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transmission lirie and the antenna. In the process, the SWR on
the transmission line that links the tuner to the transmitter is
brought down to a low value for suitable matching to the trans.
mitter, and to ensure minimum transmission-line loss,

Resonant long-wire vees and rhombics usually have a low
antenna resistance, and the step-up ratio between the transmission
line and the antenna is not great. Hence, the rather simple tuner
arrangement that matches a low-impedance unbalanced transmis.
sion line to a balanced antenna feed point of somewhat higher
resistance is appropriate (Fig. A-VIL.1). Both primary and sec-
ondary are series-tuned for minimum loss and lowest standing.
wave ratio. Separate plug-in coils are recommended for each band.
However the same plug-in coil can be used for both the 10-and
15-meter bands. Coil and component data are given-in Fig. A.VII-1.
Also given is coil data for intermediate values. If the very lowest
SWR’s for a variety of antennas are to be obtained, you may find
one of these is better suited for a given situation.

The tuner adjusts very quickly and there is no need for making
coil taps. An SWR meter is connected between the transmission
line and the input of the tuner. Adjust the two tuner controls for
a minimum SWR. Jockey back and forth between the two con-
trols to obtain the very lowest minimum. The tuner must be re-
adjusted, of course, when changing bands, or when changing from
one end of the band to the other.

If you wish to construct a very versatile tuner that can meet
almost any antenna situation around the amateur station, the
author recommends highly the one described by Lew G. McCoy
on page 58 of QST, July 1965. This tuner includes a standing-wave

meter and has the flexibility needed to match both high and low
antenna resistances,
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FOREWORD

Although the means of support and erection and variations change
with time, the performance of a specific antenna and its specific varia-
tions do not. The ways of tuning and matching an antenna also change.
Regardless of these facts the antenna will perform as expected when
a proper maich is attained. Proper matching is more important and
narrow for modern transmitters as compared to the vacuum-tube out-
puts of older transmitters. — _

The antennas described in this book, except for site and propaga-
tion conditions, will perform just the same as they did years ago.
You may wish to try some of the antennas and methods of matching
as well as construction methods.

Except for short antenna heights, the high telescoping mast has
gone with the changes in television station powers, efficiencies, high
receiver sensitivity, cable and satellites. More rigid and safer masts
are the rule today.

Be Safe

Safety is a prime personal responsibility when erec-
ting and installing antennas. Electric shock, physical
injury, and damage to property are dangers. Plan
your antenna well and organize your procedures
wisely. Be certain to position your antenna and mast
where it cannot come in contact with or drop upon
porver lines when it is being installed or in a storm,
Or upon a person or neighbor’s property when it is
being erected or in a storm, or when its parts become
fatigued. Use a wire quality and size that can withs-
tand the stress of erection and weather. An added
safety factor is provided by insulated antenna wire.
A high installation increases the magnitude of all the
danger factors of concern. Try to anticipate hazards
before you go ahead with the installation. Don’t
forget lightning protection or an exterior disconnect.




load (Fig. A-VI-3). In this case there is little or no r-f energy
present at the far end of the second leg of the antenna. Thus, if at
all possible, you should check for the presence of r-f energy at
the ends of both legs of the antenna. This is quite easy to do for
the inverted-vee antennas or the vee-beam types with sloping ends.
False loading should be avoided when you wish no changes in the
pattern characteristics of vour antenna.

When the center-fed dipole or vee antenna approximates an
odd number of quarter wavelengths on a leg, the tuner loads both
legs. However, if the leg length approaches an even number of
quarter wavelengths the tuner tends to load one leg and the line.
For example, when the antenna of topic 31 with 59-foot legs is
loaded on 80 meters, it will tune in dipole fashion on 80 meters.
However.the 40-meter dimension is so far off the quarter wave-
length on a leg value that the tuner will simply load as a random
wire with one leg more active than the other,
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In practice the proper operating conditions are established by
using a variable capacitor and two tapped inductors in accordance
with the parts list. It has been customary in most designs to place
the taps on the coils in some regular manner and let the tuner
operating conditions fall where they may. However, if the very
lowest standing-wave ratios are to be established, it is helpful to
experiment with tap positions for the very best performance. You
may wish to start out with uniform positioning of the taps to de-
termine what the operating conditions are on each band. For
most bands it is likely that optimum performance can be obtained.
However, if you have difficulty bringing the SWR reading down on
certain bands, you can experiment with the tap positions. This is
particularly the case for the 10- and 15-meter bands.

For the tuner constructed by the author the tap positions
shown in Fig. A-VI-1 were found to be optimum. Switch positions
for operation in the 10-, 15-, and 20-meter phone bands for the
antennas of Fig. 40 are given. Coils L, and L, must be mounted at
right angles to each other.

ANTENNA
L TRANSMISSION LINE
TUNER
SWR Fig. A-YI-2. Connection plan for
adjuosting a toner.

TRANSMITIER B. P, 2-POSITION

ﬂ COAXIAL SWITCH

DUMMY LOAD

Proper tuning is important if you are to derive the most bene-
fit from your line tuner. The setup of Fig. A-VL-2 is a good one.
The transmitter is first worked into a 50-ohm dummy load. Trans-
mitter output-circuit settings (tuning and load) are set down in a
notebook for specific frequencies. (You may wish to use the
center frequencies of the 10., 15-, and 20-meter phone bands.)
This information helps you set the transmitter reasonably close to
optimum and then the line tuner can be adjusted in such a manner
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APPENDIX VI

The Construction and Tuning of a Line Tuner
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Fig. A-VI-1. Antenna line tuner.

binding posts

coaxial receptacles

case 10" X 5" X 4"

50-pF variable capacitor

100-pF mica capacitor

220-pF mica capacifor

680-pF mica capacitor

29 turns #14 wire, 1 %" dia. and 2% " length (AIR DUX 1411)
r-f switches, 1 pole and 8 positions
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APPENDIX V

Cutting an Antenna to Resonance Using an
SWR Meter

The SWR meter and/or reflectometer arrangement have been
used for years in checking out and monitoring ham antenna sye-
tems. Resonant antenna cuts can be made with the proper insertion
of an SWR meter designed for the specific impedance of the
transmission line. (For the usual SWR meter, optimum perfor-
mance is obtained with 50- or 70-ohm coaxial lines.)

Two preferred arrangements are shown in Fig. A-V.1. True
SWR measurements can be made by inserting the meter right at
the antenna. Usually this is not a convenient arrangement. An
alternative ‘is to insert the meter one electrical half wavelength
away from the antenna terminals or at some part of the line that
is a whole multiple of an electrical half wavelength. The latter
plan permits the SWR meter to be located near the transmitter.
However, the very best accuracy in terms of the SWR reading and

o

WHOLE MULTIPLE
SWR METER OF ELECTRICAL
HALF WAVELENGTH
SWR METER
TRANSMISSION LINE ﬂ
TRANSMITIER TRANSMITTER

Fig. A-V-1. Measarement of SWR and antenna resonance.

n determining the resonant length of the antenna is feasible only
when the exact length of line between the antenna and meter
is a whole multiple of electrical half wavelengths. Under this con-
dition the antenna terminal conditions are reflected to the meter
and the reactive effects of the transmission line are reduced. The
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1-— Half-Wavelength Dipole

As a starting point for the antennas discussed in thie book, the
half-wavelength dipole is considered to be the shortest long-wire
antenna. Other long-wire types stem from this fundamental an-
tenna dimension. In a dipole arrangement the transmission line
is attached at the center (Fig. 1), and there is a quarter-wavelength
conductor on each side of the feed point.

ﬁ Add A 14 _

Fig. 1. Half-wavelength dipole
antenna.

t—— FEED LINE

In free space and at most practical antenna heights the feed-

.point impedance is approximately 72 ohms. This can vary as a

function of antenna height and the proximity of other conducting
material.

The phvsical length of a dipole antenna is shorter than the
calculated half wavelength of its resonant frequency. Thus the
physical length of a dipole must be made shorter than the cal
culated free-space wavelength that corresponds to its resonant
frequency.

A half wavelength (A/2) in space has the following length:

_ 492
N2

The physical length of the dipole antenna needed to establish
a resonant length for frequency (f) is shorter than this value

9



The bridge can also be inserted into the line an exact electrical
half wavelength away from the antenna terminals. A third alterna-
tive is to locate the noise bridge at the receiver, making certain
that the overall length of the transmission line between the an-
tenna and the bridge is a whole multiple of an electrical half
wavelength for which the antenna is to be cut and measured. The
iransmission-line cutting procedures were covered in Appendices
IT and II1.

The recommended operating procedure s as follows:

1. Set the noise bridge dial to the anticipated resistance of
the antenna (usually 50 or 70 ochmas).

2. Tune the receiver over the frequency band and locate the
noise null (minimum speaker noise or minimum S-meter
reading).

3. Adjust the antenna-noise-bridge dial for the best noise
null.

4. The resonant frequency of the antenna can be read from
the calibrated receiver dial while the antenna radiation
resistance is indicated on the calibrated noise-bridge dial.

5. The two controls can be adjusted slightly for the very best
null and the most accurate reading.

The most accurate readings are obtained when the transmission
line 1s a whole multiple of an electrical half wavelength.

In the measurement and cutting of both lines and antennas,
the Charts 1 through 6 are employed. The physical lengths of
lines and antennas indicated by the charts are invariably some-
what longer than the necessary cut for the desired resonant fre-
quency. (Even the cut for a half-wavelength antenna using the
end correction factor is usually a bit longer than necessary.) This
is the favorable situation because the antenna or line can then
be trimmed back to the desired higher resonant frequency.

Therefore, in using the antenna noise bridge, the null peint is
usually found lower than the desired operating frequency and
may sometimes be even lower than the low-frequency end of the
desired frequency band. You can then trim very carefully and
observe the noise null rising higher toward the desired frequency.

As you well know, cutting a length that falls on the high side
of the desired frequency presents the added problem of having to
add on rather than trim off to reach the optimum frequency.
This is certainly not the desired situation when using coaxial
transmission line. Thus the chart and formula information in this
book tends to give you a long dimension rather than a short one.
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matched conditions and a good-quality line those losses can be
quite insignificant for surprisingly long lengths of transmission line.

Chart 1 presents dipole antenna dimensions for the radie
amateur bands from 10 meters through 160 meters related 10 the
center of each band, center of the phone segment, and center
of the c-w segment.

The antennas described in this book were constructed variously
of numbers 12, 14, and 16 wire, bare and insulated, with no sig-
nificant differences in performance. In fact, insulated #14 was
used extensively. Insulated wire provides an additional safety
factor, can be run through trees, and is convenient for multi-
conductor antenna applications.

Chart 1. Dipole and Half-Wavelength Line Dimensions

Band Band Center C-W Band Phone Band
in 0.66 0.81 066 | 081 0.56 .81
Meters Ant. Line Line Ant. Line | Line Ant. Line Line

160 |256°5” | 1781 [ 218'1" |256'5” | 178'1" |218'1" | 2565 |178'1" |Z1&'1"
80 [124'107] 86'8" | 10627 |128°3" | B8Y 109 120 834" | 104'9”
40 | 655" | 4557 | 558" | 6511 469" | 5617 | 6477 107 | 549"
20 13 Iy alr | 3yt 1t | a3 | sew | 29 | 2Tl
15 2 1547 | 189 | 2217 | 1547 | R0 2’117 | 1537 | 1887
100|637 [ 113 | 1307 | 1877 | e | Wt p Wit 1R | 13

2 — Dipole Antenna, Line Tuned

A dipole antenna at resonance does not always present exactly
72 ohms impedance to the transmission line. Also the antenna
impedance off of the resonant frequency is other than 72 ohms.
Antenna height above ground and the presence of nearby con-
ducting obstacles influence the antenna resistance too. =

Transmission-line impedances other than 72 obhms are em-
ployed. Fifty-ohm coaxial lines are popular and there are a variety
of accessories designed for 50-ohm operation. Although the mis-
match of 72 ohms to 50 ohms is not great, such a mismatch plus
other factors that influence antenna resistance can cause a sig-
nificant standing-wave ratio on the line. Poor ratios should be
avoided because many transmitters, especially modern transceivers,
are quite critical as to loading.

A proper match at the transmitter end of the line is important
for two reasons—proper loading of the transmitter, and efficient
operation of the antenna system. A 50-ohm line can be used with
a dipole antenna and quite often performs well; however, it is
advisable to stay away from reactive loading of the transmitter

11



The velocity factor of some foam-type lines tend to be less
than 0.81. Thus resonance will appear at the low end of the band,
or even off the low end of the band. Trim the line patiently to
bring it into the band. When the overall length of your line is a
number of whole multiples of a half wavelength long, a larger
section of line must be trimmed off to obtain a given change in
overall electrical length than if line were only one half wavelength
long.
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Chart 1 gives half-wavelength line lengths of 0.66 and 0.81 velocity
factors for the various amateur bands.

A very precise cut cannot always be made by calculation
alone for the reason that velocity factors are not always exactly
the stated values of 0.66 or 0.81 because of line discontinuities
and other variables. The exact velocity factor can be obtained
by measurement, or a line can be cut for a half-wavelength con-
dition on some precise frequency. Techniques and procedures are
given in Appendices I through V.

- For multiband operation, compromise line lengths are used.
In most cases a length can be found which provides a reasonable
match on each band. Examples will be given for many of the
multiband antennas in this book.

A good compromise length for 40-, 20-, 15-, and 10-meter opera-
tion, using VF-0.66 line, is a whole multiple of 45’ 6”. If 80-, 40-,
20-, 15-, and 10-meter operation is desired, use a whole multiple of
90". When VF-0.81 line is used, a whole multiple of 56’ provides
good performance on 10 through 40 meters. Make it a whole .
multiple of 112" 10 include 80 meters.

An alternative plan is to employ a line tuner (Fig. 4). Such
a tuner can accommodate a random length of line although it is
still advisable to cut the line close to one of the half-wavelength

_ i2 DI POLE _
| L |

RANDOM LENGTH
LENE TUNER OF COAX

TRANSMITIER

T

Fig. 4. Use of line tuner.

figures. An added advantage of the line tuner is that it can be used
to tune the line over an entire amateur band or a group of bands
by using tapped inductors and variable capacitors. Such a tuner
can be adjusted to present the proper resistive load to the trans-
mitter, and it tunes out reasonable reactive components so that
they are not reflected to the transmitter.

13



The length of a quarter-wave segment of line or an odd multi-
ple of a quarter wavelength can be determined in the same way

with the exception that the far end of the line is opened rather
than shorted.
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A balun avoids these imbalances by serving as a balance-to-
unbalance transformer (Fig. 6). As such, it provides an efficient
transformation between the single-ended coaxial line and the bal-
anced dipole antenna. In matching a dipole to a coaxial line the

“ Ai2 DIPOLE =
|

BALUN

Fig. 6. Dipole antenna with 1 to 1
balun.
COAX

TRANSMITIER

preferred balun transformation is one-to-one. Baluns of four-to-
one and other ratios are feasible for matching higher antenna
resistances to a 50- or 72-chm coaxial cable.

A balun ensures more favorable line conditions and less disturb-
ance of the antenna radiation pattern, and helps in establishing a
more favorable standing-wave ratio over a wider span of frequen-

cies, as compared to the dipole-direct-to-coaxial-line method of
connection.

4 — Novice-Band Dipoles

Dipoles can be cut for optimum operation on the 80-, 40-, and
15-meter novice bands. Dimensions for novice-band centers are
given in Chart 3. Optimum ecoaxial line lengths for half-wave
segments of coaxial line are also given. Line lengths which are

Chart 3. Novice-Band Dipole and Line Dimensions

A2
/12 . A2 Line Length-
Novice-Band Dipole Line Length- .| 0.81 Foam-Dielectric
Centers Length 0.66 Regular Coax Coax
3.725 MHz 125:8" 873" 10311"
7175 MHz 653" 453" 556"
21175 MHz 272" 154" 189




The antenna or line to be measured is connected as the fourth
leg of the bridge. The receiver is, of course, connected between
the junctions of the two leg pairs. When the bridge is balanced,
there is minimum signal applied to the receiver. This happens
when the antenna resistance is of the same value as the setting
of the bridge resistor. If reactive components are present, the
bridge does not balance. Any such reactance is balanced out by
tuning the receiver. In doing this you also determine the resonant
frequency of the antenna system.

The general operating procedure is:

1. Set the bridge control to the appropriate antenna resistance
that is to be expected; for many ham antenna systems that
is 50 ohms.

2. Tune the receiver over the frequency band to which the
antenna is to be resonated. Find the minimum noise fre-
quency (minimum audio output from the speaker and
minimum S-meter reading).

3. Adjust the bridge resistance for the best minimum (null).
Jockey the receiver tuning and bridge controls slightly for
the best minimum, The resonant frequency of the antenna
system is read from the receiver dial, while the antenna
radiation resistance is indicated on the noise-bridge dial.

The antenna noise bridge is a small test unit, is easy to hook
up, and makes anlenna system checking a lot easier.
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DIPOLE

DIFDLE
Fig. 7. Lamp-cord dipole. LINE

LINE

In constructing such an antenna use a section of lamp cord
which has a total length corresponding to the dipole plus the trans-
mission line. Then it can be cut down the middle to form the
dipoles. Electrical tape can be used to secure the point of separa-
tion (Fig. 8). The insulation need not be bared from the dipole
because it does not hamper the radiation of the r-f energy. The
ends of the dipole can be fed through the eyes of the insulators
and secured with electrical tape.

Fig. 8. Taping of lamp-cord dipole.

Such an antenna is serviceable for attic mounting. Since it is
very flexible and consists of few components, it can be packed and
stored conveniently, and serves well for quick portable installations.

17



The four-square mast installation is quite versatile and a
variety of long-wire antennas can be constructed around this
configuration. In this topic you learned how the four-square
plan can be used for short switchable rhombic combinations.
Previously in topic 71 it was used for switchable vee-beam antenna
construction. Additionally, center-fed long wires can be placed
in operation by using diagonal poles.

Longer two-mast rhombic antennas can be erected out of this
basic plan, as shown in Fig. 99A. A choice of four possible direc-
tions can be made by coming out from the center of the hub. By
establishing the feed point at one of the masts, four additional
directions are made available as shown in Fig. 99 B. Refer to
topics 1, 2, 57, 58, 59, 60, 61, 62, 63, 71, and 72.
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~ > - >~
4701
COAX
BALN HA LF -WAVE
! LINE SECTION
CoaX !
(A) Balun at the antenna. (B) Balun constructed of coax.
< —>
470 |
BALLUN
COAX
TRANSMITTER

(C) Balun placed near transmitter.

Fig. 10. Baluns and connection arrangements.

separation between folded dipole and transmitter. Of course, one
must be more careful in laying out the 300-ohm feed line so
that it does not come too close to conducting surfaces. Stand-off
insulators must be used to hold 300-0hm line away from the mast,
while in a well-balanced and matched system, one can tape coaxial
line to a mast.

It is a good idea to make the span of 300-ohm line between the
antenna and balun a multiple of a half wavelength. The balun can
be positioned within a few feet of the transmitter, or at any con.
venient point—perhaps the position at which the line is to enter
the house. Refer to topics 1, 2, 3, and 7.

QO — Inverted Dipole

The inverted dipole has been and is a popular antenna be-
cause of its good results, ease of erection, durability, low cost, and
limited space requirement. The inverted dipole is, in effect, a
conventional horizontal dipole with its ends tilted down toward
the ground (Fig. 11). The angle between the two legs is usually
between 90 and 120 degrees, depending on apex height and leg
Iength.

19
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Fig. 98. Different modes of operation,

four unidirectional patterns in the direction of the four poles and
also two sets of bidirectional operation. These combinations are
shown in Fig. 98.

The positioning of the masts in relation to the antenna erec-
tion area should be selected rather carefully in accordance with
favored DXing directions. If you can get within 20° to 25° of a
desired bearing, you can do reasonably well because the beam
_angle of the short rhombic is rather wide. Orientation is much
less critical than for the very long rhombics,
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50- rather than 72-ohm line. Again, the most favorable conditions
exist when the transmission line is made a multiple of a half
wavelength at the operating frequency.

The performance of the inverted dipole is in general more
uniform than the performance of a straight dipole. The horizontal
pattern is less directive. Gain is less by comparison to the broad-
side gain of a horizontal dipole of the same height, becauze the in-
verted dipole has its antenna legs tilted down toward ground.
However, the performance of the inverted dipole, relative to other
horizontal angles, equals or betters that of the straight dipole.
Another advantage of the inverted dipole is its lower angle of
radiation and more vertical polarization. Thus for long-distance
communications especially on 7 MHz and higher, surprising results
are obtained with the inverted dipole.

Only a single erection mast or high mounting position for the
apex is needed. The inverted dipole ends can be brought very
near to the ground and can be tied down to metal fence posts, the
side of a garage, shed, etc. Dimensions for a 40-meter phone in-
verted dipole are given. Optimum transmission-line length is a
whole multiple of 45’ 6”. Refer to topics 1 and 2.

10 — Novice 15-40 Dipoles

More than one dipole can be attached to the same center feed
point. If done properly, there can be minimum interaction and
good operation on more than one band. For optimum results the
two dipoles should be separated as much as possible from each
other. It is best to have the elements of one dipole perpendicular
to those of the other, rather than parallel (Fig. 12A). Thus, in
erecting a 15- and 40-meter combination, the 15-meter wires should
run broadside to the 40-meter wires. A further reduction in the
interaction between the two dipoles can be obtained by using
different polarization. In fact, a good-performing combination
would be a 40-meter dipole and a 15-meter inverted vee (Fig. 12B).
This combination has the 15-meter wires perpendicular to the
40-meter wires, and the 15-meter polarization has been changed
away from that of the 40-meter dipole.

It has been said that the ordinary 40-meter dipole operates
as a three-halves wavelength antenna on 15 meters. It is true that
a 40-meter antenna often loads on 15 meters, but seldom can per-
formance and standing-wave conditions on the transmission line
be made as good as those obtainable when using a separate 15-
meter dipole. The two frequency bands are not related properly
for this optimum condition. In fact, a dipole cut for the low end
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made quite convenient for switching over between open bidirec.
tional and terminated unidirectional operation of the antenna. Of
course, bringing the far end to a low level makes it convenient for
end-tuning of the rhombic.

The practical short rhombic of Fig. 96 was compromised from
the dimensions developed in topics 69 and 70. Unless the feed point
can be located rather near to the transmitter, the use of open-wire
transmission line and an antenna tuner is recommended for getting
the most out of the short rhombic. With a 45-foot mast height, this
antenna worked into all continents with ease. Its performance sur-
passed a three-element beam on 10 meters and equaled a two-
element beam on 15. Also the antenna gives you low-band oper-
ating capability, including 160 meters.

The same idea can be used to construct a long rhombic antenna
using the dimension information given in topics 57 through 63.
Refer to topies 1, 2, 17, 57, 58, 59, 60, 61, 62, 63, 69, 70, and 71.

y CAN BE END-TUNED
TUNER AND COAX
; FEDWIA  4-]1 BALUN

- \
e o
i —

———— —

Fig. 6. Two-mast rhombic.

73 — short Squared Rhombic

Do you have a plot of ground approximately 100-feet square
for antenna erection? If so, an antenna mast mounted at each

138

angle radiation can be obtained on both bands. The 15-meter
dipole wires should be at right angles to the 40-meter segments.
Refer to topics 1, 2, 4, and 9.

.f..!--llll \\\

———

Fig. 13. 15-40 meter inverted dipoles.

11 — Novice 15-80 Dipoles

Just about optimum dipole operation can be obtained on 15
and 80 meters using two separate dipoles attached to the same
center feed point (Fig. 14). There are three possible arrangements
that give good performance. Both dipoles can be mounted hori-
zontally and at right angles to each other; both can be mounted
in an inverted-dipole combination:; or the 80-meter antenna can
be erected as a horizontal dipole, with the 15-meter elements
coming off its center feed point as an inverted dipole. Refer to
topies 1, 2, 4,9, and 10.

12 — Novice 40-80 Dipoles

Near optimum operation can be obtained on 40 and 80 meters
using two separate dipoles connected to the same center feed
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(B) Four mast. w (B) Inverted dipoles.
Fig. 94. Switchable vee beams. Fig. 15. Novice 15-40-80 dipoles with common f eed point.
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An apex angle is selected in accordance with the number of
wavelengths on each leg as per Charts 6 and 7. The feed point
is brought down to a level where it becomes accessible for con-
venient changes. Likewise the antenna wire ends are brought down
and made convenient for end tuning.

A practical version of this antenna using the dimensions of
topic 69 was constructed as shown in Fig. 93. A compromise angle
of 60° was selected for multiband operation. Somewhat better
low-band performance can be obtained by increasing this angle up
to approximately 90°. Directivity is still good on 10 and 15.

Dimensions for end tuning are given in Fig. 93A. For long
lengths of transmission line an open-wire line and tuner are
recommended as shown in Fig. 93B. The tuner of Appendix VII
is ideal for 10- through 80-meter operation. Refer to topics 1, 2,
17, 44, 51, 54, 68, and 69.

ﬂ.— == Three- and Four-Mast Switchable
Vee Beams

The vee-beam construction of topic 70 can be used to
advantage in the construction of a switchable vee beam because
the feed point and the wire ends can be brought down to a level
that is accessible. At the feed point it is then convenient to connect
the transmission line to any pair of antenna wires in accordance
with the desired orientation of the beam.

In the three-mast arrangement of Fig. 94A the three masts
are mounted in a triangle. They are spaced equidistantly from
each other and separated from the center of the triangle by approx-
imately half the distance of the antenna leg length. Therefore the
separation between antenna wires is 120° which angle also be-
comes the apex angle of the vee-beam. By attaching the transmis-
sion line to the correct pair of antenna wires there is a choice of
three directions of maximum radiation, spaced 120° apart. Mount
the three antenna masts so that these maxima fall at the most
favorable compass angles. Recognize that the angles of the maxima
fall midway between the angular positions of the mast.

If coaxial transmission line is to be used the antenna wires can
be end-tuned, and the feed point can consist of three coaxial con-
nectors as shown in Fig. 94A. Use dimensions of Fig. 93 if desired.
One need only connect the coaxial line to the appropriate connector
to select the desired pair of antenna wires. The antenna wires can
be terminated in a set of three insulators when open-wire line and
antenna tuner are employed. The open-wire line is connected to
the preferred pair of antenna wires. This latter arrangement also
permits coaxial feed via a 4-to-1 balun,
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these bands. A single antenna that permits rapid band changeover
is a desirable attribute for these operators. If done properly three
separate dipoles can be attached to the same center feed point and
made to give optimum dipole operation on each of the three bands.
The secret of good performance and low standing-wave ratios is
to keep the dipoles isolated from each other as much as possible
except at the feed point. The inverted-dipole style and its single
supporting mast (Fig. 17) provides a good-performing arrange-
ment in a small mounting area. The three dipoles are 60-degrees
related relative to their physical positioning around the mast.
This affords a higher order of isolation. ’

Fig. 17. 20-40-80 phone inverted dipoles.

Furthermore, the 80-meter wires stretch out more nearly hori-
zontal while the 20-meter wires can be made the most vertical.
Thus, there is some additional isolation through differing polari-
zation, and at the same time, the more favored lower angle of
vertical radiation can be obtained with increasing frequency.

Dimensions for a 20-40-80 phone antenna are given. Dipole ends
are brought near the ground level and antenna resonance can be
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of two masts permits the wires to have a significant vertical slope
{Fig. 90).

Leg length corresponds to a quarter wavelength on 1.81 MHz.
Coaxial transmission line ean be used to feed the antenna and a
good SWR ie obtainable between 1.8 and 1.85 MHz. Some length
adjustment may be necessary to set resonance at a desired fre-
quency.

If the transmission line run is very long an open-wire line
and 160-meter antenna tuner can be used. Also in conjunction with
the antenna tuner of Appendix VII, multiband operation as a
center-fed long wire is feasible. It has some of the characteristics
of the inverted vee and does display some end directivity on the
10-, 15-, and 20-meter bands. Refer to topics 1, 2, 17, 22, 39, 61, and
67,

00 == ]0-160 End-Tuned Two-Mast Inverted Vee

The two-mast inverted-vee construction also lends itself to end
feed. Segments of antenna wire can be added to the basiec 160-
meter arrangement of topic 68 as shown in Fig. 91. Formula di-
mensions work out as follows:

Fig. 91. Two-mast end-tuned inverted vee.

(80) Leg length H%H 194 feet
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rent, or high-impedance point. Therefore a high-impedance trans-
mission line must be used, or some sort of tuner is necessary to
make the transformation from the low-impedance line to the high-
impedance feed point.

o?
h A I“
DIPOLE 180° g°
L g
- +
2n°
(A} Half-wave dipole.
125° 55°
__ 14 “
< <> 180° o
— + o +
0 9

3 305

{B} Full-wave dipole.

Fig. 19. Comparisons in length and horizontal pattern of horizontal dipole
and one-wavelength antennas.

Often this type of antenna is called two half wavelengths in
phase as indicated by the polarities (in Fig. 19). The fields of the
two horizontal half-wave segments interact to form a cloverleaf
horizontal radiation pattern, instead of the figure-eight of a
single half-wavelength dipole antenna (Fig. 19B). Note that
radiation maxima occur at 55°, 125°, 235°, and 305° instead of the
90° and 270° of a horizontal dipole.” Each of the four lobes of
the one-wavelength antenna show a slight improvement in gain
over the two-lobe maxima of the dipole. Of course, each lobe has
a somewhat narrower beam angle than a dipole lobe.
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(A) Basic construction.
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(B) Radiation pattern.

Fig. 21. 3{/2-wavelength horizontal antenna and horizontal patiern.

Chart 5 provides the necessary constants for calculating leg
lengths that are an odd multiple of a quarter-wavelength long. The
constant for a quarter wavelength {half-wavelength dipole) is
corrected for end effect. End effect has a decreasing influence
with an increase in the number of quarter wavelengths on a leg.

There is some shortening required. It is wise to cut the antenna
lengths slightly long in accordance with the constants given. One
can then trim back to establish the desired resonant lengths. Refer
to Appendices I through V.

Chart 5. Leg Lengths in Quarter Wavelengths and Feet

Leg Length
Leg Length in in Feet
Wavelengths {f in MH2)
1/4 234/f
3/4 738/f
5{4 1230/
714 1722/ f
9/4 2214/f
11/4 2706/ f
13/4 3198/f
15/4 3696/ f
17/4 4182/ f
15/4 46741 f
2174 5166/ f
23/4 5658/ f
25/4 6150/ f
2714 6642/ f
29/4 7134/f
31/4 7626/ f
33/4 8118/f
35/4 8610/f
3714 9102/f
39/4 mmmf_“
4174 10085/
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with insulation as a safety feature. Such insulation does not have
any adverse influence on the antenna radiation. Refer to topics 1,
2, 31, 33, 34, 35, 36, 63, 63, 65, and 66.

67 — Long-Path Short-Path Long-Wire Antenna

The center-fed long-wire antenna is bidirectional off its far
ends. The longer the antenna, the sharper is the bidirectional
pattern and the higher is the antenna gain off the ends. Such a
bidirectional antenna pattern is advantageous in those sites where
the preponderance of contacts are from two opposite directions.
Furthermore the bidirectional antenna can provide both long-path
and short-path communications by way of the same fixed-position
antenna.

Three possible arrangements are shown in Fig. 89. For opera-
tion on 10 and 15 meters alone, a dimension can be selected that
permits two-band operation. A four-to-one balun and coaxial trans-
mission line can be used. If other bands are to be added, the an-
tenna can be end-tuned. Bring each of the legs down sharply from
the end support masts to make band changing convenient. The
10-15-20 and 10-15-20-40 combinations are shown.

If a long length of transmission line is necessary, the use of
open-wire line minimizes line attenuation. A tuner (Appendix
VII) is recommended and permits the antenna to be used on all
frequencies in all bands. Such an antenna also performs well on
160 meters. An ideal tuner for 160-meter operation has been de-
tailed by Lewis G. McCoy in May 1969 QST. In fact, coaxial line
can be run from the outdoor end of a long-wire antenna to the
transmitter. The grounded braid of the coaxial line helps to keep
rf out of the shack. often a problem with random end-fed wires.
Refer to topies 1, 2, 17, 32, 54, 61, 62, and 63.
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shown in Fig. 23 these would be favorable directions for Europe,
North Africa, South America, Australia and New Zealand, and
Japan and the Far East respectively. The two minor lobes would
be in the directions of the western states and South Africa. Mount
the antenna 0.5 to 1.0 wavelength above ground for good low-angle
vertical radiation.
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Fig. 23. Orientation of antenna in favored directions.

End-feeding on the 20-degree side favors the 155-degree and
245-degree lobes while end-feeding on the 200-degree side would
favor the 65- and 335-degree lobes. Refer to topics 1, 2, and 16.

18 — Low-Band Segmented Dipoles, 40-80-160

Three separate dipoles for 40, 80, and 160 require considerable
space, antenna wire, and transmission line. As a result few stations
have optimum antenna systems for operation on the three low
bands. Such operation can be provided with a single anienna if
space is available for 160-meter dipole erection. A single antenna
and a single transmission line can provide three-band facilities.

The segmented arrangement with insulators and jumpers is
shown in Fig. 24. A simple halyard arrangement at one end can
let the antenna down to make the necessary jumper connecis or
disconnects when operation on another band is desired. The
dimensions shown permit operation as a dipole on 80 or 160 meters
and operation as a 3/2-wavelength antenna (three-quarter wave-
length legs) on 40 meters. Preferred transmission-line lengths
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High mounting of the long legs provides a low vertical angle
for good DXing—wonderful, if you can get up 70 feet. The mul-
tiple lobes provide good omnidirectional results, and at the same
time there is an exceptional performance peak off the far ends.

Dimensions of a practical antenna (Fig. 87) were established
using the formula values calculated previously for the long-wire
antennas of topics 63 and 64. Three such long-wires permit opera-
tion on five bands without the use of a tuner. Refer to topics 1, 2,
17, 44, 63, and 64.

66 — ail-Band, 6-160
End-Fed Very Long Wire With Tuner

A very-long antenna wire in conjunction with the tuner of
Appendix VI modified for 40-, 80-, and 160-meter end-feed use as
in Fig. 88 permits you to use a long-wire antenna of a maximum

PLASTIC
ROPE

B/ 480" OR CONVENIENT LENGTH
. /no_ﬁ_Em ANTENNA
WIRE TO TUNER
: OR INNER CONDUCTOR
OF COAXIAL
LENE
:
TUNER
10 TRANSMITTER

{B) Long-wire dimensions,

MODIFICATION APPENDIX VI
—.m LINE TUNER _J

Con
L]

)

1

G
GANGED 365 - [ .
VARIABLE R
CAPACITOR

JUMPER 1 CLOSED FOR 40 & 80
JUMPERS 1 AND 2 CLOSED FOR 160

(A} Tuner modification
Fig. 88. Convenient very-long wire length.
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In arrangement A the overall length accommodates 80-meter
dipole operation. The antenna is also segmented to provide 40-
meter dipole operation. On 20 meters the antenna operates as a
three-halves wavelength (three-quarter wavelength legs).

If additional space is available, antenna B can be operated as
a dipole on 80 meters, a 3/2-wavelength long wire on 40, and a
5/2-wavelength antenna on 20.

Careful consideration of the direction of the antenna wire can
help you align the lobes in preferred DX directions. Refer to
topics 1, 2, 17, and 18.

20 — Open-Wire Two-Band Dipole

Open-wire transmission line, suitably cut, can be used to con-
struct two-band antennas. The 450-ohm type is preferable because
of the greater separation between conductors.

w] 124' 10" |
| sl €' 5" | _

i

(A) 80-40 combination.

20 ml 3

15 WI 2
ﬂ

194

{C) 15-10 combination.
Fig. 26. Open-wire two-band dipoles, band-center dimensions.
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The long leg can be broken as shown in Fig. 86, A 20-meter ehort-
leg segment must also be added. However the far end jumper need
only be changed when making a changeover between 10- and 15- or
20-meter operation.

If an SWR no greater than 2.5 to 1 is tolerable on 20 meter side-
band (lower on c-w), the long-leg length as used for 10- and 15-
meter operation can also be used or 20. In this case only the short
near-end jumper need be changed. The 40. and 80-meter bands
can -also be added to permit five-band capability. A line tuner
can be used to further reduce the SWR at the transmitter if
desired. . :

Formula calculations indicate a cluster of resonant lengths for
all seven bands for a long-leg length of approximately 700 feet.
The end of the long leg is brought down rather sharply from the
end support mast for convenient band changes, permitting the
bulk of the long leg to be kept high and clear as is advisable for
good low-angle radiation.

Formula values are:

(10) Long-leg length uml..mwlww = 713 feet

(20) Longeg length umﬂhw = 675 feet

(40) Long.leg length =100 = 712 feet

(80) Long-leg length Hﬁ. = 694 feet

_ 1230 _
(160) Long-leg length =4825 — 673 feet

It should be noted that for 10-, 15-, and 40-meter operation, the
lengths are approximately the same, and one end-tuning position
handles these three bands. Likewise 20- and 160-meter resonances
are about the same and only one length is needed. A separate

length is required for 80 meters. It should also be noted that.

there is a 10-meter resonance near the 80-meter lengih.

(10) Long-leg length = _wwwm = 696 feet
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The 40-80 combination has long been a popular duo. The longer
wire serves as a half-wavelength dipole on 80; the shorter one,
serves as a dipole on 40. Other pairs and appropriate dimensions
are given in Fig. 26. The dipoles can be cut to a favored section
of each band. It is preferable to use a length of transmission line
which is a multiple of an electrical half wavelength. Refer to
topics 1 and 2.

21 — Extra and Advanced Open-Wire
Inverted Dipoles

Open-wire line can be used in the construction of two-band
inverted dipoles (Fig. 27A). Various dipole pairs, as discussed
in topic 20, can be constructed. Dipole lengths are shorter than
formula values as a function of apex height and nearness of the
antenna end to ground. Practical dimensions for 80- and 40-meter
phone band operation are given.

Two such open-wire inverted dipoles mounted perpendicular
to each other function well as a four-band antenna (Fig. 27B).
The dimensions given in B are for c-w operation in the extra
and advanced portions of the 15-, 20-, 40-, and 80-meter bands.
Individual antennas can of course be cut for a specific portion
of any one of the bands. Refer to topics 1, 2, 9, 13, 14, and 20.
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An excellent 10-15 meter combination has an electrical length
of 55/4 wavelengths on 10 and 41/4 wavelengths on 15:

(10) Longleg length =—2000-= 473.1 feet

(155 VomeTeg Namith uunlﬂo«% = 473.5 feet

The short sides are calculated from the basic*dipole equation:

(10) Short-leg Iengt ulw.mu 8.53 feet

(15) Shortleg length = Ss = 10.98 feet

Practical dimensions for the antenna are given in Fig. 85. It
is wise to cut the very long long-wire antennas eight to ten feet
longer than formula value and trim back from this length. A

M 10* 8"
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a-To-
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(A) Two-band, 10-15.

_ -
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{B) Two-band, 40-80.
Fig. 85. Practical dimensions for iwo-band very long long-wire antennas.
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SECTION 2

Inverted-Vee Antennas



NN == Center-Fed Monoband Inverted
Long-Wire Vees

All antennas require a support siructure and transmission
line. This expense is a part of each antenna system. To this must
be added the cost of the antenna proper. If it is made of antenna
wire and assorted insulators, it amounts to a low-cost antenna.
Such is the case for the long-wire inverted vee’s. Another economy
of this construction is that only a single mast .or high point of
erection js needed.

The inverted-vee construction is also less directional than the
horizontal dipole or straight long-wire antenna. As the legs become
more vertical, the horizontal radiation pattern becomes less direc-
tional. There is a loss in gain, too, as compared to the sensitive
direction of the horizontal long wire. However, even this is over-
come to some extent, especially for high-band operation and long-
distance communications, because of its lower vertical angles of
radiation.

FEED LINE |S
INTEGRAL
MULTI PLE OF
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= |
w N\ TRANSMITIER

£

M
1

Fig. 28. Basic plan of a resonant and matched long-wire inverted vee.
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NU == Two-Band Inverted Long-Wire Vees—
No Tuning

By choosing proper leg lengths for an inverted-vee antenna
a single pair of wires can provide good performance on two
bands. For example the length of an 80-meter inverted dipole
is such that it will also resonate as a 7/2-wavelength antenna on
10 meters. Using the information of Chart 5, topic 17, the following
formula values are obtained:

(80) Dipole leg length =250 = 60/
(10) Long-wire vee leg length = W.NW.NM =60 3"

In the practical situation the legs must be shortened from this
value as shown in Fig. 30. In cutting antenna legs always use
the values calculated from the chart. You can then shorten the
legs with the antenna erected to set resonance on a desired fre-
quency. In the case of two-band operation you must keep close
watch on the resonance points in both bands. Inasmuch as the leg
length has a more decided influence on the higher frequencies,
it is wise to be conservative in trimming off the ends as you watch
the change in resonance on the higher-frequency band. The dim-

Fig. 30. Two-band inverted vee’s.
43



The antenna tuner of Appendix VII could be mounted in a
weatherproof housing at the base of the feed-point mast. A 50-
foot section of 450-ohm open-wire line links the rhombic feed
point to the tuner. In this latter plan, there is some loss in the
coaxial line to the set if the line is very long.

Refer to topies 1, 2, 17, 44, 54, and 57.

QN == Terminated Rhombic

The resonant rhombic is a bidirectional antenna. However the
rhombic can be made unidirectional by employing a Tesistive
termination at the far end of the antenna (Fig. 83). The charac-
teristic impedance of the rhombic configuration approximates
800 ohms and if a resistive termination of 800 ohms is placed
across the far end, the rhombic itself becomes nonresonant.
(This is similar to the termination of a transmission line in its
characteristic resistance.)

NONINTDUCTIVE
TERMINATION RESISTANCE

WA XIMUM
FEED
POINT

DIRECTION

Fig. 83. Basic terminated rhombic.

When the rhombic is terminated properly, the antenna resis-
tance at the feed point also approximates 800 ohms over a wide
span of frequencies. The terminated rhombic has maximum direc-
tivity along the bisector line extending from the feed point
toward the terminated end as shown in Fig. 83.

The termination must be resistive, and noninductive resistors
are required. The power that must be dissipated by the resistors
approximates one half of the power applied to the input end of
the rhombic. For amateur use it is usually economical to employ
a network of resistors of low power rating. The network used to
terminate the practical rhombic of Fig. 84 consisted of 20 five-
watt 600-ohm noninductive resistors connected in a series-parallel
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In the previous topic 23 it was shown how a compromise length
permits two-band operation. Exact-resonance frequencies can be
obtained by cutting one length of line to the desired frequency
in one band. Then, add on a short segment of line to establish the
desired resonant frequency in the second band. This requires
that the alligator clip be either connected or disconnected de-
pending on the desired band of operation. This change-over, of
course, can be done very conveniently because the leg ends are
tied down at near ground level.

Fig. 31. Two-band inverted vee’s, end-tuned.

Formula dimensions were given in the previous topic. The
dimensions of Fig. 31 were planned for phone-band operation,
In the case of the 15-40 antenna, the alligator clip would be open
for 40-meter phone operation. Closing the two pairs of clips adds
an additional 1" 11” to the antenna for optimum operation in the
15-meter phone band. If a 6-20 two-band combination is erected,
the alligator clips are not connected for 20-meter phone opera-
tion. However, an additional 3” length is connected for operation
on the 6-meter band.

For the 10-80 meter pair the clips are disconnected for 10-
meter operation. For 80-meter phone-band operation, the two
clips are connected.

The advantage of this manner of two-band inverted-vee oper-
ation is that the antenna can be peaked for optimum performance
at any specific frequency within each band. The disadvantage is
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The additional length of line needed to resonate the rhombic
on 40 meters can be attached at the termination end where it is
brought near to ground level (Fig. 80). An added length of 40
feet does the job. On 40 meters the leg length is just about 1.5
wavelengths and the apex angle is substantially smaller than the
recommended value. This raises the wave angle, which is not
altogether objectionable for 40-meter operation and general per-
formance is quite good. Refer to topics 1, 2, 35, and 57.

QO == Two-Wire 10-15-20 Rhombic

Two resonant sections, one for 10- and 15-meter operation and
the other for 20 meters, can be erected for three-band operation
without the use of a tuner. In a practical version of this rhombic
idea (Fig. 81), a side length of 329 feet was used for 10-and
15-meter sideband operation, while shorter sides of 322 feet estab-
lished resonance in the sideband section of 20 meters.

:.//.rl -t

— ——

Fig. 81. Two-wire 10-15-20 resonant rhombie.

If desired, the same idea can be used to cut the resonant sides
into the c-w portions of the three bands. Refer to topies 1, 2, 47,
57, and 59.
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_ 1722 _ ;
(10) Leglength = 8.6 60.2

Note that the difference spread is less than nine feet. Appropriate
sections of wire for attachment to antenna ends can permit multi-
band operation.

This antenna was constructed, and resonances at the desired
frequencies were obtained with the dimensions given. Each an-
tenna end includes three insulators and appropriate wire sections.
Alligator clips (Fig. 32), or other means of interconnection are
used to bridge across the first two insulators to permit operation
on appropriate bands. Operation on 20 meters is accomplished
by opening the clips nearest to the center feed point. With clip
closed at the first insulator and open at the second on each leg,
it is possible to obtain 15-meter operation. Finally with both pairs
of clip connections closed, 10-meter operation is obtained. In this
latter mode we also have a bonus in the form of 75-meter sideband
operation as a simple inverted-vee dipole.

Of course, with the proper selection of frequencies and lengths,
acceptable operation over each of the three bands can be obtained.
An alternate plan is to cut to the high end of each band and use
small clip-on sections to tune to any frequency on any band as
shown in Fig. 18.

A length of transmission line must be selected to accommo-
date the three bands. Here again it is possible to come up with
combinations that provide half-wavelength resonant lengths on
the various frequencies, which, at the same time, are very near to
each other in overall physical length. Trial substitutions using
Chart 2 locate the following possibilities:

(20) Line length = %wclu 136'4”

(15) Line length = .wwm|wmu 137 47

i _ 3%00 _ ..
(10) Line length = 8.6 136" 4

Cutting the transmission line to 137 feet provides fine matching
on all three bands. Refer to topics 1, 2, 9, 17, and 22.

No == All-Band 6-160 Inverted-Vee

Additional bands can be added to the basic inverted-vee con-
struction of Fig. 33 by providing additional leg lengths. Top-band
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mitter on other segments of the same two bands. This antenna
also functions with a low standing-wave ratio at the low end of
the 20-meter c-w band. The addition of the line tuner permits
the antenna to be operated over the entire 20-meter band (c-w
and phone}.

The total length of each side of the rhombic (twice the leg
length) is such that each side is 19/4 wavelength on 20 meters.

: _ 4674 _

The tuner ean be positioned at the transmitter or just below
the feed point of the antenna (Fig. 78). In the latter arrangement
a 45-foot’ length of coaxial line was connected between the feed
point and the tuner, permitting the tuner to be mounted at the
base of the mast. This is a good plan because it minimizes the
loss on the transmission line that must run between the tuner
and the transmitter. A disadvantage of the plan is the fact that
retuning is necessary when changing bands or tuning from one
end of the band to the other. Also a weatherproof housing is
needed. Refer to topics 1, 2, and 57.

N S
/ ;

Fig. 79. 10-15-20 end-tuned rhombic.
112

three-quarter-wavelength operation on 40 meters. (As a bonus,
this length also is a quarter-wavelength multiple of the 6-meter
band). A further addition of somewhat less than 30 feet provides
proper loading for 160-meter operation as a dipole.

In summary, all-band operation is possible with a single 35- to
45-foot mast in a space under 125 feet. Only one transmission line
is needed, and no antenna tuner is required. The antenna operates
as an inverted dipole on 80 meters, a modified inverted dipole on
160 meters, and as a long-wire inverted vee on the remainder of
the bands. It is indeed a very inexpensive antenna despite its good
all-band performance. Be careful in cutting the lengths, and be
patient in tuning on each band, starting on 20 meters (shortest
span), and continuing on through 160 meters {longest span).
Refer to topics 1, 2, 9, 17, 22, and 25.

NN == 15-40 Novice Inverted Vee

The novice segments are so positioned in the 15- and 40-meter
bands, that it seems plausible for a 40-meter dipole to also load
on the 15-meter band, if dipole length can be cut in such a man-
ner so that acceptable performance can be obtained on each band.
This does not mean that optimum performance and the most
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Fig. 35. Novice 15-40 inverted-vee anlenna,

favorable line conditions can be obtained on each band. One can
either favor one band or the other, or accept operation somewhat
less than optimum on each band.
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Fig. 77. 10-15 rhombic.
Simple trigonometry can now be used as an aid in locating

the poles and determining space requirements, The distance be-
tween the side poles is:

d, = 2(sin 25° X 164.5) = 140

Distance between the near and end poles is

d, = 2(cos 25° X 164.5) = 300

If additional erection space is available, the formula values of
55/4 on 10 and 41/4 wavelengths on 15 are attractive:

. 13,530 _
(10) Side length = 13330 — 4731 feer
1S Side Tengih = Hw%wa = 473.5 feet

These correspond to leg lengths of 6.875 and 5.125 wavelengths for
10 and 15 meters respectively. Preferred apex angles are 43.5° and

110

Dimensions for the quarter-wave sides of the dipole based on
band centers (Chart 4) are 62’ 117, and 32’ 8" for the 80- and
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Fig. 36. 15-40-80 Novice-band inverted vee.

40-meter novice bands respectively. The three-quarter-wavelength
dimension for 15-meter operation is:

AN ¢ I N
(15) Leg length = 51175 = 34 1

Inverted-vee operation requires some shortening, and the prac-
tical dimensions for band-center resonances are as given in Fig.

36. Half-wavelength segments of line on the three bands have
the following dimensions:

: . Jpep——
(80) Half-wave line length = 3755 87'3

¥ — wmm — 7’ Lid
(40) Half-wave line length = 7175 = 45 4

. =325 _ ycran
(15) Half-wave line length =ST175= 15 4

For a separation of something less than 100 feet, a 91-foot trans-
mission line (regular 72-ohm coaxial) would suffice (87 37 X 1,

45" 4”7 X 2, and 15’ 4” X 6). Refer to topics 1, 2, 4, 9, 13, 17, 22,
and 27.
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in Fig. 76. You will note that the tilt angle is that angle made at
the side corners of the rhombic The right triangle set off by the
dashed lines indicate that the tilt angle is 90° minus one half of
the apex angle:

=}

P° =90 -5

One other angle important to long-wire antennas such as the
rhombic is the so-called wave angle. This refers to the vertical
angle of radiation of a horizontal antenna relative to the horizontal
plane of the antenna. For example 0° wave angle refers to the
radiated r-f energy that comes off the antenna in the plane of
the antenna. A wave angle of 90° would be the radiation rising
perpendicular (at right angles) to the plane of the rhombic. For
radio amateur and most communication application for long-
wire antennas, the desired wave angles fall somewhere between
0 and 15 degrees. Chart 9 is based on a 0° wave angle.

The preferred apex angle for a rhombic is the same as a vee
antenna having the same leg length. It is important to note that
the leg length of a rhombic refers to one of the four equal-length
sides of a rhombic.

As in the case of a vee-beam antenna or other forms of long-
wire antennas, the selection of the proper leg length resonates
the antenna in such a manner that a low resistive impedance can
be presented at the feed point. The total length of the wire that
makes up each of the two sides must be an odd multiple of an
electrical quarter wavelength long or:

odd multiple of a
quarter wavelength

Legl +leg2 =leg3 + legd =
Chart 9 supplies the necessary information for determining formula
leg lengths. The far end of the rhombic antenna wire can then
be trimmed to attain a desired resonant frequency. Again by
careful choice of leg length, the rhombic, like the vee-beam
antenna, can be resonated on more than one band. The antenna
can be matched to the coaxial transmission line by means of a
balun and no tuning is required. Low standing-wave ratios are
feasible. A line tuner can be used at the transmitter if you wish
the transmitter to operate into the lowest possible SWR figure.
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inverted-vees. Appropriate combinations and proper cutting pro-
vides sideband operation on each band from 6 through 80 meters.
No tuner is needed.

Fig. 37. Inverted-vee trios.

Three inverted vees (Fig. 38) are connected to a common
feed point; a separation of 60° is maintained between legs. Two
vees are inverted dipoles cut 1o resonate in the 40. and 80-meter
phone bands. The third element is a three-halves wavelength
long-wire (three-quarter wavelength on a leg) cut for the 20-meter
phone band. These three elements also provide operation on 6, 10,
and 15 meters. The 40-meter segment functions as a three-quarter
wavelength long-wire on 15 meters while the 80-meter element op-
rates 7/2 wavelength on 10. The 20-meter vee operates as an 11/2-
wavelength antenna on 6 meters,

The length of the transmission line should be a compromise
that approximates a length corresponding to a whole multiple of
a half wavelength on each band. This is feasible using a length
of coaxial cable (velocity factor of 0.66) that is a whole multiple
of 90 feet in length. Inasmuch as matching is seldom a problem
with 80-meter dipoles, a multiple of 45 feet is equally good.
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Fig. 39. W3FQJ inverted-vee 6 through 80 sidebander.

Practical dimensions for the inverted-vee construction are
somewhat shorter than the formula values. The dimensions of
Fig. 39 establish the following resonances:

80 meters—3.9 MHz
40 meters—7.2 MHz
20 meters—14..3 MHz
15 meters—21.42 MHz
10 meters—28.58 MHz
6 meters—351.4 MHz

Refer to topics 1, 2, 9,13, 14, 15, 17, and 22.

U.— == Long-Wire Inverted Vees With Line Tuner

A line tuner mounted at the transmitter end of a transmission
line has as its major function the optimum loading of the trans-
mitter. Within sensible operating limits, it is capable of estab-
lishing a standing-wave ratio less than 1.5 to 1 over a substantial
frequency range. It permits the transmitter to see this proper
load even though the standing-wave ratio on the transmission
line might be quite high. Two additional benefits of the
line tuner is that optimum operating conditions can be established
over an entire amateur band even though the antenna is peaked
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Fig. 75. 10-15-20 four-wire sloping vee beam.

20-meter operation of a long vee antenna of this length is 46°. To
obtain this angle the separation between the end wires should be:
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32 — Singie Long-Wire Resonant Antennas
—Center-Fed

Antennas can be resonated to a specific frequency by making
their overall electrical length a whole multiple of a half wave-
length. A low-impedance feed point can be found by making each
of the legs an odd multiple of a quarter wavelength long. Legs
can be equal or of unequal lengths just so each is some multiple
of an odd quarter wavelength.

When additional electrical length is added to an antenna,
changes are made in the radiation pattern. In the case of a hori-
zontal long-wire antenna, the greater its length is, the higher is the
gain, the greater is the number of horizontal lobes, and the more
directional the antenna becomes in the directions off its ends.

{A) Center feed. (B) End feed.

Fig. 41. Lobes of 2-wavelength long wire.

When such an antenna is center-fed, the antenna lobes are
symmetrical on each side of the feed point (Fig. 41A). When such
an antenna is fed at a low-impedance point near ome end, the
lobes on the long-leg side become the stronger and orient them-
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somewhat higher impedance of a long-wire antenna. Such a
tuner can be mounted in a weatherproof box at the base of the
mast. A 50-foot section of open-wire 450-ohm line links the feed
point of the vee antenna to the balanced output side of the tuner
{Fig. 72). Coaxial line between tuner and transmitter is made
a whole multiple of an electrical half wavelength. Refer to topics
1.2.17, 31, 52, and 53.

50

450-0HM
OPEN WIRE

/ ANTENNA TUNER [T TRANSMITTER .. \
COAXIAL _
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Fig. 72. Use of antenns tuner with vee-beam antenna.

55 - Sloping Vee Beam

A sloping vee-beam antenna is a modified version of the hori-
zontal vee beam in which the far wire ends are nearer ground
level than the feed point (Fig. 73). As compared to the horizontal
vee beam, there is somewhat less gain at the maximum-gain
frequency but a more uniform gain over a wider span of frequen-
cies. Furthermore the legs slope toward ground, which permits a
simple far-end mast, or support siructure, and greater ease in
making antenna resonance and angle changes. Furthermore with
adequate space and proper positioning of several fence posts, it is
possible to orient the antenna for maximum gain in a number of
preferred directions,
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MHz on 10. Direct connection to the transmitter without any
intervening tuner is possible if the transmission-line length approx-
imates a whole multiple of an electrical half wavelength. Refer to
topics 1, 2,16, and 17.

UU == Single End-Fed Monoband Long-Wire
Resonant Antennas

Long-wire antennas can be fed conveniently a quarter wave-
length in from one end. By so doing the length of the transmission
line between the trapsmitter and antenna often can be reduced
substantially. The quarter-wave displacement from the end locates
a low-impedance feed point, and for antennas no more than several
wavelengths long, a suitable direct match can be made to a low-
impedance coaxial line (Fig. 44A). A four-to-one balun matches a
longer antenna (Fig. 44B).

A | 9/ &
10 11" _ 02’
{A) 15-meter long wire.
| MORE THAN

§ P 34

. 10

; 4-10-1

: BALUN

{(B) Balun feed for long long wires.

Fig. 44. End-fed Jong-wire antennas.

In general, the impedance of an end-fed long wire of a given
length is higher than a center-fed version ( topic 32). Furthermore
the end-fed type is more directional in the direction of the long
leg as compared to the short leg. Both legs of the antenna must
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53 — 10-15-20 Vee Beam With Line Tuner

A line tuner in conjunction with a long horizontal vee beam
can bring the standing-wave ratio down to a very low value over
an entire band (e-w and phone portions). Furthermore the an-
tenna can be operated on lower frequency bands as well.

For example, the antenna of Fig. 70 operates well without a
tuner over the sideband segments of the 10- and 15-meter bands.
The use of a tuner permits optimum matching to a transmitter on
other segments of the two bands.

This antenna also functions with a low standing-wave ratio at
the low end of the 20-meter c-w band. The addition of a line tuner
permits the antenna 1o be operated over the entire 20-meter band.

The length of the antenna legs are such that they operate as
electrical 19/4 wavelengths on 20 meters:

_ 4674 _
(20) Leg length = 325 = 328 feet

The recommended angle for this length is 46° which is greater
than that used in the antenna of Fig. 70. Nevertheless reasonable
performance can be expected because of the breader main lobe.

The tuner can be positioned at the transmitter or just below
the feed point of the antenna (Fig. 71). In the latter arrangement,
a 45-foot length of coaxial line can be connected between the feed
point and the tuner, thus permitting the tuner to be mounted at
the base of the mast. The tuner at this point minimizes the loss
on the transmission line that must run between the tuner and
the transmitter. This is particularly the case when the length of
the line is very long. A disadvantage of the plan is the fact that
retuning is necessary when changing bands or tuning from one
end of the band to the other. Also a weatherproof housing is
necessary. Refer to topies 1, 2, 17, 44, 51, and 52.

.mh. == Multiband Vee-Beam Antenna With
Anfenna Tuner

The long horizontal vee-beam antenna, when loaded properly,
also functions well on lower frequencies, because of the long lengih
of its legs. An antenna tuner (Fig. 72) attached to the antenna
of topic 52 can provide loading on 20, 40, and 80 using the relatively
simple tuner described in Appendix VII.

The tuner acts as an unbalanced-to-balanced transformer which
matches the low impedance of a coaxial transmission line to the
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must be made less than a half wavelength. The antenna of Fig. 45
had its near and far ends 45 and 38 feet high, respectively.
Transmission-line length was made a whole multiple of the

electrical half wavelength at the desired frequency. Refer to topics
1,2,16,17, and 32.

34 — 10-15-20-40 Long-Wire WAS Special

When multiband operation is desired, both ends of a long-wire
antenna can be segmented (Fig. 46}. In this arrangement insula-
tors and alligator-clip jumpers are employed in changing bands.
The ends of such an antenna can be dropped toward ground mak-
ing the band-change jumpers accessible from the ground or a step
ladder. The segmented arrangement is attractive because the an-
tenna can be preset on each band to obtain optimum operation.
No tuner is needed and a good match can be made to a low-
impedance coaxial line using a 4-to-1 balun.

COAX
10 SET

==

o

Fig. 46. 10-15-20-40 segmented end-fed long wire.

The longer the long leg is, the higher is the antenna gain, and
the more directive is the radiation pattern off its end. The uni-
directional characteristic permits the favoring of a given direction,
while the multiplicity of secondary lobes provides reasonable
omnidirectional performance. If there is a cluster of states that
give you trouble, point the antenna in their direction.

If one lives along the east coast, the long leg can be pointed
west. Conversely, for a western station the long leg can be directed
east. In the central states you may prefer a bidirectional center-fed
type, or perhaps, the end-feed unidirectional characteristics if
you are having difficulties with certain states.
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Chart 8. Sin and Cos Functions

Degrees Sin Cos
100 174 985
10,5 182 583
11.0 191 982
105 199 23
12.0 208 :
12.5 216 976
130 225 974
135 233 .me
140 242 2
145 250 2o
150 259 o
15.5 267 o
150 276 ol
165 284 359
17.0 292 3%
175 301 334
180 309 2l
18,5 317 28
19.0 326 6
195 334 943
20.0 342 340
210 358 534
220 375 327
23.0 391 920
240 A07 914
250 423 906
250 438 899
27.0 454 891
280 469 883
290 485 875
300 500 866
350 574 819
200 643 166
45.0 707 707
50.0 .7166 643

52 — Long Horizontal Vee-Beam Antenna,
Two Bander

The long vee-beam antenna is attractive for use on two w.mbmm
{particularly 10 and 15 or 15 and 20). Only a matching balun is
required. No tuner is necessary when using a proper leg Hmum;...

The example of Fig. 70 demonstrates this possibility. In topic
51 a 10-meter leg length corresponding to 39/4 wavelengths was
employed. It is to be noted that a leg length of 29/4 wavelengths
cut for 15-meter operation is approximately the same. Leg length
is:

(15) Leg length H%H 334.9 feet
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used for both 10- and 15-meter operation. Thus in changing opera-
tion between the two high-frequency bands, only the jumpers at
the feed end need be shifted.

The bearing of the long leg, as erected in eastern Pennsylvania,
was set at 255°. On 10 meters where the directivity is sharpest, a
strong-signal belt ran diagonally across the continental U.S. At
the same time, good reports were obtained in the southern states
and in north central states, thanks to the secondary lobes. Of
course, on the lower bands the number of electrical wavelengths
on the legs is not as great, and the horizontal radiation pattern is
less sharp, thus encompassing a larger area of major-lobe coverage.
Refer to topics 1, 2,16, 17,18, 19, 32, and 33.

U.m == Single Random Wire With Line Tuner

One of the most convenient antennas is a single length of wire
in association with a tuner (Fig. 47). The simple tuner of Appendix
VI does a fine job. The random length of wire employed should
be at least one-quarter wavelength at the lowest operating fre-
quency. If 10- through 80-meter operation is desired, the total
length of the random wire should be approximately 60 feet.

Increase the length to about 123 feet if 160-meter operation is
desired.

AT LEAST A7 AT
LOWEST FREQUENCY

—
TRANSMITIER TUNER RANDOM-LENGTH WIRE

Fig. 47. Random-length single-wire antenna and tuner.

The most favorable operation is obtained when the total length
of the random wire is such that its impedance at the tuner end is
low. A quarter wavelength of antenna presents such a low imped-
ance to the tuner. Try to avoid antenna lengths that are multiples
of a half wavelength because they present a maximum impedance
point to the tuner. It is wise then to use random lengths of wire that
fall rather close to those obtained using Chart 5. Usually a com-
promise length can be found that does not present a high imped-
ance to the tuner on any one of the bands you wish to operate,

For example, 40- and 80-meter Novice-band operation would
indicate a random-wire length somewhere betweeen 80 and 100
feet. Although a length of 60 feet presents a quarter wavelength on
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recommended angle is 32°. The formula value of the leg length
from Chart 5 is:

0594 .. _
(10) Leg lengih = 586 335.4 feet

In a practical version of this antenna with the feed point 50 feet
in the air and the two ends 45 feet high, leg length had to be
reduced to 329 feet to obtain resonance at 28.6 MHz (Fig. 68).
A 4.t0-1 balun was emploved, and the overall length of the 50-
ohm tranemission line was a whole multiple of an electrical half
wavelength.

Chart 7. Angle Between Wires for Long Vee Beams

Leg Length in Gain
Wavelengths “ Angle 2
) | _. E)
11/4 & 60° _m 53
13/4 » 56° . 5.8
15/4 » 52° [ 6.3
1774 X 48° | 6.8
19/4 46° “ 7.2
21/4 » 44° [ 76
23/4 » 42° 8
25/4 » 40° 84
2714 » 38° { 8.8
29/4 37e m 9.2
31/4 36° 9.6
3374 A 35° m 10
35/4 34° _ 10.3
3774 » 33° _ 10.5
3974 » aze _ 10.7
a1f4 A 3r° _ 109

How much erection space is required for the above antenna?
This is a simple trigonometric calculation using the sine natural
functions (Fig. 69 and Chart 8). Each leg of the vee is the
hypotenuse of a right triangle with the bisector line being one
side. The included angle is 16° (32/2). Therefore the distance
between one of the leg ends and the bisector line (side A) is:

A = 329 X sin 16° = 329 X 0.2756 = 90.7 feet

The separation between the two ends of the vee legs is twice this
value or slightly more than 181 feet.

94

A line tuner in conjunction with the antennas of Fig. 43 and
Fig. 44A permits operation on both the 20- and 40-meter bands.
The antenna functions as discussed in topies 32 and 33 on 10 and
15 meters. However, in conjunction with the transmission line, it
operates as a random-wire style for 20, 40, and 80 meters, In fact,
if the transmission line itself is long enough, it will also load on
160 meters (total length of line plus the length of the long leg
should be at least 130 feet). Refer to topies I, 2, 17, 31, 32, 33,
34, and 35.
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Uﬂ == End-Fed Monoband Inverted-Vee Beam

An inverted-vee antenna can be end-fed as shown in Fig. 49. A
low-impedance feed point is found by attaching the transmission
line at a point one-quarter wavelength away from one of the leg
ends. The other leg is made much longer. The apex point is at the
center of the total antenna span. No tuner is needed when the
overall length of the long span is made an odd quarter wavelength
long. Low standing-wave ratios are possible without too-critical
adjustments of the overall length.

Fig. 49, End-fed inverted-vee beam.
N



operation on 15 and 40 meters, while the shorter pair is 84 feet
and optimized for 10- and 20-meter operation. The apex angle is
65 to 75 degrees, and the length of the transmission line is made
an optimum whole multiple of an electrical half wavelength. Refer
to topies 1, 2, 17, 44, 45, and 48.

TRANSMITTER

~ |-

T~ o

rl.ll.l.l.ll.l
Fig. 65. 10-15-20-40 short vee beam.

50 — 10-15-20-40-80 Vee Beam and
Inverted Dipole

It is possible to add 80-meter operation to the antenna of
topic 50 in two ways. A 60-foot pair of antenna wires can be
connected to the vee beam. However, this requires a substantial
additional span of plastic clothesline or rope, or two separate
masts for the 80-meter element. An effective approach is to simply
add an 80-meter inverted vee (Fig. 66) to the short vee-beam
construction. Inasmuch as the 60-foot 80-meter segment also reso-
nates in the 10-meter band, there is some 10-meter omnidirectional
radiation that is beneficial for local 10-meter operations. Refer to
topics 1, 2, 17, 44, and 49.

88

Long-leg length in feet = L= 190’ 6~
i . 234 _ .., _,
Short-leg length in feet = Tiz = 16’5

Actual dimensions for a practical version are given in Fig. 50. Apex
height was 45" above ground. Refer to tepics 1, 2, 22, and 33.

u@ == 10-, 15-, and 20-Meter Inverted-Vee Beam

Two attractive features of the inverted-vee end-feed arrange-
ment are: that the leg ends and feed point are accessible from
ground level where changes can be made conveniently, and oper-
ation as a resonant gain antenna can be accomplished on more
than one band with limited changes in overall leg length.

An antenna with legs properly segmented for sideband opera-
tion is shown in Fig. 51. Reference to Chart 5 and suitable substitu-

COAX TO
TRANSMITTER
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Fig. 51. 10-15-20 inverted-vee beam.

tions indicate feasible dimensions for the long leg of 11/4 wave-
length on 20, 17/4 wavelength on 15, and 23/4 wavelength on 10:
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(A) Feed-point arrangement.

(B) Far-end view.
Fig. 63. 10-15-20 short vee.

86

from the opposite end to permit an electrical length of 5/4 wave-
length on 40. This places the jumper point rather high on the
long leg and convenient facility must be included to release this
side of the antenna to make 40-meter band changes. Refer to
topies 1, 2,17, 22, 25, 33, and 37.

UO == Four-Band Inverted-Vee Beam With Tuner

A simple tuner of the type described in Appendix VI can
be used conveniently with the inverted-vee stvle of antenna. Such
a tuner can be positioned at the transmitter where its function
would be to make certain that the transmitter operates into a
proper load regardless of antenna resonance and standing-wave
conditions on the line. A more efficient plan of feeding is to locate
the tuner at the antenna feed point (Fig. 53). Here its respon-
sibility would be to match the antenna to the transmission line;
therefore, there is minimum standing wave developed on the trane-
mission line, regardless of the frequency of operation. The trans-
mitter also sees the proper load looking into its end of the trans-
mission line.

COAX LINE 1O
TRANSMITTER

Fig. 53. Long-wire inverted vee with tuner.
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zontal directivity pattern, but there was a possible inerease in the
vertical angle in other than the forward direction. In the forward
direction, the low-.angle radiation was improved. Leg lengths
employed were the same as given in topics 44 and 45. Refer also
to topics 1, 2, 33, 40, and 41.

\ HIGH MAST

e,

— B

R
Fig. 61. Tilted vee beam.

A7 — 10-15-20 Short Vee Beam

Three-band operation of a short horizontal vee is feasible
using two pairs of legs of differing length. No tuner is needed
and quick band changes can be made. In a practical version of
this idea (Fig. 62) one pair of legs is cut for optimum two-band
operation on 10 and 15 meters. A leg length of 56’ was employed
as in topic 45. The other pair of legs of 51’ 2 provide optimum
operation on 20 meters. The two pairs of legs span outward from
the center feed point reaching a ten-foot separation at the leg
ends. Thus the antenna has a conical appearance (Fig. 63) but
the legs on each side are of differing lengths. Cut critically for
sideband operation, the SWR can be kept below 1.5 to 1. The
compromise angle is 80°.

The short vee beam is a good all-around antenna and empha-
sizes a favored direction. This antenna erected along the east coast
with the bisecting direction toward the south would give three-
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included angle. Minor side and back lobes remain: therefore
the antenna has omnidirectional capability as well. The included
angle between the two legs should be mvwwoiamﬂ&w 90° and
may be as high as 110°,

Leg lengths are based on the 3/4-wavlength value of Chart
5. In most cases the horizontal-vee type antennas require some 4

to 6 percent shortening from the chart formula values. Caleula-
tions for 10, 15, and 20 meters are:

738

20) L =—— = 52’
(20) LeglIength 123 52
6 percent shortening reduces length to 49’
(15) Leg length ”thw = 34’ 6”
6 percent shortening results in a leg length of 32’ 67
B T——
(10) Leg length =536 = 25 10

6 percent shortening results in a leg length of 24’ 37

e MAX. SIGNAL /

COAX TO TRANSMITTER
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Fig. 55. 15-40 horizonial vee.
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Practical dimensions for a short horizontal vee beam for
20-meter operation can be obtained from the appropriate chart.
Leg lengths for 5/4-wavelength operation from Chart 6 are:

_1230 _ ., _,

Using 6 percent shortening, the leg length reduces to 817 5”.
Chart 6 suggests an antenna angle of 86°. Such an antenna

has a gain of 3.3 dB.

Chart 6. Angle Between Wires for Short Vee-Beams

Leg Length in Angle Gain
Wavelength (A) (dB)

3/4 » 100° 25

5/4 X 86° 33

ERS 76° 4.0

9/4 x 67° 475

_’ 114 A 60° 5.3

Antenna resistance rises slowly with leg length. It is also
influenced by the included angle. It has been found that the short
vee-beam antennas (two-wire type) can be connected directly to
a low-impedance coaxial transmission line. No tuner is needed
for matching. Cut your line 1o a whole multiple of an electrical
half wavelength. SWR ratios are no greater than 2 to 1 and
substantially lower over most of the band. If this is a matter of
concern to you, a simple line tuner such as described in Appendix
VI can be used at the transmitter end of the line. No tuner is
needed at the feed point. Refer 1o topics 2, 17, 31, 40, and 41.

h..m == Duo-Band Horizontal Short Vee Beams

A proper choice of leg length permits two-band operation of
a short vee beam. In addition to the 15-40 combination covered in
topics 41 and 42, other possible pairs are 10-15, 10-20, and 10-80.
Practical dimensions are given in Fig. 60.

The 10-15 antenna with a leg length of 56" operates 5/4 wave-
length on 15 meters and 7/4 wavelength on 10 meters. The 49’ leg
length is a compromise choice for 5/4-wavelength operation on
10 and 3/4-wavelength on 20. The 60’ leg length is a compromise
that provides simple dipole operation on 80 meters and 7/4-wave-
length on 10.

A compromise apex angle for the three antennas is about
80° to 85°. In general, the smaller the apex angle is, the greater
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quency on the two bands. Cut your transmission line length to
a whole multiple of an electrical half wavelength. Refer to topics
1, 2, 16, 17, and 40.

h.N == 175.40 Conical Three-Halves-
Wavelength Vee

Antenna resistance can be raised and bandwidth increased by
attaching additional legs to the basic vee style of antenna. The
antenna of Fig. 56 uses four legs {two on each side of the center
feed point). A leg length of 32" 6’ was found to be optimum for
15- and 40-meter band operation as a dipole on 40 and as a 3/2-
wavelength antenna on 15.

In this arrangement a very low SWR was attained on 15 meters
and a somewhat higher figure on 40 meters (the converse of the
antenna of topic 41). The included angle was 90° and transmis-
sion-line length was an even multiple of an electrical half wave-

length. Refer to topics 1, 2, 16, 17, 40, and 41.

COAX TO
TRANSMITTER

Fig. 57. Conical vee with balan.
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