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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.).
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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-

[ D— 20 FEET ROUND MEAD 'i-!'l—l-
o e 7 WOOD SCREWS =
T; g 7 DETAIL OF END SPLICE
e
!g o / e —_——————— T =
c o i 0
- g ]a‘
b » D = By S,
o “ =5 USE SAW ON DOTTED, THEN NAIL END SPLICE

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—

P(/LLéN 1
2 OR

SCREW EYE

PULLEY

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
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