important elements are the leg length, [, the tilt an-
gle, ¢, the height (not shown) and the terminating
resistor, I%.

to make the antenna radiate and receive best at
the angles which normally are most effective
for communication on the frequency to be used.
Since rhombic antennas are chiefly used for 14-
and 28-Me. work, angles of the order of 5 to
20 degrees above the horizon are of most
interest.
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Maximum Output Design

For maximum output, the height, H, tilt angle,
¢, and leg length, [, for a selected wave angle, A,
can be determined from the following formulas:

A

“4sina
sin ¢ = cos A
A

T 2sin? A

‘These quantities may be determined directly by
calculation, with the assistance of a table of
trigonometrie functions, or from the chart of
Fig. 1105, which gives the solutions in curve
form for wave angles from 10 to 30 degrees. For
maximum output, use the length curve marked
“max. output for ideal case.” Following is an
example of the use of the chart:

Given: Desired wave angle (A) = 18 degrees.
To find: H, L, &.
Method: ;
Draw vertiecal line thru point “a” (18 de-
grees wave angle-abscissa).
Read intersection of this line on each
curve on its corresponding scale.
e = angle of tilt ($).
d = height (H).
¢ = length (L).
Result:
® = 72 degrees.
H = 0.81 wavelengths.
L = 5.25 wavelengths.

The chart also may be used to determine the
other three quantities provided any one of the

Several design methods are 1sl\so I I [ 5o
available. Once the desired ™[N RHOMBIC DESIGN CHART
wave angle is selected, there L4 (Optimum dimepsions to give %
are three quantities to be de- 13 R ”; ";’ tp“if Zf 76
termined; the tilt angle, ¢, 2 , ((‘%)a/’/qgfneﬂn?féngtﬁoa’ -
the antenna height, H, and ' 4 o
the length of each leg, I. For 2 S 723
a given wave angle there is $o 108
one set of these dimensions é o . g ! 53513
which will give maximum § ‘i’\‘@ m‘qb\ i ' - ~
radiation in the desired direc-  F08 8 N A s e
tion, or maximum response 307 —7‘o§ NEaLLAEG "--.x]_f___ - ,E
to signals coming from the  “pel 408 N ™ L ~lo ‘Lﬁ o2
desired direction. The design  § | _ % N N | i —
method which gives these ¢ [ '3 \ b\ I 5 il \;5“
optimum dimensions is called 04403 \\—}\__ { %
the “‘maximum output’’ 03—3.o§ i ﬂ&__;___
method. Other design proce- 02 | 503 I D T
dures, known as the ‘“align- N i 3 e L Eam—
ment” and ‘“‘compromise” %5073 4 16 18 20 22 24 26 28 30

methods also are available
to meet special conditions.

WAVE ANGLE (A) — DEGREES

Fig. 1105 — Rhombic antenna design chart for maximum-output and

alignment design methods.
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four is given; usually, the height, A, and length,
I, will be subjeet to limitations. In this case the
curves will give the corresponding wave angle,
A. It may readily occur, however, that the value
of A so obtained will not be a desirable value for
communication on the frequency under con-
sideration; reduced height or length will raise the
angle of radiation. The following examples illus-
trate the use of the chart in this way:

Given: Available and effective height (H) =
0.7 wavelengths.
To Find: L, &, A.
Method:
- Draw vertical line thru point *f* (0.7
wavelengths on curve H).
Read intersection of this line on each
curve on its corresponding scale.
g = angle of tilt (®).
h = length (L).
k = wave angle (A).
Result:
® = 69 degrees.
L = 3.9 wavelengths.
A = 21 degrees.

Given:Length forlsideL = 3.0 wavelengths.
To Find: H, &, A.
Method: .
Draw vertical line thru point “m?’ (3.0
wavelengths on curve L — ideal case).
Read intersection of this line on each
curve on its corresponding scale.
n = angle of tilt ().
o = height (H).
p = wave angle (A).
Result:
® = 66 degrees.
H = 0.618 wavelengths.
A = 24 degrees.

In all cases the linear dimensions are in terms
of wavelength. This may be converted to feet by
the relation

984,

height (ft.) = m
for the, height, and

492 (N—0.05)
J (Mc.)

(where n is the number of half waves) for the leg
length. The latter includes end effects. In practice
the length is not too critical, so end effects may
be ignored and the leg length calculated on the
basis of the length of a wave in space with negligi-
ble error.

length (ft.) =

Alignment Method

Although the maximum output method gives
the greatest possible radiation or response at the
desired wave angle, the maximum point on the
vertical lobe taken on a plane cutting vertically
through the antenna along the axis of the dia-

mond always occurs at a somewhat lower angle.
This is shown in Fig. 1106, where it is apparent
that the radiation goes through a maximum be-
low the desired wave angle, which is shown by the
dashed line. Note that the amplitude of the lobe

_drops off rapidly above the desired wave angle, but

e
av
g’

MAXIMUM OUTPUT METHOD

(A)

e
wave
angté

ALIGNMENT METHOO
(B)
(Major lobes only are shown)

Fig, 1106 — Representative vertical ocharacteristic
of rhombic antennas along the line of maximum propa-
gation as obtained by different design methods. Note
that in the maximum output method the maximum
radiation occurs at a lower angle than that for which the
antenna is designed, although the maximum possible
output at the desired angle has been secured. The align-
ment method makes the major lobe and desired wave
angle coincide, but with less gain than the maximum
output method.

that it is rather broad below, This is a favorable
condition, in that it is usually advantageous to
keep the radiation as low as possible; further-
more, it permits designing the antenna for a
slightly higher angle (of the order of 5 degrees)
than the optimum without a great deal of loss
at the desired angle. This permits using smaller
heights and leg lenths.

The major lobe in the vertical plane, along the
desired direction of radiation, may be brought
into alignment with the selected wave angle sim-
ply by changing the leg length. This procedure is
advantageous in reducing the response to signals
or static arriving at other angles than the desired,
and thus may give a better effective signal-to-
noise ratio in reception. There are no particular
advantages to the alighment method of design for
transmitting, however, as compared to the maxi-
mum output method. The alignment method re-
sults in a smaller antenna, but the gain also is
less than with the maximum output design.

The formulas for height, H, tilt angle, ¢, and
leg length, I, in the alignment design method are
as follows:

A

T 4sin A

sin ¢ = cos A
0.371 A\
= sin? A
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It will be observed that the equations for height
and tilt angle are identical with those given in the
maximum output method; only the equation for
length differs. The chart, Fig. 1105, may be used
for determining the various quantities, in this
case using the length curve marked “alignment
method.” Typical examples follow:

Given: Desired wave angle (A) = 18 degrees.
To Find: H, L, ®.
Method:
Draw vertical line thru point “a” (18 de-
grees wave angle-abscissa).
Read intersection of this line on each curve
on its corresponding scale.
e = angle of tilt ().
d = height (H).
b = length (L)
Result:
® = 72 degrees.
H = 0.81 wavelengths.
L = 3.87 wavelengths.

Given: Available and effective height (H) =
0.7 wavelengths.
To Find: L, &, A.
Method:
Draw vertical line thru point f* (0.7
wavelengths on curve H).
Read intersection of this line on each curve
on its corresponding scale.
g = angle of tilt ().
j = length (L).
= wave angle (A).
Result:
® = 69 degrees.
L = 2.9 wavelengths.
A = 21 degrees.

H‘
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To Find: H, &, A,
Method:

Draw vertical line thru point “r’’ (2.0
wavelengths on curve L — alignment
case).

Read intersection of this line on each
curve on its corresponding scale.

s = angle of tilt ().

t = height (H).

u = wave angle (A).

Result:

P = 04.5 degrees.

H = 0.581 wavelengths.

A = 25.5 degrees.

Compromise Designs

In cases where the height or length, or both,
of the antenna are limited, compromise design
methods which will give greatest antenna output
under the existing conditions are available. An-
tennas designed according to these compromise
methods give smaller output than is obtained by
either the alignment or maximum output meth-
ods, depending upon how far the antenna dimen-
gions depart from the ideal case. A decrease in
height can be compensated for by an increase in
length without much loss in output, but if the
length has to be reduced considerably below the
ideal case a more serious loss in output is suffered.

Fig. 1107 is a compromise design chart applica-
ble where the height is limited but the length can
be adjusted to compensate. It is based on a height
of one-half wavelength, which is rather easily
obtainable at 14 Mec. For a given wave angle, the
leg length and tilt angle are readily determined;
or, if the leg length is given, the tilt angle and
resultant optimum wave angle are easily found.
The following example shows how the chart may

Given: Length for 1 side L = 2.0 wave- 1, jced:
Iengths.
o |
5o 80
COMPROMISE
"o \ DESIGN 18
130 (hese curves based uporn. 76
\ /;e/yﬁtofmeﬁa/fmveéngt/z
20 \ 74
¢ 1o '\ 124
h"’"l N L 1o§
Fig. 1107 — Compro- *E,,c 68!
mise design chart for § \\ : ’S
rhombic antennas at a 280 1 66~
fixed height of one-half H N | p 5
wavelength, 10 N I N
loo N : 59
y } 2
¢ ool N : °§
~
E \ -
3.0 B
g N R B s
10 - : 1z
[ 12 14 Ie 8 20 22 24 26 28 aa

WAVE ANGLE (48) — DEGREES
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Given: Height = 14 wavelength. Available Given:

length of one leg = 3.5 wavelengths.

To Find: '

Angle of Tilt ().

Wave Angle (A).

Method:

Place straight edge on curve “L°’ at 3.5
wavelengths (point y) and draw line
XYZ. Read angle & from intersection
at point X (right hand ordinate) and
angle A at point Z (intersection of

abscissa).
Result:
H = 14 wavelength .
L = 3.5 wavelengths } AVEER
Tilt angle
® = 69 degrees from
Wave angle A = curves.

21 degrees

When the length and height are both subject
to variation, with the length the determining
factor, the chart of Fig. 1108 may be used. This
chart gives the tilt angle and height in terms of
the leg length and wave angle, but may also be
used to determine the other two quantities when
the leg length and height are known. The fol-
lowing examples give typieal uses of the chart:

Given: Length (L) = 2 wavelengths.
Desired wave angle (A) = 20 degrees.
To Find: H, &.
Method:
Draw vertical line thru point *“a’® (L = 2
wavelengths) and point ‘‘b>’ on abscissa
(A = 20 degrees). Read angle of tilt (&) for
point *‘a” and height (H) from intersec-
tion of line ab at point *“c”’ on curve H.
Result:
® = 60.5 degrees.
H = 0.73 wavelengths.

Length () = 3 wavelengths.
Height H = 0.56 wavelengths.
To Find: &, A.
Method:

Draw vertical line from point “‘e’’ on curve
H at 0.56 wavelengths. Read intersection
of this line on curve L = 3 wavelengths
(point ‘“‘d’’) for ® and intersection at
point ““f’’ on the abscissa for A.

Result:
® = 78 degrees.
A = 26.6 degrees.

Leg lengths of 2, 3 and 4 wavelengths are indi-
cated. For other lengths, a fair idea of the other
three quantities can be sccured by interpolating,
or new curves for any desired leg length can be
plotted from the following equation, substituting
the desired value of 7 in terms of wavelength:

1 — 0371 A

irn b =
st lcos A

Solution of this equation for the various values of
A given on the chart will give the corresponding
tilt angles. . ’

Terminating Resistance

The terminating resistance plays an important
part in the operation of the rhombic antenna;
upon it depends the undirectivity of the antenna
and the lack of resonance effects. A properly
terminated antenna will show practically con-
stant impedance at its input end so that it can be
operated over a wide frequency range without
the necessity for changing the coupling adjust-
ments at the transmitter. The reduction of back
radiation is perhaps of lesser importance in trans-
mission, since the energy which would be radiated
backward without resistance termination is sim-
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ply absorbed in the resistor when the antenna
is terminated. For reception, however, the dis-
crimination against signals coming from the rear
may be of great importance. For instance, an
antenna built for working DX in a direction
opposite to that from which domestic interference
comes will be vastly superior in reducing un-
wanted interference when properly terminated.

The characteristic impedance of a rhombic
antenna, looking into the sending or input end, is
of the order of 700 to 800 ohms when properly
terminated in a resistance at the far end. The
terminating resistance required to bring about
- the matching condition usually is slightly higher
than the input impedance because of the loss of
energy through radiation by the time the far
end is reached. The correct value usually will
be found to be of the order of 800 ohms, and
should be determined experimentally if the “flat-
test”” possible antenna is desired. For average
work, however, a noninductive resistance of 800
ohms can be used with the assurance that the
operation will not be far from optimum.

The terminating resistor must meet certain
requirements if best results are to be secured.
It should be practically a pure resistance at the
operating frequencies; that is, its inductance and
capacitance should be negligible. It must also
be capable of dissipating about half the r.f.
power supplied to the antenna by the transmitter.
This power is “wasted” only in the sense that it
is not being used for back radiation; even without
any terminating resistor it would not contribute
to the forward radiation.

Supplying a purely resistive load of great
enough power-dissipating capability was until
recently a considerable problem, but there are
now available suitable non-inductive resistors
from several manufacturers. These may be used
cither singly, when capable of dissipating the
necessary power, or in combination so that
several units of equivalent total power rating
may be added to give the proper resistance. To
lower-capacity effects it is desirable to use several
units, say three, in series even when one alone
will safely dissipate the power. The two outer
units should be identical and each should have
one-fourth to one-third the total resistance, with
the center unit making up the difference. The
units should be installed in a weatherproof
housing at the end of the antenna to protect
them and to permit mounting without mechanical
strain. The connecting leads should be short so
that little extraneous inductance is introduced.

Alternatively, the terminating resistance may
be placed at the end of an 800-ohm line connected
to the end of the antenna. This will permit placing
the resistors and their housing at a point con-
venient for adjustment rather than at the top of
the pole. The line length is not eritical, since it
operates without standing waves and hence is
non-resonant.

] One type of termination sometimes employed
is an 800-ohm transmission line, closed at the
far end, constructed of resistance wire. The line
must be long enough to provide a satisfactory
value of resistance load, which usually makes the
len_gth quite cumbersome. The simple terminating
resistor is preferable for amateur installations in
view of the availability of satisfactory resistors.

Checking the Termination

The correctness of the termination may be
checked by a simple means provided it is possible
to get at the input end of the antenna conven-
iently. A small balanced (push-pull) oscillator,
used in conjunction with a receiver, may be used
for the purpose. The oscillator should be capable
of tuning over the frequency range for which the
antenna is to be used, and its coil should be ar-
ranged to permit tapping on the antenna termi-
nals symmetrically about the center tap. Suitable
tap points may be predetermined by using an
800-ohm carbon resistor as a load, the taps being
adjusted so that the oscillator is not too heavily
loaded.

The checking procedure is as follows: With the
antenna disconnected, set the oscillator to some
frequency within the desired range and tune to
zero beat on the receiver. Then connect the an-
tenna and, without touching the oscillator tuning
condenser, retune the receiver to zero beat. If
the frequency changes appreciably the input
impedance of the antenna has a reactive com-
ponent, showing that the terminating resistor is
not of the correct value. If the change is small,
a second check should be made at a different
oscillator frequency to make sure that the first
test did not happen to be made on a frequency
at which the antenna, even though improperly
terminated, was resonant. Should both checks
show an appreciable frequency change the termi-
nating resistance should be changed about 10 per
cent and the procedure repeated. A few back-
and-forth trials will determine the value of termi-
nating resistance which gives the least frequency
change, and hence makes the antenna input
impedance as nearly resistive as possible. An
oscillator having a fairly high L/C ratio in its
tuned circuit will be most sensitive.

I Antenna

|

Fig. 1109 — A push-pull oscillator may be used for
checking the effectiveness of the resistor termination
on the antenna. A Hartley circuit is shown, but any
balanced circuit capable of working over about a 3:1
frequency range will be satisfactory. It should he battery
operated.
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If it is not convenient to work directly at the
antenna terminals the method may be modified
to connect the antenna to the oscillator through a
half-wave transmission line, which will reproduce
at the oscillator the conditions existing at the
antenna. An ordinary 600-ohm line is convenient;
the impedance is not particularly important
since the line is resonant. The line should be cut
for some convenient frequency and then its exact
resonant frequency determined by connecting
it to the oscillator but not to the antenna, al-
though it should be in the position in which it
will be used. The oscillator frequency should then
be adjusted to a value which does not change
when the line is disconnected from the oscillator.
Once this frequenecy is found the oscillator is left
alone and the line connected between oscillator
and antenna, when the procedure becomes the
same as that already described. Checks on other
frequencies may be made by using other lines of
different lengths.

Because the separation of the antenna wires is
continually changing, the impedance is not uni-
form along the length of the antenna. This effect
can be overcome by using two wires, one above
the other, for each side of the antenna, starting
with no separation at the ends and gradually
increasing the separation to a maximum at the
apex of the side angle. This construction is often
used in commercial work, but the complication in
construction is hardly justified for amateur pur-
poses.

Adjusting for Maximum Fronit-to-Back
Ratio

It is theoretically possible to obtain an infinite
front-to-back ratio with a terminated rhombic
antenna, and in practice very large values can
actually be secured. However, when the antenna
is terminated in its characteristic impedance the
infinite front-to-back ratio can be secured only
at frequencies for which the leg length is an odd
multiple of a quarter wavelength. At other fre-
quencies the front-to-back ratio decreases, and
1s smallest at frequencies for which the leg length
is a multiple of a half wavelength. The greatest
reduction in front-to-back ratio occurs for short
antennas; the greater the number of half waves
on a leg the higher the front-to-back ratio at
frequencies for which the leg length is a multiple
of a half wave.

When the leg length is not an odd multiple of a
quarter wave at the frequency under considera-
tion, the front-to-back ratio can be made infinite
by slightly decreasing the value of terminating
resistance. This permits a small reflection from
the far end of the antenna which cancels out, at
the input end, the residual response. With large
antennas the front-to-back ratio may be made
very large over the whole frequency range by
experimental adjustment of the terminating re-
sistance. When this is done the antenna will
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show slight resonance effects, but these are small
enough to be neglected since the resistance is
changed only a few per cent from the optimum
value for eliminating standing waves.

Modification of the terminating resistance also
permits ‘“‘steering” the back null over a small
horizontal range so that signals coming from a
particular spot not exactly to the rear of the
antenna may be minimized. This refinement is
seldom necessary in amateur work, although it is
well to keep it in mind should an occasion for its
use arise.

Methods of Feed

If the broad frequency characteristic of the
rhombic antenna is to be fully utilized the feeder
system used with it must be similarly broad. This
practically dictates the use of a transmission line
of the same characteristic impedance as that
shown at the antenna input terminals, or approxi-
mately 750 to 800 ohms. Data for the construction
of such lines will be found in Chapter 4. It will be
found, however, that the spacing required is
rather awkward, and also that rather small wire
must be used. Both these considerations are
disadvantageous mechanically, and the radiation
from the line also tends to be comparatively high
at 28 Me. because of the wide spacing.

While the usual matching stub can be used to
provide an impedance transformation to more
satisfactory line impedances, this limits the op-
eration of the antenna to a comparatively nar-
row range of frequencies centering about that for
which the stub is adjusted. On the whole, the best
plan is to connect a 600-ohm line directly to the
antenna and accept the small mismatch which
results. The operation of the antenna will not be
adversely affected, and since the standing-wave
ratio is quite low (1.33 to 1) the additional loss
over the perfectly matched condition will be
unappreciable even for rather long lines. The
chief disadvantage is that at some frequencies a
slight readjustment of the coupling to the trans-
mitter may be necessary to maintain constant
input.

Any of the coupling systems suitable for work-
ing into a 600-ohm line, as described in Chapter 4,
will be suitable.

General Considerations

To realize the performance indicated by the
design data previously given, particularly with
respect to the wave angle to be obtained, it is
desirable that the rhombic be installed over
practically level ground. The various designs are
all based on lining up the free-space radiation of
the antenna with the reflected waves from flat
ground. If the ground slopes uniformly, it may
be expected that the computed wave angle will be
obtained if the antenna is constructed parallel
to the slope. However, the angle in this case-is
that made with the ground over which the an-
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tenna is erected, provided the slope extends
considerably beyond the limits of the antenna,
and this should be taken into account in deter-
mining the actual angle which the wave will
make with the horizon.

The design data likewise are based on perfectly-
reflecting ground, which of course is not found in
practice. However, it has been established that
the results are not greatly changed by the normal
type of ground, at least for wave angles of the
order of those under consideration. The kind of
soil, therefore, is not of great consequence.

Experience with rhombic antennas has shown
that excellent results can be obtained even though
the existing conditions are far from ideal. ‘‘Hay-
wire”’ antennas which perforce ran over uneven
ground, through trees, and even were not at a
uniform height above ground have given sur-
prisingly good results. Nevertheless, it will pay to
do the best possible job of meeting the design
data indicated by the charts. The point is that
the antenna will give good results even in un-
likely locations, provided reasonable care is used
in construction and it is made as large as the
circumstances will permit.

Generally speaking, the gain of the rhombic
antenna will depend principally on its length.
Height as well as length plays an important part
in the determination of the optimum wave angle,
but height has a much smaller effect on the gain
than length. Antennas designed by the maximum
output method will give average gains of the order
of 14 to 16 db. over a half-wave antenna, depend-

ing upon the wave angle which happens to be

most effective at the time. The alignment and
compromise designs give smaller gains, averaging
in the neighborhood of 10 to 12 db. if the leg
length is not too greatly reduced. If the leg
lengths indicated by the maximum output design
method are not permissible, then base the design
on the greatest leg length which can be accom-
modated in the available space.

Unterminated Rhombics

The rhombic antenna may be used without the
resistor termination, although two of the desirable
features of the antenna are sacrificed by unter-
minated operation. The antenna becomes bi-
directional instead of unidirectional, and it is no
longer possible to use the feeder as a non-resonant
line. This means that, in reception, the signal-to-
noise and signal-to-interference ratios are poorer,
and the feeder system must be retuned for each
change in operating frequency. Since standing
waves appear on both antenna and feeder, series
or parallel tuning must be used at the transmitter
according to the number of quarter waves which
happen to exist on the system at the particular
operating frequency.

When the rhombic antenna is non-terminated,
the difference in the current distribution (no
standing waves, terminated, as against standing
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waves, non-terminated) changes somewhat the
angle which the lobe of maximum radiation makes
with each leg of the antenna. This effect already
has been mentioned earlier in this chapter. The
shift in the lobe is negligible, however, if each leg
is two or more wavelengths long and, as a result,
the same design methods previously discussed
may be used.

The gain in the forward direction is nearly the
same whether or not the antenna is terminated in
a resistor. A small decrease may be expected be-
cause, in the terminated rhombie, the power
dissipated in the resistor is not quite half the total
power supplied to the antenna, while with the
unterminated antenna the radiated power divides
about equally in both directions. That is, with
the terminated antenna slightly more than half
the power is radiated in the forward direction,
while without the termination the division be-
tween front and back is about 50-50.

The unterminated rhombic antenna can be
looked upon as two V-type antennas placed
end-to-end, or as two ‘“obtuse angle” Vs placed
side by side. Comparison between the unter-
minated rhombic and the V antenna is difficult
because of lack of data on forms of most interest
to amateurs. Experience indicates, however, that
for the same over-all length the rhombic gives
greater gain than the single V.

Secondary Lobes

Since the radiation patterns of the individual
legs of which long-wire antennas, including the
rhombie, are composed are multi-lobed, it is to be
expected that the antenna will radiate, or respond
to incoming signals, in directions other than that
of the main lobe. With some lengths, heights and
tilt angles certain secondary lobes may exhibit
considerable strength, although their effects are
confined to only a few degrees in the horizontal
plane. Likewise there may be a large number
of null points, or near nulls, in the directive
diagram.

It is important, particularly in reception, to
recognize the existence of secondary lobes, be-
cause, despite the marked gain in the direction for
which the antenna is laid out, ecasual listening
often gives the impression that signals can be
heard almost equally well in all directions. The
nulls usually are quite sharp, so that their pres-’
ence often is difficult to detect. Of course, if the
rhombic is properly terminated the reduction in
back response will be very apparent.

It is a fact that some of the secondary lobes
often give considerable gain over a half-wave
antenna, while others are at least comparable in
effect to radiation in the same direction from a
half wave. In one sense this is an advantage,
because in practice one finds that, along with high
gain in the desired direction, the secondary lobes
permit communication practically ‘“around the
horizon” with results at least as good as would
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28 Mc.

14 Mc.

be obtained with a half-wave antenna. It is not
especially a sign that the antenna is not working
properly if this is the case.

Small Rhombics

The outstanding results which have been se-
cured with rhombic antennas of ample size often
tempt the builder whose space is restricted to try
his luck with a small antenna and hope for the
best. It should be realized, however, that long-
wire antennas do not really begin to perform
unless they are actually “long’ — in the case of
the rhombic, at the very least two, and preferably
three wavelengths on a leg. The gain decreases
rapidly when the wire length is decreased, and
the ability of the antenna to work well over a
wide frequency range also is impaired. Where
space is restrieted, considerably more gain can be
obtained by the use of phased half-wave elements,
as described in Chapters 8 and 9.

The small rhombic has at least one advantage,
however, over the phased arrays. It will accept
power on any frequency for which the sides will
be resonant, and will radiate it in some fashion,

Fig. 1110 — Suggested dimensions
for a small rhombic for 14 and 28 Me.
For best results, provision must be
made for switching the resistor and
feeder as shown when the band is
changed. The directivity shifts 90
degrees when the change is made.

at least. It will not exhibit the expected directive
effects, however, except on the band for which it
is designed. If one simply wants a small amount of
gain and directivity on one band, say 14 Me.,
plus the ability to use the same antenna on other
bands without being too greatly concerned about
maximum effectiveness, a small rhombic might
be worth a try.

In the extreme case of a rhombic one wave-
length on a side for 14 Mec., the dimensions would
be about as shown in Fig. 1110. It happens that
the tilt angle can be selected so that for 28-Mec.
work the antenna will work as a two-wavelength-
per-leg antenna for transmission and reception at
right angles to the optimum direction on 14 Mec.
This requires shifting the feed point from one apex
to another, as shown, together with closing one
apex and opening another. If the antenna is fed
primarily for 14-Me. and operated without change
on 28 Mec. the lobes of the various legs will not be
aligned and the directional characteristic will be
poor. Likewise, the gain will be negligible. A
similar condition will occur on 14 Me. if the
antenna is fed on the basis of 28-Me. operation
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GENERAL CONSIDERATIONS — BENT ANTENNAS — FOLDED-TOP ANTENNAS —
TOP LOADING — GROUNDS AND COUNTERPOISES

WITI-I respect to sky-wave transmission,
the requirements which the antenna system must
meet on 1750-2050 ke. do not differ materially
from those which hold on the high-frequency
bands. Of course, waves entering the ionosphere
even vertically are reflected back to earth so that
there is no such phenomenon as skip distance on
these frequencies. However, it is still true that to
cover the greatest possible distance the waves
must enter the ionosphere at low angles. Although
a given distance may be covered by multiple hops
when the radiation angle is high, there will be less
absorption, and hence the signal strength will be
greater, at the same point when the wave reaches
it by only one hop.

On the ‘“160-meter”” band the ground wave as-
sumes considerable importance for transmission
over short distances. The useful range of the
ground wave will depend upon the transmitter
power, the background noise at the receiver, and
the type of soil over which the wave must travel.
If the antenna system radiates most of the trans-
mitter power at relatively low angles, particularly
along the ground, the ground wave will give re-
liable communication over distances from 50 to
considerably over 100 miles, the latter distances
applying where conditions are particularly favor-
able, as when the path is mostly over sea water.

Polarization
It was mentioned in Chapter 1 that a ground

Fig. 1201 — How sky waves
interfere with the ground wave to
cause a bad fading area. This is
typical of night conditions, when
sky waves are refracted without
much attenuation in the iono-
sphere.

Reflected —"

wave too weal:
to interfere wit
growm’ wave ; /

wave must be vertically polarized, so that the
radiation from an antenna which is to produce a
good ground wave likewise must be vertically
polarized. This dictates the use of an antenna
system the radiating part of which is mostly
vertical. A horizontally polarized antenna will
produce practically no ground wave, and it is to
be expected that such an antenna will be ineffec-
tive for daytime communication. This is because
absorption in the ionosphere in the daytime is so
high at these frequencies that the reflected wave
is too weak to be useful. At night a horizontal
antenna will give better results since night-time
ionosphere conditions permit the reflected wave
to return to earth without excessive attenuation.
The difference between day- and night-time con-
ditions is similar to that existing on the broadcast

band, where distant stations can be heard well at

night but not at all in the day.

There is still another reason why a vertical
antenna is better than the horizontal for 160-
meter work. Comparison of the ground reflection
factorsin Figs. 303 and 304, Chap. 3, for horizontal
antennas at heights of 14 and 14 wave will show
that at the lower height the ground is less effective
in reinforcing radiation. At 160 meters even a
height of 14 wave, about 65 feet, is not easy for all
amateurs to attain, while a height of 14 wave is
out of the question for nearly everyone. Any rea-
sonable height is small in terms of wavelength, so
that a horizontal antenna on 160 meters is a poor

Region where s,%r
wave and groun
wave interfers.
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radiator at angles useful for long distances
(“long,” that is, for this band). Its chief field of
usefulness is for communication over relatively
short distances at night.

The chief disadvantage of vertical polarization
is the fact that the stronger ground wave is more
likely to cause interference with nearby broadcast
receivers.

Vertical Antenna Design Considerations

For good night coverage at distances toward
the limit of the ground wave it is desirable to use
an antenna which will give comparatively little
radiation at angles above about 45 degrees. This
is because the high-angle radiation returns to
earth within the useful range of the ground wave,
and in the outer part of this range may have in-
tensity comparable to that of the ground wave
itself. The sky waves arrive at the ground in ran-
dom phase with respect to the ground wave, giv-
ing rise to severe fading in this area. See Fig. 1201.
The antenna should, therefore, confine its radia-
tion to angles sufficiently low so that the nearest
point to the transmitter at which sky waves re-
turn to earth is just beyond the limits of the
ground wave,

The various conditions can be met by the use
of an antenna a half-wave high, but this is im-
practical since a height of over 250 feet would be
required. Fortunately it is possible to approach
the effect of a half-wave antenna by suitable
treatment of a much lower structure.

A vertical antenna will be most effective when
it can be erected in a fairly clear spot so that the
ground wave is not absorbed in nearby buildings.
Frame buildings are not likely to cause much
trouble, but it is best to keep clear of steel struc-
tures by at least a wavelength or two.

Grounded Antennas

It was explained in Chapter 2 that the smallest
self-resonant antenna is an electrical half-wave in
length. A mechanical analogy to such an antenna
is a flat strip of spring metal firmly supported at
its center, with both ends free to vibrate, I'ig.
1202. Experience tells us that if half the spring is
cut off, leaving the remaining half supported at
one end, the free end of the remaining half will
still vibrate at the original rate when set into
oscillation. A similar condition exists if we cut a
half-wave antenna in two, making its length a
quarter wave, and then ground one end. The

-
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grounded quarter-wave antenna will resonate at
the same frequency as an ungrounded half-wave
antenna. We can consider that the missing half of
the antenna is supplied by the “image’ of the
antenna in the ground. The directional char-
acteristic of a grounded quarter-wave antenna
will be the same as that of a half-wave antenna in
free space, because of reflection from the ground.
Thus a vertical grounded quarter-wave antenna
will have a circular radiation pattern in the hori-
zontal plane. In the vertical plane, however, the
radiation will decrease from maximum along the
ground to zero at the perpendicular.

The grounded antenna may be much smaller
than a quarter wave and still be made resonant
by “loading” it with inductance at the base, as in
Fig. 1203. By adjusting the inductance of the
loading coil even very short wires can be tuned to
resonance. However, the efficiency of the wire as
a radiator is decreased considerably by decreasing
its length. This is because the current at the top
of a simple vertical wire such as is indicated in
the figures is necessarily zero, so that as the
length is reduced less and less of the wire is
carrying the high current which produces the
greatest radiation.

Current and Voltage Distribution

The current along a grounded quarter-wave
vertical wire varies practically sinusoidally, as is
the case with a half-wave wire, and is highest at
the ground connection. The r.f. voltage, however,
is highest at the open end and minimum at the
ground. The current and voltage distribution are
shown in Fig. 1203-A. When the antenna is
shorter than a quarter wave but is loaded to
resonance, the current and voltage distribution
are part sine waves along the antenna wire. If the
loading coil is substantially free from distributed
capacity, the voltage across it will increase uni-
formly from minimum at the ground, as shown at
B and C, while the current will be the same
throughout.

The radiation resistance of a grounded quarter-
wave vertical antenna is approximately 36 ohms.
With shorter antennas the radiation resistance
decreases. The radiation resistance is particularly
important in the case of a grounded antenna not
only in connection with methods of feeding but
also because the ratio of the radiation resistance
to the resistance of the ground contact system
determines the portion of power supplied to the
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Current Fig. 1202 — Mechani-
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Fig. 1203 — Current and volt-
age distribution on a grounded
quarter-wave antenna (A) and on
successively shorter antennas
loaded to resonate at the same
frequency.
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antenna which is actually radiated. The total
power dissipated in the antenna is equal to

R, + Ry)

where I is the current at the base of the antenna,
R, the radiation resistance, and R, the resistance
of the ground connection. Since only 2R, pro-
duces useful radiation, while I2R; is pure loss, itis
important to keep the ground resistance as low as
possible. If, for instance, the two resistances are
equal only half the power supplied to the antenna
will be radiated; the other half simply represents
a loss in the ground connection.

If the grounding resistance is fixed, the ratio
of radiated power to power lost in the ground
connection can be increased by increasing the
radiation resistance of the antenna. The radiation
resistance as measured at the base of the antenna
can be increased by making the antenna longer
than a quarter wave, when the current distribu-
tion becomes as shown in Fig. 1204. The highest
value is secured when the length becomes a half
wave, since this length brings a current node at
the ground eonnection.

Note that as the length increases beyond a
quarter wave the maximum current point on the
antenna is no longer at the base, but has moved
up on the wire. When the antenna height is a half
wave the current is maximum half way up, or
one-quarter wavelength above the ground. The
upward shift in the current loop is beneficial in
two respects; a greater length of wire is carrying
high current, thus giving greater effective radia-
tion, and the high-angle radiation is decreased.

Since the heights required for realization of
these desirable characteristics are impracticable

-Va/taye - Vo/éaye

~Current —Current

(A) (B)

Fig. 1204 — Current and voltage distribution on
grounded antennas longer than 14 wavelength. (A),
between 14 and 24 wave, approximately; (B) half wave.
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for amateur work, the object of design of vertical
grounded antennas which are necessarily of
heights less than 14 wavelength is to make the
current loop come near the top of the antenna,
and to keep the current as large as possible
throughout the length of the vertical wire. A
number of methods can be employed for this
purpose.

Bent Antennas

Perhaps the simplest method of meeting the
fundamental requirement of keeping the current

Current \ Current )
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Fig. 1205 — Bent antennas using a quarter-wave
horizontal section to bring a current loop at the top of
the vertical wire. A quarter-wave vertical section is
shown at (A); at (B) the height X is made as great as
the circumstances permit, Series tuning may be used
for lengths of X up to about 14§ wavelength; parallel
tuning for greater lengths of X.

loop high is to use a bent antenna such as is
shown in Fig. 1205-A, with part of the antenna
vertical and part horizontal. The horizontal part
should be one-quarter wave in length so that the
current loop will appear at the top of the vertical
portion. The current distribution will be as shown
in the drawing, agsuming that the vertical portion
is 14 wave high. If smaller heights are used, the
horizontal portion should still be 1 wave in
length. Since the most useful radiation is from the
vertical part, it is of course desirable to make the
antenna as high as possible.

The length of the horizontal top portion can be
calculated from the formula

234,000
fQse.) *

There is no need for excessive accuracy in de-

Length of 14 wave (ft.) =
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termining this length, since a discrepancy of even
several feet will make comparatively little differ-
ence in the performance of the antenna.

The lower end of the antenna is grounded
through a loading circuit which tunes the system
to resonance and also provides a means for
coupling power from the transmitter into the
antenna. The constants of the loading circuit will
depend upon the total length of the antenna sys-
tem, and therefore depend upon the antcnna

| Ant.

- Fig, 1206 — The practical loading and coupling eir-
cuit for antennas of the type shown in Fig. 1205-B
when the height X is 1§ wavelength or less (up to 65
feet approximately). The series tuning condenser C
should be 250 to 500 uufd.; receiving-type condensers
will suffice for moderate powers. Coil L, may consist of
20 turns of No. 12 wire space-wound (6 turns per inch)
to a diameter of 3 inches, arranged so that it can be
tapped conveniently at least every few turns. Tuning
procedure is that for series tuning as described in
Chapter 4. An r.f. ammeter may be connected in series
with the antenna where it joins C. A 2.5-ampere instru-
ment will suffice for powers up to a few hundred watts.

height. For heights between 40 and 70 feet a cir-
cuit of the type shown in Fig. 1206 will be suit-
able, provided the lcads between the bottom
of the antenna and the coupling circuit, and
between the loading ecircuit and the effective
ground, are negligible in length. These leads are
part of the effective length of the antenna, and
must be added to the antenna length in determin-
ing the actual constants required in the loading
circuit.

For maximum effectivencss, the vertical part of
the antenna should actually be vertical, and not
simply run off at some convenient angle from the
operating room to the top of the pole. The wire
may come down the pole on stand-off insulators,
or may be pulled down vertically from the hori-
zontal strain insulator after the fashion shown
in Fig. 1207. Wire guys on the pole should be
broken up at intervals of 25 fect or so with egg-
type insulators to prevent pick-up of r.f. energy
from the antenna.

Antennas of this type offer an opportunity for
use of a rather simple feeder system which permits
installing the antenna at some distance from the
transmitter. If the antenna height is 1§ wave, for
example, the total length is 3¢ wave including the
horizontal part. An additional 1§ wave wire may
be added to the antenna as shown in Fig. 1208 to
make the total length 14 wave. This extra section
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is connected to the bottom of the vertical wire
and is used as a feeder. It should run parallel to
and fairly close to the ground for as much of its
length as possible (a height of 6 or 7 feet is per-
missible so that it will not be a hazard to walkers)
and terminate at the transmitter in a parallel-
tuned circuit the other end of which is grounded.
(The length of the ground lead should be included
in the “feeder” length.) At this point the im-
pedance looking into the feeder and antenna
has its highest value so that losses in the ground
ccnnection are relatively low. There will be very
little eurrent in the ground lead under these
conditions, but an ammeter inserted at the base
of the vertical portion will read about 70 per cent
of the current at the top.

Such a “feeder” does comparatively little
radiating because it is parallel to and close to the
ground and because it represents the section of
the antenna which carries the least current. In
cases where the antenna height is not an eighth
wavelength the ‘“‘feeder’ length, including the
ground lead, should be 14 wavelength less the
actual length of the antenna from the base to the
far end of the horizontal portion. The length of a
half wave is given closcly enough by the formula

' 468
Length of 145 wave (ft.) = F(Me)'

The feeder may be made longer or shorter than

the exact length necessary to make the whole
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Fig. 1207 — An ar-
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Iig. 1208 — Bent antenna 14 wave high, with a
“fecder” section making the total length 1% wavelength.
The length figures are for 1900 kc., approximately, and
the same antenna may be used over the whole band.
The parallel-tuned coupling circuit should be capable
of being tuned independently to the operating frequency,
and the inductance of the coil preferably should be
variable by means of taps so that the optimum 'L/C
ratio can be secured.




Antennas for 160 Meters

system a half-wave long, if more convenient,
provided the whole system is brought to reso-
nance by means of the coupling system. However,
excessive length in a feeder of this type is not de-
sirable. Also, it is preferable to have the length to
the ground conncction a half-wave so that the
current in the ground lead will be minimum,
which means lowest less in the ground connection.

Folded-Top Antennas

The horizontal part of an antenna of the type
shown in Figs. 1205 and 1208 naturally radiates
part of the total power supply by the transmitter.
This horizontally-polarized radiation does not
contribute to the ground wave, and is practically
all at high angles. Both these features are un-
desirable for the reasons previously outlined.

Radiation from the horizontal portion can be
minimized by folding the wire so that the field
about one section cancels, at least partially, the
field from the adjacent section. The folds can be
made in a variety of ways, several of which are
shown in Fig. 1209. The desirable condition is to
have adjacent wires carrying currents of the same
order of magnitude so that the cancellation will be
as great as possible. Reduction of radiation from
the top section means an increase in the power
available for the vertical portion where it is most
usefully radiated.

An incidental advantage of folding the top sec-
tion is that less ground space is needed for the in-
stallation of the system. Also, with some arrange-
ments it is possible to drop the vertical portion
from the center of the horizontal part, if a more
eonvenient installation results from so doing. The
folded wires should be a foot or two apart, and
may be fastened to small wooden spreaders as
shown in Fig. 1210. The folds may be worked out
to be accommodated in almost any reasonable
ground space.

With the folded-top antenna the desirable con-
dition is still that which brings the current loop to
the top of the vertical portion. Therefore the total
length of the folded horizontal wire should be
equal to 14 wavelength at the operating frequency.

{ Pole

Q)

¢ Pole

®)

Fig, 1210 — How spreaders may be used (A) for
open ends and (B) for closed ends. The spreaders may
be made of light wood.
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Fig, 1209 — Several ways in which the top quarter-
wave section may be folded to reduce radiation. Spacing
between folded wires is not critical; from 1 to 4 feet is
satisfactory provided some means is provided to keep
close-spaced wires from swinging in relation to each
other. The lengths of the connecting pieces at the folds
should be counted in the total length of the quarter-
wave top section. 14 wave is approximately 60 feet,
}{s wave 30 feet, and so on.

Both this and the plain bent antenna may be
designed for a particular frequency in the eenter
of the band — say 1900 ke. for the 1800~2000-ke.
"phone section — and will work equally well over
the whole band by returning the loading-coupling
circuit when the frequency is changed.

The feeding methods already deseribed for the
bent antenna may be used equally well with the
folded-top arrangement.

A somewhat different top-folded arrangement,
used by the British Marconi Company, is shown
in Fig. 1211. The top section is made practically
completely non-radiating by branching the cur-
rents through parallel wire sections. Thus the
current flowing into the top at the junction with
the vertical scetion branches in opposite direc-
tions as shown. At the ends, the current again
divides between the two outer wires. A current
node occurs at the midpoints of the outside wires,
and the relative phases are such that a continu-
ous wire section may be used. The whole flat top
is a quarter-wave long, which requires more
ground space (about 150 feet between poles, in-
cluding room for supporting wires for the spread-
ers) than is needed for the folded-top systems
already described. The branching arrangement
makes the currents in the two halves of each
horizontal wire flow in opposite directions, thus
minimizing radiation perpendicular to the top
wires, and there is additional field cancellation
because of the folding.

As previously stated, for minimum ground
connection loss it is desirable to make the antenna
system a half-wave long so that there will be a cur-
rent node at the grounding point. With vertical
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sections less than a quarter-wave high the average
current over the vertical portion is not as large,
under these conditions, as when the length is ad-
justed to bring a current loop at its top. Thus one
design gives somewhat lower current but lower

\\-—-h- 4 —— \\.
}
Y

Fig. 1211 — Folded-top antennas with branched
wires to provide practically complete cancellation of
radiation from the top section. The top shown here is
equivalent to a simple quarter-wave horizontal section.
The vertical portion may be any length up to a quarter
wave, the greater heights being more effective as in the
case of the bent and top-folded antennas of Figs. 1205,
1208 and 1209,

ground loss, the other higher current but higher
ground loss. Usually a compromise between the
two will give the most effective radiation. For
average grounds, however, it will be found that
the field strengths will differ in but a small degree
for either type of operation, provided the vertical
section of the antenna is between about 50 and 70
feet in height.

For the minimum ground loss condition the
total length of the wire is simply made equal to 14
wavelength. The length of the folded part then
becomes the figure found by the formula previ-
ously given less the length of the vertical portion.
As before, maximum effectiveness of the folds will

be obtained when adjacent wires are carrying
nearly equal currents.

Top-Loaded Antennas

Instead of bending or folding up the antenna
length required for resonance, it is possible to use
a'simple vertical wire with concentrated capacity
and/or inductance at its top to simulate the effect
of the missing length. This system is more critical
as to frequency — that is, it is not quite as toler-
ant with respeet to working over a band of
frequencies — but is structurally advantageous
since only one pole is required.

C-—-—-v-—

Fig. 1212—Top-
loaded antenna. A
parallel-tuned circuit,
independently reso-
nant at the operating
frequency, is required
for coupling to the
transmitter when the
top loading is adjusted
to bring a current
minimum at the lower
end of the antenna,
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The top-loading apparatus may consist simply
of a capacity or, better, a capacity and inductance
suitably proportioned. The capacity used is not
the usual type of condenser, which would be
ineffective since the connection is one-sided, but
consists of a metallic structure which exhibits the
necessary capacity to space. Practically any
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sufficiently-large metallic structure can be used
for the purpose, but simple geometric forms such
as the sphere, cylinder and disc are preferred
because of the relative ease with which their
capacity can be calculated. The inductance may
be the usual type of r.f. coil, with suitable protec-
tion from the weather.

The ratio of inductance to capacity depends, for
a given frequency, principally upon the ground
resistance. Fig. 1213 is a set of curves giving the
values for 1875 ke., which is representative of
the 1750- to 2050-ke. band. These curves are based
on obtaining 75 per cent of the maximum possible
increase in field strength over an antenna of the
same height without top loading. An inductance
coil of reasonably low-loss construction is as-
sumed. The general rule is to use as large a capac-
ity as the circumstances will permit, since an
inerease in capacity will cause an improvement in
the field strength. It is particularly important to

91

do this when, as is usually the case, the ground
resistance is not known and cannot be measured.

The capacity of three geometric forms is shown
by the curves of Tig. 1214 as a function of their
size. For the cylinder, the length is specified equal
to the diameter. The sphere, dise and cylinder
can be constructed from sheet metal, if such
construction is feasible, but the capacity will be
practically the same in each case if a ‘“‘skeleton”
type of construction, using screening or wire
networks, is used. The disc is probably the easiest
to make, and has less wind resistance than either
of the other two shapes. A disc of the openwork
type is shown in Fig. 1216.

The bottom of the antenna is fed through a
parallel-tuned circuit with one side grounded,
as in Fig. 1212. The adjustment procedure is as
follows: Starting with all of L shorted out, adjust
the tuning to give a satisfactory transmitter
input, using the method for parallel-tuned circuits
cescribed earlier in this booklet. Measure the
field strength by means of a simple field-strength
raeter (vacuum-tube voltmeter and antenna), or
by using a receiver, equipped with an S-meter,
some distance away. Comparative readings only
are needed. Next, move the tap on L to include a
faw turns, readjust the coupling and parallel-cir-
cuit tuning to maintain the same transmitter in-
put, and note the new field strength. Continue
this process until all of L is in the circuit. Plot a
curve of relative field strength against turns in L;
the curve should rise at first as the turns are
increased until a critical point is reached where
there is a sudden drop in field strength. Finally,
set L a turn or two just below the maximum point.

Grounds
One of the chief problems of obtaining optimum
performance on 1750-2050 ke. is that of getting a
good low-resistance ground. The old standby
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Fig. 1216 — A skeleton disc for top loading, suitable
for 160-meter operation. This disc, constructed with
a 4-foot diameter outer rim of quarter-inch copper tub-

ing and wire “spokes,” has a capacity of approxi-
mately 40 ppfd. Connection should be made to its
center.

connection to a water pipe may serve in a pinch,
but seldom results in the best possible antenna
performance.

If circumstances make it necessary to use a
water pipe for a ground connection, always select
a cold-water pipe since it usually goes more
directly to ground than the hot-water variety.
Gas pipes never should be used because insulated
joints are sometimes included in the piping.
Wherever possible, the connection to ‘the cold
water piping should be made directly at the point
where the pipe enters the ground; that is, on the
street side of the water meter. The length of the
ground lead necessarily must be taken into ac-
count in computing the total length of the
antenna.

To make the connection, carefully clean the
pipe by scraping and sand-papering. Tit on a
clean ground clamp, make it good and tight, and
make sure that the ground wire makes a good
electrical connection to the strap. Solder it if
necessary. The assembly may be rubber-taped to
prevent oxidation if there is considerable damp-
ness.

If it is impossible to reach the pipe at the
point where it enters the ground, a connection of
the type described above may be made to any
convenient cold-water pipe as a secondary resort.
In such cases, estimation of the effective length
of the ground lead is difficult, since piping systems
sometimes are rather extensive and hence have

considerable capacity to ground. The effective
length usually will be appreciably less than the
actual length of the shortest path which might
be traced back to ground along the piping, and in
the case of a ground to a heating system may be
quite small because of the large masses of metal at
the radiators. In such cases the amount of loading
for bringing the system to resonance must be
determined experimentally.

A simple outdoor ground may be made by
driving a length of 1-inch pipe (6 feet or more)
into the soil. If possible, pick a spot where there
is considerable natural moisture; the resistance
will be less under such conditions. Four pipes
arranged at the corners of a 10-foot square, all
connected together at the top, will be consider-
ably better than one.

A quite good low-resistance ground connection
can be made as shown in Fig. 1217, if the space is
available and some digging is permissible. The
chemicals increase the econductivity of the ground
in the vicinity of the grounding pipes or rods and
thus reduce the losses from current flow.

Radial Grounds

The ideal form of ground is a series of con-
ductors buried a foot or two beneath the surface,
radiating like the spokes of a wheel from under
the vertical part of the antenna, as shown in Fig.
1218. Its construction is beyond most amateurs,
but it is mentioned here for the benefit of those
who may have the space and a plow to cut the
furrows which contain the ground conductors.
Such a ground system not only reduces 2R losses
at the ground connection but provided it is made
extensive enough also reduces losses in the ground
in the immediate vieinity of the antenna.

Better results can be expected as the length of

i treating moterial e
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Fig. 1217 — Ground system treated to increase con-
ductivity. The circular trench is filled with rock salt,
magnesium sulphate, or copper sulphate, put in dry and
then flooded with water. After trecatment, the trench is
covered with earth. Fifty pounds of treating material
so disposed will have a life of two or three years.
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the radial wires is increased. There is no necessity
for a length greater than 14 wavelength, however,
and even 1/10 wavelength will give satisfactory
performance. This calls for a length of about 50
feet per radial, or a total diameter of about 100
feet for the ground system. As many radials as
possible should be used.

The Counterpoise

The counterpoise is a form of capacity ground
which is quite effective. Its use is particularly
beneficial when an extensive buried system is not
practicable, or when an ordinary pipe ground
cannot be made to have sufficiently low resist-
ance, as in rocky or sandy soils.

To work properly, a counterpoise must be large
enough to have considerable capacity to ground,
which means that it should ecover as much ground
area as the location will permit. No specific
dimensions are necessary, nor is the number of
wires particularly critical. A good form is an
approximately circular arrangement using radial
wires with eross-connectors joining them at inter-
vals, as in Fig. 1219-A. There is no particular
necessity for extending the radius of a circular
counterpoise beyond a half wavelength, nor is it
desirable that the lengths of the individual wires
bear any particular relation to the wavelength.
Rather, the intention is to have the counterpoise
act as a pure capaecity instead of exhibiting reso-
nance effects. The capacity of the counterpoise
will be approximately equal to that of a condenser
consisting of two plates each of the same area as
that of the counterpoise, with spacing equal to
the height of the counterpoise above the ground.

The shape of the counterpoise may be made
anything convenient; square or oblong arrange-
ments are usually relatively easy to construct
and will work satisfactorily. There should not be
too few wires, but on the other hand separations
between wires up to 10 or 15 feet will do no harm
on fairly large counterpoises, and 5 to 10 feet on
smaller ones. It is a good plan to join adjacent
wires with jumpers at intervals about equal to
the wire separation so that resonance effects will
be minimized.

The height of the counterpoise is not particu-
larly critical. It is best to construet it high enough
to be out of the way, which ordinarily means
from 6 to 10 feet above the ground. Remember
that the height of the antenna is reduced by the
amount of ecounterpoise height.

Satisfactory results have been secured with
counterpoises simply lying on the ground, or with
large screens of chicken wire similarly laid under
the antenna. However, the best performance will
be secured, as a general rule, when the counter-
poise is insulated from ground. When in contact
with the ground surface, the losses are likely to be
higher because the counterpoise tends to act
either as a poorly-conducting direct ground or as
a leaky-dielectric condenser. :

Antennas for Small Space or Height

The antennas discussed thus far have been de-
signed to take advantage of the transmission
characteristics of the 1715-2000-ke. band. A
certain amount of height and ground space is
essential for this purpose. Many amateurs, how-
ever, do not have the facilities available for the
construction of even these simple forms and —
particularly the city ‘“cliff dwellers” — must
simply string up a wire where some space
available.

A vertical antenna must be quite clear of sur-
rounding buildings, particularly those of steel

Buried a oot
or two below
Surface

G

Fig. 1218 — The best ground is a radial system of
buried copper strip or heavy bare copper wire.

construction, if good results are to be secured. If
the height required for this purpose is not ob-
tainable, then a horizontal wire must suffice. No
useful purpose is served in erecting a vertical
antenna between buildings which are going to
absorb most of the radiated energy, or which
perhaps re-radiate some of the energy to make
the horizontal directional pattern of the antenna
poor in the most desired directions of com-
munication.

The fundamental requirement for an antenna
which cannot be “designed” for 160-meter work
is that it must be resonant at the operating fre-

"~ quency. That is, it must accept as much power

as possible from the transmitter, even though the
radiation of the power must be left more or less
to chance. It is desirable to get the high-current
portion of the antenna well away from buildings,
if this is possible. The antenna may be bent, if
necessary, to fit the available space, but the bends
should be made with a view to their effect on the
performance of the antenna as a radiator.

To make tuning easy, it is desirable that the
antenna length be a multiple of a quarter wave-
length, within reasonable limits. The ground lead
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Ant.

Ant.

Fig. 1219—Some
suggested forms of coun-
terpoise. Perfect sym-

metry is not essential,
but it is desirable to
extend the counterpoise
as nearly as possible for

the same distance in

(A) ®

should be short, although as already explained the
“length” of this lead may depend upon the
grounding system. An antenna length of about
125 feet is the smallest recommended for working
over the band, although shorter lengths can be
loaded to the proper electrical length with a
series inductance as shown in Fig. 1220-B. Pro-
vided the effective length of the ground lead is
not too great (up to perhaps 35 or 40 feet) the
system may readily be tuned to resonance with
an adjustable coil and series condenser.

If no space sufficient to allow the antenna to
be installed in a straight line is available, it may
be bent to fit. Thejfar end may be bent
down, as shown in Fig. 1220-C, or even
back on the antenna as in Fig. 1220-D. In
the latter case at least 14 wavelength of
the near end (the high-current part) should
be unparalleled by the bent wire, since there
is partial cancellation of the radiation from
the folded-back part. Bends in horizontal
directions may be made at several points
along the wire, in cases where this is neces-
sary, provided the angle between the bent
portions is as large as possible. Try not to
have less than a right angle bend, especially
in the high-current portion of the antenna.

A disadvantage of the quarter-wave
“random’ antenns is the fact that the high-
current end, which does the most radiating,
is the end brought into the station. If there
is at least one quite’ long straight stretch
available for erecting the antenna, it is a
better plan to make the antenna length
such that the maximum current point
comes at the middle of the straight section.
This means that the wire should be a quar-
ter-wave long (125 feet will be satisfactory)
from the middle of the span to the far end,
the necessary bends or folds to make up
any excess length being made at the far
end. The distance from the middle of the span
to the transmitter can form the antenna length on
that side or, alternatively, the wire length here
may also be made a quarter wavelength, with
bends or folds, to make a half-wave antenna and
thus bring a voltage loop at the coupling point.

each direction from the
antenna.

©)

The total length of the wire would be 250 feet in
that case, and parallel-tuning would be called for
at the transmitter.

Antennas of this type will work quite well,
especially for moderate distances at night, even
though they are not capable of the type of per-
formance to be expected from a good vertical
antenna. The chief points to be remembered are
these: it is easiest to make the antenna take power
if its length is near a multiple of a quarter wave-
length, and that bends will not do a great deal
of harm provided they are made in parts of the

Current
Distribution

=

antenna where the current is small. The aim
A
4
. Xmér ~
(a)
: - [ess than -%- —_—
Imiér
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(®)
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I'ig. 1220 — Typical arrangements of a quarter-wave
horizontal antenna, for installation where height or
space are limited. Current distribution is shown for each
case. A length of about 125 feet will be satisfactory.
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should be to obtain the longest possible
straight stretch for the high-current part
of the antenna.

Alternative Coupling Methods

Other types of coupling systems may be
substituted for those shown in this chap-
ter, and Chapter 4 should be consulted for
design and adjustment information on
this subject. In the case of vertical anten-
nas, particularly, where the base of the
antenna may be some distance from the
transmitter, it may be desirable to use a
link line to a coupling circuit installed in
a weatherproof box at the antenna. The
feeder already described usually will be
more convenient for this purpose, how-
ever, if its length fits in with the station
and antenna layout.

The pi-section filter type of coupler is es-
pecially convenient with antennas shorter
than a quarter wavelength, but should
be tuned carefully as described in Chapter
4 to prevent harmonie radiation. A
quarter-wave grounded antenna inher-
ently discriminates against even harmonics, but
this is not true of several of the systems de-
scribed in this chapter since some of them ap-
proach or equal a half wavelength in total wire
Iength.

When the antenna proper is located at some
distance from the transmitter the two may be
connected by means of a transmission line, either
tuned or untuned, of one of the types described

Current 2
Distribulion 2

PN

i L‘—; 2

Xmér
® ﬁﬂ@f@

= (e

Fig. 1221 — Suggested methods of bending half-wave
antennas for installation where space is limited. The
points to watch out for in making bends are discussed
in the text. The total wire length is about 250 feet for an
antenna which can be used over the 1715-2000-ke. band.

in Chapter 4. The principles of design and opera-~
tion are exactly as set forth in that chapter.
Probably in the majority of cases, however, the
distance does not justify the use of such a line.



RADIATING SYSTEMS FOR 50 MC. AND HIGHER FREQUENCIES

VERY—HIGH FREQUENCY transmission and
reception differs from lower-frequency work in
that it is normally carried out by means of semi-
optical transmission paths, and not by means of
a sky wave. However, this does not mean that
communication cannot be carried on over greater-
than-sight ranges, and it is not uncommon for a
well-equipped 50-Me. station to have a consistent
range of 40 to 50 miles and sometimes up to 100
miles. Contacts over distances greater than 50

|

no reason why the v.h.f. antenna should not be a
directive affair, except possibly in the case of mo-
bile or portable work. Further, since the only
radiation effective at these frequencies is at quite
a low angle with respect to the ground, every
effort should be made to concentrate the radiation
as near to the horizontal as possible.

It is desirable to keep the @ of the v.h.f. an-
tenna as low as possible, because the bands are
proportionately wide and a high-Q system could

Fig. 1301 — Two methods of feeding

MNo./8 W/]re, . a simple vertical radiator. That shown
5,02535/3/3’ at A is with a tuned line, while B shows
| \ / a 50-Mec. antenna with delta match. The

N>

e ——. feea’ oo nry

dimensions are approximate and may be

1

\

fe— 3’

A B

miles are most frequent at night during the
summer. The range on 144 Mec. is not as well
established, but it is well beyond the optical
range.

On the very-high frequencies, space-wavesignals
sent from a vertical antenna (vertically polarized)
can only be received well on a vertical antenna,
and signals from a horizontal antenna (horizon-
tally polarized) are only received well on a hori-
zontal antenna. Vertical antennas have been more
common than horizontal ones on the very highs,
although there is some evidence that the horizon-
tally polarized waves provide better signals over
long indirect paths.

It has been found that directive antenna sys-
tems will extend the operating range on 50-Me. to
such a degree that suitable communication can be
carried on with a directive system where no signal
could be put through with a simple antenna. Be-
cause of the small physical dimensions of antennas
on the very-high frequencies, there is practically

e a1y /engz.‘/z —_—

subject to some slight modification if it
is found that coupling the feeders to the
tank coil changes the tuning consider-
ably. The 2-foot dimension may have to
be changed slightly, to affect a better
match, by tapping the line at slightly
different points than shown in the sketch.

not be made to take power except over a small
portion of the band. “Q”’ relates simply to the
sharpness of resonance of the antenna—a
high-@Q) antenna is one of low radiation resistance
and consequently has a sharp resonance charac-
teristie. Close-spaced arrays with either driven or
parasitic elements are to be avoided because of

|

1197

|
T

1197
A | B

Fig. 1302 — Two types of collinear array. Either can
be fed by a matching section and untuned line or with a
tuned line.
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Fig. 1303 — The system shown at A is a vertical
lazy H and can be fed at either of the points shown. B is
a vertical Sterba. Both of these systems are bi-directional
in the broadside direction,

The antenna shown at C is a simple end-fire system —
L can be anything from a half-wave to 0.64-wavelength,
with greater gain being obtained with the longer
elements.

their high @, and arrays with quarter-wave (or
greater) spacing should be used if the array is to
be effective over a wide frequency range.

The @ of a v.h.f. antenna can be lowered by
using heavy wire or even metal tubing for the
elements. Tubing of l4-inch or even l-inch di-
ameter is not too unwieldy for the elements of a
50- or 144-Me. array, and it has the further ad-
vantage that the elements will be self-supporting,
thus avoiding any possible loss due to poor insu-
lation at the voltage loops.

It is particularly important that the v.h.f.
antenna be placed in the clear and as high as pos-
sible. The field strength at a distance is depend-
ent on the height of the antenna, and adding
height is like getting more watts output from the
transmitter.

Tuned lines can be used to feed the v.h.f.

"—A
4"'&.
2 2 2 2 T
41— 2
“— 2\
e
2
Al feed E
2
A B

Fig. 1304 — The v.h.f. antenna at A is an extension of
the lazy H that will give greater horizontal directivity.
The system at B is a lazy I with parasitic reflectors

spaced a quarter wavelength from the antenna, to give -

uni-directional radiation. The length of the parasitic
elements should be adjusted for minimum back radia-
“ tion (see Chapter 9).
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antennas, but untuned ones are recommended,
used with suitable matching systems. If an open-
wire line is used, either tuned or untuned, it should
be carefully balanced as to length, and the spacing
should not exceed 4 inches, Coaxial line is excel-
lent for feeding v.h.f. antennas. Feed lines should
be carefully balanced and made with small spacing
to reduce the radiation from the line, since radia-
tion can become quite serious at these frequencies.

Half-Wave Antennas

Even though directive systems are undoubt—
edly the most effective, good results can be ob-
tained with simple half-wave antennas. They are
normally used vertically, so that the radiation
will be vertically polarized. Although it is more
convenient to end-feed a vertical antenna, center-

R TT

4 = &
; R

Fig. 1305 — A practical E RN
application of the princi- Sy
ple of Fig. 1303-C. The ; 1
two copper-tubing ele- i i
ments are eurved-in and |
run down the pole to form i
part of the feed line. S |
(W2JCR). : P

feed is preferable so that the feed line can be more
readily balanced and remain balanced over the
whole band. Tuned feeders can be run to the
center of the radiator, or a delta match can be
used with an untuned transmission line. Fig. 1301
shows suggested methods of feeding a half-wave
radiator for the very-high frequencies.

Simple Collinear Antennas

By placing a second vertical element above the
first, a collinear antenna results which will give
increased low-angle radiation and consequently
greater signal strength. Fig. 1302 shows two
collinear arrays, one with half-wave elements and
one with the ‘“‘extended double Zepp” (Chap-
ter 8) elements. The latter, which gives some-
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Fig. 1306 — The simple rotatable 50-Me. beam at
VK2NO. Two half-wave broadside elements with two
parasitic reflectors a quarter wavelength behind them.

what more gain, has had considerable popularity
on the very-high frequencies.

The elements can be made of copper tubing and
supported on the side of a pole by stand-off in-
sulators, or the antenna can be of wire suspended
from a suitable support. Either tuned feeders or a
matching section can be used, as explained in
Chapter 8.

Length of Elements

The formula given for the length of a half-wave
antenna on the lower frequencies must be modi-
fied somewhat for 50 Mec. and higher because of
the greater “end effect’” at these frequencies. The
length of a half-wave element can be found from

5540
Length (inches) = ———
ength (inches) Freq. (Me.)
The length of a half-wave section of open-wire
line is still

5760

h (inch = —
Length (inches) ——

For ready reference, typical lengths are tabu-
lated in Table I for the 50- and 144-Me. bands.

A quarter-wave radiator or open line will be
half the length of the hali-wave value.

A reflector element should be spaced a quarter
wavelength back of the radiator and its length
made the same as a half wavelength of open line
for the same frequency.

TABLE I
Freq. (Mec.) Half-Wave Half-Wave
Radiator Open Line
50.0 9’ 3" 97
51.0 97 157 9’ 5"
520 Sf 10%” gl 3Il
53.0 8’ 814" 9’1
54.0 8 614" 8 11"
144 3’ 2%” 37 47
14:6 3I 2” 3.’ 3%’]
148 37 115" 3’ 3"
Phased Arrays

Several types of phased arrays. particularly
suited to v.h.f. work are shown in Figs. 1303 and
1304. Tubing elements can be used with a simple
wooden framework to support them at their
centers, or wire elements can be used, strung in a
box-like wooden framework or simply hung from
a rope. The various arrays can be adjusted, if it is
found to be necessary, by the methods outlined in
Chapter 8.

The end-fire antenna of Fig. 1303-C is par-

Fig. 1307 — An elaboration of the antenna shown in
Fig. 1306. This installation, which cannot be rotated,
uses 4 half-wave elements in a broadside array with
four parasitic reflectors a quarter wavelength away.

(W1HRX).
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ticularly simple to construct by supporting the
two vertical elements of copper tubing from the
top of a single vertical pole and running the feed
line down the pole, as shown in Fig. 1305. If the
pole can be made to rotate 90 degrees, full ad-
vantage can be taken of the directivity of this
simple system. While this type of antenna will not
show as sharp a lobe as the broadside type of
array, it will show a very definite null which is
useful in reducing QRM in congested areas. Its
pattern is similar to a figure ““8,” with the nulls
broadside to the plane of the elements.

When the antennas are constructed as shown
in the drawings the polarization will be vertical.
For horizontal polarization the elements should
be mounted horizontally, In all cases except Fig.
1303-C this simply means that the drawings
should be rotated 90 degrees; the antenna of Fig.
1303-C should be mounted so that the plane
containing the two elements is parallel to the
ground.

Parasitic Arrays

Directive arrays with parasitic elements are
frequently used at very-high frequencies, particu-
larly in the 50-Mec. band. As stated before, the
spacing between elements should not be too
close, otherwise the antenna will be useful only
over a small portion of the band. A horizontally
polarized antenna of this type is readily rotatable
by using eonstruction and rotating means as de-
scribed in Chapter 17, Half- to one-inch tubing
should be used for the elements, for mechanical
reasons as well as to lower the losses and Q.

A popular antenna of this type is the three-
element beam, with quarter-wave spacing be-
tween elements. In other respects it is similar
to the three-element beam described in Chapter
9, and the elements may be cut to size using
the same formulas. The feed system shown in
Fig. 907-B is recommended. Final adjustment of
element lengths by means of field-strength
measurements may be carried out as described
in Chapter 9. )

! DIRECTOR
10516"
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Fig. 1309 — W6QLZ’s 4-element 50-Mec. array. Delta
shown is for 4-inch spaced line. For 2-inch line use 33
inches with 36-inch sides. Dimension‘s are for 50 Me.

929

Fig, 1308 — The 144-Mec. array at W2CUZ uses two
collinear sets of three broadside driven elements, backed
by parasitic reflectors. This type of construction allows
rotation of the system,

A very successful four-element antenna using
element spacing of less than one-quarter wave-
length is shown in Fig. 1309. The larger number
of elements and relatively close spacing make
this system more selective than the other directive
antennas described. For other frequencies than
that indicated (50 Me.) the element, lengths and
spacings should be in inverse proportion.

The Coaxial Vertical Radiator

If only a single vertical radiator can be used,
and it is necessary to run the line for 30 feet or
more, serious thought should be given to the use
of coaxial-line feed. It is doubtless the best
method of feeding a simple antenna, as testified
to by the many police and other v.h.f. installa-
tions where no horizontal directivity is desirable
but where a maximum of efficiency is required.
Although it is possible to run the coaxial line
directly to the center of the antenna with no
modifications, it is mueh better to use the method
shown in Fig. 1310. This amounts to feeding the
antenna at the center with coaxial line but short-
circuits the possibility that the whole coaxial-line
may act as a vertical radiator, resulting in high~
angle radiation and loss of signal strength. The
wire extends a quarter wavelength above the
juncture of the line and the outer sheath. Because
there is no field in the inside of the sheath, the
coaxial line can run up through it with no harmful
effects. This antenna is used in many amateur and
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commercial installations and always results in
increased signal strength over that obtained with
a single half-wave antenna and any other type of
feed.

The coaxial line should have an impedance of
around 70 ohms (see Chapter 4), although this
is not ecritical and value up to 120 chms can
be used without serious mismatch.

Insulator

) 'ilf:'-(— Connected
1 to outer
I conductor
| of concentric
:l line
|

' ] Melal
| _.— Sleeve

concentric.
""" fine

I
1-.
I
I
] 70-0hrm
|
I
I
|
|
I
|
|

|

|

Fig, 1310 — The coaxial vertical radiator is one of the
most efficient methods for feeding a vertical half-wave
antenna. The wire above the sheath is a quarter-wave-
length long, and the sheath is also a quarter-wavelength
long. The sheath and wire combine to form a half-wave
radiator, and the concentric line feeding the system
works to best advantage because of the way it is intro-
duced. If desired, a horizontal ground screen or radial-
wire counterpoise can be installed just below the hottom
of the sheath (but not connected to it) to increase low-
angle radiation. The entire system should be mounted as
high as possible.

An open-wire line may be kept out of the im-
mediate field of a vertical center-fed dipole by a
similar method in which the section of line
within the shielding portion of the antenna is
designed to form a matching section between the
line and the antenna. In the concentric antenna
shown in Fig. 1312, the section is designed to
have a surge impedance of 160 chms, which will
provide a match to a 400-ohms line consisting
of No. 12 wire spaced 114 inches.

The *“J°’ Antenna

The “J”’ antenna, so called because it resem-
bles the shape of the letter “J,” is a half-wave

P S RSP e e e

vertical element end-fed
by a quarter-wave match-
ing stub, as shown in Fig.
1313. It is intended for
use with two-conductor
open-wire transmission
lines, a suitable value of
line impedance being 600
ohms. Since the lower end
of the matching stub is at
zero potential with respect
to earth a direet ground
may be made to this point,
using a connecting wire of
any convenient length,
without disturbing the op-
eration of the antenna.
Such a ground furnishes
a convenient method for
obtaining continuous light-
ning protection.
Adjustment of the sys-
tem, together with the
method of finding the
proper point along the
matching stub at which to attach the line, is as
described in Chapter 4. This type of antenna,
like the center-fed systems described earlier, is
used when a non-directional pattern is desired.

Fig, 1311 — A prac-
tical coaxial vertical
radiator, used at Wo6-
GPY on 325 Me.

Folded Dipole

An arrangement which combines the radiation
characteristics of a half-wave antenna with the
impedance-transforming properties of a quarter-
wave line is shown in Fig. 1314. Essentially, it
consists of a center-fed half-wave antenna with
another half-wave element connected directly
between its ends. The spacing between the
two sections should be qi'te close — not more

A ’
HE
Bushing
// m Fig. 1312 — Coaxial an-
= tenna with matching section
:|: || | for 400-ohm line. 4 is a 14-
,:IB“‘ wave rod or wire and Al a
R 1i-wave section of 3-inch
i . : :
e[ A, rain spouting, The matching
C—l"l: ¥4 section is made up of B, a
o1 L4 | 2t section of l-inch thin-
1 = wall conduit, and C, a piece
A j: of No. 12 wire. — W85R.
HF
Busting
4 4
200 Ohm
Line
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Fig. 1313 — The *J” an- yz
tenna, It is usually con-
structed of metal tubing;
frequently with the 24-wave
vertical section shown and
extension of a grounded
metal mast. The stub may £
be adjusted by a sliding
shorting bar,
Trons. %
Line
¢+
_\—;faz/be
9raunc/ea’ here

than a small percentage of the wavelength. As
used at very-high frequencies, the spacing is of
the order of an inch or two with elements con-
structed of metal tubing.

The impedance at the terminals of the an-
tenna is four times that of a half-wave antenna,
or nearly 300 ohms, when the antenna con-
ductors are all the same diameter. A 300-chm
line will therefore be non-resonant when the
antenna is connected to its output end. The
standing-wave ratio with a 600-ohm line will be
only of the order of 2 to 1.

Yo
| ] ™~
1
Transmission
Line

Fig. 1314 — Folded dipole for increasing the value of
impedance at the feed point.

The total length around the loop formed by
the antenna may be calculated by the following
equation:

955
Freq. (Mc.)
11,450
Freq. (Me.)

Length (feet) =
or, Length (inches) =

An almost exact match between the antenna
and a 600-ohm line may be obtained by adding
a third wire to the doublet, as shown in Fig. 1315.

Corner Reflector Antenna

A type of antenna system particularly well-
suited to the v.h.f. ranges about 50 Mec., is the
“corner’’ reflector shown in Fig. 1316. It consists
of two plane surfaces set at an angle of 90 degrees,
with the antenna set on a line bisecting this angle.

TABLE II
Number Spacing
Length of of Spacing of | of Driven
Frequency | Length | Reflector | Reflector | Reflector | Dipole
Band of Side | Elements | Elements | Elements | to Vertex
235-240 Me. | 4734" 2914 20 434" 2434
(114 meters) ? * u
144-148 Mec. | 6’ 6" 4’ 20 8 3’ 414"
(2 meters)
144-148 Mec. | 5 10" | 4* 16 8 2 834"
(2 meters)
50-54 Me. 18" 8" 117 8 20 1710 | 9" 87
(6 meters)
50-54 Me. 15’ 11’ 87 16 17103” | 77 97
(6 meters)

Table II. — Dimensions of square-corner reflector for
the 235-, 144-, and 50-Mec. bands. Alternative designs
are listed for the 144- and 50-Mec. bands. These designs,
marked (*), have fewer reflector elements and shorter
sides, but the effectiveness is only slightly reduced.
There is no reflector element at the vertex in any of the
designs.

The distance of the antenna from the vertex
should be 0.5 wavelength, but some compromise
designs can be built with closer spacings (see
Table II). The plane surfaces do not need to
be solid, and can most easily be made of wire or
metal rod elements spaced about 0.1 wavelength
apart. The elements do not have to be connected
together electrically.

The resistance of the antenna is raised when
a corner reflector is used. The transmission
line should be run out at the rear of the reflec-
tor to keep the system as symmetrical as possible
and thus avoid any unbalance. Two simple
antennas which can be used with the corner
reflector are shown in Fig. 1317.

The corner reflector can be used with the
antenna either horizontal or vertical, and the
plane of polarization will be the plane of the
antenna. The relative positions of the antenna
and reflector must remain the same, however,
which means that a support for both horizontal

*2’-—

’ 2 le

Fig, 1315 — Three-wire
folded doublet antenna for
matching a 600-chm line.
The three conductors are
connected together at the
ends as indicated. They
may be of wire, rod or tub-
ing, and can be mounted
on stand-off insulators on
a wooden support.

¢
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Fig. 1316 — A corner reflector antenna system with
grid-type reflector. The reflector elements are stiff wire
or tubing, The dimensions shown are for 235 Me. See
Table V for dimensions for 144 Me. The gain of the
system is close to 10 db.

and vertical polarization would require a means
for rotating the reflector about its horizontal
axis.

The corner reflector antenna will give a gain of
nearly 10 db. over a simple half-wave antenna.
It has excellent front-to-back and front-to-side
ratios, these being of the order of 35 and 25 db.,
respectively, in a typical case. It is also quite
free from secondary lobes of appreciable ampli-
tude.

Feeding the V.H.F. Antenna

As mentioned before, close spacing and balance
are important factors in v.h.f, feeder operation so
that the radiation from the line will be minimized.
For this reason, the coaxial line is doubtless the
best type of feed for the v.h.f. antenna, but the
open-wire line is quite effective if care is taken

..T = =
3 L
wo wire Jine 50 Lo so00 /
tuned at ohm line
Cronsmirtler No. 12 wire,
spaced 2°)
1 & L)X,
S+ |
A 8

Fig. 1317 — Dipoles suitable for use with the corner
reflector antenna system. The length L is 24 inches for
235 Mec., s = 0.95 inch for the same band.
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in its construction. Low-impedance twisted pair
lines, and solid rubber insulated concentric lines
are not to be recommended, although they will
not be bad for short distances of less than a
wavelength., The desirable type of coaxial line is
one using ceramic beads or some other good
material for insulation.

insulator

coaxial line

Fig, 1318 — Matching the concentric line to a vertical
quarter-wave radiator is expedited by using a condenser
C in series with the inner conductor. The radiator is
made slightly longer than a quarter wavelength and the
condenser tunes out the reactance. C can be a 50-uufd.
midget variable.

If a matching section is used, it should be
symmetrical and loaded on both sides, to main-~
tain current balance in the matching section, If,
for example, a single vertical antenna, is fed at the
bottom by a quarter-wavelength matching sec-
tion, any radiation from the matching section
(due to current unbalance) will combine with the
radiation from the antenna to result in raising
the vertical angle of radiation. This is less likely
to occur if the vertical half-wave antenna is fed
at the center. Less trouble with feeder radiation
will be experienced with any symmetrical system,
which simply means a system with equal amounts
of wire each side of the end of the feeder.

186" Fig. 1319 —
Quarter-wave an-
tenna system for

. Insulator 144 Me. mobile
work.
Ground to frame.
Mo 18 spaced 172" inches

Antennas for Mobile Work

A"common type of antenna used with 50-Me.
mobile installations is a quarter-wave grounded
vertical fed by a concentrie line. The antenna
should be so placed on the car that it is as high
and as much in the clear as possible.

It is difficult to examine the concentric line
for standing waves and other means of adjusting
the length of the antenna must be used. Further,
the impedance of a quarter-wavelength antenna
is around 40 ohms, a wvalue which cannot_ be
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matched by most concentric lines. However, the
concentric line can readily be made to have a
value of 70 to 100 ohms, and it can be used to
feed a quarter-wavelength antenna as follows: A
series condenser is used between the inner con-
ductor of the concentric line and the bottom of
the quarter-wave radiator, as shown in Fig. 1316.
The antenna is made longer in small steps and the
condenser adjusted until the concentric line in-
troduces a minimum of reactance at the trans-
mitter (shows the least detuning effect on the
tank circuit). The method is simply to vary the
length of the radiator until it shows an impedance
near that of the line and then to cancel the react-
ance by the series condenser. Some mismatch
can of course be tolerated, but the system just
described will give a closer match.

When the transmitter is installed close to the
antenna, a tuned feeder, either a quarter or half
wavelength long, can be used to good advantage.
With a quarter-wave rod antenna, one feed wire
should connect to the bottom of the rod and the
other to the car frame near the antenna insulator,
as shown in Fig. 1319. The feeder should be ap-
proximately a half wave long in such case. With a

Fig. 1320 — An antenna for 144 Mec. mobile operation
can be mounted easily in the window of a car, allowing
the radiator proper to be placed above the roof of the
car. This installation is a J-type antenna — the dimen-
sions are given in Fig. 1319,

%‘- Ie“

Fig. 1321 — The dimensions of the window “J” an-
tenna shown in Fig, 1320,

half-wave antenna regular Zepp feed can be used,
one wire being connected to the bottom of the
antenna and the other being left free. With the
latter type of feed the line should be approxi-
mately a quarter wave long.

The method of mounting the antenna rod on
an insulator is the one generally used, The rod
may be the adjustable ‘“‘buggy whip”’ type used
for car broadcast receivers; the flexibility is
distinctly advantageous if the antenna is likely
to strike any obstructions while the car is moving.
If other considerations permit, the best place to
mount the antenna is in the middle of the car
roof, when the car has a metal top. The top forms
a ‘“‘ground” of good conductivity and improves
the performance of the antenna. In any event
the radiating portion of the antenna should
project above the top, even if the antenna is
mounted on the baggage compartment or bumper.
It is usually found that an antenna mounted
alongside the car body, but projecting above the
metal top, will transmit best in the direction over
the top of the car. :

A convenient method of mounting which does
not involve drilling holes in the metalwork of the
car is shown in Fig. 1320. The antenna, a “J”
type, constructed as shown in Fig. 1321 (the
dimensions given are for 144-Mec. operation),
is mounted on a piece of plywood which fits in
the rear window frame. It is held in place by turn-
ing the window up against it tightly. Wooden
pieces nailed to the sides of the plywood form a
sort of groove which fits around the ends of the
window and prevents the assembly from falling
out.



FLAT LINES FOR TWO BANDS—THREE-FEEDER ANTENNAS—TRANSMITTING
LOOPS—DUMMY ANTENNAS

Two-Band Antenna With Non-Resonant
Feed

AN ANTENNA system in which the 600-
ohm transmission line is quite accurately matched
on both fundamental frequency and second har-
monie, devised by W5FD{Q), is shown in Fig, 1401,
The antenna operates as a center-fed half-wave on
the fundamental, and as two half waves in phase
on the second harmonic. The line is matched to

32' 1"

600-0hm line

transmitter

4i6-0hm
e Stub

Fig. 1401 — A two-band antenna system using a
600-ohm non-resonant line. The line is correctly matched
on both bands, without readjustment when going from
one band to the other.

the antenna through an open-ended stub. Fig.
1402 shows the voltage distribution on stub and
antenna on both bands. The stub is a quarter
wave long at the fundamental frequency, or a
half wave at the second harmonic.

In Fig. 1402-A, point D is }§ wavelength from
the voltage loop B, and D is also 14 wavelength
from voltage loop A in Fig. 1402-B. Thus this one
point represents corresponding conditions, elec-
trically, on both bands. Furthermore, the
impedance relations are such that the im-
pedance looking into the stub will be 600

spaced 1.65 inches. Special spreaders to give this
spacing may be constructed from insulating ma-
terialsuch as bakelite, cellulose acetate, or celluloid.

The antenna may be constructed quite simply
by following the dimensions given in Fig. 1401,
The line is attached to the stub at a point one-
third the length of the stub from the antenna. No
in-the-field adjustments should be needed. For
use on 7 and 14 Me., all dimensions should be
doubled. The system will work satisfactorily over
an entire amateur band, the dimensions given
being for the center of the 14-Me. band.

)( The “Q’° Beam

The “Q” beam is an end-fire array, using
quarter-wave matching sections to couple into a
600-ohm Iine, and capable of working on two
adjacent bands without necessity for rematching
the feeders when the band is changed. It is shown
in Fig. 1403. Using center-fed half-wave elements
spaced 0.2 wavelength apart, the impedance at
the center of each element is 21 ohms, approxi-
mately. Since the two Q" sections are in parallel
at the line end, each one is made to have a char-
acteristic impedance which will match 21 ohms to
twice the line impedance, 1200 ohms. The re-
quired matching section impedance, as found by
the formula in Chapter 4, is 158 ohms. A line of
this impedance may be constructed by using half-
inch diameter conductors with l-inch center-to-
center spacing. The connections at the top must
be made as shown for correct element phasing, |

nl»

A
2

ohms on both bands when the stub im-
pedance is made the geometric mean of the
antenna impedances at point A on the two
bands. With approximate impedances of 72
ohins for the center of the half-wave antenna
and 2400 ohms for the two half waves in

S,

D

B

phase, the required stub impedance becomes
416 ohms. A line having this impedance can
be constructed with No. 10 conductors

’ /T
|

Fig. 1402 — Voltage distribution on the antenna and
matching stub, using the antenna system of Fig. 1401, on

two bands.
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Fig. 1403 —The “Q” x
A = Y.
beam antenna, an end-fire ot

array which can be used on
two bands with the line non-
resonant on both,

On twice the funda-
mental frequency each
element represents two
eollinear half-waves in
phase. The matching sections become a half-wave
long, so that they show the same impedance at
the line end as the antenna impedance at the
point of connection. This impedance is of the
order of 1200 chms or somewhat higher, so that
the two elements in parallel represent an im-
pedance of approximately 600 ohms to the line.

Thus the line operates non-resonant on both

bands.

The essential dimensions of the system are
shown in Fig. 1403. The elements are slightly
shorter than normal because of the mutual cou-
pling, but the difference is small. At the point
where the matching sections join the line the con-
nections should be quite short. Providing the di-
mensions are carefully followed it should not be
necessary to make any adjustments except, if de-
sired, to check the current in the line for standing
waves. If these occur, it may pay to adjust the

the radiation resistance to the A

6002 Line

from one type of operation to the other can be
made by using three feeder wires, the connections
being made as shown at D and E. Tuned feeders
are necessary. The same type of tuning at the
transmitter end — series or parallel, depending
upon the feeder length — will be used in both
cases, since with either method of connection

there is a voltage loop at the an-

Az tenna end of the line. Since the

right value.

The gain of the antenna is ap-
proximately 4 db. on the funda-
mental and 6 db. on the second
harmonic. :

height of the antenna to bring

A

|

Tod

1A

terminating impedances are dif-
ferent, however, the feeder cur-
rents will not be quite the same
in either case. The antenna can
be used on three bands or more,

the connections at D being used

Three-Feeder Systems

By the rather simple stunt of
using an extra feeder wire it be-
comes possible to shift the diree-
tivity of certain types of anten-

for the band on which the total
length of the antenna is a half-
wave, and either connection be-
ing used on higher-frequency
bands. A simple switching ar-

—

nas. For instance, the center-fed
system of TFig. 1404 (two half-
waves in phase) shows maximum
radiation broadside to the wires,
as given in Fig. 803, Chapter 8.
The same length of continuous

—

rangement can be used to shift
from one to the other. One ad-
vantage of the system as shown
is that the null which occurs
broadside to a full-wave antenna
is changed to a maximum when

= A,
wire becomes a full-wave an- %2

A
¥

the feeder connections are shifted,

tenna at the same frequency, giv-
ing the pattern of Fig. 603,
Chapter 6. The feeder can be
moved to the center of such an
antenna, as shown at C, without
changing the operating condi-

l

an effect which immediately be-
comes apparent when the an-
tenna is used for reception as
well as transmission.

Another three-feeder system is
shown in Figs. 1405 and 1406.

Yo

:\/z

tions materially; the feed point
is still a voltage loop, so the feed-
ers are still of the “Zepp”’ type,

although the two halves of the
antenna are fed in parallel. How-
ever, the phasing is such as to
give full-wave operation.

In practice, the change over

Fig.

=

Tood

1404 — Center-fed
tenna with three feeder wires for
shifting directivity.

In this case two separate half-
wave antennas are used at right-
angles to each other, with three
feeders brought down so that
either can be used alone or both
can be used together, The three
directions of maximum radiation
shown in Fig, 1405 thus become

an-
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possible. “Northk” in the drawings is simply a
convention, of course; the antennas may run in
any direction so long as they are approximately
at right angles to each other. In this system it is
desirable to space the feeder wires triangular
fashion so that energy pick-up by the unused
feeder will be minimized. The same system also
can be used with the antenna of Fig. 1404, al-
though the necessity for it does not exist because
all three wires are used in all cases. The third
feeder can be fastened to the center of the con-
ventional six-inch spacer, between the other two
wires, and held in place by tightly-twisted lengths
of wire about the feeder and spacer. Or other
methods of spacing readily can be devised.

Long Antenna Without Nulls

A horizontal antenna a wavelength or more
long shows nulls at one or more points in its direc-
tive pattern, as described in Chapter 6. Although
the end null is effective only at zero horizontal
angle, so that in practice it can be considered to
be simply a depression in the pattern rather than
a null, those at the sides are real at any vertical
angle considered. These nulls are sharp and some-
times masked by loeal effects and slight changes
in wave direction, but in general represent ‘‘hard-
to-work” directions.
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_ Fig. 1405 — The separate elements and the combina-
tion of the antenna shown in Fig. 1406, Three optimum
directions may be secured.

St B

o
-3 —E- :
3 2-3 — NE~SW

Fig, 1406 — The three-feeder double antenna system.
Either half-wave antenna may be used alone, or both
may be used together.

¥ The several benefits of using a long wire (slight
gain, operation on several bands) can be secured
by using the principle illustrated in Fig. 1407.
The one-wavelength wire has a broadside null,
which is overcome by the broadside radiation
from the half-wave wire attached to the other
side of the feeder. The approximate pattern of
such a system is as shown in Fig. 1408, for a wave
angle of 15 degrees. In its optimum direction, the
gystem shows a small gain of the order of 3 db.,
over a single half-wave. Off the ends of the wire it
is about equivalent to a full-wave antenna alone.
1 A system of this type can be made more useful
by using three feeder wires so that several an-

~— Y — 1A
B — 90

Fig. 1407 — In this antenna, the half-wave section
fills in the broadside null of the full-wave section.

tenna combinations are available. Thus, as shown
in Fig. 1409, either wire can be used alone, or the
two can be combined to form either a 3/2-wave-
length ‘antenna or the system just deseribed. If
the antenna is designed for 14 Me., the right-hand
wire alone can be used as a half-wave on 7 Me,
On 28 Me. any of the four combinations can be
used to give various directive effects. The same
system can also be used on 3.5 Mec. even though it
is slightly short. Tuned feeders are necessary in
all cases.

Directive Antennas With Bent Elements

The possibility of bending antennas which are
too long to fit the available space has been men-
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30
50° 60° ?oo 8;00 9.00 890 -,(?o 60\° 50°

Fig. 1408 — Directive pattern of the antenna of Fig.
1407,

tioned in Chapter 12. The same principle can be
applied to the simpler directive systems, provided
the proper spacing between elements can be main-
tained. The field strength will be somewhat less
than from a system using full-length elements,
but not greatly so. .
Driven end-fire arrays such as the “W8JIK”
using two elements, and parasitic arrays with two
or three elements are most readily adapted to this

I

i
4

Fig. 1409 — Three feeders may be used with the
antenna of Fig. 1407 to obtain various directive effects
and multi-band operation.

‘,/L,(’; A S

type of treatment. Some typical arrangements are
shown in Fig. 1410. If possible, the ends should be
bent in a direction at right angles to the plane of
polarization of the antenna so that the antenna’s
directivity will be least affected. If the ends must
be horizontal, it will be better, if the construction
is feasible, to bend the ends in the form of a
transmission line so that radiation from the end
sections will be cancelled to the fullest possible
extent.

At least half the antenna should be left for
primary radiation purposes, so that the bent ends

2 R
Feeder % . A
Ve 4 I YeA
-_— —
——
e — '
¥ b
Feeder—» — B
| Yax |
f 1
o

Fig. 1410 — Several types of simple directive sys-
tems using bent antenna eclements to conserve space.

should be not more than 1§ wavelength long. By

" this means a 14-Me. rotary can be constructed to

occupy little more space than a 28-Mec. job of
ordinary construction. The antenna elements
should be made of tubing to keep them rigid,
particularly with close spacing and in systems
with the ends folded back on themselves. In the
latter case there is a further reduction in radiation
resistance beyond that normally to be expected
with close-spaced elements, so that particular at-
tention should be paid to reducing standing waves
on the transmission line. The methods described
in Chapters 4 and 9 should be employed.

In directive systems where the gain is princi-’
pally a function of the spacing of antenna ele-
ments, such as the broadside and collinear arrays,
no particular advantage is secured by bending

- "/
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the ends of the elements. This is
particularly the case with collin-
ear arrays, since the gain is a
function of the actual length of
the antenna rather than the num-
ber of elements.

Half-Wave Loop Antennas

The arrangements of half-wave
wires into circular or square
loops shown in Fig. 1411 are due
to WIQP. An antenna of this
type has two advantages: less
space is required than for a nor-
mal straight-away half-wave, and
the directive effects are more
marked than with the simple
half-wave. In the optimum di-
rection the antenna also shows
a slight gain over a conventional
half-wave, of the order of 18 per
cent in field strength. Maximum
radiation is in the direction in-
dicated in the drawings. The antenna may be
mounted either horizontally or vertieally, depend-
ing upon the type of polarization wanted. With
vertical polarization, it is important to feed the
system half-way up one side, as shown, to keep
the radiation angle low.

The preferred form of the loop is the double
circle, as shown at A and B. Aside from using
half-wave elements, whose length may be cal-
culated from the formula in Chapter 5, the dimen-
sions are not highly critical. The recommended
spacing at the ends, d, is 0.2 inch per meter of
wavelength; i.e. for 14 Me. (20 meters, approxi-
mately) the opening d would be 4 inches. In the

XMTR,

(A) L

T

XMTR.
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Fig, 1412 — Three types of circuits for using dummy
antennas. Alternatively, the dummy antenna may be
substituted for the feeders, using the regular coupling
apparatus, or even installed in place of the antenna at
the end of the transmission line.

72142 line

Cc D

Fig. 1411 — Double-circle, single-circle and square half-wave loops
with different feeder connections. Dimensions are discussed in the text.

double loop the spacing between elements, S,
should be about 1 inch per meter of wavelength;
that is, 20 inches for 20 meters, and so on.

The optimum direction of the loop is along a
line pointing from the open end through the side
carrying the maximum current point. The arrows
indicate this in Fig. 1411. The front-to-back ratio
is from 4 to 6 db. Either open-wire or twisted-pair
feeders may be used; the former should be tuned,
or the usual form of matching stub can be em-
ployed to couple the antenna to a non-resonant
line. In the double loop a twisted-pair line may be
coupled as shown at B in Fig. 1411, one wire go-
ing to one antenna element and the other to the
second. The wires should be attached sym-
metrically about the center of the system, the
positions being adjusted to minimize standing
waves on the feeder. In practice, this will cor-
respond to the settings which, with fixed coupling

" between transmitter and line, make the system

take greatest load, or which show least reaction
on the final tank tuning when the feeder is dis-
connected from the coupling eoil. In the single-
element system, a twisted-pair line can be con-
nected in at a current loop with sufficiently good
match to avoid undue losses in lines a wavelength
or less long,

Dummy Antennas

A dummy antenna is simply a resistance ca-
pable of dissipating power from the transmitter.
It is a useful adjunet to transmitter tuning, in
that it can be made to indicate the order of r.f.
power output being secured, and also avoids radi-
ating a signal during the tuning-up period. By
selection of proper constants it is possible to make
the dummy antenna simulate the actual feeder
system to which the transmitter is to be con-
nected so that tuning can be predetermined.
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Some typical connections for dummy antennas
are shown in Fig. 1412, In A, the resistor R
should be non-inductive and should have a low
value, of the order of 25 ohms or less. In B and C
either a resistor or electric lamp can be used,
these connections being suitable for resistances up
to a few thousand ohms. The coupling can be
varied by means of the taps on the coils, or (in A
and B) by changing the coupling between the
coils themselves.

An ordinary 115-volt lamp is about the handi-
est form of dummy antenna, and can be used for
the measurement of power at frequencies up to 56
Me. Tt is best to choose a size of lamp which is
rated at about the expected power output of the
transmitter. With the transmitter tuned and the
coupling to the dummy adjusted to give maxi-
mum lamp brilliance, the amount of illumination
can be judged by eye as compared to that from a
similar lamp in a 115-volt socket, to determine
whether the transmitter output is higher or lower
than the lamp rating. For more accurate measure-
ment some sort of photometer is necessary. A
photographic exposure meter of the photoelectric
type is well suited to this purpose. It should be
set up at some convenient distance which gives a
satisfactory reading, then the lamp dummy is
disconnected from the transmitter and connected
to the 115-volt line through a resistor or variac
control which ean be adjusted so that the meter
gives the same reading as before. The power input
to the lamp, which will be the same as the r.f.
power output of the transmitter, can be measured
by a wattmeter or by taking readings of voltage
and current at the lamp. The small universal test

instruments are quite suitable for the purpose..
Care should be taken in making these measure-
ments to prevent extraneous light from acting on:
the exposure meter and introducing error. The ap-
paratus may be mounted in a box to keep out
light, if necessary.

When non-inductive resistors are used instead.
of lamps the power may be determined by meas-
uring the r.f. current through the resistor with an
r.f. ammeter of suitable range. P=1I?R. The in-.
strument range necessary can be found by sub-
stituting the resistance and the probable power
into the formula. Resistors capable of handling
moderate amounts of power have recently been
made available, and have low enough distributed.
capacity and inductance to be substantially
purely resistive at frequencies up to and includ-
ing 14 Me. Skin effect raises the effective resist-
ance of the lower values using fairly large wire, so
that low-resistance units may actually have more
resistance than the label shows at the higher fre-
quencies, Skin effect may be neglected with types:
using filamentary wire, and with carbon types.

Carbon resistors of the 1-watt size are practi-
cally non-induective and non-capacitive in values.
up to several thousand ohms, for frequencies up.
to 60 Mec. In the higher ranges, however, the
shunting capacity of leads and end caps causes
the apparent resistance to decrease. Values below
5000 ohms or so are excellent for r.f. work, their
only disadvantage being the limited power-
handling capability. For measurement work,
where only a small amount of power need be dis-
sipated, they are very useful since the r.f. and
d.c. resistances are practically identical.
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USING A GLOBE — AZIMUTHAL MAPS — METHODS FOR DETERMINING TRUE
NORTH

THE ability to determine the bearing of
distant points with fair aceuracy is a matter of in-
terest to almost every amateur. Anyone laying
out a fixed directive array does so in order to put
his signal into certain parts of the world; in such
cases, it is essential to be able to determine the
bearings of the desired points. Too, the amateur
with the rotatable directive array likes to know
where to aim if he is trying to pick up certain
countries. And even the amateur with the single
wire is interested in the directive pattern of the
lobes when the wire is operated harmonically at
the higher frequencies, and often is able to vary
the direction of the wire to take advantage of the
lobe pattern.

Finding Direction

It is probably no news to most people nowa-
days that true direction from one place to another
is not what it appears to be on the old Mercator
school map. On such a map, if one starts “east”
from central Kansas, he winds up in the neighbor-
hood of Lisbon, Portugal. Actually, as a minute’s
experiment with a strip of paper on a smallglobe
will show, a signal starting due east from Kansas
never hits Europe at all but goes into the southern
part of Portuguese West Africa,

If, therefore, we want to determine the direc-
tion of some distant point from our own location,
the ordinary Mercator projection is utterly
useless.

True bearing, however, may be found in several
ways: The first, by mathematics, will not be
treated here since it involves a working knowledge
of spherical trigonometry or instruction in the use
of specialized navigation tables; the second is the
method of working direct from a globe; and the
third involves the use of a special type of world
map which does show true direction from a specifle
location to other parts of the world.

Working from a Globe

Entirely satisfactory bearings for beam pur-
poses can be taken from an ordinary globe with
nothing more complicated than a small school

protractor of the type available in any school-
supply or stationery store. For best results, how-
ever, the globe should be at least eight inches in
diameter.

From a piece of thin paper, cut out a small
circle — something like a three-inch cirele for use
with an eight-inch globe. Put a pin through the
center and draw a straight line from the center to
any point on the circumference. Now, put the
paper circle on the globe, sticking the centerpin
into your location. Using the edge of a sheet of
plain paper as a straight-edge, line up the straight
line on your paper circle so that it points North;
this is done by laying the straight-edge against the
centerpin and running it up to the North Pole at

A direction indicator made from a semicirele of thin
metal can be fitted easily to a small globe. Pins at the
ends permit fastening one end to the home location, the
other to the antipodes. The paper scale is marked in
miles to show approximate distances (12,000 miles to
the semicircle).
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the top of the globe, then turning the paper circle
until the straight line on it coincides with the
straight-edge. When you have done this, stick an-
other pin through the paper circle into the globe
to hold it in position with this line pointing
North.

Now all you have to do is to use your paper
straight-edge from the centerpin to such points
as you wish, drawing short lines on your paper
circle and labeling them as required. These lines
may be extended later to the periphery of the
circle,

With your protractor it is now a simple matter
to determine the bearing, in degrees from North,
of any of the points.

If your problem is to lay out a long wire to best
advantage, make a diagram from the data in
Chapter 6, showing the angular direction of the
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lobes, and superimpose this on your direction
chart, adjusting it until the theoretical power
lobes seem to take in the points in which you are
interested. The direction of the wire can then be
determined with the protractor.

Azsimuthal Maps

While the Mercator projection does not show
true directions, it is possible to make up a map
which will show true bearings for all parts of the
world from any single point. We reproduce three
such maps in this handbook. One shows direc-
tions from Washington, D. C., another gives
directions from San Francisco and the third (a
simplified version of the A.R.R.L. 30" x 40"
amateur radio map of the world) gives directions
from the approximate center of the United States
— Wichita, Kansas.
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Azimuthal Map Centered on San Francisco, Calif.

For anyone living in the immediate vicinity
(within 150 miles) of any of these three reference
points, the directions as taken from the maps
will have a high degree of accuracy. However,
one or the other of the three maps will suffice for
any location in the United States for all except
the most accurate work; simply pick the map
whose reference point is nearest you. Greatest
errors will arise when your location is to one side
or the other of a line between the reference point
and the destination point; if your location is near
or on the resulting line, there will be little or no
error.

By tracing the directional pattern of the an-
tenna system on a sheet of tissue paper, then
placing the paper over the azimuthal map with
the origin of the pattern at one’s loecation, the
“coverage” of the antenna will be readily evident.

This is a particularly useful stunt when a multi-
lobed antenna, such as any of the long single-
wire systems, is to be laid out so that the main
lobes cover as many desirable directions as pos-
sible. Often a set of such patterns will be of con-
siderable assistance in determining what length
antenna to put up, as well as the direction in
which it should run.

Determining True North

Determining the direction of distant points is
of little use to the amateur erecting a directive
array unless he can put up the array itself in the
desired direction. This, in turn, demands a
knowledge of the direction of frue North (as
against magnetic North), since all our directions
from globe or map are worked in terms of true
North.
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Copyright by Rand MceNally & Co., Chicago. Reproduction License No. 3941
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A number of ways may be available to the
amateur for determining true North from his
location. Frequently, the streets of a city or
town are laid out, guite accurately, in north-
south and east-west directions. A visit to the
office of your city engineer will enable you to
determine whether or not this is the case for
the street in front of or paralleling your own lot.
Or from such a visit it is often possible to locate
some landmark, such as factory chimney or
church spire, which lies true North with respect
to your house.

If you cannot get true North by such means,
three other methods are available: Compass,
Pole Star and Sun.

By Compass: Get as large a compass as you
can; it is difficult, though not impossible, to get
satisfactory results with the ‘“pocket” type. In

any event, the compass must have degree gradua-
tions (not more than two degrees per division)
for satisfactory results. ]

It must be remembered that the compass points
to magnetic North, not true North. The amount
by which magnetic North differs from true North
in a particular location is known as variation.
Your local weather bureau or city engineer’s office
can tell you the magnetic variation for your lo-
cality. When correcting your ‘compass North,”
do so epposite to the direction of the variation.
For instance, if the variation for your locality is
12 degrees West (meaning that the compass
points 12 degrees west of North) then true North
is found by counting 12 degrees Fast of North as
shown on the compass.

‘When taking the bearing, make sure that the
compass is located well away from ironwork,
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fencing, pipes, ete. Place the instrument on a
wooden tripod or support of some sort, at a con-
venient height as near eye level as possible. Make
yourself a sighting stick from a flat stick about
two feet long with a nail driven upright in each
end (for use as “sights’’) and then, after the nee-
dle of the compass has settled down, carefully lay
this stick across the face of the compass — with
the necessary allowance for variation — to line it
up on true North. Be sure you apply the variation
correctly.

This same sighting-stick and compass rig can
also be used in laying out directions for support-
ing poles for antennas in other directions — pro-
vided, of course, that the compass dial is gradu-
ated in degrees.

By the Pole Star: Many amateurs use the Pole
Star in determining the direction of true North.
An advantage is that the Pole Star bears true
North, so that no corrections are necessary. Dis-
advantages are that some people have difficulty
identifying the Pole Star, which is none too bright
at best, and that because of its comparatively
high angle above the horizon it is not always easy
to “sight” on it accurately.

In any event, it is a handy check on the direc-
tion secured by other means.

By the Sun: With some slight preparation, the
sun can easily be used for determination of true
North. One of the most satisfactory methods is
deseribed below. The method is based on the fact
that exactly at noon, local time, the sun bears due
"~ South, so that at that time the shadow of a ver-
tical stick or rod will bear North. The resulting
direction incidentally is true North.

Two corrections to your standard time must be
made to determine the exact moment of true
local noon.

The first 1s a longitude correction. Standard
Time is time at some particular meridian of longi-
tude: EST is based on the 75th meridian; CST
on the 90th meridian; MST on the 105th merid-
ian; and PST on the 120th meridian. From an

atlas, determine the difference between your own .

longitude and the longitude of your time merid-
ian. Getting this to the nearest 15 minutes of
longitude is close enough. Example: West Hart-
ford, which runs on 75th meridian time (EST) is

THE A.R.R.L. ANTENNA BOOK

) TABLE I
Apply to Cloek Time as indicated by the sign, to get time
of true noon

January 1|+ 4mins.| July 10 | + 5 mins
wi+ 8 « | 20| + 6 ¢
20 | 4+ 11 30| + 6
30 | + 13

February 10 | + 14 August 104+ 5
20 | 4+ 14 20 | 4+ 3
28 | + 13 30 0

March 10 | + 10 September 10 | — 3
20 4+ 7 20| — 6
30 | -+ 4 30 | — 10

April B | + October 10 | — 13
20 | — 20 | — 15
30| — 30 — 16

May 10| — 4 || November 10 | — 16
20 — 3 | 20 | — 14
30 | — 2 30 | — 11

June 10 | — 1 ¢ December 10 | — 7
20§ + 1 ” 20 | — 2
30 | 4+ 3 b 30 | + 2

at 72° 45’ longitude, or a difference of 2° 15'.
Now, for each 15’ of longitude, figure 1 minute of
time; thus 2° 15’ is equivalent to 9 minutes of
time (there are 60 “angle’ minutes to a degree, so
that each degree of longitude equals 4 minutes of
time). SUBTRACT this correction from nocon if
you are east of your time meridian; ADD it if you
are west.

To the resulting time, apply a further correc-
tion for the date, from Table I. The resulting time
is the time, by Standard Time, when it will be
true noon at your location. Put up your vertical
stick (use a plumb bob to make sure it is actually
vertical), check your watch with Standard Time,
and at the time indicated from your calculations,
mark the position of the shadow. That is true
North.

(In the case of West Hartford, if we wanted cor-
rect time for true noon on October 20th: First,
subtracting the longitude correction — because
we are east of the time meridian -— we get 11:51
A.M.; then, applying the further correction of
— 15 minutes, we get 11:36 A.M., as the time of
true noon at West Hartford on October 20th.)

— A. .. BubLoNG
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5. AND CONSTRUCTIO

MASTS AND ANCHORS — OPEN-WIRE AND CONCENTRIC FEEDERS — LEAD-INS
ANTENNA KINKS

THE problem of supporting the antenna
at the requisite height above ground can be solved
in a variety of ways, depending upon local con-
ditions. Quite frequently at least one end of the
antenna can be hooked to a convenient building
or tree, thereby obviating the expense and trouble
of erecting a pole or tower.

Anchoring one end of the wire to a building
presents no particular problems. Some precau-
tions must be taken, however, when the support
is a tree, particularly if the antenna is fastened
near its top. Trees sway considerably in a wind,
so that some means must be taken to prevent the
antenna wire from snapping in two, and at the
same time to get rid of too much slack in calm
weather. If the tree can be climbed to the point
where the antenna is to be supported, a wire can
be looped around the trunk or limb to hold a
pulley as firmly as possible. The antenna rope,
which should run freely through the pulley,
should not be tied at its free end but should be
fastened to a counterweight heavy enough to
keep the antenna taut.

A somewhat similar scheme can be used when
it is necessary to throw a rope over a limb because
the tree cannot be climbed to the height desired.
In this case the pulley can be fastened to the end
of the rope which goes through the tree, while
the antenna rope goes through the pulley, some-
what as shown in Fig. 1601. The tree rope is se-
curely fastened at the bottom.

In using either of these systems it is essential,
to prevent the rope from jamming in the pulley,
to use a rope heavy enough so that it will not
jump out of the pulley wheel and get caught
between the wheel and frame. Some tension
should be kept on the pulley, especially while the
antenna is being raised, to keep it from twisting.

. Telephone Poles

Probably the most satisfactory type of pole is
the kind used by utility companies to carry power
and telephone wires. These poles are heavy
enough to support most amateur antennas with-
out being guyed, and can be provided with steps

so that they can be climbed without difficulty.
Their chief drawback is the fact that they are
comparatively expensive.

Costs vary in different parts of the country,
depending upon the distance to the source of the
poles. In lengths of 30 to 60 feet, however, an
average cost for a creosoted pole, installed, is
around a dollar per foot. In ordinary soil about
one-tenth of the length is set in the ground, so
that the pole height is about 90 per cent of its
length.

Poles of this type usually can be purchased from
the local electric light or telephone company and
installed by their crews. In some localities the
companies let out this work to local contractors,
in which case the contractor can be approached
directly. Use caution in picking up “bargains’’ in

Ant.
Rope |

i 3
————— e —)

Counterweight é

Fig. 1601 — Fastening the antenna to a tree. The
counterweight prevents the antenna wire from being
snapped off when the tree sways in a wind.
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~ the pole line; a pole with an unsound center
is not a good investment nor is it a safe
thing to climb.

Small Masts
Where the height required is of the order

of 20 feet or less (particularly when the
mast is to be installed on the roof of a
house or garage) a single piece of 2 X 3
lumber will make a good pole. A vertical
antenna for 10 and 5 meters, for instance,
can be constructed on a 20-foot 2 X 3 as
shown in Fig. 1602, Three guys spaced 120
degrees around the pole and fastened about
half-way up will suffice to keep the pole
erect. If the roof is flat, the bottom of the

pole need not be fastened down since it will 1
have no tendency to move ence the guys
are tightened. A small flat board may be

H H L

[' i “—";’\ Stand-off
- /nsulator.
\) 2to4 ”ﬁ/gé

may bé pole
or lumber frame-

|

Wood support:—4] \Q

Taned feeders
sloaced qto6
snches

Fig. 1602 — A single 2 X 3 will serve as a mast for
heights up to about 20 feet..This drawing shows how a
28-Mec. vertical can be installed on such a pole. Ior
horizontal antennas, the guys should go to the top.

Fig. 1603 — A socket for installing a mast on the
garage roof. Bolted timbers make a satisfactory mast;
2 X 4 or3 X 4 at the bottom, 2 X 3 at the top.

placed under it to prevent damage to the roof.
On peaked roofs, a small wooden inverted “V?”
can eagsily be nailed to the bottom of the pole to
keep it from slipping.

To support a horizontal antenna, the guys
should run to the top of the mast. Actually, only
the two which pull away from the antenna need
go to the top; the antenna itself provides the pull
in the opposite direction. The third guy, in the
direction of the antenna, 1s used only to keep the
pole from falling over when the antenna is low-
ered, and may be fastened about half-way up
where it will not interfere with the antenna
pulley and rope.

Fig. 1603 shows how a socket can be con-
structed to fit over the pointed roof of a typical
two-car garage to seat a mast, which in this case
consists of two pieces bolted together. A satis-
factory method of guying also is shown. From
the joint between the two sections of the pole
four guys go to the corners of the garage, but
only two at the back are used at the top of the
mast. The pull of the antenna is ample to keep
the upper section vertical. The lower section of a
bolted mast of this type preferably should be
2 X 4, with the upper section 2 X 3.

Fig. 1603 also shows a sketch of a ‘“‘cattle
wallk’ which is lashed in place on the roof to per-
mit walking the mast up without danger of
slipping. Such a gadget can be used on any slop-
ing roof; even a ladder will suffice in many cases
when its upper end is roped to a solid anchorage
so that 1t cannot slide.

The ““A-Frame> Mast

A type of light and inexpensive mast which has
been very popular is shown in Fig. 1604. In
lengths up to 40 feet it is very easy to erect and
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Fig. 1604 — The A-frame mast, light weight and
casily constructed and erected.

will stand without difficulty the pull of ordinary
antenna systems. The lumber used is 2 X 2
straight-grained pine (which many lumber yards
know as hemlock) or even fir stock. The uprights
can be each as long as 22 feet (for a mast slightly
over 40 feet high) and the cross pieces are cut
to fit. Four pieces of 2 X 2, 22 feet long, will pro-
vide enough and to spare. The only other materi-
als required are five l4-inch carriage bolts 514
inchés long, a few gpikes, about 300 feet of No. 12
galvanized iron wire for the guys or stays, enough
No. 500 (“egg’’) glazed poreelain strain insulators
to break up the guys into sections, and the usual
pulley and halyard rope. If the strain insulators
are put in every 5 feet approximately 30 of them
will be enough. i

After selecting and purchasing the lumber —
which should be straight-grained and knot-free
— three sawhorses or boxes should be set up
and the mast assembled in the manner indicated
in Fig. 1605. At this stage it'is a good plan to
give the mast two coats of “outside white’ house
paint. ]

After the second coat of paint is dry, attach
the guys and rig the pulley for the antenna
halyard. The pulley anchorage should be at the
point where the top stays are attached so that
the back stay will assume the greater part of
the load tension. It is better to use wire wrap-
ping around the stick, with a small through-bolt
to prevent sliding down, than to use eye bolts.
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1f the mast is to stand on the ground, a couple
of stakes should be driven to keep the bottom
from slipping. At this point the mast may be
“walked up” by a pair of helpers. If it is to go
on a roof, first stand it up against the side of
the building and then hoist it, from the roof,

®
3: igd Line up level on

ree Saw horses
or boxes

FPut in bolts

Spread ends, put in
bolts and liné up center
of spreader with top

-©

7rim end's even

and drif! holes for section. Then put in
s\igtzfam Soreoders upper cross preces.

Fig. 1605 — Method of assembling the A-frame mast.

keeping it vertical. The whole assembly is light
enough for two men to perform the complete
operation — lifting the mast, carrying it to its
permanent berth and fastening the guys — with
the mast vertical all the while. It is therefore
entirely practicable to put up this kind of mast
on a small flat area of roof that would prohibit
the erection of one that had to be raised vertical
in its final location.

Fig. 1606 — This A-frame mast is doing duty on
W3QY’s roof.
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Another Simple Mast

The mast shown in Fig. 1607 is relatively
strong, easy to construct, and costs very little.
Like the ““A frame,” it is suitable for heights of

AT
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Fig. 1607— A simple and sturdy mast for heights in
the vicinity of 40 feet, pivoted at the base for easy
erection. The height can be extended to 50 feet or more
by using 2 X 4s instead of 2 X 3s.

the order of 40 feet. It is also easily dismantled
in case it has to be moved.

The top section is a single 2 X 3, bolted at
the bottom between a pair of 2 X 3s with an
overlap of about 2 feet. The lower section thus
has two legs spaced the width of the narrow
side of a 2 X 3. At the ground, the two pieces are
bolted to a 2 X 4 which is set in the ground.
A short length of 2 X 3 is set between the two
legs about half way up the bottom section to
maintain the spacing. Four 14 X 6 carriage bolts
are needed, along with washers; this length is
sufficient since the “2 X 3s’’ actually are about
134 X 214 inches. All pieces of lumber are
set so that the long axis faces the antenna direc-
tion.

It will be sufficient to guy the mast as shown in
the drawing. The two back guys at the top pull
against the antenna, while the three lower guys
prevent any buckling at the center of the pole.
The two sets of back guys may be anchored at the

same point. For a height of about 40 feet, the
guys should be anchored about 15 feet or more
from the bottom of the pole.

The mast can easily be raised by two people;in
fact, one man can manage the job without too
much difficulty. The length of 2 X 4 which is set
in the ground should be placed so that it faces the
proper direction, and should be made vertical by
lining it up with a plumb bob. The holes for the
bolts should be drilled beforehand. The lower
section is then laid on the ground so that bolt
A can be slipped in place through the three pieces
of wood and tightened just enough so that the
section can turn freely on the bolt. Then the
top section is bolted in place and the mast pushed
up, using a ladder or another 20-foot 2 X 3 for
the job. As the mast goes up the slack in the
guys can be taken up so that the whole structure
is in some measure continually supported. When
the mast is vertical bolt B is slipped in place and
both A and B tightened. The lower guys can
next be given a final tightening, leaving those
at the top a little slack until the antenna is
pulled up when they can be adjusted to pull
the top section into line with the bottom.

The 2 X 4 should extend at least 3 feet into
the ground, and should set solidly. Concrete is
not necessary, but it will help to pack rocks
in the hole to provide some bracing. The pole
will stand without guying when the two bottom
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Fig. 1608 — A hollow mast, light welght but strong,

constructed of 1-inch boards.
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bolts are in, which does away with the necessity
for having a helper on each guy, but of course
will not stand much strain under those con-
ditions.

A Hollow Mast

A different type of mast construction, surtable
for heights of the order of 50 to 60 feet, is shown
in Fig. 1608. Although comparatively light in
weight, it is practically as strong as a solid pole
of the same cross-section.

It is a square hollow pole, held together in the
fashion of bamboo growth; that is, with a bracing
and strengthening section spaced about every
2 feet.

The foundation is a 6 X 6 timber about 6 feet
long. The next section is about 14 to 18 feet long,
depending upon the availability of the lumber,
which should be good, smooth finish, hard pine,
cypress or spruce. Three pieces (assuming that
18-foot stock is available) are laid out. There will
be two sides 6’7 wide by 18 long of 24" or 74"
stock, and the third will overlap on the edges so
that it will be 8’ wide by 18" by 34" or 1g".
Insert the 6 X 6 about 2’ into the U formed by
the three pieces and after lining up so that all
edges are flush, commence to fasten together with
nails, or preferably iron screws with flat heads,
not forgetting to paint thoroughly every edge
with a thick mixture of white lead and linseed
oil. The next operation is to put in the braces
every 2 feet. These are 6 X 6 X 1-inch thick, and
should be put in with white lead between wood
surfaces and thoroughly fastened with serews or
finishing nails. At the open end of the “U?” leave
18" for the insertion of the next section of the
mast which telescopes into the base section.
Give the inside a thorough coat of white lead
and linseed oil about the consistency of glue and
Iet dry for a week or so. The cover for this section
of the “U” is another 8in. X 18-ft. X 34-in. piece
which is screwed down after the second coat of
white lead and linseed oil is dry. Any irregularities
in the lumber and joints should he smoothed down
with a plane.

The second and third sections of the mast are
constructed in a fashion similar to that of the
base, except that they are progressively smaller.
The second section should have outside dimen-
sions of 6 X 6-inch to telescope inside the base
section. The third section will be 4 X 4-inch to
telescope into the second and the top section is
a solid 2 X 2.

The complete list of material required is given
below:

1st Section
1____6/’ X 6” >< 6/
2__8" X 18 X %H
2. 8" %X 18 X ;{/SH
7 — Spacers 6”7 X 6 X 1"
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Fig. 1609 — T.section mast made from overlapping 2
X 4s or 2 X 6s.

2nd Section
29— 4" X 18 X %n
2___ ¢ X 18/>< %H
8 — Spacers 4”7 X 4" X 1"
3rd Section
2_2// X 181’ >< %Il
2 — 4" % 18" X %u )
8 — Spacers 2 X 2" X 1"
Top Section
1—2"” X 2" X 20— oak
1 — Pulley (brass or bronze)
1 — (Necessary length) manila rope
4 — Guys (necessary length) No. 8 iron galva-
nized wire
Strain insulators

Masts with Butted Timbers

A type of mast construction suitable for heights
up to about 80 feet is shown in Fig. 1609. The
mast 18 built up by butting 2 X 4 or 2 X 6
timbers edgewise against a second 2 X 4, as
shown at A, with alternating joints in the edge-
wise and flatwise sections as shown at B. The
congtruction can be carried out to greater lengths
than shown simply by continuing the 20-foot
sections. It will be noted that one or both ends
must end with a 10-foot section on either the
edgewise or flat timbers. Longer or shorter sec-
tions may be used if more convenient.

The method of making the joints is shown at C.
Quarter-inch or 3{g-inch iron, 114 to 2 inches
wide, is recommended for the straps, with half-
inch bolts to hold the pieces together, In addition,
a bolt should be run through the pieces mid-
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way between joints to provide additional ri-
gidity.

Although there are many ways in which such a
mast can be secured at the base, the ‘“cradle”
illustrated at D has many advantages. Heavy
timbers set firmly in the ground, just far enough
apart so that the base of the mast will pass
through them, hold a large carriage bolt or steel
bar which serves as a bearing. This passes
through & hole in the mast so that the latter is
pivoted at the bottom. As the mast swings up-
ward in an arc while being raised the bottom is
free to pivot on the bearing.

The job of raising the mast can be simplified,
when a bottom bearing of this nature is used,
because half of the guys can be put in place and
tightened up before the mast leaves the ground.
Four sets of guys should be used, one in front,
one directly in the rear, and two on each side at
right angles to the direction in which the mast
will face. Since the base position is fixed by the
bearing, all the side guys ean be put in place,
anchored and tightened while the mast is lying
on the ground. Thus there is no danger of side-
sway or bending while the mast is going up, and
a smaller crew can do the job. A set of guys
" should be used at each of the joints in the edge-
wise sections, the guy wires being wrapped around
the pole rather than fastened to bolts or passed
through holes in the pole, as either of the latter
two methods tend to weaken the joint.

For heights up to 50 feet, 2 X 4s may be used
throughout. For greater heights it is advisable
to use 2 X 6s for the edgewise sections, although
2 X 4s will be satisfactory for the flat sections.

Raising the Mast

Specific instructions have been given for raising
the masts already described, in most cases. There
are, however, a few kinks which will help in the
erection of almost any kind of mast.

The “‘scissors” arrangement shown in Tig.
1610, constructed of two 2 X 3s or 2 X 4s
about 20 feet long, will be of considerable assist-

e N o s

Fig. 1610 — *Scissors” for putting up masts. As the
mast goes up, the scissors are moved in to keep it from
falling andito prevent side-sway.
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Gin Pole

Fig. 1611 — A gin pole is a useful accessory when a
tall mast is to be [‘dlSCd providing additional leverage
when the mast is near the ground.

ance in getting the mast off the ground. Starting
out near the end, the mast is pushed up a little
at a time and the scissors moved in each time to
keep it from dropping back. With small masts
(40 feet or so) it is the only auxiliary necessary,
since by the time its length is too small to be of
further service it should be possible to pull the
mast up the rest of the way by the guy wires.
A 20-foot ladder can be substituted for the scissors
if one is available, but it does not possess the
stability of the scissors arrangement and therefore
cannot as readily prevent side-sway. In either
case a short pole or ladder can be used to push
up the mast while the scissors or ladder is being
moved inte a new position.

When the mast is 50 feet or more high, it will
be easier to pull it up if an auxiliary mast or
“gin pole” is used as shown in I'ig. 1611. The
gin pole should be 14 to 14 the height of the
mast, and should be erected fairly close to the
base of the mast so that the maximum possible
leverage can be secured. The erection of a small
auxiliary mast of this type should present no
special problems. Provision should be made for
keeping the guy wires of the main mast from
slipping off the top of the gin pole as they are
pulled back. All the back guys should pass over
the gin pole and should be kept taut so that
there will be no bending of the main mast as
it goes up.

As the mast is pulled up, the guys should be
allowed just enough slack to permit the mast
to move without the necessity for “pulling against
the guys.” With tall masts of the usual construec-
tion a too-slack guy may allow the pole to bend
enough to get out of control and perhaps snap.
It is advisable to take the pulling-up process
slowly on that account.

Guys and Guy Anchors

For poles up to about 50 feet, No. 12 iron wire
makes a satisfactory guy (No. 12 in this wire is
considerably heavier than in.copper). A heavier
size, or stranded cable, can be used for taller
poles or poles installed in loca.tions where the
wind Veloclty is high.

Guy wires should be broken up by strain insu-
lators to avoid the possibility of their becoming
resonant at the transmitting frequency. Common
practice is to insert an insulator near the top
of each guy within a few feet of the pole and
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then make each section of guy wire, between
insulators, a length which will not be resonant
in any amateur band to be used, either on its
fundamental or harmonics. An insulator every
25 feet will be satisfactory for all bands up to
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Fig. 1612 — Pipe guy anchors. One will be sufficient

for small masts, but the two installed as shown will
provide additional strength for larger poles.

and including the 28-Mec. band. The insulators
should be of the “egg” type, with the insulating
material under compression so that if the insula-
tor breaks the guy will not come down. The No.
500 size is suitable for ordinary guy-wire sizes.

Guy wires may be anchored in a variety of
ways. Simplest of all is to anchor the wires to a
tree or building, when they happen to be in
convenient spots. I'or small poles a 6-foot length
of pipe (about 1-inch diameter) driven into the
ground at an angle, with the bottom of the pipe
pointing to the base of the pole, will suffice.
Additional bracing can be provided by using
two pipes as shown in Fig. 1612.

One form of “dead man’ guy anchor is shown
in Fig. 1613. The “dead man’ is a heavy plank
(two 2 X 6s nailed together, for example) 5 or
6 feet long and buried about 3 or 4 feet in the
ground. A fair amount of surface is necessary
to give maximum resistance to the pull of the
guys. The wires are brought out at the proper
angle to the pole so that they are, in effect, a
continuation of the regular guy wires.

For heavy jobs, regular guy anchors can be
secured through firms dealing in line materials,
or through the local utility company.

Fig. 1614 shows a method of connecting several
guy wires to a single dead man, using an open
thimble (obtainable from marine supply stores)
to prevent sharp bends and possible breakage of
the wires.

With large guy wires, it is difficult to malke
tight joints at the insulators even with pliers.
A simple tool can be made for the purpose from
a pleece of heavy iron or steel with a single
hole drilled about a half-inch from one end. The
wire 1s passed through the insulator, given a single

Fig. 1613 — The “dead man” guy anchor.

Fig. 1614 — An open thimble provides a method for
hooking several guys to a “dead man” anchorage, and
avoids sharp bends in the guys at the junction. This
installation is at W2DC

turn by hand, and then held with a pair of pliers
at the point shown in Fig. 1615, By passing the
wire through the hole in the iron and rotating the
iron as shown, the wire can be twisted quickly and
neatly.

Fig. 1615 — Simple lever for twisting guy wires.

With high poles it may be advisable to use turn-
buckles in the guy wires so that they can be
tightened satisfactorily. With small poles this is
usually an unnecessary refinement, since the
wires can be pulled tight enough by hand.

Halyards and Pulleys

A free-running pulley and a long-lived halyard
are definite assets to an antenna system. Common
clothesline rope will be strong enough for small
antennas, but does not stand the weather too well
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and should be renewed fairly frequently: Sashcord
1s a bit better, but still not weather resistant. A
satisfactory halyard is 34- or l4-inch water-
proofed manila rope, the larger size being needed
only to hold long stretches of wire.

Ordinary rope or cord can be waterproofed
by soaking it a day or two in automobile top-
dressing.

It will pay to purchase good-quality pulleys.
A good grade of galvanized iron pulley will be
satisfactory in locations where the atmosphere is
free from salt, but at seashore locations a pulley
intended for marine use should be used. One of
the best types is a hardwood block with bronze
roller-bearing shaft, which will stand up well and
resist corrosion under adverse conditions.

Feeder Construction

Two-wire open transmission lines are readily
constructed from materials
available from all amateur
suppliers. Rod-type spacers
or spreaders are universally
used to keep the separation
between the wires constant,
the usual size of spacer be-

Fig. 1617 — Method
of pulling off Zepp feed-
ers to keep the wires
taut.

Spreader

well in the weather, so that it is not usually worth
while to make spreaders at home. However,
there may be cases where home construction is
desirable, as when special sizes are needed. Fig.
1616 shows two methods of construction. Spread-
ers may be made from bakelite, hard rubber,
cellulose acetate, or similar materials, or even
hard wood thoroughly impregnated with paraf-
fin. None of these materials stands up as well
outdoors as the ceramics, however.

To keep feeders taut it is necessary to have the
same tension on each wire. With an end-fed

ing 6 inches long. Six-inch
separation is quite satis-
factory at frequencies up
to about 30 Mec., but
smaller spacing is desirable
on the very-high frequencies
to reduce line radiation. IFour- and 2-inch spacers
are available for the purpose.

If the line is to hang free, a 6-inch line should
have a spacer every six feet or so to reduce swing-
ing of the wires with respect to each other in a
wind. Correspondingly smaller separation be-
tween spreaders should be used with lines having
closer spacing. Even though the wires do not
swing enough to touch, the movement will vary
the characteristic impedance of the line and
thereby cause variable loading on the transmitter.

Manufactured spreaders, generally made of
ceramic material, are inexpensive and stand up

{1 3 y cotfl3
B s eod
A
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B

Fig. 1616 — Easily-made feeder spacers.
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Fig. 1618 — Method of supporting long feed lines. The wires are run through
the insulators and tightened at the ends “of the line. The wire is allowed to slip
freely through the insulators.

antenna this may be difficult to accomplish unless
an arrangement similar to that shown in Fig, 1617
is used. The single-point support permits pulling
off the feeders at any convenient angle to the
antenna. Where a feeder must be run a consider-
able distance so that simply letting it hang is
impracticable, a support of the type shown in
Fig. 1618 may be used. A similar mechanical
terminating arrangement at each end of the line
will keep the spacing constant and the line ship-
shape. Fig. 1619 shows how one amateur uses
counterweights on feeders in a multiple-antenna
installation to keep feeders tight.

Concentric Lines

The construction of concentric or coaxial lines
is not too difficult, although some care must be
exercised. Isolantite “beads,” or spacers designed
to pass a given size of wire (the center conduector)
through a center hole, and having an inside
diameter slightly less than the inside diameter
of standard sizes of metal tubing, are available
from several manufacturers. The process of con-
structing a concentric line is simply that of
stringing the beads on the wire, fastening them at
suitable intervals, and then drawing the assembly
through the tubing. It is essential to have tubing
which is clean on the inside, which may or may
not be the case with ordinary copper tubing.
Brass tubing usually is better in this respect.
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Fig. 1619 — Counterweights keep the
feeders tight in this installation at W9'TJ.

To fasten the beads in ,
Fitl in with ag/qpta/
0r, Duco & drop gob

place the wire should be
of solder on wiré

that when the wire is squeezed it will bulge out
into the 1/100th-inch tap between the edges.
The bulges will prevent the bead from slipping.
A bead every 2 inches along the wire will be about
right.

Straight joints in the line can be made with
fittings of the type used for automobile gas lines

] Fig. 1621 — Right-angle joint for coaxial lines and
its components,

and refrigeration units. It is inadvisable to solder
a joint because of the danger that solder will run
into the line and cause trouble. Where bends are
to be made it is important to maintain the con-
ductor spacing, which can be done by making
fittings of the type'shown in Fig. 1621. These are
made of brass stock 34¢ inch thick by one inch
square. Two pieces, one drilledito pass the as-
sembly screws and the other tapped to take the
screws (6-32), as shown in the photograph,
Compression rings Gardwell Co-ax. Beads
for No./2 wire for J4"0.0
 co-axial line (paced 2’ apart)
Comnpdhg No.j2 84S

each side of the bead. A
tool for this purpose can

given a slight “crimp”’ on \

C—EITIEIIEETEIAIIN

Copper wire

be made out of a pair of
cheap cutting pliers. File
the cutting edges to the
point where the pliers will
no longer cut wire, leaving
a space of about 1/100
inch between the edges.
Then, using¥a thin file, file two square notches
opposite each other in the two edges. Make the
width of the notches slightly less than the diam-
eter of the wire to be used, and deep enough so

Meissner-27-1015
Alsimag 35 insulator
2" long x V8" 0.0

Fig. 1620 — Crimping tool for concentric lines.

Y50 D.x 035" gauge
Soft copper z‘ubiny

Ya" Tube — Tube
Compression Coupling

Fig. 1622 — End seal for concentric lines.

are placed in a vise and drilled from two adjacent
edges to the center, as shown, with a drill which
will make a hole just large enough to give a snug
fit to the outer tubing. The inner faces of the two
pieces should be perfectly flat, and before final
assembly should be coated with Duco cement, so
that moisture cannot get into the joint. The inner
ware should be bent carefully so it will pass
through the center of the channel without danger
of touching. The ends of the outer conductor
may extend into the square fittings about 14 inch.

It is important to keep the line moisture-free,
and to this end all joints should be air-tight.
At the ends of the line, moisture-proof seals
should be used. A simple end seal can be made as
shown in Fig. 1622. It uses a compression con-
necter to join a 2¢-inch (o0.d.) line to an isolantite
insulator also having an outside diameter of
34 inch. The wire conductor passes through the
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center of the insulator as shown, with the space
being filled around the wire with glyptal or Duco
cement to keep out moisture. A spot of solder at
the end anchors the wire.

Bringing the Antenna or Transmission Line
inte the Station

In bringing the antenna or transmission line
into the station, the line should first be anchored
to the outside wall of the building, as shown in
Fig. 1623, to remove strain from lead¥ insu-
lators. When permissible, holes cut directly
through the walls of the building and fitted with
feed-through insulators of suitable size are un-
doubtedly the best means of bringing the feeders
into the station, for the job can be done with little
difficulty and can provide greater mechanical
permanence than other schemes. It involves no
interference to screening or storm windows. The
holes should have plenty of air clearance about
the conducting rod, especially when tuned lines,
which develop high wvoltages, are employed.
Probably the best place to go through the walls,
from the standpoint of appearance, is the trim-
ming board at the top or bottom of a window
frame which provides flat surfaces for tightening
lead-in insulators. Cement or rubber gaskets may
be used to water-proof the exposed joints.

Where such a procedure is not permissible, the
window itself usually offers the best opportunity.
One satisfactory method is to drill holes in the
glass near the top of the upper sash. If the glass
which is to be drilled is replaced by plate glass, a
stronger job will result. Plate glass may be ob-
tained reasonably from automobile junk yards
and may be drilled before placing in the frame.
The glass itself provides the necessary insulation
and the transmission line may be fastened to bolts
fitting the holes. Rubber gaskets cut from inner
tube will render the holes water-proof. The lower
sash should be provided with stops at a suitable
height to prevent damage when it is raised.

Antenna
Insytators

sprin gs

Heavy
&rew-eye.f -

|

Slack wire

7o feed- zf/rfoug/z
msiitators

A

i Fig, 1623 — Feeders anchored to take the strain from
feed-through insnlators or window glass.

Fig. 1624 — Antenna
lead-in panel. It may be
placed over the top sash or
under the lower sash of
window. The overlapping
joint makes it weather-
proof. The single thick
board may be replaced by
two thinner boards fas-
tened together.

In a less permanent method, the window is
raised from the bottom or lowered from the top
to permit the insertion of a board three or four
inches wide which carries the feed-through in-
sulators. This arrangement may be made weather-
proof by making an overlapping joint between the
board and window sash, as shown in Fig. 1624,
and covering the opening between upper and
lower sashes with a sheet of soft rubber cut from
an inner tube.

Fig. 1625 shows a method for keeping rain from
running down the feeders and into the lead-in
insulators. The short lengths of wire are pinched
on the feeders far enough out to clear the building
so that the water does not drip on the sill. These
“drip wires” also help prevent ice formation
around the lead-in insulators in winter.

Drilling Glass or Ceramics

Glass and ceramic materials may be drilled by
several methods, one of which involves the use of
a special drill of the type shown in Fig. 1626,
ground from a piece of 3g-inch drill rod. To drill a
hole, place the drill in a hand brace, engine lathe
or slow speed drill press. If the material to be
drilled is flat, such as plate glass, make sure that
the supporting surface is flat. Apply turpen-
tine to the point of the drill and press firmly
against the work in the desired location. Then
turn the drill slowly and apply sufficient turpen-
tine to keep the drill wet at all times. Use care
when breaking the point through the work to
avoid chipping. After the point has broken
through; turn the work over and drill from the
opposite side, repeating this operation as often as
is necessary to keep the edges of the hole nearly
parallel.

Lightning Protection

Some form of protection from heavy induced
charges on the antenna from lightning discharges
in the vieinity always should be provided. The
conductors in an ordinary antenna system are not
heavy enough to handle a direct stroke, but fortu-
nately these are rare.

One method satisfactory to the fire underwrit-
ers is the use of a special ‘lightning switch,”
somewhat larger than the ordinary porcelain-base
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knife switch, by means of which the feeders are
grounded when the station is not in use. The
ground wire should run directly to a good ground
connection preferably, although not necessarily,
outside the building. Alternatively, a similar
ground wire with a clip which can be fastened on
the feeders may be substituted for the switch.

Automatic protection can be secured by in-
stalling spark gaps between the feeders and a
good ground. A good method of making such a
gap is shown in Fig. 1627. The gap electrodes are
made of pieces of heavy wire. Rubber cones cut
from an old inner tube, slipped over the upper
electrodes, protect the gap from short-circuit by
SNOW or rain.

It is a good plan to get in touch with a fire
insurance agent or the city inspection depart-

-
”
-

o~

Drip -
wire

Fig. 1625 — Drip
for feeders.

wires

ment to ascertain loeal requirements with respect
to antenna lightning protection. The booklet
Safety Rules for Radio Installations, Handbook of
the Bureau of Standards No. 9, also will provide
useful information. It is available from the
Superintendent of Documents, Government
Printing Office, Washington, D. C., for ten cents.

Replacing Broken Antenna Halyards

In the event that the antenna rope breaks,
getting a new rope through the pulley may in-
volve taking down the mast if the latter cannot
be climbed. There are several ways in which a
new pulley and rope can be installed at the top,
however.

Some schemes make use of the top guy wires in
coaxing a new pulley, fitted with a new halyard,
to the top of the mast. If you have a second mast
or can make use of a tree or housetop or tempo-
rarily erected support, the method shown in Ifig.
1628-A is probably one of the easiest to execute.

7o Feed-thru

fo antenna

e \

!

Standoffs Skirg

. ©

?rourm’

SIDE FRONT
Fig. 1627 — Spark gap for static discharges.

One of the top guys is set free. The new pulley
with halyard is fitted with a heavy metal ring or a
loop of several turns of heavy wire and the loose
end of the guy wire is passed through this loop.
The loop should be large enough to pass easily
over the guy-wire insulators. A light cord is tied
to the loop and the free end of the guy wire is tied
to the halyard from the second support, hoisted
up and pulled tight. It should then be possible to
make the loop slide along the guy wire towards
the top of the mast by shaking the new halyard
and pulling on the assister cord from a distance.
In some cases, it may be possible to coax the loop
up over the top of the mast if one has sufficient
patience and the top guys are not fastened too
far from the top of the mast, although this is not
necessary. When the loop has been worked up
close to the mast, it may be held there by the
assister cord while the guy wire is lowered. While
holding the free end of the guy wire, several turns
about the mast should be made by walking around
the mast outside all other guys. This will bind the
loop securely to the mast. A sharp yank will
break the assister cord after the job is finished.
Another scheme which may be tried is shown in
I'ig. 1628-B. A loop of wire, as previously de-
scribed, is passed around the rear top guy wire.
If the loop is covered with tape or a seetion of old
bicycle tire or garden hose, it may slide more

N
ni=

4

Fig. 1626 — Drill for
cutting glass.
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Heavy riy /iiple  Anterna halyard from
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Fig. 1628 — Schemes for replacing broken antenna halyards.

readily on the guy wire. The new halyard and the
halyard from the second support are tied together
and a large slip-knot is tied in the other side of the
new halyward to prevent the new halyard from
running through the pulley when it is pulled up
the guy. Alternatively, the two ends of the new
halyard may be tied together and then tied to the
halyard from the second support. An assister
cord tied to the wire loop might be helpful in get-
ting the loop over insulators; shaking the guy
wire should also help. When the pulley reaches
the top of the mast, the guy wire is wrapped
around the top of the mast as previously de-
scribed: A sharp yank on the free end of the new
halyard will take the slip-knot out. It might be a
good idea to tie a weight between the two hal-

vards to make sure that they will fall to the
ground when released.

If no second support is available there are other
ways, one of which is shown in Fig. 1628-C. Pass
a heavy rope around the outside of all top guy

-wires, Then pass the rope through the eye of the

new pulley fitted with the new halyard and form a
slip noose. By shaking and pulling the rope, it
should be possible to work the loop up the guy
wires to the top. Best results will be obtained by
working the rope at a fairly good distance. If the
loop becomes caught on an insulator, a friend can
assist by sliding the pulley along the loop to a
point near the insulator and whipping the hal-
vard. When the noose reaches the top of the mast,
its rope should be made fast to the pole.
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TYPES OF SUPPORTS — METHODS OF ROTATION — DRIVE MECHANISMS —
DIRECTION INDICATORS

THE deserved popularity of rotary beam  metal tubing to give the necessary stiffness for
antennas has stimulated interest in the purely  self-support.
mechanical problems of the construction of suit-
able supporting structures and their rotation. Some Vertical Rotary Systems
The schemes devised to rotate antennas vary from Fig. 1701 shows an extremely simple antenna
very simple and inexpensive ones to
elaborate and costly arrangements. The
methods shown in this chapter are pre-
sented chiefly to indicate general prin-
ciples and not necessarily to give full
descriptions suitable for exact duplica-
tion. In other words, the accent is on

Swivel
"

i ixrr |

ideas and only secondarily on details. Wooden Spreader
All of them have been in everyday use /;‘,q p
at various amateur stations, however, Wire

and are thoroughly practical.
Naturally the size of the structure
will depend upon the frequency, and for
this reason the use of rotating antennas
is confined to 14 Mec. and the higher-
frequency bands. Some of the structures
shown here are for 14-Me. and others for

ft——— 6’ 1/ "

28-Mec. antennas. Most of them readily ¥ B By
can be adapted to different electrical Zhrough holes
systems which may be selected after = b

consultation of Chapter 9. <:

Vertical antennas present the fewest insulators Aihé t
constructional problems, undoubtedly. E—
On the other hand, most amateurs want Jers ;,f:fﬁe,
horizontal polarization on 14 and 28
Me. to reduce response to man-made
static in reception. However, if the loca~
tion is fairly free from this type of inter-
ference the vertically-polarized antenna
can be expected to be equally effective
as its horizontal counterpart. While
with many systems ordinary wire can be
used for antenna elements in vertical
structures, the horizontal rotary usually ‘ 2l
requires more rigid econductors made of 9 Wooden Spreader FHNLIY Ve L LRSS MA-E0T

Fig. 1701 — A simple form of rotatable an-
tenna which can be suspended from any con-
venient support, such as a horizontal antenna.
Rotated by hand, it costs little more than the
price of the wire and insulators.

Fig. 1702 — A vertical rotary
antenna using tubing elements. It
is motor-driven, and is mounted
on an arm extending from the
top of a telephone pole.

Rope
2 /b weight

Mechanical
Oimensions
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arrangement used by W6AM. The dimensions
given are for a 28-Mec. extended double-Zepp with
"reflector, but the general idea of the use of spread-
ers and a single-point suspension readily ean be

Fig. 1703 — In this vertically polarized
system the antenna or driven element is
fixed, while the parasitic elements rotate
around it. Construction details are given in

adapted to other antenna systems. The swivel at
the top can be attached to any convenient sup-
port which is high enough and will permit the
antenna to hang free. An arm of suitable length
from the top of a pole or even a horizontal wire
such as an antenna will do the job. The weights at
the bottom keep the antenna from swinging when
set to the desired direction. ’

This type of system is best operated by hand
and is not readily adapted to motorized or re-
mote-control rotation because of its flexibility.
Although it would be possible to connect a motor
shaft to the bottom spreader, it is probable that
the upper part of the antenna would tend to
“stay put’”’ without some shaking at the bottom
to maneuver it into the right position.

Fig. 1702 shows how a vertically polarized
beam using tubing elements can be installed on an
arm at the top of a pole. The particular antenna
shown, a bi-directional “WS8JK,” is at W2AZ.
The driving motor is in the housing at the center
of the cross-arm on which the antenna elements
are mounted. Only 180-degree rotation is neces-
sary. Obviously the same idea could be applied to
continuous rotation if the cross arm is set on the
top of an unguyed pole. '

Vertical beam systems have a distinet advan-

Fig. 1704. tage over horizontal antennas in that when
" Tubing fits Director-
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Fig. 1704 — Essentials of the rotary beam shown in Fig. 1703.
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parasitic director or reflector ele-

Anternna

ments are used the antenna cle-
ment itself need not rotate. It is
only necessary to rotate the diree-

N

tor or reflector around the antenna.
There 1s, therefore, no necessity
for special feeder contacts; the
feeders may be installed and con-
nected just as though the antenna
were not a rotary. ‘

Tig. 1703 shows a photograph of
a rotary beam using this principle,
a 28-Mec. antenna used at W2BSF.
The mast on which it is installed 1s
a 20-foot 4 X 4. As shown in Fig.

)
Bamboo Fish Pa/ej B u&\\ - '
\

o
Transmussion line -—:’W-Awl'

1704, the detailed drawing of the e
antenna, the antenna element is a
section of pipe fitted with bearings
on which the rotating assembly
turns. The director and reflector
are at the extremities of the
wooden framework. The whole
beam is rotated by means of ropes
and pulleys which run to the sta-
tion. For electric rotation it would
be relatively easy to arrange a belt
drive to replace the ropes, mount-
ing the motor in a housing at the
top of the pole. —

r’-//'nye

Horizontal Antennas

An extremely simple and inex-
pensive method of making a hori-
zontal rotary beam, suitable for
bi-directional antenna systems, is
shown in Fig. 1705. As used by W5EOW, the
antenna, a two-element end-fire with close spac-
ing (“WS8JIL”) is of ordinary wire construction,
held in a horizontal position by bamboo spreaders
under tension. Besides being inexpensive and easy
to build, this type of structure offers very little
wind resistance.

Fig. 1705 also shows a simple and cheap '

Stand-off — = } b

0

Breycle

rgl!\”'/sfomcket
[‘ / I
Y Boré /
f 8-8" |
SIDE VIEW TOP VIEW

Fig. 1705 — An inexpensive form of horizontal rotary antenna using
bamboo po]_es for supports. An unusual method of rotation is also in-
corporated in the antenna.

method of rotating the antenna. The antenna and
feeders are mounted solidly on a short section of
2 X 2 which is hinged to the main pole. Full 180-
degree rotation is possible. The bicyele sprocket
at the bottom, centered on the axis of the bottom
hinge, is driven by a chain from the operating
position. Alternatively, the short pole could be
fixed on bearings so that it could be rotated

through 360 degrees, if a uni-directional

F—ﬂ:

antenna system is used. The dimensions

k

given are for 14-Me. operation; they can
easily be altered for different electrical sys-
tems or for 28 Me.

Another scheme for using wire elements

is shown in Figs, 1706 and 1707. This ar-
rangement, built by W5BZR, uses a wood
framework to support 28-Mec. antenna ele-
ments, in this case to form an antenna-
reflector system. As shown in Fig. 1707, the

framework is mounted on a short length of

Fig. 1706 — A simple frame for holding a 10-meter horizontal
beam using wire elements. Dimensions can be varied to fit the
element spacing desired.

pipe which turns in simple bearings on the
main pole. The framework is kept hori-
zontal by means of four rope guys which
brace the corners of the frame to a short
vertical extension at the center. The an-
tenna as pictured is rotated by hand, using
the ropes which fasten to the corners of the
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frame in Fig. 1707. Other methods of rotation
could be adapted without much difficulty, how-
ever.

A lightweight but rigid wooden framework
suitable for supporting a two-element 14-Mec.
antenna using horizontal tubing elements, de-
signed by W2DKJ, is shown in Fig. 1708. The
distance between the end cross-bars which sup-
port the antenna elements on stand-off insulators,
can be varied to give the element spacing selected.
Following is a list of the material necessary for
this framework:

2 pieces of 34" plywood, 12’7 X 12". These should
be perfectly square and are used together to
form ‘IA.’)

2 pieces of 2”7 X 2 X 36% oak, main supporting
members (‘‘C”’), free from knots.

4 pieces redwood or white pine, 1’/ X 2" X 9/, free
from knots (D). 114" X 114" will be satis-
factory in place of 1" X 2",

4 pieces same as “D’ but 7/ long (“E”).

4 pieces redwood or white pine, 14" X 1”7 X 6’ (“F7”),

Rape
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Fig. 1707 — Another view of the frame of Fig. 1706,
showing the rope guys at the top and the method of
supporting the frame for rotation.

4 square head, '5/16” X 4’/ bolts,
used to attach “A” to “B.”

4 square head, 24" X 5" bolts, used
to join 111 1’97 “P? and “T” to-
gether, in the center.

4 square head, 14" X 3’/ bolts, used
for joining the outside extremities
of “E,” to provide the bowing.

2 machine, 14" X 117" bolts, with
suitable washers and nuts, used to
join the centers of the units
marked “T.”

12 square head, 14’ X 4”,bolts, used
for joining all the other sections
together.

The center piece, A, forms a base
for mounting the frame, and may
readily be adapted to various bear-
ings and drives for rotation. A small

Fig. 1709 — A rotary antenna using the frame shown in Fig. 1708.
This antenna is used by W2AZ. Photo by Arthur Lynch, W2DKJ.

bakelite plate may be fitted in at
“B’ to serve as a junction point for
feeders.

Fig. 1709 shows such a framework supporting
a bi-directional beam of the W8JK type, mounted
on an arm on top of a telephone pole.

A rather simple guyed support for two 14-Mec.
elements is shown in Fig. 1711, and a photograph
of this type of structure on top of a lattice tower
is shown in Fig, 1710. A properly-trussed frame-
work will be quite light-weight and its wind re-
sistance will be small, since comparatively few
compression members are used. The dimensions
given in Fig. 1711 can of course be altered to suit
the particular type of antenna to be used.

a for supporting a 14-Me. beam. Dimen-
% sions of the various members are given in

Fig. 1708 — A light but strong frame

) the bill of material in the text.
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Figs. 1712, 1713, and 1714 show a
type of support for three-element
rotaries, inexpensive to build and
capable of standing up under stiff
winds. This particular model is in-
tended for mounting on a pole which
can be rotated, a system which is not
so difficult as it might seem at first
thought. The lengths and sizes of the
framework members are indicated in
Fig. 1713, while the two photographs
show the method of bracing. The whole
framework is made to balance, after
the tubing elements are in place, with
respect to the pole by moving the

Fig. 1710 — An X-frame for a 14-Mec.
antenna, using top guys to maintain
rigidity.
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Fig. 1711 — Details of the an- Che

tenna system shown in Fig. 1710.

Fig. 1712 — This framework
for a three-element beam can be
constructed at quite low cost.
Essentials of the frame are shown

in Fig. 1713.
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Fig. 1713 — “Schematic” sketch of the antenna

shown in Fig. 1712. Antenna elements, not shown, are
mounted on stand-off insulators placed on the supports
at intervals of 4 feet.

length of 2 X 2 indicated in Fig. 1713 back and
forth until the right position for it is found.

Rotating the Antenna

The antenna of Figs. 1712-1714 is typical of
the type of system in which the antenna supports
are rigidly fastened to the pole and the pole itself
is turned. The driving arrangement used by
W7GBY is shown in Fig. 1715.

For a bottom bearing, a foot-square hole, two
feet deep, is filled with concrete. A half-inch steel
pin is set in the concrete before it hardens to serve
as a guide for the pole, and an iron plate through
which the pin projects five or six inches is set on
top. The pin fits into a hole drilled in the center of
the bottom of the 4 X 4 pole, and the pole rests
on the iron plate, which acts as a bearing surface.

A second bearing some distance up the pole
will be necessary. This bearing can be made in a
variety of ways. A collar made of strap iron can
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be fitted to the pole, either by rounding
the pole, in case a square pole is used, or
by building out a wooden cirele over which
the strap is fastened. Cut-out wooden
blocks fitting around the collar will serve
as an outside bearing. These may be rig-
idly attached to some convenient solid
) base (the house itself, if the pole is along-
side the house) either directly or on a well-
braced extension arm. Alternatively, the
top bearing, in addition to the collar ar-
rangement mentioned, may also bear on a
flange fastened to the pole so that the
bearing will not slip down. Ordinary guys
may be attached to the outer block. These
guys function in the same manner as for a
stationary pole, so that the pole is held
vertical but is free to rotate.

The rotating mechanism shown in Fig.

10785

Fig. 1715 — Gear drive for a rotating pole.

1715 uses two gears of the type shown, one
mounted on the pole and the other at the end of a
rod which does the actual turning. It is'often
possible to pick up suitable gears for nothing, or
almost nothing, in junk yards. This type of turn-
ing mechanism is easily adaptable to either hand
or motor drive. A somewhat¥similar; system is
) shown in sketch form in Fig.

1716, with a photograph of the
actual installation at WSEEP
in IFig. 1717. The bearing de-
tails differ from those already
described,and a bicycle sprocket
and chain are used for the
drive. Fig. 1716 also shows a
method of making connections
to the transmission line, allow-
ing for continuous rotation of
the antenna. Obviously the

Fig. 1714 — Some of the brac-
ing details of the antenna of Fig.
1712. The braces, 2 X 2s, run to
the midpoints of the antenna ele-
ment supports.
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A method for remote control of 4 eon ppe

rotation of the horizontal structure,
devised by W4CCH, is shown in
Fig, 1718. The antenna-support
framework is mounted to a length
of iron pipe (details not shown) the
lower end of which is fastened to
the ring gear. The connection is

4 -way connection for
Y4 pipe forms bottom
support for system.

made by fastening the gear to a
circular piece of hardwood by
serews, then centering a pipe flange on the oppo-
site side of the wooden picce and screwing it down.
The end of the pipe is threaded to fit the flange.
The remaining details should be quite clear from
inspection of the drawing. The gears are taken
from a discarded Model T rear end, which usually
can be picked up at a junkyard or from a dealer in

second-hand auto parts. The bearings for the drive .

shaft are made from strap iron.
A photograph of the actual installation at the

top of a lattice tower is shown in Fig. 1719, and
Fig. 1720 shows how the connection is made to
the operating room.

Discarded automobile rear ends are readily
adaptable to rotary antennas, since they provide
right-angle drive and also give a reduction ratio
which is neccessary for motor drive. Fig. 1721
shows how W1APA utilized a rear end to turn a
horizontal beam, employing a system very similar
in principle to that just described. The drive chain
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I'ig, 1718 — A drive mechanism for remote mechani- LPart of rear axle

cal control of rotation. us?{éf_ofd/ytenncz
rola /119' -
and eable, however, go straight down .
: 0 2 St L,
the pole to the housing shown in Fig. K s
1722, where the driving motor is in-
stalled. Pulleys adapted from
inexpensive polishing heads pro- Large bicycle
vide additional speed reduction 5,Drgckerf welded
to bring the actual turning speed Lo shaft )
of thga antenna,. down to about 1 'i";A“' Ring gear
rotation per minute. w}, —
Motors & L]

The power required to turn a Brcycle chain Drive

rotatable system depends upon 'g\ fé‘;’;g o‘f';g?fffm shart

its weight and construction, par-
-ticularly with respeet to friction.
‘Not a great deal of power is
needed; a motor capable of de-

of antenna

Galvarized iron wire
running through pulleys
fo a similar sprocket and charn

livering 14 horsepower is ample
for the average rotary, and a Y4-hp. motor will
take eare of the largest.

Since high speed of rotation is undesirable,
both mechanically and from an operating stand-
point — the beam should move slowly enough to
enable setting accurately to the right direction
—reduction of some type is necessary. The
automobile rear ends will provide a step-down
gear ratio, but considerably more is needed for
the conventional motor turning at 1750 r.p.m.
A pulley arrangement such as that shown in
Fig. 1721 can be rigged up without much ex-
pense, or special gears can be installed to do the
same job. Besides reducing speed, a train of
gears also acts as a brake on the antenna so that
it does not “‘coast’ beyond the position at which
the motive power is shut off, and so that it
has less tendency to be blown off the desired

ket -
a)z?io i /Fﬁa
\Nf § Shattallop
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Jromn wire )

Double
blocks

i Sprocket.
and chain
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Fig, 1720 — Hookup of the remote control system
used with the drive mechanism shown in Fig. 1719.

at end of controlf shatt

Fig. 1719 — The drive mechanism of Fig.
1718 installed at the top of a lattice tower.

direction by a wind. On hand-operated systems
it may be necessary to rig up a mechanical brake
to keep the antenna from swinging back and
forth. A drum with improvised brake shoes will
serve for remote-control systems, while weights
on the pull ropes will do for those antennas which
are simply pulled around from the ground.

A reversible motor is an asset in motor driven
systems. Usually, when adjusting an antenna for
maximum response to a received signal, it is
necessary to swing somewhat past the maximum
point in order to be sure of the direction. Unless
the direction of rotation can be reversed, this
means that the antenna must be swung nearly
360 degrees to get back to the desired direction.
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Setting Directions

In most cases the rotary antenna will not be
visible from the operating position, so it is an op-
erating convenience to provide some means for
determining, without leaving the station, the
direction in which the beam is pointing. In those
systems which are rotated mechanically from the
station, it is possible to calibrate the control
wheel so that the direction is known, although in
installations involving a speed reduction some-
where along the control line this may become a
bit complicated.

A favorite type of direction indicator which is
independent of the rotating device is shown in
Fig. 1723. The shaft on which the antenna ro-
tates is fitted with a rotary switch which operates
indieator lights at the operating position. The
lamps may be arranged in a circle according to the
points of the compass, and connected to consecu-
tive switch points so that the lamp elected to
indicate any particular direction will light when
the antenna is in that position. The construction
of the switch will depend upon the method by
which the antenna is rotated; in most eases the
contact arm may be mounted on the rotating
member and the switch points on a stationary
ring surrounding the rotating shaft. Alternatively,
the shaft could be fitted with the points, com-
mutator fashion, and a stationary brush used for
the switch arm. For most beams, four or eight
lamps will be ample, since few rotary beams have
very sharp horizontal-planc patterns. The lamps
may be flashlight bulbs or dial lights working
from a step-down transformer. The switch should
be protected in some fashion from the weather to
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Fig. 1721
leys and combination chain-cable running from top to
bottom of a stationary pole.

Electrical drive through reduction pul-

Fig.

722 — A rotary
system shown in Fig. 1721.

antenna using the driving

make 1ts operation reliable. One disadvantage of
this system is that a wire is needed for each lamp,
which runs into a large number of wires if many
lamps are used. .

A rather simple mechanical indicator for beams
controlled by a rope brought into the station
is shown at B in Fig. 1724. It hardly neceds any
comment aside from the necessity for keeping the
rope tight enough to prevent slipping, plus an oc-
casional check to make sure that the antenna and
indicator are in step.

A different mechanical device, independent of
the rotating mechanism, is shown at A in Fig.
1724. The rotating shaft of the antenna is fitted
with a pulley which is coupled to a similar pulley
at the operating position by means of a cord or
cable running through a length of copper tubing
extending from one pulley to the other. The
second pulley, identical with the first, is equipped
with a pointer and a scale of compass points.
An idler pulley is used to take up any slack in the
line, as shown. The part of the line which goes
through the tubing should be well greased to re-
duce friction. If the line is very long, it will be
advisable to take an extra turn around each
pulley to prevent slipping.

Three systems which use a milliammeter or
voltmeter for the indicator are shown in Fig.
1725. These have the advantage of requiring only
two or three wires. The one at 4 requires but two
wires or one wire and ground. The variable re-
sistance R is arranged to operate with rotation
of the antenna system. With R; set at zero re-
sistance, Rs is adjusted to bring the milliammeter
reading to full scale. Rotation of the antenna will
cause additional resistance to be inserted in series,
decreasing the current reading. The meter deflec-
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tion may be calibrated in terms of compass points.
The chief drawbacks of this arrangement are that
the accuracy will vary with the condition of the
battery (although the accuracy may be checked
by rotating the antenna to the zero-resistance
position and readjusting Rs) and that the full
meter seale cannot be used since the current in the
cireuit never drops to zero.

This last, objection is removed by the circuit of
B, which, however, requires an additional wire.
Rotation of the antenna operates a potentiom-
eter with the meter in series with the arm.
With Re set at the extreme right, R3is adjusted to
bring the meter to full-scale deflection. Then,
rotation of the antenna will change the voltage
across the meter and Rg in series, varying the de-
flection. Since this voltage may be reduced to zero
by rotation to the extreme left, the full scale of
the meter is usable.

The bridge circuit of Fig. 1725-C eliminates
the inaccuracies introduced by changes in battery

lap ~Swrtch Indjcator Lamp
1

lll

¢

L .

=

1oy,

Fig. 1723 — Electrical indicator using lamps for
showing the direction in which the antenna is working.

voltage, although it does not provide automatic
indication of direction. With this circuit, any
setting of K5 will require a similar setting of Rg
to bring the meter reading to zero. The resistances
should be identical. Rs is varied by rotation of
the antenna and Rg is calibrated in terms of
compass points. With the antenna set in any
selected direction, this direction may
be determined by adjusting Rg until
the meter reading falls to zero and the
direction is read from the calibration
of Rg. Conversely, Rs may be set to
indicate some particular direction and
the antenna, when rotated to the point
where the meter reading falls to zero,
will be in the desired position.

The variable resistance or poten-
tiometer may be arranged in the form
of a ring about the antenna shaft. The w
arm projects from the shaft and makes
contact with the resistance ring. The
resistance should be made with the
ends as close together as possible to
permit practically 360 degree rotation.

If the antenna system is capable of
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continuous rotation in the same direction, the
ends of the resistance should be arranged to pre-
vent a short-circuit when the contact arm passes
over them. Otherwise, the resistance must be
driven by means of a proper reduction gear or
belt drive to reduce the travel while the antenna
rotates the full 360 degrees.

Since the scale of the meter is not circular, both
ends of the scale must denote essentially the same
direction. For instance, with North at the low end
of the scale, the meter will indicate successively
NE, E, SE, 8, SW, W, NW and North again at
maximum scale. Continued rotation in the same
direction will cause the meter to drop back to
minimum reading and to repeat the process. This
refers to the circuits of Figs, 1725-A and B. The
circuit of C will also have two settings for es-
sentially the same direction. These occur also at
the extreme ends of the resistances.

Fig. 1726 shows how the antenna can be made
to stop at a pre-selected position. The rotating
shaft is equipped with a switch having any num-
ber of contacts, depending upon the fineness of
control desired. At the operating position, a
switch having the same number of points, but
with a leaf-type contact arm which simultane-
ously closes all but one contact, is used for con-
trol. The station switch is set with the open see-
tion over the contact for the desired direction.
The motor starts up and continues to operate
until the switch arm on the antenna shaft con-
tacts the point connected to the open point on the
control switch, when the circuit is broken and the
motor stops. With the usual gear drive the an-
tenna will practically stop dead when the power
is taken from the motor, so that there is no danger
of over-run. The switch at the antenna end should
be built so that the arm makes contact with the
next switeh point before losing contact with the
preceding one, so that the power will be applied
continuously until the open-circuited contact is
reached.

T
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Fig. 1724 — Mechanical direction-indicator systems.
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Fig, 1725 — Direction indicators using ordinary d.c.
milliammeters. In all cases, the minimum series re-
ristance should be a value large cnough to limit the
current to the maximum scale range of the meter. For
example, with a 10-ma. meter and a 3-volt battery, the
minimum resistance should be 300 ohms. In A, the
resistance of Ri should be large enocugh to bring the
pointer to about 10 per cent of full scale when all the
resistance is in. R = E/I, where E is the battery voltage
and I the current in amperes at 10 per cent of full-scale
range of the meter. Re should be the minimum resistance
already indicated.

In B, Rs is the minimum resistance already men-
tioned, while B2 should be considerably smaller. Use
the lowest value consistent with good battery life.

In C, R7 is the minimum resistance mentioned; Rs
and Reg are identical potentiometers having a value
several times that of R7. The values are not critical.

Feeder Connections

For beams which rotate only 180 degrees, it 1s
relatively simple to bring off feeders by making a
short section of the feeder, just where it leaves the
rotating member, of flexible wire. Enough slack
should be left so that there is no danger of break-
ing or twisting. Stops should be placed on the
rotating shaft of the antenna so that the feeders
cannot “wind up.”’ This method also can be used
with antennas which rotate the full 360 degrees,
but again a stop is necessary to avoid jamming
the feeders.

For continuous rotation, the sliding contact is
simple and, when properly built, quite practica-
ble. Fig. 1727 shows two methods of making slid-
ing contacts. The chief points to keep in mind are
that the contact surfaces should be wide enough
to take care of wobble in the rotating shaft, and
that the contact surfaces should be kept clean.
Spring contacts are essential, and an “umbrella™
or other scheme for keeping rain off the contacts
is a desirable addition. Sliding contacts preferably
should be used with non-resonant open lines
where the impedance is of the order of 500 to 600
ohms so that the current is low.

A good, but relatively expensive, contact sys-
tem can be made by using mercury in ring-shaped
grooves for the movable contact, with rods dip-

ping in the mercury for the fixed contacts. A
contact system of this type was described in
May, 1938, QST.

The possibility of poor connections in sliding
contacts can be avoided by using inductive
coupling at the antenna, with one coil rotating on
the antenna and the other fixed in position, the
two coils being arranged so that the coupling does
not change when the antenna is rotated. Such an
arrangement is shown in Fig. 1728, adapted to an
antenna system in which the pole itself rotates.
A quarter-wave feeder system is connected to a
tuned pickup ecircuit whose inductance is ecoupled
to a link. In the drawing, the link eoil connects to
a twisted-pair transmission line. The cireuit
would be adjusted in the same way as any link-
coupled cireuit, and the number of turns in the
link should be varied to give proper loading on
the transmitter. The rotating coupling circuit of
course tunes to the transmitting frequency. The
whole thing is equivalent to a link-coupled an-
tenna tuner mounted on the pole, using a parallel-
tuned tank at the end of a quarter-wave line to
center-feed the antenna. To maintain constant
coupling, the two coils should be quite rigid and
the pole should rotate without wobble. The two
coils might be made a part of the upper bearing
assembly holding the rotating pole in position.

Other variations of the inductive-coupled
system might be worked out. The tuned circuit
might, for instance, be placed at the end of a
600-ohm line, and a one-turn link used to couple
directly to the center of the antenna, if the con-
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Fig. 1726 — A method for bringing the antenna auto-
matically to any desired position.
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struction of the rotary member permits. In this
case the coupling can be varied by changing the
L/C ratio in the tuned circuit. For mechanical
strength the coils preferably should be made of
copper tubing, well braced with insulating strips
to keep them rigid.

The simplest solution to the feeder problem is
to use vertical antenna elements, when circum-
stances permit, and simply rotate a director or
reflector — or both — about a fixed antenna.
Systems of this type were shown earlier in the
chapter.

Antenna Elements

The majority of rotary beam antennas are con-
structed with antenna elements of metal tubing,
usually dural. Copper and copper-plated steel
also are used. Light weight is obviously desirable,
since a lighter supporting frame may be used.
Suitable units are available commercially. The
more rigid the elements the smaller the supporting
structure may be. For 28-Mec. work, half-inch
dural tubing will be large enough for a center
section, with end sections of approximately 34-
inch diameter sliding in the center sections.
Using a center section about 8 feet long, the end
sections may be allowed to extend approxi-
mately 4 feet on either side. The element length
can be adjusted to the proper value by sliding the
end sections in and out. Such an element can be
supported readily by a frame four feet wide.

For 14-Me. work larger tubing is needed to give
the necessary rigidity with a frame of reasonable
size. Tubing-74 or 1 inch in diameter is satisfac-
tory for the center section with end sections of
the next smaller size which will just slide in com-
fortably. To avoid excessive droop a support 10
or 12 feet wide will be required for this type of
tubing. The width needed can very easily be
determined by setting up the element on a pair of
chairs or boxes and adjusting the spacing between
supports until a width which keeps the element
reasonably horizontal is found. The type of an-
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Fig, 1728 — Inductive coupling to a rotary antenna
to permit continuous rotation without sliding contacts.

tenna system to be used also should be taken into
consideration ; the elements should not be allowed
to whip too much in a wind, since in systems us-
ing spacing of the order of 2{¢ wavelength the tun-
ing will change considerably when the relative
positions of the elements change by only a few
inches.

The conventional method of mounting tubing
elements is to clamp them to standoff insulators
by clamps made from brass strip. The clamp is
shaped to fit around the tubing, with the ends
extending sufficiently to allow holes to be drilled
to pass the screw which goes into the top of the
insulator.
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Fig. 1727 — Two methods of constructing sliding contacts for rotary antenna feeder systems.
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TRANSMITTING ANTENNAS FOR RECEPTION — TUNING SYSTEMS AND
SWITCHING ARRANGEMENTS — LOOPS

FOR the amateur engaged in traffic work
or general ragchewing, where operating con-
venience overshadows any other factor, a sepa-
rate straight-wire antenna of random length is
normally quite satisfactory for reception. This
should preferably be as far removed from the
transmitting antenna as possible, so that a mini-
mum of energy from the transmitter will be
picked up. If a short wire picks up too much
““man-made noise” in the form of hash and inter-
ference from motors and other electrical appli-
ances, 1t is advisable to use a half-wave antenna
cut for the frequency band most often used and
fed by low-impedance twisted pair such as is sold
for ““all-wave’ broadcast antennas. By placing
the antenna at a point removed from the source
of noise, the noise will be reduced and, since the
line is balanced, the low-impedance line will run
back through the noisy area but will not pick
up any noise. Low-impedance line will not in
itself reduce noise, but it allows the antenna to
be placed at a distance and still feed its signal
back to the receiver. If a half-wave antenna is
used, it should be placed at right angles to the
transmitting antenna and as far away as possible.

Receiving with Directive Antennas

The amateur fortunate enough to own a direc-
tive antenna, or even the one who is content to

fow- /'m/oedance line

a
~

Fig. 180] — The doublet antenna with low-impedance
line is used for noise reduction by placing the antenna
outside or away from the noisy area and running a low-
impedance line to it. The line itself doesn’t reduce the
noise but, because it has no pick-up itself, it enables the
antenna to be fed through aninterference-generating area.

work without break-in, should always use his
transmitting antenna for receiving. The reason
is obvious: signals that are loud when the trans-
mitting antenna is used for receiving indicate
that the antenna is favorable for that direction
and consequently will put a signal there. If sepa-
rate antennas are used, a signal might be heard
for a direction where the transmitting antenna
has a null, and all the calling one could muster
probably wouldn’t result in a QSO. With rotary
antennas, one can rotate the array until the signal
peaks up and the operator can then feel assured
that his antenna is aimed correctly at the station.

If two or more directive systems are available,
some provision should be made for quick switch-
ing from one to the other or others, so that when
listening one can identify the direction of the sig-
nal even before the station signs. Even with an-
tennas with no marked directional characteristics,
switching will show which one yields the louder
signal and hence should be used for transmitting
as well.

Many stations operate with a d.p.t. switch
hand-operated by the operator to switch the
antenna from the transmitter to the receiver and
back again. However, it is far more satisfactory
to use one of the antenna change-over relays now
available on the market. They are made with
good insulation and work from the 115-volt a.c.
line, so that it is only necessary to connect them
across the primary of a plate transformer and
every time the transmitter is switched on the
antenna relay operates and switches the antenna
from the receiver to the transmitter. The relay
should preferably be mounted on the wall where
the antenna feeders come in the shack. If un-
tuned line feed is used to the antenna, the line
inside the shack should be made of the same
impedance as the line that runs outside the sta-
tion to the antenna. The line inside the shack
doesn’t have to have the same dimensions, but
the wire size and spacing should be such that
the impedance of the line is the same as that
outside the station. The same applies to the line
running to the receiver, but this is not too im-
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portant and can be disregarded if it seems to be
too much trouble. However, for maximum signal
into the receiver, the line impedance should re-
main as nearly constant as possible and the line
should be matched at the receiver.

Coupling the Receiver

In most cases, manufactured receivers are de-
signed for an input impedance of from 250 to 600
ohms, and any flat line will matech into them fairly

L,
SR K == saliy TR
Feeders =G Cm= Receiver

Ly
DRI, S 7Y [ 7Y SR——

(A)
Ant.

t Ls
W”"’T‘—‘"’”‘
= C C Receiver
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ahdl 2 T
in I oGhdl
= ( B)
—
-‘--o-—-—-—b-:g =;C3 Ant.
Feeders LeELs Receiver

L-—leﬂf-

Fig. 1802 — Three types of circuits for coupling an-
tenna to receiver. A, balanced pi-section network; B,

single-ended pi-section network; C, tuned circuit with
taps for matching impedances.

C1 — 150-pufd. variable.

C2 — 100upfd. variable.

C3 — 50uufd. variable or larger.

L1, Le, L3 — 25 turns No. 26, spaced to occupy l-inch
length on 1l-inch diameter form; tapped at
2nd, 5th, 9th, and 15th turns.

L4 — Proportioned to resonate with Gz in the desired
band.

Ls — 3 or 4 turns wound on L4; see text.

In C, one side of the line from Ls can be grounded to
reduce capacity coupling.

well. However, the operator with tuned feeders
on his antenna or antennas will do well to tune
his antenna for receiving as well as for transmit-
ting. Either matching networks or a conventional
tuned circuit can be used, and several types
are shown in Fig. 1802 and one is pictured in
1803. The tuner is mounted near the receiver
input terminals or, in the case of the link-coupled
tuner (Fig. 1802-C), the line can be run from the
tuner to the receiver for a distance of several
feet if necessary. The link should be an open
line of about 400 ohms impedance and can be
made of No. 14 spaced one inch. The tuned cir-
cuit can easily be made with a midget condenser

and small coil of one-inch diameter or so, ad-
justed to resonate at the operating frequency.
If the circuit does not peak up sharply on signals,
it indicates that the coupling is too close or that
the receiver is slightly out of line. A two-turn
link wound over the inductance is satisfactory
in most cases. The link ecan be grounded on one
side to eliminate any capacity coupling between
the antenna tuner and the receiver which might
be responsible for noise pick-up and a poor image
ratio.

When the transmitter is equipped with a link-
coupled antenna-tuning unit, the same unit may
be used without change for the receiver, simply by
installing the changeover switch in the coupling
link rather than in the feeders. This is shown at
C in Tig. 1804. The same drawing also shows a
series-parallel circuit, with tapped coil, especially
adaptable to resonant feeders. Various other
switching arrangements also arc shown in Tig.
1804.

Using the same antenna-tuning unit for both
transmitting and receiving is advantageous in
that it reduces the amount of equipment needed;
furthermore, the greatest response to incoming
signals is automatically secured at and near the
frequency to which the transmitter is tuned.
However, the separate tuner is more convenient
in that it is possible to listen on other frequencies,
and on other bands, without loss of signal strength
and without disturbing the tuning for trans-
mission.

Grounds

Most modern receivers do not require an ex-
ternal ground, since they are grounded through
the power supply by the capacity of the trans-
former windings. However, in some instances a
direct ground to the receiver will boost the signal
pickup and, in the case of regenerative receivers,
reduce the body capacity. The direct ground can
be made by running a wire to a radiator or water
pipe or directly to a pipe in the ground.

Loop Antennas

Loop antennas can be used on any band from
1.8 to 30 Me., although as the frequency becomes
higher greater care must be talken to balance the

Fig. 1803 — Receiving-type antenna coupler using
the circuit of Fig. 1802-A. A two-section tap-switch is
used to vary the inductance of L1 and Lz. Input and out-
put terminals are mounted on the rear of Ci and Co.
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The schematic diagram of
a loop (W6GPY) suitable for
the 1.75 and 3.5-Mec. bands is
shown in Fig. 1805, while the

7o receiver construction of the loop is
B indicated by the drawings of
Fig. 1806. The link-coupled
arrangement is convenient
because it provides a means
of obtaining at least an ap-
proximate match between the
input impedance of the re-
ceiver and that of the loop.

For most satisfactory di-
rectional effects, 1t is essential
that the loop respond only to

-fed

l?~3

Volt.

Receiver

L s
DPDT switch or re/ay

C

Antenna Tuner No. 1

i

Ii'ansm/&ier

Antenna luner No.2
D.PD. T ’
ﬁ Recerver

D.PD.T.

E

Fig. 1804 — Antenna switching systems. A — For tuned lines with separate
antenna tuners or low impedance lines. B — For voltage-fed antenna. C — For
tuned line with single tuner. D — For voltage-fed antenna with single tuner,
E —TFor two tuned-line antennas with tuner for each antenna or for low-

impedance lines. F — For several two-wire lines.

capacity to ground. The advantage of the loop
antenna is that, on reception, it has a very sharp
null in the direction perpendicular to the plane
of the loop and thus becomes useful in reducing
interference.

The loop antenna simply consists of a number
of turng of wire wound to a diameter of one to
three feet. The two ends of the loop are connected

Link to Receiver

DRD.T switch or ns-/ay

—e
, Transmitter

the magnetic component of
the wave and not to the
D electrostatic component. Re-
sponse to the electrostatic
component can be made neg-
ligible by enclosing the loop
in a metallic container which
forms an open-circuited turn,
as indicated in Fig. 1806. The
tuning equipment and line
to the receiver also should
be shielded.

Although the signal strength
with a loop antenna, is smaller
F than from a regular antenna,
the sharp null of a properly-
constructed loop often makes
possible reception through
noise or interference which
could not be carried on with
a conventional antenna. Fx-
cept for the null, the directional characteristics
are not very marked, so that the response to an
interfering signal or source of man-made noise
may be reduced to a very low value without
affecting materially the response to the desired
signal, providing only that the desired signal is
not in exactly the same direction as the QRM.

A loop often will give good results even without

Receliver
0.PD.T

Fig. 1805 — The loop cir-
cuit. The four-turn loop is
tuned by condenser C, a broad-
cast-type variable having a

Doublet IsTR.F.

maximum ecapacity of about
370 uufd. The loop resonates

(Sfr/‘e/c/

> '. ,' Ground to
loop shreld

/nput_‘\
I to the 160-meter band with C
near maximum capacity, and
= to 80 meters with C near
minimum.
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Fig, 1806 — Details of loop construction. The : | Wooden, Scff‘@’-"
I

. . e 3 e.
spacers, cut from 34-inch round stock and drilled " e P
in the center, are spaced every three inches along Hole Copper Tubing

the wires, and taped in place. Five separate
wires, of length sufficient to run through the
tubing with a little to spare, are used: The wire
and spacer assembly is pulled through the tub-
ing and four of the wires spliced at the opening
to form the loop proper. The fifth wire is the link

SPACER

: P : ; B
for coupling to the receiver. The insulation at " / rufsﬁ;
one end of the tubing is essential, since a con- Brass Tubing | bobe

tinuous circuit would prevent signal pickup. for swivel

Metal box containin
tuning condensets

shielding, although lack of ability to give a
good null may be taken as an indication
that shielding is necessary. In using any Qunlerneight
loop, it is essential to make sure that other

antennas in the vicinity are detuned from P::’Teﬂrtqw”ﬂetmy
the receiving frequency, since re-radiation Shielding
from regular antennas may be as strong or |~

stronger than the direct signal received by Swivel for SHvelded link

the loop. In such case, of course, good nulls plidin Rec.

cannot be secured because of the supple- horizontal

mentary fields of the re-radiating wire or axrs

wires. ) ;
Swivel for swing
'__r around vertical axss

Other Publications by the American Radio Relay League

" QST — The Official Magazine of The American Radio Relay League QST faithfully and adequately reports each month
the rapid development which makes Amateur Radio so intriguing. Edited in the sole interests of the members of The Ameri-
can Radio Relay League, who are its owners, @S7T treats of equipment and practices and construction and design, and the
romance which is part of Amateur Radio, in a direct and analytical style which has made QST famous all over the world. 1t is
essential to the well-being of any radio amateur. @S7 goes to every member of The American Radio Relay League and
membership costs $2.50 per year in the United States and Possessions. All other countries 83.00 per year.

The Radio Amateur’s Handbook — ‘' The all-purpose volume on radio.”” Text, data book, operating manual — it is all
these and more. As a text it is probably more used in radio schools and colleges than any other single volume. As a practical
constructional handbook, it stands in a class alone. As an operating manual, it provides information available from no com-
parable source.

The latest edition of The Radio Amateur’s Handbook is postwar in content, containing 688 pages of the kind of material
which has made the Handbook world famous. With the suddenness of peace it meant much redoing of the Handbook but
this was done. Retained is the highly successful treatment of fundamentals which was an innovation of the 1942 edition.
Stripped to essentials, the theory and design sections cover every subject encountered in practical radio communication,
sectionalized by topies with abundant cross-referencing and fully indexed. An ideal reference work, this Edition also contains
all the constructional information on tested and proved gear which has always been the outstanding feature of the Handbook.
$1 postpaid in Continental U. S. A, $1.50 postpaid elsewhere. Buckram bound, $2.50.

The Radio Amateur’s License Manual — To obtain an amateur operator’s license you must pass a government exami-
nation. The License Manual tells how to do that — tells what you must do and how to do it. It makes a simple and compara-
tively easy task of what otherwise might seem difficult. In addition to a large amount of general information, it contains
questions and answers such as are asked in the government examinations. If you know the answers to the questions in this
book, you can pass the examination without trouble. Price 23¢.

The A.R.R.L. Antenna Book — A comprehensive manual of antenna design and construction, by the headquarters
staff of The American Radio Relay League. Eighteen chapters, profusely illustrated. Both the theory and the practice of all
types of antennas used by the amateur, from simple doublets to multi-element rotaries, including long wires, rhomboids,
vees, phased systems, v.h.f. systems, etc. Feed systems and their adjustment. Construction of masts, lines and rotating
mechanisms. The most comprehensive and reliable information ever published on the subject. Price 50¢.

Hints and Kinks — Amateurs are noted for their ingenuity in overcoming by clever means the minor and major obstacles
they meet in their pursuit of their chosen hobby. An amateur must be resourceful and a good tinkerer. He must be able to
make a small amount of money do a great deal for him. He must frequently be able to utilize the contents of the junk box
rather than buy new equipment. Hints and Kinks is a compilation of hundreds of good ideas which amateurs have found
helpful. It will return its cost many times in money savings — and will save hours of time. Price 50¢.

How To Become a Radio Amateur — This publication is recognized as the standard elementary guide for the prospec-
tive radio amateur. Price 25¢.

Lightning Calculators — Circular slide rules, on 814 x 11-in. bases, of special cardboard, with satisfactory accuracy.
Two types: Type A solves problems in frequency, wavelength, inductance and capacity. Price $1.00. Type B makes compu-
tations involving voltage, current and resistance. Price $1.00.
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