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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 match 1s attained. Proper matching is more important and
narrow for modern transmitters as compared to the vacuum-mbe out-
puts of older transmitters.

The antennas described in this book, except for site and pmpaga—
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
power 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.




Two limited-height telescoping masts (up to 36 feet) are available
from Radio Shack. PVC piping can also be used with excellent results.
Usually the longest length available is 20’. Two larger diameter sec-
tions can be bolted together and guyed to form a very rigid mast.
Clothline guying is no longer advisable --- quality has declined over
the years. Stout Dacron line or wire guys are appopriate. A sturdy
self-supporting mast is attractive except for the trouble of raising and
lowering --- a hazard and costly, too. The latter 1s not too attractive
to the persistent antenna experimenter. A lower guyed mast that can
be easily lowered and raised i1s more to his liking.

A quality tuner is also appropriate in obtaining a good match to
the critical output characteristics of modern transmitters.

Amateur band frequency changes have been made over the years.
Please check the latest band allocations. Novice bands in particular

have been shifted. There is a sideband allocation on 10 meters for
novice use.
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SECTION 1

Regular and Modified

Dipole Antennas



1 - Half-Wavelength Dipole

As a starting point for the antennas discussed in this 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.

Fig. 1. Half-wavelength dipole q
antenna.

;.;44-|

|— 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 physical 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 (1A/2) in space has the following length:

The physical length of the dipole antenna needed to establish
a resonant length for frequency (f) is shorter than this value
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by approximately 5 per cent. A practical equation for calculating
the length of a half-wavelength dipole is:

468
A2 = Mz
This length is influenced some by conductor dimensions, height
above ground, and nearby conducting objects.

The directional pattern of a dipole antenna is a figure 8 with
maximum radiation and sensitivity broadside to the antenna wire
(Fig. 2). The vertical radiation pattern for a horizontal antenna

LOOKING INTO
END OF ANTENNA
®/ .
H-PATIERN
H-PATTERN
(A) Horizontal dipole.
LOOKING DOWN TO
END OF VERTICAL
ﬁﬂﬁﬁwym“i@ CD
V-PATTERN V-PATTERN

(B) Vertical dipole.

Fig. 2. Free-space dipole radiation patterns.

is circular. For a vertical dipole, the horizontal pattern is cir-
cular, while the vertical pattern in free space is a figure 8. In a
practical situation the vertical pattern is modified by the influence
of ground.

When a dipole antenna is fed with a 72-ohm line and the
transmitter output loading circuit can be tuned to an output
impedance of 72 ohms, the entire system is matched, and there is
efficient transfer of power to the antenna. The standing wave on
the transmission line is minimum and there is minimum attenua-
tion of the signal by the line. In this case the matching is un-
affected by the overall length of the line. Of course, losses increase
with line length as a function of line attenuation figures. Under
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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 radio
amateur bands from 10 meters through 160 meters related to 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.B1 0.66 0.81 D.66 0.81
weters | ™ | Line | Line | A | Line | Line | A™ | Line | Line

160 |[256°5” | 178°1" | 218°1" |256'5" | 178°1" |2181" | 256°5" |[1781" |[21&'1"
80 |124°10" 86°8" | 106'2" | 128°3" | 8Y 109 120 834" | 104'9"
40_ EEFEH 45!5” [ﬁfaﬂ' E&J‘]l.ﬂ' 45!?" 561' 1-H' MITH ﬂllﬂ.ﬂ' ﬂ g.".'
20 | 33 211" | 281 | 332" | 2317 | 283" | 9 | 229" | 21'M1"
15 | 22 154" | 18'¢" | 2’1" | 1547 | 18°10"| 2I'l1"| 153" | 18'8"
10 | 163" | 1173”7 | 13°10" | 167" | 116" | 14’17 | 161" | 112" | 137%"

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 ohms 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



if at all possible. This can be accomplished by cutting the length
of the transmission line to an electrical half wavelength or a
multiple of one-half wavelength (Fig. 3). In cutting an electrical

;- 412 DIPOLE -—l

I

A [2 WAVELENGTH
OR INTEGRAL
MULTIPLE

Fig. 3. Line-tuned half-wavelength antenna.

i1
1l

TRANSMITTER

half wavelength of line, it is necessary to consider the velocity
factor of the line:

492 X VF
Line length (A/2) = Mz
: infeet( ) /

Of course, the length of the transmission line can be any integral
multiple of the above length.

Chart 2 is based on the velocity factors of 0.66 and 0.81
typical of 50-ohm and 72-ohm regular and foam-dielectric type
coaxial lines respectively. This information can be used to deter-
mine the dimensions of a length of line that will best accommao-
date the separation between the transmitter and the antenna
feed point. For example, if you plan to operate a dipole on 7.1
MHz, and the approximate distance between antenna and trans-
mitter is 100 feet, it is wise to use a length of transmission line of
approximately 91 or 137 feet corresponding to either 2 or 3 half
wavelengths of regular RG/58U or RG/59U line:

650

Line length = =1 = 91.55 ft.

Line length = -g% = 137.3 ft.
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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’ to 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

E————

RANDOM LENGTH
LINE TUNER — OF COAX

|
TRANSMITTER —rw

-

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



Chart 2. Dimensions of Half-Wavelength Line Segments
for Velocity Factors of 0.66 and 0.81

(VF=0.66) (VF=0.81)
Line Segments Line Lengths in Line Lengths in
in Wavelengths | Feet Reg. RG/58U-RG/59U | Feet of Foam RG/58U-RG/53U
1/2 325/f 400/ f
2/2 650/ f 800/ f
3/2 975/f 1200/ f
4/2 - 1300/f 1600/ f
5/2 1625/ f 2000/ f
6/2 1950/ f 2400/ f
7/2 2275/ f 2800/ f
8/2 2600/ f 3200/ f
9/2 2925/ f 3600/ f
10/2 3250/ f 4000/ f
11/2 3575/ f 4400/ f
12/2 3900/ f 4800/ f
13/2 4225/ f 5200/ f
14/2 4550/ f 5600/ f
15/2 4875/ f 6000/ f
16/2 5200/ f 6400/ f

3 — Dipole and Balun

A dipole antenna presents a resistive 72-ohm load only at its
resonant frequency. The idealized value of 72 ohms can be affected
by surroundings. At points off the resonant frequency, there are
also reactive components present. Nevertheless, the performance
of the antenna system can be optimized using the procedure cov-
ered in topic 2.

The dipole antenna is a balanced antenna system with identical
and equal-length elements on each side of the feed point. Con-
versely, the commonly used coaxial transmission line constitutes an
unbalanced feed system. Thus there are unequal r-f currents in the
quarter-wavelength dipole sections which can disturb the radiation
pattern and produce unfavorable line conditions which result in
line radiation (Fig. 5).

DIPOLE RADIATION

UNBALANCED

L
-

ru-_— -l

b
b
N
\
\
]
1
I
!
i
'
i
/
5
L
'
1
'

T~~~ POSSIBLE COAX
RADIATION

(A) Balun equivalent. (B) Unbalanced condition.
Fig. 5. Plan of a balun and condition which it reduces.
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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

F, A2 DIPOLE i

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-ohm 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 coaxial 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
/2 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" 103'11"
71175 MHz 653" 45°3" 556"
21.175 MHz 22'2" 154" 18'9”

15



integral multiples of these stated values may also be used. Refer
to topics 1 and 2.

9 = Advanced- and Extra-Class Band Dipoles

Some amateurs concentrate their operations within the ad-
vanced- or extra-class bands. Dipoles can be cut with optimum
performance on these portions of the spectrum. Dimensions as
centered on the advanced and extra portions of the frequency
spectra are given in Chart 4. Line lengths for optimum perfor-
mance are also suggested. Line lengths which are multiples of

the values given also provide optimum results. Refer to topies 1
and 2.

Chart 4. Advanced and Extra-Band Dipole and
Line Dimensions

ADVANCED

MHz Band Center A/2 Dipole A/2 Line 0.66 VF
3.825—39 3.8625 12172 842"

7.2 —7.25 7.225 64'8" 45’

142 —14.275 14,2375 32'10” 22'107
21.275—21.350 21.3125 21'11” 15°3"
EXTRA

MHz Band Center A2 Dipole A/2 Line 0.66 VF

35 — 3.55 2,525 132'9” 92'2"

3.8 — 3.825 3.8125 1229” 853"

70 — 7.05 7.025 66'7" 46'3"
14.00—14.05 14.025 334" 22"
21.00—21.05 21.025 22" 156"
21.25—21.275 21.2625 22 153"

6 — Lamp-Cord Dipoles

Common electrical lamp cord can be used to construct indoor,
portable, or emergency dipoles. The lamp cord can be divided
down the middle, setting off two dipoles of appropriate length
(Fig. 7). The remainder of the lamp cord then serves as the trans-
mission line between antenna and transmitter. Antenna resistance
of the dipole is 72 ohms and the characteristic impedance of the
lamp cord is usually not too much different from this value. To
aid in matching, the line segment is made a multiple of a half-
wavelength long.

16



DI POLE

DI POLE
Fig. 7. Lamp-cord dipole. LINE

LINE

) S

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



7 = Twin-Lead Folded Dipole

An inexpensive and popular form of quick antenna construc-
tion has been the twin-lead folded dipole (Fig. 9). A folded
dipole has a feed-point impedance of approximately 300 ohms
rather than 70 ohms. Consequently it matches the characteristic
impedance of the twin line from which it is made.

L A2

! BARE, TWIST, AND SOLDER

¥/ - /“% S

SOLDER AND TAPE

~—— WHOLE MULTIPLE OF 412

Fig. 9. Twin-lead folded dipole.

Some transmitters have enough output tuning range to provide
a suitable match to a 300-ohm system. Again, matching help can
be obtained by making the length of 300-ohm transmission line a
multiple of a half wavelength.

The velocity factor of most 300-ohm lines approximates 0.82 and
is substituted in determining the physical length needed to obtain
a total line length that is a multiple of an electrical half wave-
length. Values approximate those given in Chart 2 for foam-
dielectric coaxial line which has a velocity factor of 0.81. Refer to
topics 1 and 2.

8 — Folded Dipole and Balun

A folded-dipole antenna with its resistance of 300 ohms can be
matched to a 50-ohm unbalanced system using a balun. The balun
is attached to the feed point of the folded dipole (Fig. 10). The
balun ratio should be 4 to 1.

One of the commercially available wideband types can be used
or one can be constructed from a section of 72-ohm coaxial trans.
mission line as shown in Fig. 10B. Don’t forget to consider the
velocity factor in cutting the line that is employed in the balun.

An alternate plan is to position the balun near the transmitter.
This is a more economical arrangement when there is a great

18
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4701 4@ COAX

BALUN

HALF-WAVE
LINE SECTION
lJ COAX -
Y
Y
(A) Balun at the antenna. (B) Balun constructed of coax.

< >
470 |
BALUN
COAX
TRANS MITTER

(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-ohm 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.

© — 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
length.

19
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(A) Horizontal dipole.

o
e, 4

(B) Inverted dipole.

Fig. 11. Dimensions for 40-meter phone operation.

The leg length for a given resonant frequency is somewhat
shorter than that of a straight horizontal dipole. As a function
of apex angle and nearness of the leg ends to ground, the shorten-
ing falls between 2 and 6 percent. The nearer the antenna ends
are brought to ground, the shorter is the leg length for a given
resonant frequency. An antenna bridge or SWR meter is helpful
in trimming the antenna to frequency. The work can be done con-
veniently with the antenna erected, because the leg ends are ac-
cessible from ground. Refer to Appendices I through IV.

Antenna feed-point impedance drops away from the impedance
value of a horizontal dipole, becoming lower as the angle between
the two wires is decreased. Usually a better match is made to

20



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, because 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 faet, 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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(B) Horizontal 40-meter dipole and inverted 15-meter dipole at center.
Fig. 12. 15- and 40-meter dipoles connected to same feed point.

of the 40-meter band is still too short for three-quarter wavelength
operation at the high end of the 15-meter band. This is because
end effect is a consideration in choosing the length of the 40-meter
dipole, while it is less influential in determining the overall length
of a three-halves wavelength antenna on 15 meters.

The inverted-dipole combination of Fig. 13 is a good combina-
tion. Only a single mast is required and the advantages of low-
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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.
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-Filg. 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
topices 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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point. There are three arrangements that perform well (Fig. 14).
The 40- and 80-meter dipole elements can both be mounted hori-
zontally but at right angles to each other; both can be connected
as inverted-vee dipoles; or, if the 80-meter dipole can be mounted
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(A) 15 and 80 on same plane. (B) 80 horizontal, 15 inverted.
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(C) 80 and 15 inverted.
Fig. 14. 15-80 meter dipole combinations.

high enough, it is possible to run the 40-meter antenna wires off
the center point as an inverted dipole. Forty- and 80-meter inverted
dipole leg lengths are 32’ 3” and 59" 10” respectively. Straight

dipole dimensions are given in Chart 4. Refer to topics 1, 2, 4, 9,
and 10.

13 — Novice 15-40-80 Dipoles

Three-band operation for the novice can be obtained by using
three separate dipoles connected to the same center feed point.
The secret of multi-dipole operation is to keep the various antennas
isolated from each other as much as possible. Stay away from
parallel runs of the antenna wires.

Two favorable arrangements are shown in Fig. 15. In example
A the dipoles are mounted horizontally and are 60 degrees related
in' their physical positions. A simple and good performing arrange-
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ment using a single mast is the maypole arrangement of three
inverted dipoles as shown in Figs. 15B and 16. The individual
dipoles are 60 degrees related to each other in terms of their
horizontal positioning around the mast. Refer to topics 1, 2, 4,

9, and 10.
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. : ig. . Inverted-vee multi-antenna
(A) Side view. - Fig. 16. Inverted

construction.

(B) Top view.

14 — 20-40-80 Maypole

Many radio amateurs coanfine their operations to 20, 40, and
80 meters. Some transmitters and transceivers function only on
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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.

= w
4+ B
L e e R s T A By e B S PR VLT, B W s hi

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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sghifted at will toward the low end of any band by clipping on
additional short sections of antenna wire to the dipole ends (Fig.

18). Refer to topics 1, 2, 9, and 13.

D == 20-40-80 C-W Special Inverted Dipoles

The inverted dipole construction of the previous topic (Fig.
17) is ideal for the c-w ham who concentrates his operations on

20, 40, and 80. The antenna occupies a relatively small space, 1s

-

ow cost, and no changes are needed when switching bands. The
quarter-wave dipole segments when cut to resonate in the special

and advanced c-w bands are 63" 4”7, 33 17, and 16" 8" for the 80-,

40-, and 20-meter bands respectively.
If you operate both phone and c-w, an ideal arrangement 1is

to use the dimensions for phone operation given in the previous
topic. Cut clip-on extensions for attachment when operating cw

(Fig. 18). These lengths are 5, 1’, and 3” for the 80-, 40- and 20-
meter bands respectively. Refer to topics 1, 2, 9, 13, and 14.
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Fig. 18. Clip-on extension to lower resonant frequency of antennas.

6 == One-Wavelength Antenna

A half-wavelength dipole antenna is resonant on a specific
frequency. Resonance on the same frequency can also be obtained

by doubling the dipole length to form a “long-wire” one-wave-
length antenna (Fig. 19). Such an antenna can be fed at the
center. However, the center is a maximum-voltage/minimum-cur-
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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.

}.____ ,uz_____.'
DI POLE

—_— = o

180° l 0°
,' .

(A) Half-wave dipole.

E—

(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 practical one-wavelength antenna is shown in Fig. 20. Di-
mensions are for l5-meter operation. Note that the feed point
has been moved away from the center by a quarter wavelength.

In so doing, a lower-impedance feed point is found (one quarter
wavelength on one side and three quarter wavelengths on the

other). There is a suitable match to either 50- or 72-ohm coaxial
cable. Antenna feed-point impedance is only slightly higher (80 to
90 ohms) than a conventional dipole.

234/f 720/f
1/4 A 314 A
— ' oy

11” ! ) 331 711

Fig. 20. One-wavelength antenna.

In the erection of the one-wavelength antenna, the direction
of the antenna wire should be such that one or more horizontal
lobes of the pattern are oriented in preferred directions. For any
type of long-wire antenna, it is wise to choose a length of trans-
mission line that corresponds to a whole multiple of an electrical
half wavelength. Refer to topics 1 and 2.

17 — 3/ 2-Wavelength Antenna

Antennas can be resonated to a specific frequency by making
their overall electrical length a whole multiple of a half wavelength.
There is a rise in gain with each half-wavelength addition. In
the case of a horizontal antenna, the antenna becomes more
directive with antenna length.

The addition of leg lengths in odd multiples of a half wave-
length ensures a low-impedance center feed point because each leg
of such an antenna is an odd number of quarter wave-lengths long.

For example, the antenna of Fig. 21 is 3/2 wavelength long,
and each leg is 34 wavelength long, establishing a low-impedance
feed point at the center. The directive pattern of a horizontal 3/2-
wavelength antenna is shown in B. Note that two additional lobes
have been added as compared to the one-wave-length antenna of

Fig. 19.
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(A) Basic construction. (B) Radiation pattern.

Fig. 21. 3/2-wavelength horizontal antenna and horizontal pattern.

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 7138/ f
5/4 1230/ f
/14 1722/ f
9/4 2214/ f
11/4 2706/ f
13/4 ) 3198/ f
15/4 3690/ f
17/4 4182/ f
19/4 4674/ f
21/4 5166/ f
23/4 5658/ f
25/4 6150/ f
2714 6642/ f
29/4 71134/ f
31/4 7626/ f
33/4 8118/f
35/4 8610/ f
37/4 0102/ f
39/4 9594/ f
41/4 10086/ f
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Two practical 3/2-wavelength antennas are shown in Fig. 22
They have been cut for the 15-meter phone band. When an
antenna is made an odd multiple of a half wavelength long, it
can be fed either at the center or near one end. End-feed does in-
fluence the directivity pattern as compared to the center feed. The
change is such that the lobes are of greater magnitude (more gain)
on the five-quarter-wave side of the feed point as compared to the
one-quarter-wave side.

120/f 120/f
t——————— 3/4 A 314 A

33! 4!! ‘ 33! dll
X »
l :

(A) Center fed.

(B) Off-center fed.
Fig. 22, 3/2-wavelength antenna.

Antenna resistance rises to near 100 ohms. Again this i1s a
theoretical free-space value. The practical value depends on
height above ground and other surrounding conducting surfaces.
It is this indefinite value for most antennas that makes the use
of transmission line which is a whole multiple of an electrical
half-wavelength a useful practice. j

The horizontal lobes of a long-wire antenna can be oriented
in favored directions by choosing a favored angle for running the
antenna wire. Approximate angles for the 3/2 wavelength antenna
are 45°, 90°, 135°, 225°, 270°, 315°. The 90-degree and 270-degree
lobes are weaker and narrower than the four cloverleaf lobes. 1f
the antenna wire were run 20-200 degrees in the eastern U.S.,

there would be favorable lobes at 65°, 155°, 245°, and 335°. As
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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 antenna if
space 1s 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 connects 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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Fig. 24. Low-bands segmented dipoles—40, 80, and 160 phone.

would be 176 feet or an integral multiple. Although a 160-meter
dipole is used, transmission-line lengths of 88 feet (or a multiple)
can be used if the 160-meter dipole is cut and resonated rather
carefully for the portion of the 160-meter band in which opera-
tion is desired. Refer to topics 1, 2, and 17.

19 — Mmiddie-Band Segmented Dipoles, 20-40-80

A single antenna and transmission line can provide optimum
dipole operation on these three bands using the segmented con-
struction of Fig. 25. The one selected depends on available space.
Again insulators, jumpers, and a halyard arrangement provide
easy band changeover.

ml 4!1 ,

(A) Overall length is used for 80.

99! 10!!
3/4 AON 40
861
t-—sm",c ON 20
I 60l 4!!
,. \ A/4 ON 80
€ o & ‘@ »

(B) Arrangement if more space is available.

Fig. 25. Segmented dipoles for 20, 40, and 80.
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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, anitenna 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.

gol.~______________._124‘ 10"__________________.’
40}.___________. 65' 5“_______________{ |

= | B 2

(A) 80-40 combination.

I-I-I-I-i-l- --l-l-l-i-l

(B) 20-15 combination.

I-l-l-\-l- -I-l-l-!-l

(C) 15-10 combination.

Fig. 26. Open-wire two-band dipoles, band-center dimensions.
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Fig. 27. Inverted dipoles (A) and four-band 15-20-40-80 dipole pairs (B).
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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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SECTION 2

Inverted-Vee Antennas




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

All antennas require a support structure 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 is 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.

Q
v
s,

- FEED LINE 1S ’3040
INTEGRAL On
MULTI PLE OF -

A 12 %y

33— TRANSMITIER

Fig. 28. Basic plan of a resonant and matched long-wire inverted vee.
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The matching problems related to the long-wire inverted vee
can also be minimized by choosing leg lengths that correspond
to multiples of a quarter wavelength at the operating frequencies,
and by using transmission line lengths that correspond to multiples
of a half wavelength at operating frequencies (Fig. 28).

Lengths are selected according to available space and apex
height by using Chart 5 in topic 17. Next the separation between
the feed point and the transmitter is estimated. Chart 2 is then
used to determine a preferred length of transmission line. Refer
to topics 1, 2,9, and 17.

A practical 20-meter design is shown in Fig. 29. A 25- to 45-foot
vertical mast was assumed. Formula leg length for three-quarter
wave operation 1s:

738

9, "

TRANSMITTER

C atatst R ST e T PR -H-_
'.0" — A —— B T prove, JSn SN P e s AT T RN o T A 2/ T — e

Fig. 29. Twenty-meter long-wire inverted vee—3/4 wavclength on each leg.

An estimate indicates that separation between feed point and
second-floor location of transmitter is approximately 50 feet. The
constants of Chart 2 indicate that a favorable transmission line

length would then be:

650

a5~ 'Y

Line length =

It is significant that an inverted-vee antenna is a sturdy con-
struction. The mast itself does not support the antenna; rather the
antenna wires contribute additional guying for the mast.
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23 == 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:

234
3.9

1722
28.6

(80) Dipole leg length = = 60/

= 60 3"

(10) Long-wire vee leg length =

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 1s 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.
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ensions given in Fig. 30 provide a good combination for 10- and
75-meter single-sideband operation.

The 15- and 40-meter combination is a less favorable pair be-

cause the cut must be such that it will provide 40-meter c-w
and 15-meter phone operation. Chart values are:

234

=== 33

7.1

738
21.4

(40) Dipole leg length

= 33’ 6"

(15) Long-wire leg length =

Note that on 15 meters the antenna operates as a 3/ 2-wavelength

inverted vee (three quarter-wavelengths on a leg). A practical
dimension which takes shortening effects into consideration is

given in Fig. 30.
A third possible combination is a 6- and 20-meter inverted-vee
antenna. This long-wire operates with legs three-quarters of a

wavelength long on 20 meters and eleven quarter wavelengths on
6 meters. Formula calculations are:

(20) Leg length =-i7§:-8§- = 52

(6) Leg length = 2?2’6 = 52’

Dimensions for the practical cut are given in Fig. 30.

Various other combinations for two-band operation can be
found by using Chart 5, in topic 17. Length selected depends on
desired bands and the available physical space for the erection of
the long-wire inverted-vee antenna. Sometimes a compromise
choice must be made with regard to the resonance spectrum
within each band, and it is not always possible to resonate at the

exact frequency desired in each band. Refer to topics 1, 2, 9,
17, and 22.

| 24 == Two-Band In_verted Vee---End-Tunecl

It is possible to resonate a two-band long-wire inverted-vee
antenna at some specific frequency in each of the two bands to be
covered simply by end-tuning each of the legs. A pair of alligator
clips and two short segments of antenna wire permit optimum
resonance on each of the two bands using the plan shown in Fig. 31.
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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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that a short segment of line must be connected or disconnected
when changing over from one band to the other. This really is
a very simple operation, because it can be done conveniently

(Fig. 32). Refer to topics 1, 2, 9, 17, 22, and 23.

Fig. 32. Alligator clips can be used to add length to an inverted vee.

25 — Long-Wire Inverted Vee—Sideband 10-15-2

Two attractive features of the inverted-vee construction are
that the ends of the legs are near to ground where changes can
be made conveniently and operation as a resonant antenna can
be accomplished on more than one band with limited adjustments
in leg length. The 10-15-20 single-sideband antenna demonstrates
this versatility.

Preferred center frequency points were selected at 14.3, 21.3,
and 28.6 megacycles. Reference to Chart 5 and suitable substitu-
tions indicate that a practical inverted-vee can be operated as a
3/2-wavelength antenna on 20, a 5/2 wavelength on 15, and a
1/2 wavelength on 10. The required leg lengths are:

138

(20) Leg length =———-= 51.6
1230 .. .,
(15) Leg length === 57.7
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1722

58 6 60.2

(10) Leg length =

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:

| 1950 .. .
(20) Line length = 743 136’ 4
(15) Line length = 2925 .. 137" 4”
51.3
(10) Line length = 220 — 136’ 4”

28.6

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

26 == 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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160-meter operation is feasible without requiring any additional

space by folding the legs back toward the mast (Fig. 34). This

return span to the mast can be made at a height above ground
of about 6.5 feet. This keeps all band-changing positions within

easy reach.
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Fig. 34. 6-160 meter inverted dipole and long-wire inverted-vee system.

Adding a length of some 40 feet provides an overall leg length
several inches more than 101 feet—the dimension for obtaining
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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.

27 == 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 antenna.

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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The inverted-vee construction, because the leg ends are near
ground potential, can be adjusted to ensure top performance on
each band. The inverted-vee dipole of Fig. 35 is cut precisely to the
center of the 40-meter novice band. Calculated dimensions from

topic 4 are 32" 8”. The length of a three-quarter wavelength leg for
15-meter operation 1is slightly longer if ideal operation is desired:

—_ 438 _ .o
(15) Leg length -—m = 34" 10

It is very easy to add this additional leg length of approxi-
mately 2 2” when changing over from 40- to 15-meter operation.
Practical lengths (Fig. 35), are somewhat shorter as a function
of height above ground.

Chart 2 can be used to calculate coaxial line lengths that are

favorable for two-band operation. Half wavelengths of regular

72-o0hm coaxial line are:
&

' - _ 325 _ o ..
(40) Half-wave line length = =ymE = 45’ 4
(15) Half-wave line length =—>22__ = 15’ 4"

21.175

For a span of somewhat less than 100 feet, an optimum line
length would be about 91’ 6” (45" 4” X 2 and 15’ 4” X 6). Refer
to topics 1, 2,4,9, 10, 17, 22, and 25.

28 == 15-40-80 Novice Inverted Vee

The three novice bands are so situated frequency-wise that
they do not lend themselves to the use of a single antenna for
three-band operation when optimum performance is to be obtained

on each channel. The exception is the inverted-vee which can
be band-changed conveniently because its leg ends can be made

readily accessible from the ground.

The inverted-vee antenna of Fig. 36 consists of segmented
40- and 80-meter inverted dipoles and a 15-meter long-wire in-
verted vee with three-quarter-wavelength legs. Only a single mast
is needed (25 to 50 feet) and a single transmission line feeds
from the transmitter to the center connection point at the top ot

the apex. Two metal fence posts can be the tie points for the
leg ends. It should be possible to release these leg ends for con-

venient band changes.
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Dimensions for the quarter-wave sides of the dipole based on
band centers (Chart 4) are 62" 11”7, 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:

(15) Leg length =-- 52— = 34’ 10"

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:

325

(80) Half-wave line length = 3 mon 37 3
(40) Half-wave line length = 325 . 45" 4"
7.175 |
(15) Half-wave line length = 325 _ 157 4”
- 21.175

For a separation of something less than 100 feet, a 91-foot trans-
‘mission line (regular 72-ohm coaxial) would suffice (87 3”7 X 1,

45" 47 X 2, and 15" 4” X 6). Refer to topics 1, 2, 4, 9, 13, 17, 22,
and 27. '
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29 = 10-15-20 and 20-40-80 Inverted-Vee Trios

This is a three-section antenna that permits three-band oper-
ation without requiring any antenna changes. Operation can be

selected on the basis of the triples 10-15-20 or 20-40-80. Two other
triples can be selected if desired. These are 10-20-40 or 15-20-80.
The antenna is a combination of the 20-40-80 inverted dipoles of
topic 14 and long-wire inverted vees. Any of the three-band trios
listed can be set up using appropriate jumpers. No changes need
be made when switching among the three selected bands.

The antenna operates as inverted dipoles on 40 and 80, three-
halves wavelength antennas on 15 and 20, and a nine-halves wave-
length antenna on 10 meters. Preferred lengths of transmission

line are multiples of 45 feet for phone operation and 46 feet
for cw.

Calculations for phone-band operation are as follows:

(80) Dipole length =.%§..g__ —

: _ 234 _
(40) Dipole length == =

60/

29/ 31/211
738

(20) 3/4-wave leg length = =351'9”

14.25
738

(15) 3/4-wave leg length = = 34’ 6”

21.3
1722

(10) 9/4-wave leg length = = 604"

28.6

Actual dimensions for a practical version are shown in Fig. 37. Of
course, frequencies can be selected and legs cut to meet your needs.

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

30 - W3FQJ Inverted-Vee 6-Through-80
Sidebander

In maintaining multiband schedules, net activities, participating
in multiband sideband contests, and for general all-band operation,
it is convenient to have a good single antenna that requires no
changes when changing bands. Such an antenna can be constructed
using the principles of the inverted dipoles and the long-wire
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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 to 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 (/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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