











system. See figure 23 on page 21. This same
102 foot radiator can also be fed as a John-
son Q system. The Q matching section should
be 49 feet 5 inches long. The proper spacing
between the Q bars varies with the char-
acteristics of the transmission line connect-
ed to it. One-inch spacing of 74 inch alum-
inum tubing worked out right for a trans-
mission line made with no. 14 copper wire
spaced 6 inches. The impedance at the in-
put of this particular Q matching section
is approximately 625 ohms on 14,200 and
3950 ke. See figure 16 on page 22.

Length Formulas for Harmonic Antennas

Basic formula

492 (K—.05)
§ T
fmc
where K=no. of half waves on wire.
Half wave (K=1)
467.4
| BV —
fmc
Full wave (K=2)
9594
Lteot =
fmc
Three half waves (K=3)
1451.4
Lfeet:
fmﬁ
Four half waves (K=—=4)
1943.4
Lteet.:
me
Eight half waves (K=28)
39114
Lfeet:
fmc
Sixteen half waves (K=—16)
7847
Ltesr—
fmc

When calculating antenna lengths the an-
swer almost always comes out in decimal
parts of a foot. The following table pro-
vides a simple means of transposing be-
tween feet and inches. Fractional parts of
an inch are not used as no common antenna
need be cut to the fractional part of an inch.
However, it sometimes is desirable to know
the closest inch quite accurately. The table
is used as follows: Suppose that an antenna
for a given frequency works out to be
124.39 feet. We wish to know how many

Pictured here is an idea for a 56 mc.

rotatable beam array. Its originator is
Don Knock, VK2NO.
inches are .39 or thirty-nine hundredths of a
foot. Glancing down the column we find
that .39 appears between 0.375 and 0.458.
Thus the closest inch is 5 inches.
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Decimal Fraction Nearest
of a Foot Inch

0.000 to 0.042 0”
0.042 to 0.125 1%
0.125 to 0.208 27
0.208 to 0.292 3”
0.292 to 0.375 4”
0375 to 0.458 B
0.458 to 0.541 6”
0.541 to 0.625 7
0.625 to 0.708 8”
0.708 to 0.791 9”
0.791 to 0.875 10”7
0.875 to 0.958 12 s
0.958 to 1.000. 127
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Directive Properties of Antennas

No antenna radiates energy equally well
in all directions. The directive properties
of an antenna depend upon its length, its
height above ground, and its slope. The rel-
ative field strengths in various directions
about an antenna may best be shown by
means of “polar diagrams” in which the dis-
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Figure 1

Typical Polar Diagram of Horizontal Directivity
of a Dipole in Free Space.

tance from the antenna out to the polar
curve in any direction indicates the relative
ficld strength set up in that dircction. We
can indicate most of the directive properties
of any antecnna with two “polar diagrams”.
The first type of polar diagram is that which
indicates the horizontal directivity of an an-
tenna, or represents looking down on the
antenna from above. Figure 1 shows a
typical polar diagram of horizontal direc-
tivity. In addition to directivity in the hor-
izontal planc or in various dircctions around
the horizon, we are also greatly interested
in the directivity of an antenna in the ver-
tical plane. The sky wave is of much more
importance than the ground wave in long-
distance, high-frequency conununication, and
the vertical directivity (the angle of radi-
ation above the horizon) materially affects
the skip distance.

Antenna Radiation Characteristics
All antenna discussions start with the
half-wave or dipole radiator. A half-wave
doublet, Zepp., single wire fed, matched im-
pedance, or Johnson “Q” antenna all have
practically the same radiation pattern, when
properly built and adjusted. They are all

Directive Antennas

dipoles, and the fecder system should have
no effect on the radiation pattern.

The radiation pattern from a dipole can
best be conceived as a fat doughnut with the
antenna wire passing through the center of
the hole. Sce figure 1. Thus if the wire is
vertical, the doughnut of radiation extends
outward in all directions in the horizontal
planc. When the dipole is horizontal, radia-
tion in the horizontal plane is least off the
ends of the wire and greatest in a direction
at right angles, or broadside to the wire.
However, as the “doughnut” around a
simple half-wave antenna is quite fat the
actual differcnce between the power radiated
broadside and the end fire power radiated
is not very great. Nearby objects also min-
imize the directivity of a dipole radiator so

I{4>\

Figure 2
Endwise and Broadside Directivity Obtained in
Actual Practice With a Horizontal Dipole at
Different Heights Above Earth.

that it hardly scems worth while to go to
the trouble to rotate a simple half-wave
dipole in an attempt to improve transmis-
sion and reception in any direction.

‘When the half-wave dipole is brought
close to earth its radiation pattern changes
somewhat due to reflection from the earth
1f the dipole is mounted vertically the radi-
ation is the same in all directions around
the lhorizon, which means that its curve of
horizontal directivity would be perfectly cir-
cular. As far as the vertical directivity or
angle of major radiation is concerned, it
dees not go out directly at right angles to
the antenna or parallel with the ground as
might be expected, but instead, due to re-
flection from the ground, the wave is pro-
jected upward. The angle of radiation above
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the horizon varies with the height above
ground and is reduced as the height of the
antenna goes up. In other words, the
higher a vertical half-wave antenna the
lower the angle of radiation.

The horizontal directivity of a horizontal
dipole remains unchanged when viewed from
above as the height of the dipole above
ground is varied; thus figure 1, which is a
top view of a horizontal dipole, is inde-
pendent of height. The “angle of radiation”
or the vertical directivity of the horizontal
dipole varies with the height of the antenna
above ground in a manner somewhat similar
to that of a vertical dipole. Again the
higher the antenna the lower the angle of
radiation with respect to the horizon.

When a multiplicity of radiating dipoles
are so located and phased as to reinforce
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Figure 3
ANGLE OF RADIATION CHART
Showing the angle of radiation above the
horizon of the major low-angle lobe in a
horizontal half-wave antenna.

the radiation in certain desired directions
and to neutralize radiation in other unde-
sired directions a directive antenna array
is formed.

The function of a directive antenna when
used for transmitting is to give an increase
in signal strength in some direction at the
expense of reduced signal in other direc-
tions. For reception one might find useful
an antenna giving little or no gain in the di-
rection from which it is desired to receive
signals, if the antenna is able to discriminate
against interfering signals and static arriv-
ing from other directions. A good directive
transmitting antenna, however, can gen-
erally also be used to good advantage for
reception. For communication with a dis-
tant locality, the maximum effectiveness of
a directive system is obtained when the di-
rection of the beam coincides with the great
circle route to the distant point.

The great circle course between any two
points on the surface of a sphere, such as
the earth, is the shortest course between
those two points. It is not a straight line

Above is shown the unusual 75 meter beam antenna
of WOPZ. It is “aimed” merely by punching the
proper push-button at the operating position inside
the station. The vertical duraluminum poles are the
14, wave vertical antennas. Thq wood poles in the

t the tra line and the

foreground PP
control wires.

as drawn on the average flat or Mercator
projection of the world. It can be deter-
mined by means of spherical trigonometry
or by stretching a rubber band between the
two points on a globe. The maps on pages
59, 60, and 61 show all great circle courses
from the three key cities of Washington,
D.C.; Topeka, Kansas; and San Francisco,
California as straight lines to all parts of the
world. By using the map which is keyed
to the city nearest you, there will only be
a minute error developed for distances un-
der 9000 miles for any amateur living in the
United States. Strictly speaking, the maps
should be used only for the cities on which
they are keyed, but errors of direction of as
much as 5% or so are unimportant in radio
work as the ionosphere causes some wave
scattering anyway, making the direction of
a received signal vary 5% or more. Also,
even a highly-directional antenna covers
several degrees with the “strong” part of
its field-pattern lobe, further making small
errors in direction calculation of little im-
portance.

There are two kinds of antenna directiv-
ity : horizontal plane and vertical plane di-
rectivity. Directivity in the vertical plane af-
fects the angle of radiation with respect to
the horizon and affects the skip distance for
any frequency. It has been pretty well de-
termined that low angle radiation (7 to 20
degrees) is most useful for working locally
and for very long distances, such as 4,000
miles or more. Higher angle radiation (20
to 50 degrees) is more useful for working
out from 500 to 4,000 miles. The best angle
for a given distance varies with the fre-
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quency, time of day, season of the year, and
the sunspot cycle.

If amateur stations were uniformly scat-
tered around the horizon, horizontal direc-
tivity would be undesirable for the amateur
who wishes to be able to work everyone
else. However, a short study of an azimuth
projection of the world (wherein all great
circle courses from a given point are
straight lines. See page 59) will show that
the great majority of amateurs in the world
are concentrated in from four to six great
circle courses from a given point. In Cali-
fornia two bi-directional antennas will ef-
fectively cover all continents but Europe, as
North America and Africa are directly op-
posite Australia while South America is di-
rectly opposite the Orient. Europe is a
little East of North from here and in the
opposite direction the great circle course
travels about halfway between Tasmania
and Little America, which means that an
antenna directive on Europe would not be
particularly useful in the opposite direction.

Commercial practice in constructing large
antenna arrays for transmitting is to obtain
the gain chiefly by directivity in the hori-
zontal plane and make use of only limited
directivity in the wvertical plane. There
seems, thus, to be considerable faith in a
great circle mode of transmission. For re-
ceiving, however, it has recently been found
advantageous also to use high directivity in
the vertical plane to select one of a group
of downcoming waves from a distant station,
in order to mitigate fading due to phase
interference of scveral components of the
group.

The effect of some amateur stations re-
ceiving considerably improved reports in the
line of a beam and also slightly better re-
ports in all other directions might be ex-
plained on the basis of a field pattern hav-
ing the main lobe of radiation in the favored
direction and also a cluster of smaller, nar-
row lobes of radiation in a number of other
directions. If these small lobes happened to
fall in the proper directions, one might not
readily detect that there were directions of
low signal (directions of minimum radia-
tion) between, when relying solely on re-
ports from distant stations.

There can be no question but that the
use of one or more beam antennas is a good
investment for the amateur who has avail-
able room for a beam near his home. Really
tremendous gains in effective radiated
power can be obtained with relatively in-
expensive antenna arrays. For the amateur

Top VIEW OF LOBES
OF MAXIMUM RADIATION

PATTERN FROM LONG WIRE

Figure 4

Horizontal Directivity of a Full-Wave Antenna.

who is already using the maximum legal in-
put to his final amplifier, the directive an-
tenna array provides a means of increasing
“effective” power without stepping outside
of the legal limit. One of the most comiplex
and extensive beams now in existence gives
a power gain of 23 decibels in one particu-
lar direction, 23 decibels represents a power
gain of 200 times, and thus if the antenna
array were fed 1,000 watts of r.f. power,
the signal at all receiving stations within the
aperture of the array would receive the
equivalent of a 200,000 watt signal being
radiated from a single half-wave vertical
Hertz dipole. This particular antenna is un-
doubtedly too expensive and too hard to
adjust for an amateur. In fact, the aper-
ture of such an array is believed to be too
narrow even for point to point communica-
tion between two fixed stations, due to the
phenomenon known as apparent deviation
from a great circle course. Most authori-
ties agree that an antenna gain of 16 db. is
about as high as practicable at the present
time. Sixteen db represents a power gain
of 40 times, and it takes quite an extensive
array to obtain this amount of directivity.
Probably the maximum amount of antenna
gain economically feasible for amateurs is
about thirteen db. This represents a power
gain of 20, which means that a kilowatt
transmitter lays down a 20 kw. signal in
the favored direction. Several relatively
simple antenna arrays that are easy to ad-
just are capable of gains exceeding 7 db,
which is a power gain of five times.

The econornics of directive antennas are
interesting. A commercial radio telegraph
transmitter can be built for about $5.00 per
watt of output. A commercial pheone trans-
mitter would cost about twice that, or about
$10.00 per watt of output. An amateur radio
telegraph transmitter can be built for about
$1.00 per watt, while a phone transmitter of
good design costs about $2.50 per watt. Thus
a 100 watt amateur phone transmitter would
probably cost somewhere in the neighbor-
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hood of $250.00. Suppose that the owner of
this hypothetical 100 watt transinitter want-
ed to lay down a 500 watt signal in a given
direction. A 500 watt transmitter would
cost him approximately $1250.00, which is
$i000 more than the 100 watt transmitter.
As telephone poles in many sections of the
country are installed at 50-cents per foot of
height and good steel core antecnna wire is
only about 1l-cent per foot, think what a

“fine business” directive antenna array
could be erected for the thousand
dollar difference in transmitter costs.
Of course, he would sacrifice field

strength in other than the favored direc-
tion, but $1000 ought to build the average
hami who has the room available, enough

Figure 5

Showing How the Lobes of Two Full-Wave Antennas
May Be Arranged to Add and Cancel, Thus Provid-
ing Increased Directivity (Vee Beam).

directive antenna arrays to work all conti-
nents and even give him the choice of the
long way or the short way around.

Directive antennas can be classified into
two general types: the long wire antennas
and the stacked dipole arrays. Both types
can be made to give very good results and
each type has its advantages and disad-
vantages.

Long Wire Aniennas

The first and simplest step toward in-
creased directivity is to use a long wire,
which may be up to fifteen or twenty wave
lengths long.

The single half-wave Hertz dipole is es-
sentially a broadside radiator of energy, al-
though the radiation pattern is quite broad.
See figure 1.

As the length of the radiator is increased,
in even multiples of a quarter wave length,
the doughnut of radiation around the sim-
ple dipole changes into two cones located
apex to apex. In other words, there is a
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Figure 6
Typical ‘“Vee Beam’ Antenna.

cone of radiation around each end of the
wire. See figure 4. The angle that the
cone makes with the wire gets smaller as
the length of the wire is increased, so that
as the length of an antenna is increased the
antenna changes from a broadside radiator
into an “end-fire” radiator. As all long wire
antennas are necessarily horizontal, or par-
allel with the horizon, the portion of the
radiating cones that shoot radiation upward
into the sky and downward into the earth
are uscless and only those portions of the
cones that shoot radiation outward more
or less parallel to the surface of the earth
are useful. It will be seen that a small part
of each side of each cone usefully radiates,
so that a long wire antenna radiates best
in four directions. The longer the wire the
smaller is the angle between the lobes of
maximum radiation and the wire itself. If
the wire had an infinite length and had no
r.f. resistance the lobes of maximum radia-
tion would shoot exactly off the ends of the
antenna.

Note that if two long-wire antennas are
built in a form of a “vee”, it is possible to
make two of the maximum lobes of one leg
shoot in the same direction as two of the
maximum lobes of the other leg of the vee.
See figure 5. It is also possible to make
the other two lobes of each leg of the vee
ncutralize and cancel each other. Thus a
sroperly built vee antenna is bi-directional;
in other words it radiates maximum power
in two exactly opposite directions. A typ-
ical vee antenna can be six and three-quar-
ters wavelengths on each leg. The angle
between the two legs (which decreases as
the length of each leg increases) should be
approximately 40 degrees. Another useful vee
antenna, though much less directional than
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Figure 7-A. Showing the included angle

between the two legs of a Vee-beam an-
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~»
=]

o
o

160,

140) —
|

a1e0—
i
100
&
2
& gof

60

a0+

20{*%» :

qIIER

0 2 4 6 8 o 12

LENGTH IN "L* WAVELENGHTHS

DIAMOND OR RHOMBIC BEAM CURVE
Figure 7-B. Showing the included angle at
each side of the diamond. This is not the
included angle at each end of the diamond.
This included angle is twice the tilt angle

of the array.
the preceding one, is one and a half wave
lengths long on each leg, in which case the
angle between the legs is exactly 90 degrees
or a right angle.

The vee antenna can have each leg either
an even or an odd number of quarter waves
long. If an even number of quarter waves
long the antenna must be voltage fed at the
apex of the vee, while if an odd number of
quarter waves long current feed can be
used. Figure 6 shows a typical vee antenna
and figure 7 includes a curve showing the
relationship between the length of each leg
and the angle included between the two
legs.

Building a reflector vee similar to the radi-
ator, an odd number of quarter waves be-
hind or in front of the antenna, concen-
trates all the radiation in one direction.
Building a similar vee above or below the
vee, and fed in phase, gives some vertical
directivity and concentrates the radiation
at a low angle with respect to the horizon.
Sce figure &

The directivity of a long wire does not
increase very much as the length is in-
creased beyond about fifteen wavelengths.
In fact the directivity does not go up in pro-
portion to the additional cost of the long
wire after about 8 wavelengths are used.
This is due to the fact that all long wire
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Figure 8

Stacked ‘““Vee’” Antenna With Reflector.
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antennas are adversely affected by the r.f.
resistance of the wire. This resistance also
affects the “Q” or selectivity of the long
wire and as the length is increased the tun-
ing of the antenna becomes quite broad.

TABLE 1
Radiation Resistance of Harmonic
Antennas
N%\ of Radiation Angle of Power in
A resistance n.lax.im.um lgg’él‘);f
5 ohms radiation radiation
1 | 72 o0 | 1
2 90 55° 1.15
3 100 46.5° 1.25
4 110 37° 1.35
5 115 34.5° 1.5
6 122 30.5° 1.7
7 125 28° 1.85
8 131 27° 21
9 135 25.5° 2.3
10 139 24° 2.55
11 142 | 225° 2.75
12 145 21° 3.1
13 148 20.5° 3.3
14 150 20° 3.65
15 | 152 19.5° 3.9
16 154 19° 425
17 156 | 185° 4.55
18 158 | 18 | 49
19 160 17.5° | 5.25
20 162 17° | 565
21 | 163.5 16.5° 6.0
22 | 165 16° 6.3
23 I 166.5 15.5° 6.75
24 | 168 | 15° | 7.2
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Figure 9

Aperiodic, Unidirectional, Long-Wire Antenna.

In fact, a long wire about 15 waves long is
practically aperiodic and works almost
equally well over a wide range of frequen-
cies.

Terminating the far end of a long wire
antenna in its characteristic impedance
makes it even more aperiodic and, at the
same time, tends to make it unidirectional.
See figure 9. In other words it radiates
only away from the transmitter out over
the terminating resistance. The power that
otherwise would be radiated out back in the
opposite direction from the resistance-ter-
minated end is dissipated in the resistance.

The Rhombic Antenna

This leads us to the diamond, or horizon-
tal rhombic type of antenna. The diamond
antenna is simply a vee antcnna with an-
other vee backed up against the first one.
See figure 10. A properly built diamond
antenna is always unidirectional. R.f. power
is fed into one apex of the two vees and
the apex of the other vee is terminated in
its characteristic impedance with a resistor.

The directive gain of the diamond or
Bruce rhombic antenna is dependent on the
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Figure 10
The Rhombic (Diamond) Directive Antenna
System Developed by Bruce and Widely Used in
Commercial Applications.

height above ground and the tilt angle as
well as the overall length of each of the
four radiating wires in the array. There-
fore the gain is not easy to calculate.

One typical diamond that gives a gain in
power in the favored direction of 25 times
(14 db.) has cach leg 314 wavelengths long.

The included angle at the front and back
is 64 degrees and the angle at the sides
(twice the tilt angle) is 116 degrees. The

height above ground is a half wave and the

vertical angle of radiation becomes approx-

imately 13 degrees. This antenna will work

over a range of almost four to one in fre-

quency, although the directivity is greatest
7
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H = HEIGHT ABOVE EARTH IN METERS
L = LENGTH OF ONE ELEMENT IN METERS
Figure 11
Design Chart and Formulas for the Rhombic
Antenna.

at the frequency for which the dimensions
are as given above.

Thus for operation on 7, 14 and 28 meg-
acycles with a peak at 14 megacycles the
dimensions are: length of cach leg, 218
feet; height above ground, 33 feet; and the
angles those given above.

1f the height is raised to 66 feet above
ground, the directivity remains about the
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Figure 12

Radiation patterns of three rhombic antennas:
vertical directivity above and horizontal direct-
ivity below. “A”, pattern of rhombic antenna
4 waves on a side and one wavelength high.
“B”, 3 waves on a side and 3; wavelength high.
“C”, 2 waves on a side and a half wavelength
high. Note that the above conditions hold for
a single antenna, worked over a frequency range
of 2/1, as well as for three different antennas
at the same frequency.

same, but the angle of vertical radiation
goes down to about 9 degrees above the
horizon, on 14 Mc. This amount of gain
is truly remarkable for such a simple an-
tenna, and as the diamond requires no
critical adjustment for good results, its use
is highly recommended for those who have
the necessary room available. The termi-
nating resistance at the front of the dia-
mond will usually be between 400 and 1000
ohms, with 800 ohms a good average value.
The input resistance of the diamond which
is reflected into the transmission line that
feeds it is always somewhat less than the
terminating resistance and is around 750
ohms when the resistor is 800 ohms.
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Figure 13

Vertical directivity of the 3!, wavelength rhom-
bic antenna described in the text. The receiver
current ratio of 5/1 at the tip of the lobe rep-
resents a power gain of 25 times, or 14 db.

The diamond loses a good deal of direc-
tivity when the terminating resistor is left
off and it is operated as a resonant an-
tenna. If it is desired to reverse the direc-
tion of maximum radiation it is much bet-
ter practice to run feeders to both ends of
the antenna and mount terminating re-

sistors also at both ends. Then with either
mechanically or eclectrically controlled, re-
mote controlled double-pole double-throw
switches located at each end of the an-
tenna it becomes possible to reverse quickly
the array for transmission or reception to
or from the opposite direction,
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Figure 14
Horizontal directivity of the rhombic of figure 13.

The diamond antenna should not be tilted
in any plane. In other words the poles
should be the same height and the plane
of the antenna should be parallel with the
ground. Tilting the antenna simply sacri-
fices about half the directivity due to the
fact that the reflection from the ground
does not combine with the incident wave
in the desired phasc unless the antenna is
parallel with the ground.

It is highly desirable to use the antenna
in swamp or marshy soil in order to get
high ground conductivity. Perhaps the best
location would be where the antenna is
located over salt water, with the water ex-
tending at least a half mile in front of the
antenna in the direction of the distant sta-
tion. It is usually better to locate an an-
tenna and particularly a directive antenna
in swampy and marshy country rather than
on top of a high mountain.

The diamond is generally uncuitable for
general ultra-high-frequency use (5 meters,
for instance) due to the fact that it radiates
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horizontally polarized waves and also due
to the fact that while it is a low angle
radiator it still does not radiate any ap-
preciable energy out at a zero vertical
angle, which is desirable for ultra high fre-
quency use.

The diamond antenna is very desirable for
commercial use where unidirectional trans-
mission and rcception is essential to re-
duce static and interference. The ability of
the diamond to work well on all frequencies
over a range of two to one is also desirable
for commercial use, as many commercial sta-
tions must change frequency three to four
times a day and their frequencies are not
harmonically related. However, not that the
unidirectional characteristic of the diamond
is not obtained by reflecting the radiation
in the undesired direction back into the de-
sired direction. Instead it merely absorbs
and dissipates the undesired radiation in a
big resistor. Thus about 35% of the r.f. power
applicd to the diamond is dissipated in heat.

STACKED DIPOLE ANTENNAS

Earlier in this handbook the characteristics
of a half-wave dipole were described. It
will be remembered that maximum radia-
tion from a simple dipole occurs in a plane
perpendicular to the axis of the dipole. The
electromagnetic field around the dipole ex-
tends out and induces energy in any object
placed within its field, such as a distant re-
ceiving antenna. Every object in the field
of the dipole absorbs some energy but the

3 x
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< P » Figure 15
|~ 81“‘ . & The simplest end-
| w « ° fire array, using
| O © o o .ta ll _ex-
arl S e 2 a parasitically
2" 2 3 A o A cited reflector and
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absorption is quite small even only 20 wave-
lengths away. Up to onc wavclength away
the absorption in a nearby object can be
quite large, but if the ncarby object is
capable of re-radiating the energy absorbed,
there will be little waste of energy, though
there will be a definite change in the shape
of the field pattern.

End-Fire Arrays

If the nearby object that causes the inter-
ference with the radiated wave consists of

Figure 16
310, S’N And end-fire (out
& b of phase) array
with two smaller
1] | broadside lobes.
3

See also figure 17.

another dipole tuned to a slightly lower
frequency than the radiator, and is a quar-
ter wave away and parallel with the radiat-
ing dipole, an interesting phenomecnon oc-
curs. As electromagnetic waves travel with
the speed of light through space, the radi-
ated wave arrives at the interfering dipole
a quarter of a cycle after it leaves the
radiator, as they are spaced a quarter wave
apart. A current is induced in the inter-
fering dipole which lags by a half-cycle the
electromagnetic flux which produces it. (By
Lenz’ law.) Thus the current in the inter-
fering dipole lags the current in the radiat-
ing dipole by three quarters of a cycle, or
270 electrical degrees. The current flowing
in the interfering dipole causes radiation
from that dipole and this radiated wave
arrives back at the radiating dipole after
another quarter cycle, or 90 degrees, so that
the wave from the interfering dipole ar-
rives at the radiating dipole just 360 degrees
after the originating wave started from the
radiating dipole. Thus the wave from the
interfering dipole arrives at the primary
radiator just as the next wave starts from
the primary radiator. The two waves are
in phase so they combine into a wave twice
as strong in a direction away from the in-
terfering or reflecting dipole. Also note
that as we move back to the reflecting
dipole one wave gains 90 degrees while the
other wave loses 90 degrees so that the two
waves are 180 degrees out of phase in that
direction and consequently neutralize each
other. Thus the radiation in the direction
of the reflector is canceled out. Sce figure 15.

Therefore, a dipole tuned to a frequency
slightly below that of the primary radiator
and spaced a quarter wave from the radi-
ator acts as a reflector and the lobe of max-
imum radiation is in line with the two di-
poles.

If the interfering dipole is slightly shorter
than the radiator (tuned to a slightly higher
frequency) it has the opposite effect, and
acts as a director, the lobe of maximum radi-
ation pointing toward the interfering dipole.

Whether the interfering dipole acts as a
director or reflector depends on the phase
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Figure 17

An end-fire array
(out of phase)
without spurious
broadside lobes.

FEEDERS

8 — p—

of the interfering radiation relative to the
phase of the original wave. When the in-
terfering dipole offers an inductive react-
ance (dipole longer than half wave) to the
voltage induced in it by the primary wave
the phase of the secondary or interfering
wave is such that the interfering dipole acts
as a reflector. When the reactance is capac-
itative to the induced voltage (dipole less
than a half wave) the interfering dipole acts
as a director. Seec figure 15 and also figure
25. This is the simplest form of an end fire
array using stacked dipoles.
Feeding End-Fire Arrays

End-fire arrays can be directly fed from
a transmission line as well as parasitically
excited as was shown above. The length of
the two-wire phasing section connecting the
clements of an end-fire array should be the
same as the physical spacing between the
clements of the array. This simply means
that the phase shift and the physical spac-
ing should be the same in electrical degrees.
An end-fire array may have any number of
radiators in line but if more than three
radiators in line are used each radiating
element should be directly fed rather than
dependent on parasitic exication. When the
radiating elements are directly fed from one
or more transmission lines fed from the
same transmitter, all the elements should be
the same length. The length will depend up-
on how the elements are fed and also upon
their spacing, but will usually be between
96 and .99 times a half wave.

All end-fire arrays are unidirectional as
long as the spacing between elements is
not exactly one-half wavelength, when the
array becomes bi-directional. With spacings
other than a half wavelength the array is
directional toward the end in which the
phase lags.

An unidirectional end-fire array may have
its radiation reversed by adding or subtract-
ing 180 degrces to the phase shift between
elements. For example take an end-fire
array with quarter-wave spacing between
elements. Ordinarily the phase shift be-
tween such elements would be 90 degrees,

so that the direction of transmission would
be towards the lag in current. However, if
a half-wave phasing section be added to the
original phasing section so that the total
phase shift becomes 270 degrees, the direc-
tion of maximum radiation will be exactly
reversed. 270 degrees of lag is the same as
90 degrees of lead so that, in effect, the
radiator which originally had a 90 degree
lag in current now has the same thing as a
90 degree lead. The extra 180 degrees of
phase shift may be added by means of
serics inductance and /or parallel capacitance
in the phasing line.

It might be asked which element spacing
is the best to use. Quarter-wave and three-
eighths-wave spacing give exactly the same
directivity. One-eighth-wave spacing gives
slightly less directivity and half-wave spac-
ing gives considerably less directivity than
the quarter- or three-eighths-wave spacing.
This is for a given overall length of the
array. Thus quarter-wave spacing is prob-

Figure 18
A broadside array representing a simple

change in phasing from the array of

figure 17.

ably the best compromise. While it requires
nearly 50% more wire for a given directiv-
ity, than the end-fire array using 34-wave-
length spacing between clements, no special
adjustment of the transmission line inter-
connccting the elements is necessary and
no loading betwcen the elements is needed
to establish proper phase shift.

The directivity of an end-fire array of
stacked dipoles is almost directly propor-
tional to the overall length of the array ex-
pressed in wavelengths.

For example, an end-fire array requires
an overall length of 3 wavelengths to give
a power gain of ten times over a half-wave
vertical dipole antenna used as a reference
standard. With quarter-wave spacing, 13
radiating clements are required, while with
¥%-wave spacing only 8 radiating dipole el-
ements are necessary to get the same direc-
tivity. For a power gain of 5 times an over-
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all array length of one and a half wave-
lengths is required. With quarter-wave
spacing, 7 elements are required, and with
three-eighths-wave spacing, only 5 dipole
elements are necessary.

End-fire arrays give about the same over-
all directivity as broadside arrays, although
they give somewhat more vertical directivity
and somewhat less horizontal directivity
than a broadside array. It is also very hara
to lay out an effective end-fire array with-
out serious “tapering” of the current as it
flows down the array. Thus it is hard actual-
ly to realize in practice the theoretical
power gain noted above.

Broadside Arrays

If the two dipoles are spaced a half wave
length apart the current flowing in the par-
asitically-excited, interfering dipole will be
360 degrees, or a full wave behind the cur-
rent in the radiator, and the two dipoles are
said to be in phase. When this happens the
two waves from the two dipoles meet at a
point half way between the two (a quarter
wave from each) and they are 180 degrees
out of phase and thereby cancel. Thus there
is minimum radiation in line, or end fire, but
the radiation broadside is maximum.

If the interfering dipole in the simple
broadside array (dipoles half wave apart)

L _IT7
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Figure 19
A broadside array with better current dis-
tribution than the array of figure 18.

were fed by a transmission line instead of
parasitically by radiation from the other di-
pole, the result would be the same, as long
as both dipoles were excited in phase. Sce
figures 18 and 19. If the second dipole is
fed 180 degrees out of phase the array be-
comes end fire. Sce figure 17.

Note the difference between figure 18 and
figure 19. They both give exactly the same
results but notice that in figure 18 the reso-
nant half-wave line that couples the two
radiators together is transposed once in or-
der to provide proper phase shift, while in

-‘k - .975>\ ’1 h 975>~ _'
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Figure 20
Simple, two-element Franklin or co-linear
broadside array, showing use of quarter-
wave matching section.

figure 19 the coupling line is not transposed.
In fact, at first glance the coupling be-
tween the two broadside radiators of figure
19 looks exactly like the out-of-phase con-
pling for the two end fire radiators of figure
17. The differcnce lies in the fact that the
feed line from the transmitter is connected
to the center of the phasing line in figure
19 while it connects to one extremity of the
line in figure 17. The presence of the res-
onant feeders makes the difference and
causes the proper phase shift. The phase
shift of the coupling lines in all the stacked
dipole arrays is indicated by the small ar-
rows adjacent to each resonant half-wave
section. These arrows indicate the direc-
tion of current flow at any given instant.
Note that current flows in opposite direc-
tions in any two half-wave sections that are
connected together. These current-flow ar-
rows enable any complex directive array to
be analyzed quickly to determine whether it
is a broadside or end fire array. If the ar-
rows in two parallel half-wave radiators
point in the same direction at any instant
the array radiates broadside to the plane
of the radiators. If the arrows point in
opposite directions the array is either end
fire or else unworkable.

Note that the arrays of figurc 26 depend
on the same unusual feeder and coupling
line connection of figure 19. The arrays of
figure 18 and figure 19 give about the same
results, the difference being that the array
of figure 18 is fed at a high voltage point
while the array of figure 19 is fed at a high
current point.  Figure 19 gives better bal-
ance. Note that a rather simple switching
arrangement can be used to change the end-
fire array of figure 17 into the broadside
array of figure 18 A single-pole double-
throw switch is used to conncct the lower
end of the left hand radiator of figure 17
to either side of the phasing line at points
A or B. When the radiator connects to
feeder A the array is end fire. With the
radiator connected to B the array becomes
broadside. In ecither connection the array is
bi-directional.
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Figure 21

Four Half Waves in Phase to Increase Broad-

side Directivity; Zepp. Fed

A broadside array of stacked dipole ra-
diating clements consists of a number of
dipoles, (vertical, for example) spaced at
uniform distances along a horizontal line
and excited in phase so that the current
flows in the same direction in all the radia-
tors at any given instant.

Such an array is capable of quite sharp
horizontal directivity at right angles to the
line of radiating dipole elements and the
directivity depends upon the overall length
of the array and is independent of the
spacing between elements for all spacings
under three quarters of a wavelength, at
which spacing bad parasitic lobes appear.
The directivity broadside is about the same
for a given overall array length for 38, %%
and 3% wavelength spacing. Although half-
wave spacing between elements requires the
most antenna wire for a given directivity,
this spacing is probably most desirable, as
the transmission line or phasing line which
feeds power to all the elements can simply
be an ordinary two-wire line running down
the array. With half-wave spacing the elec-
trical phase shift between adjacent elements

n)>
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FEEDERS

is the same as the physical spacing. With
spacings other than one-half wavelength,
special loading must be used in the trans-
mission line interconnecting the radiating
elements in order to give 180 or 360 degree
phase shift in 94 or 34 of a wavelength of
physical space. The adjustment of such a
folded or loaded phasing section becomes
quite difficult, especially without a reference
oscillator and a mecasuring bridge to meas-
ure both impcdance and reactance. It is al-
most impossible to adjust a loaded phasing
section by means of a field strength measur-
ing set located out in front of the array.

For a gain of ten times, an overall length
of about 4 wavelengths is required in the
broadside array. With half-wave spacing
this requires 9 dipole elements. With three-
quarter wave spacing only six clements are
necessary.

For a power gain of 5 times the overall
length must be about 2 wavelengths, which
requires 5 elements with half-wave spacing
and three elements with three-quarter wave
spacing.

The Franklin or Co-Linear Array

Another common type of bi-directional
broadside antenna uses two half-waves in
phase along a common axis, as shown in
figure 20. This antenna is merely the old
center-fed Zepp., worked on its second har-
monic. In other words if each half of the
flat top is 66 feet, the fundamental wave

A
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Louble Haif-Wave Types.

Figure 22
The arrows indicate the direction of
the antenna currents.

B
33—
> >

D
r‘*z_"\ i"_2~"|

<—

e 52 e

THE “RADIO” ANTENNA HANDBOOK



27,\.7

IS
65432!||234 6,1 og]
RELATIVE_FIELD STRENGTH

180°

Figure 23
Field Distribution Around a Horizontal Double
Half-Wave Antenna. The position of the an-
tenna is shown at the center.

length of the antenna is 80 meters, where
it radiates as a simple half-wave dipole.
However, on 40 meters the two half-waves
in phase provide materially more broadside
directivity than the antenna gives on 80.

The system in figure 22 A makes use of a
two wire non-resonant feeder line, each wire
being connected to one side of the center of
a half-wave section as is customary in the
off-center single-wire-fed Hertz antenna.
The type B is the familiar double “Zepp.”
using a resonant feeder line. C is a vari-
ation using a quarter-wave matching trans-
former to connect to a matched impedance
transmission line. In D the antenna coup-
ling coil, which may be tuned with a con-
denser in parallel, is at the center of the
antenna.

Figure 23 shows an experimental radiation
pattern obtained from an antenna of this
type (figure 22 D).
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Figure 24
Array Similar to Fig. 21, but Superior in Per-
formance. Less Unbalance Caused by Feeder Con-
nection, which is Now Connected to the Center
of the Array Instead of the End.

FEEDERS

The use of more than two half waves in
phase to get still greater broadside direc-
tivity is shown in figure 21 and 24. The
array of figure 21 is fed at high voltage
point at one end. This is bad because the
current that flows to the dipole radiator
farthest away from the feeders has to flow
through the loss and radiation resistance of
all the other half-wave phasing and radiat-
ing sections. This causes a progressive
phase shift which cannot be tuned out by
adjusting the phasing sections and also

causes an uneven current distribution which
makes the realized directivity less than it
should be.

The arrangemecnt of figure 24 is a big
improvement over figure 21 as the feeders
are connected to a high voltage point at the
center of the array. However, a certain
amount of phase shift and current unbalance
still reduces the directivity.

The gain of the Franklin or co-linear
broadside array is theoretically proportional
to the overall length, in wavelengths, of the
array. The length should be measured be-
tween the centers of the outside elements.
However, the current distribution affects
the gain and this type of array is particular-
ly difficult to feed symmetrically.

DIRECTLY EXCITED RADIATORS

‘1I6H C

)
TRANSMIT l RECEIVE ? §
» w
w
Low G w
TRANSMIT t RECEIVE ‘
Figure 25

Novel, Reversible Unidirectional Array, Simple
and Effective.

The gain of the Franklin array is less,
for a given overall length, than either the
broadside or end-fire array, due to the fact
that the dipoles composing the array already
have some directivity in the plane at right
angles to the array, which reduces the im-
provement that can be obtained by stacking
the dipoles.

The gain of this type of broadside array
is about the same for any element spacing
(measured between centers of adjacent di-
poles) up to one wavelength. A total array
length of 7 wavelengths is required for a
power gain of ten times. Thus with half-
wave spacing, 15 dipole elements are neces-
sary, and with full-wave spacing between
the centers of adjacent elements, 8 dipole
clements are required for the 10 db gain
noted above.

If a power gain of 5 times is satisfactory,
an overall length of 3 wavelengths is
enough. With half-wave spacing this re-
quires 7 elements; with full-wave spacing
4 elements provide the required directivity.
Note that for all practical purposes, in a
Franklin broadside array with half-wave
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Figure 26

Stacked Dipoles, Offering Considerable Vertical

Directivity in Addition to Horizontal Directivity.

They May Be Either Vertical or Horizontal with

Equal Effectiveness. All Radiating Elements in

the “H” Array Should be Cut 0.975 of a Half
Wave Long.

spacing, every other radiating clement could
be left out without reducing the directivity
more than about 5%.

The arrangements shown in figure 26 are
mtich to be preferred although there is half
as much horizontal directivity (theoretical-
ly) and twice as much vertical directivity
as with the arrays of figures 21 and 24.
Tests with both types indicate that the
arrays of figure 26 have almost as much
horizontal directivity as those of figures 21
and 24 and the added vertical directivity is
usually quite welcome for long-distance
high-frequency work. The arrays of figure
26 require one half as much distance be-
tween the supporting poles, but the poles
should be somewhat higher. The arrays of
figure 26 should have their center at least a
full wave above ground for best results.

The best commercial arrays using stacked
dipole radiators usually group the radiators
into groups of four as in figure 26; then ad-
ditional groups of four are added, cach fed
from a separate feed line so that all quads
get exactly the same current. The difficulty
in this method arises when they try to get
current to all quads in exactly the same
phase. As most amateurs lack the expen-
sive measuring equipment necessary to bal-
ance up more than one resonant feed line,
it is suggested that if more directivity is
desired than given by the array of figure 26
some form of long-wire array be used.

Feeding the H Type Array

The H type of directive array (stacked
dipole) is usually fed by means of tuned
(Zepp.) feeders. However, somewhat bet-
ter results are obtained by using an un-
tuned line and a Q matching section as
shown 1in figure 27.

Note that each element is 97.5% of a
half wave long when the array is between a
half wave and a full wave from ground.

The impedances at various points in the
array must be considered in order to avoid
any mismatch and undesired radiation from
the transmission line and the phasing sec-
tion.

The impedance at each open end of the
four dipoles is approximately 2400 ohms.
The impedance at each end (see “A”) of
the half-wave phasing section is, therefore,
one-half of 2400 ohms or 1200 ohms. Each
half of the phasing section (see “B”) may
be considercd as a quarter-wave or “Q”
matching section with a characteristic surge
impedance of 600 ohms. (A line of no. 12
wire spaced six inches has a characteristic
impedance of close to 600 ohms.)

Y% incH
COPPER OR
ALUMINUM TUB-
ING, SPACED

1.5 INCHES. 300-n

4
|
!
\
<

G 600 LINE l
H ANY LENGTH '
Figure 27 - —
Highly Efficient Method of Feeding an H
Type Array.

Due to the impedance transformation of
the quarter-wave section, the 1200 ohm
load at cach end of the phasing section is
transformed into two 300 ohm loads in par-
allel at the center of the phasing section,
designated as point C in figure 27. The
two 300 ohm loads in parallel act as a 150
ohm load on the 300 ohmm matching section
“D”, which is composed of two quarter-inch
copper or aluminum tubes spaced 134 inches
(center to center) and exactly a quarter
wave long.
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The matching section D transforms the
150 ohm load of point “C” into a 600 ohm
load at point “E” where the untuned 600
ohm line “F” from the station is attached. As
the 600 ohm load matches the 600 ohm line
there should be no standing waves on the
line and the line should reflect a non-
reactive 600 ohm load into the transmitter
at G.

Due to the mutual coupling between the
four radiating dipoles, the impedances do
not work out theoretically exactly as speci-
fied, but the two transformations of radia-
tion resistance occurring at “B” and at “D”
materially minimize any errors. For those
who plan to add a reflector curtain a quarter
wave to the rear of the radiator curtain
and a director curtain 34 of a wave in front
of the four main radiators, it should be
noted that the measured impedance at point
“C” becomes 120 ohms under such condi-
tions. In order to match a 600 ohm line at
point “E” the spacing of the matching sec-
tion “D” should be 14 inches instead of
the 114 inches provided for the array shown
without reflectors or directors.

The H array of figure 27 shows a gain of
3 db for the two lower half-waves in phase.
Another 2 db is added by stacking two more
half-waves in phase along the axes of the
first two half-waves. Thus the total gain is
5 db. Adding a reflector curtain a quarter
wave to the rear adds 3 db, and adding a
director curtain three-eighths of a wave in
front of the array adds another 2 db. It
should be noted that 90% of the useful radi-
ation from any dipole comes from the center
third of the dipole, where the current is
highest. Thus the top and bottom of the H
could be bent inwards without sacrificing
much directivity. This allows the longest
dimension of this particular array to be
practically cut in half where space is at a
premium.

The true gain of a directive antenna array
cannot be accurately expressed in decibels
gain as only a three dimensional space
figure can truly depict the energy distribu-
tion around the array. A lot of horizontal
directivity may be obtained without increas-
ing the signal at a distant point unless the
vertical component of the directivity leaves
the antenna at the proper angle with respect
to the horizon.

Parasitically-Excited End-Fire Arrays

The first step toward increasing the direc-
tivity of a broadside array is to hang a
curtain of parasitically excited reflectors and
directors a quarter wave behind and in

DIRECTIVE ANTENNA CHART
RADIATORS
The dipole radiators in a broadside array
should be exactly a half-wave apart. All
primary, or directly excited radiators
should be 95% of a half-wave long when
center fed.
REFLECTORS
A dipole reflector should be 97% of a half-
wave long and should be mounted exactly
a quarter-wave behind the antenna.
DIRECTORS
A dipole director should be 87% of a half-
wave long and should be mounted 75% of
a half-wave in front of the antenna.

front of the antenna proper. See figure 15.
The “trick” antenna shown in figure 25
is offered as a simple and rather effective
unidirectional array, whose direction can
quickly be reversed. As was pointed out
above, the only difference between a reflec-
tor and a director lies in whether the par-
asitically excited interfering dipole is longer
or shorter (electrically) than a half wave at
the frequency of operation. If longer, it
acts as a reflector; if shorter it acts as a
director. In the arrangement of figure 25
the directly excited portion of the array
consists of two half waves in phase, and
they can either be horizontal or vertical,
depending on whether horizontal or vertical
directivity is desired. A quarter wave away
and in the same plane, are mounted two
more half waves connected to a phasing
stub, each leg of which is slightly more
than a quarter wave length. The adjustment
of the tuning condenser effectively changes
both of the parasitically excited dipoles at
the same time and a very small change in
the capacity of the tuning condenser C
effects the desired 180 degree shift in the
directivity of the whole array. Incidentally,
when tuning up the antenna, do not tune
C for either maximum current in the reflec-
tor-director circuit or maximum loading of
the transmitter. It will be necessary to
adjust C while in contact with a station
more than 500 miles away as field strength
tests at closer distances are often badly
affected by the ground wave. Once the
two points have been determined, some per-
manent stops can be mounted on the frame
of the tuning condenser C which will enable
rapid and accurate change-over of the array.
One user of this array uses a relay to cut
in a small locked variable condenser across
the main locked variable condenser in order
to change direction; his shack is several
hundred feet away from the antenna.
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POWER
DB RATIO
1 1.25
2 1.6
3 2.0
4 2.5
5 3.17
6 4.0
7 5.0
8 6.33
9. 8.0
10 10.0
) O 12.5
12 16
13 20
14 25
15 32
16 40
17 50
18 64

Decibel Conversion Table

The gain of a directive antenna is
often expressed in decibels. The
table shown above allows decibels
or power ratios to be obtained
directly, without computation. For
example: A gain of 7 decibels means
that a given antenna radiates 5 times
as much power in the favored direc-
tion as a half-wave vertical reference
antenna with the same power input.

Incidentally note that the stub can be
practically any convenient length, just so it
can be resonated with a suitable condenser
“C” so that there is high voltage at the
points where the stub connects to the two
dipole reflector-directors. A line several
full-waves long may be used to bring the
condenser C right into the shack, but re-
member that resistance losses in the line
detract from the directivity of the array.

Feeding Directional Arrays

The directivity of any antenna array is
largely a function of the physical space it
takes up. Visualize an imaginary cylinder
a quarter wavelength in diameter surround-
ing each dipole or half wavelength of wire
in any given array. The directivity will
be roughly proportional to the number of
such cylinders in the array. However, in
assessing the value of an array the current
distribution must be taken into account. For
example, a given number of “cylinders of
directivity” fed at the center would not be
nearly so effective as the same array fed
at enough points so that the currents in
each dipole, or half-wave scction of the ar-
ray, were equal. Due to radiation and losses
there would be a tapering of current in an
array fed at one point unless the array
were symmetrically disposed about the point
of feed.

Note that practically all directional arrays
utilize resonance of a multiplicity of half-
wave sections, excepting of course, the
aperiodic arrays such as the terminated long
wire types which few amateurs use, in spite
of their simplicity and high directivity
(rhombic type, for example).

Thus some form of resonant matching
line is necessary to connect a non-resonant
transmission line to the resonant arrays. As
non-resonant lines usually have a char-
acteristic surge-impedance between 60 and
600 ohms, a quarter-wave section will be
necessary when feeding a high voltage point
in the array in order to allow the non-reso-
nant transmission line to connect to a high
current (low impedance) load. If the array
is fed at a high current point it will usually
be necessary to provide a half-wave match-
ing section. It should be noted that a quar-
ter-wave matching line means a quarter
wave in each leg. Thus the total length is
really a half wave. Similarly, a half-wave
matching linc has a half-wave in each leg,
making a total electrical length of a full
wave.

In some cases it is possible to tap a low-
impedance line directly on the array at a
low impedance point. However, for prac-
tical reasons, it is usually best to isolate the
transmission line so that resonances in the
line will not unbalance the array.

All directional arrays should be tuned up
with the transmission line disconnected. The
antenna can be excited from a nearby half-
wave antenna fed from a small transmitter.
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FEEDER WIRES

Tune each element separately for maximum
current and then start tying the elements
together.

An antenna wire (frec at each end) reso-
nates when its length is about .475\, or
about 5% less than a half wave long. If
this wire is in an array of antennas where
the element spacing is close enough so that
there is coupling between adjacent radiators,
the lengths of the radiator wires must be
increased if they are to stay in tune. When
the radiators become as close as

A

8
the length of each wire becomes

A

2

Attaching a feeder or phasing section to
either end of a dipole radiator practically
eliminates the “end effect” or “radiant
shortening” of the wire at that end. Thus
a dipole radiator with a phasing section at-
tached to each end becomes practically a
half wave long instead of the

95A

2
it would be if free at both ends.

If all the radiating and phasing sec-
tions arc the proper Iength there should
be no trouble in tying them together. How-
ever, remember that reflecting and directing
dipoles must be tuned off resonance so that
they can wait until the directly excited por-
tion of the array is operating before they
are adjusted. In fact, it is a good idea to
detune completely all reflectors and direc-
tors while adjusting the primary radiators
for length and resonance.

Note that the exact length of a reflector
or director is quite hard to calculate, as

VERTICAL
ANTENNA

quite small variations from quarter-wave
spacing of primary and secondary dipoles
cause a noticeable change in the optimum
length of the parasitically cxcited secondary
radiators. Thus reflectors and directors are
best adjusted by means of distant field
strength reports.

Two Position “Figure Eight” Beam

Figure 28 A shows an antenna arrange-
ment with some very interesting possibili-
ities. When the single-pole-double-throw
switch is down the currents in the two
vertical half-wave sections are in phase and
the radiation is as shown by the solid curve
of figure 28 B. With the switch up the cur-
rents in the two antennas are 180 degrees
out of phase and the radiation pattern has
been shifted through 90 degrees to look like
the dashed curve of 28 B. The gain of this
antenna over one vertical half wave is ap-
proximately 3 db. in the line of either beam.
The radiation from an antenna of this type
is at a rather low vertical angle. A con-
venient arrangement for the switch is given
in figure 28 C. The lower ends of the an-
tennas may be only a few feet off the
ground.

Folded Types

There are several types of folded antennas
which can be conveniently supported by
means of two poles. Figure 29 A shows such
a type, which is known as a Bruce antenna
array after Mr. Edmond Bruce of the Bell
Telephone Laboratories. This antenna lends
itself well to 14 mc. work as the overall
height is only about 17 feet, and the overall
length about 70 feet. The directions of the
currents in this antenna are indicated by
the arrows (figure 29 A). The center of each
half-wave section (a point of maximum cur-
rent) is located at the center of the vertical
sections. The currents in the vertical wires
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are all in phase at any instant, while the
currents in each alternate one-eighth wave
length of the horizontal sections are in op-
posite phase. The radiation is, thus, broad-
side in both directions to the system, verti-
cally polarized, and at a fairly low angle.
With somewhat more space available the
Bruce antenna of figure 29 B might be used.
The overall length for 14 mc. use is about
90 feet. Figure 29 C shows a Bruce antenna
system which has been used at W8JK for
some time. The antenna wire is four wave
lengths long and there are eight vertical
sections. The entire rope and wire assem-
bly is supported by two poles of moderate
height. The height of the lower end of the
array is about 8 feet from the ground. The
wire length of cach quarter-wave section
may be made equal to the length of the

N

wave in free space (ie, — x 3.28 fect). It

is customary with straight wire antennas to
make them about 5% shorter than this. The
folding of a long wire antenna seems under
certain conditions actually to increase the
natural frequency, making a longer length
necessary for a given frequency. The
amount of this effect is different at differ-
ent frequencies. The wires in the Bruce
beam (figure 29 C) as originally erected at
WB8JK were shortened by the usual 5%
and the curve of figure 30 was obtained with
this arrangement. Lengthening the antenna,
however, made the current distribution on
the antenna more nearly ideal. Some “cut

i

and try” might be advisable with these an-
tennas, although operation does not appear
to be extremely critical to such small
changes in wire length.

The array is fed at the center by means
of a quarter-wave matching transformer.
Since the antenna has a fairly low imped-

ANTA/—— DIRECTORS
I'4
REFLECTOR foof—2¢—f—2¢—f o510 ant
1 T I 1 132’ LONG
35’
DIRECTION
s —_—

PATTERN
FROM
ABOVE

fz

Fourth harmonic 20 meter single-wire-fed antenna
changed over to end-fire array. Anchor the flower
pots for windy weather.

ance at this point it was found best to con-
nect it to the quarter-wave section at a
point very near to where the non-resonant
transmission line is connected. Typical di-
mensions and points of connection on the
matching transformer are given in the de-
tail in figure 29 C. These points of contact
may well be adjusted for best results in each
individual case, as indicated by the dotted
positions for the antenna and shunt. Ad-
justments were made until an indicating
device located at the center of one of the
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Folded Types. A, B,
and C are Bruce types

e

of various lengths, D
is a Chireix - Mesny
type. Direction of an-
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tenna currents is in-

POINT OF CONNECTION
TO ANTENNA ARRAV.
-5
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SMALL
INSULATORS

dicated by arrows in
A and D. The match-
ing transformer used
to feed the Bruce an-
tenna is shown in de-
tail in C. Antennas in
A, B, and D may be
fed at the points indi-
cated by the letter M.
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GREAT CIRCLE MAP OF THE WORLD

Centered on Topeka, Kansas

Radio signals to a distant point follow a great circle path. For that reasonm, it is
important when putting up a directive antenna array to “aim” the array in the right
direction. The direction from Topeka to any other point on the surface on the globe may
be determined by laying a straightedge across the two points.

The point at which the straightedge crosses the numbered circle will give the direction.
Thus Manila is 4015 degrees west of north from Topeka. Verify this on a globe if you
doubt it.

The map may also be used for measuring direction and distance to distant points from
other cities in the U.S.A,, though there will be a slight error, especially in regards to
direction of points over 9000 miles away. To determine distance in kilometers, multiply by
1.6. Similar maps on other cities in the United States appear from time to time in the
magazine “Radio” and other radio periodicals.
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(Refer to page 59 for Application)
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Figure 30

Field Strength Pattern of Four
Wavelength Bruce Beam-Antenna
Compared with Vertical Half-Wave
Antenna Having Same Power Input.
Both antennas used for 14 mc. oper-
ation. Small circles indicate experi-
mental values measured at a dis-
tance of 550 feet (about 8 wave-
lengths). The beam gives a stronger
signal than the vertical half-wave
in two directions over an angle of
about 40°.

AVERAGE_FIELD PATTE|
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Figure 31

Approximate three-dimensional radiation model
of antennas of figure 29C. Same power in each
antenna. Relative position of the beam and
vertical antennas as used at W8JK is the same
as in the model. The vertical distribution as-
sumes a perfectly conducting earth. The other
figure shows the distribution around a half-
wave vertical reference antenna.
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Figure 32

Parasitic Reflector Type. Field pattern for ver-
tical 14 mc. half-wave antenna alone (dashed
curve) compared with that for antenna with
reflector (solid curve). Values are relative field
strengths as obtained with a calibrated field
strength meter at a distance of 25 feet. Both
patterns show distortions due to conductors and
buildings in the vicinity of the antennas.

vertical sections indicated a maximum of
current.

Another kind of folded antenna known as
the Chireix-Mesny type is shown in figure
29 D. Each of the straight sections is one-
half wavelength long. The instantaneous
currents are phased as shown giving a ver-
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Figure 33

Idea for a simple, rotatable, 10-meter directive
antenna. If 72 ohm feeder cable is used, the Q
bars may be eliminated.

tically polarized wave broadside in both di-
rections to the antenna. The antenna may
be fed similarly to the Bruce antenna at the
point M. An antenna of this type with 4
“V” sections (overall length about 200 feet)
has been used for 14 mc. operation at
WS8JK. Both this antenna and the Bruce
work quite satisfactorily over the wave
length range of the amateur 14 mc. band.

(N
=

2.
S

DIRECTIVE ANTENNA MATCHING-SECTION TABLE

Center-to-Center Spacing versus Surge Impedance in Ohims

Center-to-center spacing

Radius
mis | 1 gl g 2 o] o e v | s e o L
Tubing | ] | | | \ J | | |
1,” dia. || 250.0’| 166 ’1 180 I| 212 ‘y 225 ‘| 250 ﬂ 275 ‘| 205 | 317 ]\ 335 \ 360 i 380 \ ||
3% dia. '] 187.5 x; 200 ‘| 225 || 245 ]{ 262 || 280 ‘! 310 || 330 \ 350 || 370 [y 390 ‘| 415 ) i
1,7 dia. ’\125.0\ 250 ‘] 277 1 298 | 318 f 333 } 353 'u 375 i 305 |. 415 \ 442 | 400 \ \
Wire | | | | \ I | | |
No. 10| 501 350 \ 375 | 400 | 420 | 440 ( 463 ‘ 485 | 509 | 525 | 550 } 572 | 502 ' 605
No. 12| 40.45 375 \ 400 | 430 | 450 ‘ 467 } 492 i 520 | 533 | 550 | 572 » 596 ( 622 \ 637
No. 14 |3204 l| 400 | 433 | 460 | 481 % 500 \ 533 \ 550 | 567 | 583 | 607 \ 631 1 652 \ 669
No. 16 l\.25.41} 433 | 466 ' 500 | 520 i 542 | 561 i 580 ‘ 600 i 624 | 650 i 670 } 691 ‘ 710
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VII. Receiving Antennas

All-Wave Receiving Antennas

Due to the fact that any length of free
wire in space acts as an efficient radiator
or interceptor of radio frequency energy
at one fundamental frequency and the har-
monics of that frequency, it is a difficult
problem to make an antenna work well over
a wide range of frequencies. Various meth-

Figure 1

Simplest method of connecting the trans-

mission line to a type A doublet system
ods of combining different resonant points
in one antenna system feeding one low im-
pedance transmission line have been worked
out and these systems are constantly being
improved.

There are four general types of “all-wave”
receiving antennas. The four types are
termed types A, B, C, and D. Type D is the
double-doublet type which also includes the
spiderweb antenna system and which will
be discussed in detail later.

Types A and B are essentially similar and
consist of a doublet with a matching trans-
former between the doublet and the twisted
transmission line. The type C antenna uses
no matching transformer between the an-
tenna and the transmission line but all types
of all-wave antenna systems use a matching
transformer between the transmission line
and the receiver. (The new Philco antenna
system might be considered to be an ex-
ception to this general rule but in the newer
Philco all-wave receivers the matching be-
tween the transmission line and the set is
done by a switching arrangement in the set
itself, which is highly desirable. The same
wave band switch that changes the coils also
changes the antenna coupler.)

Figure 1 and figure 2 show two com-
mon arrangements used to couple the type
A symmetrical all-wave doublet to the
transmission line.

One of the best examples of the type A
antenna system is the Stromberg Carlson
type.

Types A and B all-wave antennas are
alike in that they both use a method of
matching of impedances between the an-

tenna and the line so that there are no
standing waves on the line. The type C all-
wave antenna uses no matching transformer
between the doublet and the line but uses
a matching transformer similar to the type
B matching transformer between the line
and receiver. The line length is quite crit-
ical in the type C system as it is in certain
of the type D double-doublet systems.

The type A and B systems differ in that
the type A system uses a symmetrical dou-
blet, while the type B system uses a non-
symmetrical doublet. At any frequency the
type A closely resembles the simple doublet;
the type B system more closely resembles
the single-wire-fed (Everitt) antenna due to
the fact that it deals with the signal at a
higher impedance point in the antenna than
does the type A system.

Both systems give good results. It is quite
difficult directly to compare both systems.
Type A systems will give better response at
certain frequencies while the type B system

will be better at other frequencies. The ad-
DOUBLET
40 “0
te
., % Lo,

12 TO24 MC

OISO

_

125 N
LINE

Ly Lg
$00 55 70 2 MC
JRON CORE BC. COIL

N Figure 2

Second method of connecting the twisted line
to a type A symmetrical doublet

vocates of the type A system claim better
balance to ground with somewhat better
discrimination against local man-made noise,
but the proponents of type B systems off-
set this by claiming enough more signal at
the high frequencies to over-ride any slight
increase in noise. Both systems give about
the same results on the broadcast band (0.55
to 1.5 mc.). However, improvements in both
types of all-wave antennas are coming so
fast that no designer or manufacturer seems
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Figure 3
Simplest form of type

B coupler
(asymmetrical doublet)

to be able to maintain any advantage for
more than a few months.

The type B non-symmetrical all-wave
doublet, good examples of which are the
Philco and the Horn Stratosphere antenna
systems, are quite similar to the type A
systems except for the details of the anten-
na-to-line matching transformer. Figure 3
shows the simplest form of type B match-
ing transformer. The somewhat more com-
plex coupler shown in figure 4 gives
somewhat better suppression of man-made
noise than the simpler coupler. Tt is always
desirable where possible to run a separate
external ground connection to a neutral
point in the antenna-to-line coupler, in
order to improve the balance to ground of

-~ 50— - 30—

a
OO
75-15002 LINE

N\

Figure 4
Another form of type B coupler, giving better
suppression of man-made noise than the sim-
pler coupler of Figure 3.

the system. This applies to all types of
antennas but can usually be applied most
conveniently to the types A and B antenna
systems. The ground connection should
have a 500 ohm resistor in series to make
the system aperiodic over the broadcast
band.

The type C system often depends on the
use of linc resonance and thus standing
waves on the line are common with this
type of system. This allows the antenna-
to-line coupler to be eliminated, which sim-
plifies the system. Figure 5 shows the
most common type C antenna, which is
the General Electric Vee doublet. This
system is one of the best all-wave antenna
systems.

The Hawkins triple Vee receiving doublet
is essentially similar and is shown in figure
6. The only advantage of the triple Vee
doublet is that it requires only a 40-foot
span instead of the 50-foot span required
by the G.E. system—assuming lowest reso-
nance at 6.1 mcgacycles for both antennas.
For a more complete discussion of the triple
Vee antenna see the data on the double Vee
transmitting antenna on page 76.

20 10" 20’

Figure 5
The G.E. “Vee Doublet” (type C)

All all-wave receiving antennas require a
linc-to-receiver matching transformer for
best results. Three common types of such
matching transformers are shown in figures
7, 8 and 9. They all are capable of
about the same results and will all work
with almost any type of all-wave antenna
and transmission lines system. The theory on
which all of them work is that only one por-
tion of the transformer matches the trans-
mission line at the frequency being received.
The rest of the windings on the matching
transformer might as well be disconnected
but their presence causes no material loss
in signal, due to the large mismatch between
the line and the unwanted transformer
windings. Usually, it will be found that the
matching transformer is divided into at
least three sets of interconnected trans-
formers. One set usually covers a range
from about 12 to 18 megacycles; a second
set of windings covers from about 6 to 12
megacycles; and the third set usually is de-
signed to cover the broadcast band from 550
to perhaps 1750 kc. For frequencies out-
side of these ranges the antenna system

o G4 o
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usually works “in spite of” the matching
couplers and not because of them. However,
even at frequencies other than those favored
by the couplers the system is usually at
least as good as an ordinary single wire cut
to a random length.

The best way to indicate the actual per-
formance of an all-wave antenna system is
to plot antenna response against frequency
on a chart such as figure 10. This chart
shows relative response of a typical, stand-
ard all-wave antenna system above the re-
sponse induced by a standard signal in a
refercnce antenna of the same effective
height, at each frequency tested. The refer-
ence antenna was defined as aperiodic, or
with a Q of 1. Thus the curve does not
show actual response of the all-wave an-
tenna but the improvement in signal over

Figure 6
The “Triple Vee” doublet takes up slightly
less space than the one of Figure 5

the reference antenna.

It should be noted again that the all-wave
antennas are definitely better than any
single doublet over a wide range of frequen-
cies, but for amateur use or where only one
frequency is to be received the standard
half-wave doublet gives a definitely better
signal-to-noise ratio than any of the all-
wave antenna systems. For use on several
amateur bands perhaps the best single an-
tenna system would be a modification of the
R.C.A. spiderweb antenna (general type D),
with each dipole cut for an amateur band.

THE DOUBLE DOUBLET OR TYPE D
ANTENNA SYSTEM

The first all-wave antenna placed on the
market was the R.C.A. “Double Doublet”.
Design of the Line

The only principle which has been suc-
cessfully employed for the reduction of man-
made static is to locate the antenna in a
comparatively noise-free area and to employ
a lead-in of such a type that pick-up on the
lead-in is eliminated. To place the antenna

Figure 7
Line-to-receiver matching system

in a noise-free location is a unique problem
for each installation. However, the type of
lead-in is an important design problem.
There are two general types: the shielded
lead-in and the balanced transposed line.
The shielded line is unsuitable for high fre-
quencies, because to be effective, the shield-
ing must be grounded every few feet with
short ground wires. This is obviously im-
possible in most installations.

The balanced line, however, is eminently
suitable for many reasons. When used in
conjunction with a well-designed transform-
er at the set, pick-up on the line is almost
completely eliminated. No grounding is nec-
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Figure 8
Another common matching transformer
essary. Losses are lower than in a shielded
line and are practically negligible if the
design is right.
Line Carefully Chosen

In designing the line the space between

the wires and the size of the wires are

THE "RADIO” ANTENNA HANDBOOK

e 65 o



75

cocccaa(
=150 £ LINE

~4|||

Figure 9
A matching transformer commonly used with
the type B system

important. The farther apart they are, and
the smaller they are, the higher is the char-
acteristic impedance of the line. If a line
is terminated at each end with its character-
istic impedance, its transmission is nearly
constant at all frequencies. However, when
the terminating impedances are widely dif-
ferent from the proper value, the transmis-
sion varies greatly with frequency, the curve
passing through a series of peaks and val-
leys corresponding to resonance points in
the line.

For the R.C.A. World-Wide Antenna Sys-
tem a line having 180 ohms impedance was
chosen because this value is about the av-
erage input impedance of most short-wave
receivers and because it is about the average
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Figure 10

Response of a typical, all-wave system over
an aperiodic antenna
impedance of the “Double-Doublet” antenna
over the short-wave frequency spectrum.
Line Peaked at S.W. Bands

Because the antenna does not represent
an impedance exactly equal to the line im-
pedance at all frequencies, the transmission
curve does have a series of minor peaks
and valleys, varying in efficiency two or

three-to-one. The line length was adjusted
experimentally by throwing short lengths
in and out of the circuit, until a length was
found such that a transmission peak oc-
curred at each of the important short-wave
broadcasting bands.

Mechanically, the line consists of a rub-
ber-covered twisted pair with stranded, tin-
ned copper wire for each conductor. After
exhaustive tests special submarine cable
rubber was specified for insulation of the
transmission line due to its low losses and
high natural rubber content. The life of this
transmission line is materially increased by
the use of this high-quality rubber insu-
lation and an outer covering of weather-
proof braid.

In order to keep the losses low when the
line is wet, it is important that no untreated

5/ 517
D

Lzl

33 2.

A

Figure 11
The R.C.A. “Double Doublet” with dimensions altered
for optimum response on the amateur bands

cotton be used as insulation. A cotton wrap
must be well-impregnated, to prevent the
impregnating material from evaporating
away and moisture getting in, thereby in-
creasing the line losses.

The “Double-Doublet” Antenna

It is well known that a half-wave doublet
15 a most efficient collector of short-wave
signals. However, it is at its best only at or
near its resonance point. Obviously, if two
dissimilar doublets can be connected to the
same transmission line without either harm-
ing the performance of the other, the over-
all performance of the combination will be
good over a wider range of frequencies than
that of a single doublet.

The secret is the much-discussed “cross-
connection”. That is, the left arm on the
Icnger doublet connects to the same side of
the transmission line as the right arm on
the short doublet. The connection must be
made in this way in order for the output
of the short doublet to be additive to the
output of the long doublet at a frequency

e GG o
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APPROXIMATE RESULTANT CURVE WHEN /6 ‘6

OVFRALL RESPONSE

AND 29°0 DOUBLETS ARE CROSS CONNECTED.
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Figure 12
Resultant response cf the two doublet sections in a ‘“Double Doublet”

midway between their resonance points.

In order to understand this apparent par-
adox, consider the fact that the long and
short arms connccted to a given side of the
line form a single and ncarly straight wire
which is resonant in the half-wave mode at
the frequency mentioned.

Antenna Impedance Considered

If the two sides of the line were connected
near the center of these two straight wires,
the antenna would form a low-impedance
termination for the line. If the two-line con-
nections were then moved out from the
center in opposite directions, the imped-
ance of the antenna would risc progressive-
ly, reaching a very high value when the ends
of the wires were reached.

At the point actually used, the impedance
of the antenna at this frequency is slightly
higher than the line impedance.

At the frequency of resonance of either
the long or the short doublet, the imped-
ance of the antenna system is somewhat
lower than the line impedance. Thus it can
be seen that the line impedance chosen is
a good compromise value. The performance
of the “Double-Doublet” is comipared to that
of single doublets in the curves of figure 12.

The long doublet is resonant in the half-
wave mode at about 8 mec. and in the 3/2
mode at 24 mc. The short doublet is res-
onant at about 14 mc. The response of the
combination is relatively flat over the im-
portant part of the short-wave spectrum.

There is a popular misconception that to
have a good short-wave antenna, one must
use enamel wire. Bare wire hus been speci-
fied because it is more practical. It has a
better appearance and is easier to handle,
besides being somewhat cheaper.

The Coupling Transformer
It is very important to note that the noise-

climinating feature of the system depends
entirely on the design of the transformer
which couples the line to the sct. The pur-
pose of this transformer is to eliminate “in-
phase” signals while transmitting “out-of-
phasc” signals. The expression “in-phase”
means that the voltages of the two sides
of the line go positive together and then go
negative together. Obviously, this type of
signal will produce no current in the pri-
mary of the transformer; it simply changes
its potential.  “Out-of-phasce” signals are
those which cause one side of the line to
go ncgative when the other goes positive
and then the reverse. This type of signal
does produce primary current. The mere
presence of a transformer does not elim-
inate the “in-phase” signals (or noise), be-
cause if there is capacity coupling, the noise
will be transmitted to the set through that
capacity.
Static Shield in Transformer

In the transformer under discussion a

special and highly cfficient static shield (see

DOUBLE DOUBLET
ANTENNA,

.
ANT
|
Sw :
ta) o= 6ND‘

570
) ;
I
D> :
TRANSMISSION LINE- T |

RECEIVER COUPLING

TRANSFORMER
Figure 13

Receiver coupling transformer used

with the “Double Doublet”

“, n

, figure 13) is used, completely eliminat-
ing capacity coupling. As a result, the “in-
phase” signals and noise picked up by the
line are climinated while the “out-of-phase”
signals picked up by the antenna are trans-
mitted to the receiver.
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Figure 14
Typical ‘“Double Doublet” Installation

When the switch is on position marked
“SW?, operation is as described above.
When the switch is on “STD” position the
antenna and lead-in both act as antenna,
that is, both “in-phase” and “out-of-phase”
signals arc transmitted together.

A Practical Test

A practical test may be made showing
that the system does work in this way.
When the switch on the transformer is
thrown to the position marked “STD”, both
“in-phase” and “out-of-phase” signals are
received. If the two sides of the line are
shorted it makes very little difference for
this connection. When the switch is thrown
to the “SW” position the “in-phase” sig-
nals are eliminated, hence if the two sides of
the line are shorted the result is almost com-
plete silence.

A resistor (see “b”, figure 13) is connected
from one side of the primary to ground to
prevent the antenna system from collecting
a high static potential and sparking to
ground, which would cause disturbing and
periodic clicks in the receiver.

Conclusion -

When choosing a noise-free area in which
to locate the “Double-Doublet” antenna, it
is well to keep in mind the generally ac-
cepted theory that the strength of noise
interference varies inversely as the square
of the distance from the source of noise.
Since the signal strength of the received
broadcast signal is usually considered to in-
crease in a direct proportion to the height

above ground the reason for the recommen-
dation to install the “Double-Doublet” an-
tenna as high as possible, is readily seen.
When installed, the signal-to-noise ratio for
short-wave reception should be materially
increased.
Nearby Stations on Ground Wave

On short-wave signals originating at rel-
atively short distances from the receiver it
is often found that greater signal strength
is obtained with the “SW-STD” switch in
the “STD” position. This is to be expected
as the signal being received is probably the
ground wave (that portion of the transmis-
sion vertically polarized) rather than the sky
wave. The ground wave does not develop
much signal voltage in the “Double-Dou-
blet”, but does develop a voltage on the
transmission line. Thus since both “in-
phase” and “out-of-phase” signals are trans-
mitted with the “SW-STD” switch in the
“STD” position, greater signal is received
from the local short-wave broadcasting sta-
tion at this “STD” position.

Ignition Noise Reduced

A puzzling feature of the performance of
this system is the marked improvement
shown on automobile ignition noise. Since
this noise is generated at a distance from
the antenna, it would seem reasonable that
it should be picked up on the antenna and
transmission line equally, in which case no
improvement in signal-noise ratio would be
expected by climinating the line pick-up.
Nevertheless, a distinct improvement does
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Figure 15

Reference schematic showing noise elimination principle (see text)

result. There are two possible explanations
of this unexpected fact. First, probably most
of the auto-ignition radiation is vertically
polarized and cannot be picked up efficient-
ly by a horizontal doublet. Second, prob-
ably a good share of the automobile noise
does not come in on the antenna at all,
but is carried to the set by the power line.

The receiver coupling transformer of the
system eliminates noise of this type com-
pletely. This can best be explained by the
following paragraphs and illustrated by
referring to figure 15.

“S” represents a signal generator such as
a source of auto-ignition noise. (a) Rep-
resents the capacity coupling from “S” to
the transmission line. (b) Represents the
capacity coupling from “S” to the power
supply line. (h) Represents the capacity
coupling from one side of the power sup-
ply line to the metal chassis. (f) Represents
the capacity coupling from “S” to actual
earth ground.

Shield Stops Capacity Coupling

(A) The noise voltage that would be in-
duced by capacity coupling (a) into the
transmission line would correspond to an
“in-phase” signal and therefore would be
coupled or fed through to the secondary
of the receiver coupling transformer by the
capacity (c) if this capacity (c) were not
eliminated by the special and highly efficient
electrostatic shield (d). If it were not for
shield (d) a noise voltage would be devel-
oped across “ANT” and “GND” of the re-
ceiver, due to a completed circuit from
“GND” to chassis frame through “h” to the
power supply line which is usually grounded
on one side and thence back to “S” through

.
(B) The noise voltage that would be in-
duced by capacity coupling (b) causes cur-

rent to flow through the power transformer
and develop a noise voltage from ground to
the chassis through capacity (h). If no re-
ceiver coupling transformer was used this
voltage would occur across “ANT” and
“GND”, the input terminals, of the receiver
and hence cause noise. When the “World-
Wide” antenna system is used, including the
receiver coupling transformer, this voltage
occurs between the primary and the electro-
static shield since capacity (c) has been
climinated. However, this does not produce
primary current. Therefore this noise volt-
age does not induce a voltage in the trans-
former secondary.

(C) The electrostatic shield (j) provided
with most power transformers serves to off-
sct the capacity coupling (g) and thus pre-
vents the introduction of r.f. noise voltage
into the voltage supply of the receiver di-
rectly.

No doubt the above reasons (A) and (B)
contribute to very real improvement in sig-
nal-to-noise ratio to be had with this system
on auto-ignition interference.

The R.C.A. De Luxe System differs from
the first and standard system in that a
transformer has been designed for use at
the antenna end of the transmission line,
and in that a new transformer without the
“SW-STD” switch has been designed for
use at the receiver end of the transmission
line. The same “Double-Doublet” antenna
arrangement is used and the same type of
transmission line. The latter has been
changed to a length of 80 feet and of a dif-
ferent type of wire.

“De Luxe” System Explained

The fundamental development which
made the De Luxe system design possible
is the idea of using different transformers
for different frequency bands and placing
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(8)

The values of the inductances are
the same as in figure 16-A, but the
windings are split into two parts
so that the stray capacities to
ground are the same for each side
of the line.

A transformer of the type of
ficure 16-B may be used in place

— o -
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A)
TRANSFORMER SYSTEMS FOR
EXTENDED FREPUENCY RANGES.

NOT A SCHEMATIC OF THE
DE LUXE RCA WORLD-WIDE ANTENNA

PRIMARY
Figure 16

Two coupling systems giving extended frequency ranges

the transformers in series to obtain trans-
mission over the combined frequency ranges.

The circuit arrangement for doing this is
shown in figure 16-A. The transformer (d),
having the smaller inductance, transmits the
highest frequency waves. These waves are
by-passed around the other transformers (e)
and (f) by condensers C; and C..

Lower frequency waves are transmitted
by the transformers (e) and (f). There is a
certain intervening frequency at which the
transformers (d) and (¢) arce cqually cffce-
tive m passing on the cnergy. At this fre-
quency transformer (¢) gives a double phase
reversal duec to the presence of the con-
densers C; and C. and the leakage reactance
of the transformer. As a result the outputs
of the two transformers (d) and (¢) arc ad-
ditive, provided the signs of thce mutual in-
ductances of the transformers are the same.

In this manncr any desired number of
transformers may be connccted in series and
the frequency range extended almost with-
out limit in cither direction. The cfficiency
of transformation is high and practically
constant over the extended frequency band.

Tn designing this transformer systemn the
component transformers are designed sep-
arately for adjacent bands, providing a slight
over-lap. These transformers are then con-
nected together as shown.

Feeding an All-Wave Receiver

In feeding an all-wave recciver {rom a
balanced transmission line with this system,
it is best to maintain primary symmetry by
using the circuit as shown in figure 16-B.

R )2%

of the single-shiclded transformer
as used with the original R.C.A.
world-wide antenna system (as
illustrated schematically in figure
13) and mnoise pick-up on the
transmission line lead-in climinat-
ed over the entire frequency band.
Without further change, however,
the pick-up is too weak for broad-
cast band (550 kc. to 1500 kc.)
signals, since lead-in pick-up has
been eliminated and only the
“out-of-phase” signals from the
two sides of the “Double-Doublet”
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Figure 17

“Double Doublet” system giving good
broadcast-band response

are utilized.

To correct this a change must be made at
the antenna end of the transmission line.
One possibility is to add a third doublet of a
suitable length to favor the broadcast band.
This is ordinarily impractical because the
required space is not available. (A doublet
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LOADING COlLS

Figure 18
Hlustrating cross-over connection and loading coils (latter permitting erection of
a “double doublet” in restricted space)

to tune to 1000 kc. must have a span of
213.5 feet.)

The circuit of figure 17 shows the result
of a new development to avoid erecting a
third doublet, giving a good practical so-
lution to the problem.

“Double-Doublet”

The “Double-Doublet” is connected to the
transmission line lead-in through a special
all-wave antenna doublet transformer. By
referring to figure 17 it will be seen that both
primary and secondary are divided into two
parts. The center tap of the short-wave
transformer (a) primary is connected to
ground through the primary of the broad-
cast frequency (500-1500 kc.) transformer
(b). The secondary of the broadcast fre-
quency transformer is in serics with the
split short-wave transformer secondary. If
a suitable ground is not available it may
be replaced by a counterpoise about 60 feet
long.

“T” Type on Standard Broadcast

It can be seen from figure 17 that the
“Double-Doublet” becomes a “T” type re-
ceiver antenna for receiving standard broad-
cast frequencies (550 kc.-1500 kc.).

The antenna impedance is matched to the
line impedance by means of the primary of
broadcast transformer (b) through the sec-
ondary of the broadcast transformer (b) in
series with the split secondary of the short-
wave transformer (a).

The condenser (d) (see figure 17) by-pass-
es the short-wave frequencies around the
secondary of the broadcast transformer.

Similarly the “Double-Doublet” antenna
impedance is matched to the transmission
line impedance for short-wave frequencies
by means of the short-wave transformer
(a), the primary of the broadcast trans-

former acting as a high-impedance to ground
for short-wave frequencies, and being con-
nected to the center tap of the short-wave
transformer primary, has relatively little ef-
fect on short-wave reception.

The receiver coupling transformer (see
figure 17) is similar to the arrangements
shown in figure 16 and should need no
further explanation.

Resistors (¢) and (k) (see figure 17) are
used to prevent the system from collecting
a high static potential and sparking to
ground, which would cause disturbing and
periodic clicks in the receiver.

Doublet Lengths

The length of each doublet may be de-
rived by a very simple calculation:
1. = 0.950/4, where A\ is equal to the wave-
length in meters. The length (L) as de-
termined from this formula is obviously in
meters also but can be expressed in feet if
preferred by multiplying by 3.28. If interest
is centered in not more than two frequency
bands (for instance, any two of the four
“amateur” channels located respectively at
20, 40, 80 and 160 meters), best results will
be obtained using lengths calculated by the
above formula. However, if uniform results
over a given range (say, between 20 and 40
meters) are more desirable, the doublet
fengths will of necessity be somewhat dif-
ferent from the theoretical values in order
to effect a suitable compromise. This will be
understood readily by considering the dou-
blet lengths furnished in the kit for general
sale.

In that kit, the doublet lengths are 1624
feet and 29 feet which, from the above for-
mula, are resonant at wavelengths of approx-
imately 21 and 37 meters, respectively. Such
lengths of course are not theoretically cor-
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rect for any of the short wave broadcasting
bands (at 16, 19, 25, 31 and 49 meters) but
are compromises which have been found to
serve equally well for all bands. Better re-
sults could be obtained in the 49 meter band
if the 29-foot doublet were increased to 39
feet but reception at 31 meters would be
very deficient. Likewise, better results at 16
meters could be obtained by cutting the
16%;-foot doublet to 13 fecet at the expense
of poor reception in the 19 and 25-meter

bands.

<
ANT.

TRANSMISSION

Figure 19 X
Receiver coupler used with the “Spider-
web’’ system (multiple doublet)

It should be obvious that compromise
lengths for any other tuning range can be
determined only by experiment. Laboratory
tests tend to indicate that uniform perform-
ance cannot be obtained over a range great-
er than three to one.

Horizontal and Vertical Doublets

The double-doublet antenna system can be
installed either horizontally or vertically.
Preference should be given to the hor-
izontal arrangement since it affords a
better signal-to-noise ratio and is highly
directional to local pickup. Interference
radiated by power lines, street rail-
ways, passing automobiles, ctc., can be elim-
inated most easily by erecting the doublets
remote from the source of disturbance. In
the case of a local radio transmitter, how-
ever, this resource is not possible and the
directional effect of the horizontal antenna
will be found very helpful. Teast pickup of
course will be obtained when the doublet
parallel to earth points dircctly toward the
source of interference. For other than local
radiation, the directional effect is negligible
since such signals are usually in a state of
random polarization. Vertical doublets are
non-directional but often can be employed
to advantage when installation space is re-
stricted.

Loading Coils

Loading coils are lumped inductances used
in series with the doublets to change the
resonance characteristics. Thus, in cases of
limited installation space, short doublets

with loading coils can be used in place of
the correct lengths. The actual amount of
pick-up of course will be somewhat de-
creased but proper matching to the trans-
posed lead-in (transmission line) will be
maintained.

One form of loading coil is available as a
standard accessory. It allows reduction of
the 29-foot doublet to 1634 feet, thereby re-
ducing the overall span from 56 feet to 30
feet. Two or more of these coils in series
may be used to effect a greater reduction
but the number required will be a matter of
experimentation, bearing no direct relation
to the length of the dcublet. Probably, the
best procedure would be to determine the
approximate additional inductance required
by observing results with various coils and
then wind two single coils (one for each
half-section) of the proper value.

Transmission Line

The transmission line or transposed lead-
in is a weather-proof twisted-pair having a
length of 80 feet. This length is not arbi-
trary but is that which affords correct im-
pedance matching to the doublets used in
this system. It is very close to an opti-
mum value for each of the four principal
short-wave broadcasting bands (at 19, 25,
31 and 49 meters) and introduces only a
slight loss at 16 meters. The instructions
supplied with that kit, therefore, strongly
rccommend against cutting off any portion
of the transmission line. In the case of any
other frequency range, however, improved
results likely will be obtained with a differ-
ent length.

From a theoretical standpoint, best match-
ing to the doublets will be attained when
the transmission line is one-half wavelength
or integral multiples thercof. A 20-meter
(65.6-foot) line would of course appear to
be V52 wavelength for the 40-meter amateur
channel, full wave for the 20-meter amateur
channel, 3/2 wavelengths at 13.3 meters,
double wave at 10 meters, etc. Since the
line is insulated and twisted, however, the
theoretical or electrical length is greater by
a constant percentage than the required or
physical length. For this particular trans-
mission line, the required length will always
be 56 per cent of the calculated length and,
in the above example, would be 20 x 0.56 =
11.2 meters or 36.7 fect. If it is necessary
for practical reasons to use a length greater
than computed in this manner, any integral
multiple of that length will be satisfactory.

A further slight modification of the trans-
mission-line length may be found necessary

e 72 o

THE “RADIO” ANTENNA HANDBOOK



Figure 20
Typical ‘‘spiderweb’” installation

after the system is completely installed and
in operation. The error has in all prob-
ability been incurred because of antenna re-
actance and the optimum length therefore
can be determined only by experiment. Short
lengths of line can easily be added or re-
moved by means of a four-pole double-
throw switch and with a few trials, the
proper length will be quickly found.

THE R.CA. “SPIDERWEB” ALL-WAVE
ANTENNA

The new R.C.A. Spiderweb Antenna
might be termed the “Quindublet” antenna
due to the fact that five doublets are cou-
pled to a common transmission line. The
high-frequency range runs from 6,000 to
70,000 kc., in which range it acts as an
antenna-transmission line system. It also
gives good response in the range from 140
to 6000 kc, in which range it acts as a
modified T antenna. The operation of the
“Spiderweb” is bascd on the same theory
of operation as the double-doublet except
that the larger number of doublcts or dipoles
used brings the resonant peaks closer to-
gether in the range above 6,000 kc., thus
giving a more constant response over the
high frequency range than is possible with
the simpler, all-wave doublets and double-
doublets.

The Spiderweb requires a span of 38 feet
and a vertical clcarance of 12 feet below
the line of the span. Due to the fact that

it can be supported at just two points it is
somewhat simpler to install than the con-
ventional double-doublets, which require
four supports. The standard Spiderweb only
goes up to 23,000 kc., but the addition of
the ultra-high-frequency dipole assembly
adds the 23 to 70 mc. range to the antenna.
Doublets Efficient Collectors

If several doublets of different lengths are
connccted to the same transmission line
without any one harming the performance
of the other, the resultant antenna will have
good signal pickup in several bands of fre-
quencies, namely the bands in which each
of the doublets is resonant. If the doublets
are sclected so that the resonant frequencies
of any pair arc not too far apart the over-
lapping of their characteristics will hold up
the in-between bands, thus giving uniform
signal pickup over a much wider range of
frequencies than could be obtained by a
single doublet. Five such doublets are ef-
fectively utilized in the new R.C.A. Spider-
web antenna system. Figure no. 20 shows
how this antenna appcars when erccted. The
bottom wires “E” and “F” arc resonant at
6 megacycles (49 meters), “A” and “B” at
12 megacycles (25 meters), “C” and “D” at
18 megacycles (16 meters), “G” and “K” at
35 megacycles (9 metcers), and “L” and “H”
at 60 megacycles (5 mecters). “E” and “F”
are closely coupled to the line through an
auto transformer which lowers the
resonance of this doublet to the desired
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Figure 21
Schematic diagram of the “spiderweb’ antenna system

frequency, 6 megacycles. This transformer
is enclosed in a moisture-proof container
and is supported in the network by the 6
megacycle doublet (bottom wires) and the
short transmission line directly below the
crossover insulator.

Loading Coils Used

Loading coils are used in the 35 megacycle
doublet “G” and “K” because satisfactory
space for a longer vertical doublet is not
available in the network.

The lengths of the doublets have been
carefully chosen for the best utilization of
the space and so that the overlapping of
two adjacent dipoles will hold up the inter-
mediate frequencies between bands, thus
giving practically uniformly high perform-
ance over the entire range (5 to 70 meg-
acycles) covered by the dipole antennae.

When receiving signals in the range of 140
to 5,000 kilocycles, the whole network func-
tions as a single unit.

The main Spiderweb kit will effectively
pass signals in the frequency range of 140
to 23,000 kilocycles. The two doublets, “G-
K” equipped with loading coils and “L-H”,
shown dotted in figure 21, are furnished com-
plete ready to assemble to the main net-
work in the R.C.A. Spiderweb Accessory

Kit. With this pair of dipoles attached to
the main network full coverage is obtained
(140 to 70,000 kilocycles).

A feature of importance incorporated in
this design is superior noise reduction on
those bands affected mostly by man-made
interference, namely the “C” and “D”
bands (6,000 to 70,000 kilocycles). Within
these bands the intercepted signals are usu-
ally quite weak and man-made interference
is generally the strongest and most local-
ized. The noise reduction is obtained by
erecting the Spiderweb Multiple Dipole An-
tenna remotcly to the source of greatest
interference and coupling it to the receiver
through a balanced non-pickup transmission
line. Seventy-five feet of line is assembled
to the network. In case additional line is
required, 45-foot units are available, which
may be added. These units must not be cut,
as the line tcrminates at the receiver in a
carefully designed transformer which is
matched to the line impedance.

It should be emphasized that any of the
all-wave systems described should be high
and in the clcar, to provide maximum signal
and minimum noise pick-up; also the feeder
cable should be of good quality so that the
signal is not unduly attenuated before it
reaches the receiver.
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Figure 1
Sketch of a complete Rotary Beam Aerial
Installation.

THE REINARTZ ROTARY BEAM

The Reinartz double loop rotary beam has
been extremely successful on 30 and 60 meg-
acycles. It is essentially uni-directional in
a direction parallel to the plane of the loops
and away from the open c¢nd of the two
loops. Sce figure 1. This antenna is mainly
advantageous for receiving. Tt gives only
about 1 decibel gain in the favored direction
but gives a loss of about 7 decibels to sig-
nals originating to the rear. The pattern is
heart shaped. Onc loop wuives about the
same directive pattern as the two loops
shown but it is difficult to obtain a balanced
feed line from the antenna. Unless the
feed Tine is well balanced it will pick up
signals originating to the rcar of the an-
tenna and thus reduce the directive selec-
tivity.

There are three commonly used methods
of {feeding the beam. Current feed from a
twisted pair line each side of which con-
nects to one of the radiators at a point

Special Antennas and Miscellaneous Tables

exactly opposite the open end (or, in other
words, at the current loop) is one method.
The beam can also be Zepp. fed at the open
ends. However, the best method of feeding
the beam is the arrangement shown in fig-
ure 3, where a 600 ohm, two-wire untuned
line is tapped on each loop 20 inches from
the open end each way for 5 meter oper-
ation. For ten meters the taps are 40 inches
from the open ends, and for twenty meters
the taps are 82 inches from the open ends.
Note that small differences in mechan-
ical construction will materially affect the
stray capacitances of the loop circuits, and
thus the beam should be resonated exper-
imentally, as no table of lengths can be
very accurate at the higher frequencies.
There are many various ways of mount-

These connect-
1« ions for use

These connections
for use with

<]
440 ohm line with 70 ohm
. twisted line
Transposition
blocks

Guide bearing

To connections

Figure 2

Details of the aerial proper, and how the
transmission lines are connected.

Reinartz Rotary Beam

Frequency Tube Length Loop TLoop Total 600 ohm feeder
feet inches  Spacing Opening Circumference Diameter Tap

14,150 kc. 33 396" 24" 18” 414" 133" 82”

29,250 kc. 16’ 192” 127 8” 200" 64" 40”

58,500 kec. 8 96” 6” 4” 100”7 32" 20”
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ing the beam so that it can be rotated. It
should be kept in mind that the beam has
quite a bit of wind resistance and must
be well supported.

__. Stand-of f
insulators

Figure 3
This simplified version of the Reinartz Rotary
Beam for five meters is now in use in many
stations and is working out very satisfactorily.

THE HAWKINS DOUBLE V ANTENNA

The use of the “double V” doublet is
sometimes desirable when there is not suffi-
cient room available to put up a conven-
tional doublet or half-wave antenna. The
double V requircs about one-sixth less
length of span for a given frequency than
a resonant, half-wave single wire. For ex-
ample, at 7 megacycles an ordinary half-
wave dipole is about 67 feet long. A double
V dipole resonant at the same frequency
(7 mc.) is only about 54 fecet long. Figure 4
shows the double vee system.

The following table shows approximate
lengths for the double V and single wire
dipoles at various frequencies:

Length Length
Frequency Double V single wire
Dipole dipole
2,000 kc. 189 feet 235 feet
3,500 108 134
4,000 95 118
7,000 54 67
14,000 27 33

The double V antenna is somewhat less
directional than the single wire dipole and
the overall efficiency of radiation is about
the same. It has a lower “Q)”, so that it
can be used over a wider band of frequen-
cies than the single wire. However, due

to the large “end effect” it must be used
on its harmonics with care. Check its length
against its harmonic frequency carefully as
there is considerable disparity between the
resonant and other integral harmonics of
its fundamental frequency. One ideal com-
bination consists of a 95 foot double V
antenna for 4 mc. phone use. It happens
that the frequency for which the 95 foot
double V antenna resonates as three half
waves Is 14.2 megacycles, which is the mid-
dle of the 20 meter phone band. Thus, this
one antenna is correct for both 75 and 20
meter phone.

The length formula for the double V an-
tenna is:

(K—0.23) 492
I, =

F

where L iy length in feet, K is the number of
balf waves, and F is the frequency in mega-
cycles. The formula for one half-wave is

379
L=
F

where L is length in feet and F is frequency in
megacycles.

The spacing between the ends of each V
should be about 10% of the length of the
antenna. Thus at 7 mc. the ends of each V

DOUBLE VEE ANTENNA

Frequency | Length
3500 ' 108 2"
3600 105 3"
3700 [ 102 57
3800 99 9~
3850 | 98" 57
3900 97" 17
3950 95 10”
4000 94 g”

o 7000 ] 54 17
7050 | 53’ 8"
7100 53 47
7150 52'11”
7200 [ 52" 6"
7250 ] 52 2
7300 { 517117

14,000 27 1
14,100 26/ 10”
14,200 | 26 8"
14,300 | 26" 6”
14,400 ] 26° 4”
28,000 | 137 6" B
28,500 ‘ 13 3"
29,000 | 13 17
29,500 | 12'10”
30,000 | 127
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Figure 4
The “Double Vee” Antenna takes up less room
than a conventional doublet.

should be spaced about 5%% feet. As the
impedance at the center of a double V di-
pole is approximately 75 ohms at its funda-
mental frequency, this antenna can be fed
by any of the common methods of feeding
a doublet, including twisted pair transmis-
sion line, Johnson Q feeders, etc. The Col-
lins Multiband antenna system does not
work well with this type of radiator except
for possible two band operation, such as
160-40; 75-20; etc. Note that the ends of
each V can be either horizontal or vertical.
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Figure 5
Radiation resistance of a grounded vertical
wire as measured at any current loop.

Sometimes it is desired to operate a Mar-
coni or grounded antenna whose length is
materially less than a quarter wave. Thus
the antenna system requires considerable
series inductive loading to make it resonate,
Such antennas are common on small boats,
aircraft, and motor cars. In such cases it is
sometimes desirable to know the radiation
resistance in order to match a feeder system
to the antenna. The radiation resistance of
a grounded antenna less than a quarter wave
long is approximately L* (520) where L is
the length in wavelengths.

Figure 6
The surge impedance of an untuned, two-wire
line depends upon the ratio of the radius of
the conductors to the spacing. From the above
curve the impedance of any two-wire line may
be determined at a glance. S equals the
spacing and R the radius of the conductor in
the same lineal units (inches, centimeters, etc.).

CONCENTRIC TUBE FEEDERS
140 e

Z crms
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e
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Figure 7
The surge impedance of a
coaxial (concentric) trans-
mission line depends upon
the ratio of the outside ra-
dius of the inner conductor
to the inside radius of the
outer conductor. The surge

impedance may be determined
after the ratio is known, by a
glance at the above curve.
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A Simple Fieid Strength Meter
L—18 d.c.c. on 11%” diam. form to hit band
C;—100 ppfd. midget variable condenser
CQ and C3—.001 p.fd.
Biasing potentiometer—2000 ohms
Balancing potentiometer—200 ohms
R;~—5000 ohms
R2—1000 ohms
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IX. Supporting the Antenna

Impossible to achieve, of course, but the
tdeal method of hanging an antenna would
be to have it in position with no surround-
ing objects to absorb or otherwise distort
the radiation pattern. Unfortunately, “sky
hooks” remain legendary.

Figure 1
Raising a wood tower is not especially difficult

when the above method is used. If the tower
is to be guyed, no foundation need be used. If
the tower is to be self-supporting, the hinged
should be fastened to heavy stakes in the ground
so placed that the base of the tower will ““fall
into place” on the foundaticn shown in figure
3 when the tower is raised. If the tower is to
be well-guyed rather than self-supporting, some-
what lighter construction is permissible,

With masts or supports less than 40 feet
or so in height, this is not much of a prob-
fem. With poles or spliced lengths of wood,
little 1s needed in the way of guy wires or
bracing.

However, with heights of 60 to 90 feet,
the mast construction has to be such that
utmost stiffness and light weight are had.
The wind pressures encountered by an av-
erage installation of this sort are occasion-
ally so heavy that means of bracing the
tower and anchoring it to the ground
assume the proportions of a problem. These
considerations point to a design in which
the mast consists of 3 or 4 vertical corner
pleces tapering toward the top, and securely
braced and strengthened by means of gird-
ers and cross braces. This design is used
in many of the new broadcast towers and
vertical radiators, both wood and metal.

When several antennas are used of the
vertical and semi-vertical types, these have

in some cases been used as the guy wires
by placing them at points where the strain
comes.

In the tower shown, the cost has been
kept to a minimum and materials used are
such that they, or inexpensive substitutes,
arc available in most parts of the country.
For the vertical runners, which are the
main parts, use straight-grained Oregon
pine 2x2’s or 1x3’s in 20 or 22 foot lengths
if available. If these are hard to get or
too expensive, shorter lengths of some
cheaper wood will be all right for a guyed
tower if each piece is sclected carefully and
knots and other weakening factors are kept
out as much as possible.

The cross braces and girders arc made
of “car strips”, “tobacco lath” or even
plaster lath, but the last mentioned is the
least desirable. The others are stronger
and cheaper. Get those with the “fuzzy”
rough finish, as the rough finish is cheaper
and wecathers better than finished wood.

The same thing applies to the 2x2’s; don’t
¢get surfaced ones.
The first thing to do in building a tower

of this type is to lay out enough of the
uprights to make up a tower length which
is desired. These are spliced together by
means of overlapping pieces two or three
feet long of the same material. These may
be bolted, screwed, or nailed, to the edges
which will be on the inside of the finished
tower. Of the afore-mentioned methods,
the bolting is preferable, using big husky
washers on cach side in order to keep
the head or nut from sinking into the wood.

Two spliced lengths are then placed side
by side with the bottom cnds separated by
3 to 6 feet, depending on guying, height,
cte., and a cross girder nailed in position.
The two lengths taper together toward the
top to some 12 or 15 inches. With these
in position and the sides straight, start nail-
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Figure 2

Above is shown in detail the construction of the
ordinary overlapping splice.

“end splice”.
Below it is shown construction of one of the two similar sides of the tower.

It makes a better-looking splice than an

To show constructional detail better, the illustration is not drawn to scale.
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ing thegirdersacross
the two pieces. With
even spacing of the
girders, place each
one across the two
sides at a distance
up the tower which
is equal in length to
the last girder nailed
on. This will give a
series of squares
diminishing in size
toward the top of
the tower.

4" x 4"
EXTENSION
OPTIONAL > _

After this is com-
pleted start up with
the cross braces,
laying them in posi-
tion, marking them
and sawing them to -
fit the angle. With
these nailed in prop-
erly, one side of the
tower will be fin-
ished.

Make the second
using the first as a
sort of template,
thereby securing a
duplicate of the
first. Stand these
two sides on their
edges, space them
properly, and start
nailing girders ex-
actly as when mak-
ing the first side.
With the operation
repeated on the
fourth side, you will
have a tower that

Figure 3
The foundation used for
a guyless tower (four red-

wood posts or railroad

. ties sticking out of the
ha.s . stiffened  sur- ground a ways) to which
prisingly when put  the base of the tower is
together. anchored.

For permanently sccure nailed joints, look
around and see if you can get the type of
box nails similar to shingle nails that are
coated with a sort of cement. These when
driven in “set” themselves and never do
loosen up. If any trouble is had with
splitting wood when nailing, soak the strips
or lath in water for some time, or drill
holes through them slightly smaller in
diameter than the nails.

The painting may be done either before
assemblying the tower or afterwards. If
done afterward, then while waiting for it to
dry, go ahead and prepare the base for the

tower and assemble the things needed for
raising it.

In the tower shown, the base was so se-
curely anchored that no guy wires were
needed. This was done by sinking some
redwood railroad ties, which had been liber-
ally studded with large spikes, into four
spaced holes and then pouring in a rough
mixture of cement with a good many rocks
in it. The holes were around 8 feet deep
and 18 inches in diameter.

The concrete mixture was put in to about
a depth of 20 inches, and the rest of the
hole filled with dirt after the mixture had
set. If the ground is such that digging or
blasting the holes is impractical make a
base for the tower to keep it from “walk-
ing” and guy it well.

If holes are wanted in rock, and the tools
for rock drilling are not readily available,
get an old model-T axle and have the end
shaped and hardened. Using this and an
8 1b. sledge hammer, drill holes in the rock
and set therein some 1 inch pipe in con-
crete.  This will hold about anything.

For raising the tower illustrated, some
heavy posts were set temporarily in such
a position that the tower would swing down
nicely on the base which had been prepared
for it. The bottom of the tower was
hinged to these stakes and with the aid
of a “gin-pole” and some rope the tower
was raised. A borrowed ladder with a
greased top rung makes an excellent gin-
pole. If not too far from the base a couple
of huskies can “walk” it into position if
necessary.

The 4 x4 extension shown in the drawings
is of course optional. If installed, secure it
by means of x-bracing across the inside of
the tower. Also, this x-horizontal bracing
should be put in at several points down the
interior of the tower, as there is a tendency
for the tower to try to fold up flatwise.

For halyards use tarred rope, either par-
affined or well soaked with crankcase drain-
ings, as this will make them last several
times as long when exposed to the weather.

If the tower is not to be totally guyless,
be sure to break up the guys at frequent
intervals with “egg” type strain insulators.
The adjoining wires are looped around each
other and they will still hold even if the
insulator breaks, which isn’t likely, as when
properly installed these insulators are sub-
ject only to compression and not to a pull-
ing strain. Do not measure off the breakup
lengths of the guy wires; make them as-
sorted short lengths; then in case some par-
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Figure 4
The most practical antenna support for
heights up to 40 feet and moderate pulls.

ticular length of guy wire is “shock excited”,
there won’t be a whole family of wires the
same length causing trouble. Do not guy to
the exact center of a pole or mast, especially
if limber, as this will under some conditions
produce a “full wave” oscillation which is
liable ecither to bring down the mast or
severely strain it.

When tieing a guy wire to an insulator,
bring it around the insulator and take four
or five running turns around the main
length of the wire before finishing off with
several closely wrapped “buttons”. The
twist at the ends of a guy wire should be
in opposite directions, as this avoids any
tendency for the wire to untwist when a
strain is put upon it.

One neced not follow the layout of this
particular tower. Some other methods of
construction have also proven very suitable.
Fine looking towers have been built follow-
ing the general design of some of the b.c.
station vertical radiators, with the largest
diameter in the center and tapering off
both ways down to about 6 x6 inches. Due
to lack of footing area thesc must be guyed
and are best suited to uses where some of
the antermas may also be used for guy
wires.

Any kind of paint is ok for painting wood
towers or poles, and 1if protection and
cheapness are the paramount considerations,
common asphalt paint is very good. If one
wants color and at the lowest cost, get

some ground metallic and mix it up with
sccond grade linseed oil. Due to lack of
“dryer” this will take somewhat longer to
dry, but has the virtue of cheapness and
gives fine durability.

A triangular assembly of the sides instead
of square has the advantage of reducing the
amount of material and has less area ex-
posed to the wind; but it is harder to make,
as the long pieces have to be made triangular
in cross scction, at least where the girders
and cross braces attach, and unless special
metal plates are used at junction points it
has not the strength of the one shown.

When heights over 40 feet are not needed
and cxcessive strain is not placed on the
antcnna, a pole of the type shown in figure
4 is simple to build and is easy to place in
location, being made of three, 20-foot 2 x 2's.

—r—
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Figure 5
The ‘“‘gallows” type pole is ideal for 5 and
10 meter vertical radiators. By making
the cross-arm long enough, a quarter-wave
matching section may be supported from
the vertical part of the pole and a two-
wire open line run up the pole on standoff

insulators.

A type especially suited for a vertical
antenna is the simple “gallows” pole shown
in figure 5. As it is mostly used on the
higher frequencies, a single 20 foot length
of 2x3 is generally sufficient. The cross
arm at the top may be 4 to 6 feet long
with braces sufficiently long to give good
strengthening against the down pull.  Of
course this is perfectly practical in a taller
arrangement, and was used extensively
some years ago when the vertical antenna
and “counterpoise” (in reality a current-fed
bent half-wave) was in great favor on 40
meters.
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NEW DEVELOPMENTS AND DISCOVERIES ARE BEING
MADE EVERY DAY ON THE SUBJECT OF

ANTENNAS

We can’t publish an antenna book every day; so the best way for you
to keep abreast of the times, and ahead of the ham down the street,

is to subscribe to
“RADIO”

“The Worldwide Authority of Amateur, Shortwave,
and Experimental Radio.”

All the current developments are covered—completely—
so that you can understand them. Every month{ you
get 100 or more pages of authoritative, technical and
constructional information, printed on enamel coated
paper with finer illustrations than ever before.

ﬁy—the year, it costs you less than a penny a day to be

up-to-the-minute. Send $2.50 (or $4.00 for 2 years) NOW—
before you forget it.

WHAT MAKES IT WORK . ..
HOW TO MAKE IT WORK . ..
HOW TO BUILD IT WITH THE LEAST WORK ...

“RADIO” SUBSCRIPTION RATES

In the United States, Canada, Newfoundland, Cuba, and Mexico: current issue, 30c;
1 year, $2,50; 2 years, $4.00

All other independent American countries and Spain: current issue, 35c; 1 year,
$3.00; 2 years, $5.00.

In the United Kingdom: current issue 1/8; 1 year, 14/6; 2 years 24/6.
Elsewhere: current issue, 40c; 1 year, $3.50; 2 years, $6.00.
{Except August and September; ten issues per year including enlarged special annual number

In.Every Field of Human Endeavor
One Factor Stands Supreme
~— [n the radio magazine field its
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