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Preface

An often heard comment of the present is *“The day of amateurs build-
ing and operating their own equipment are things of the past.” To a
great extent this is true since the advent of sophisticated single-side-
band equipment has convinced many that construction of their own gear
is no longer practical.

The one big exception to this is in the field of amateur antennas.
The amateur, at very little expense, and without the requirement of an
R&D laboratory, can indulge in experimentation with antennas. some-
times with startling results.

73 Vertical, Beam and Triangle Antennas is the second of a series
of books which can make the hobby of amateur radio more than an
operational spectator activity. Each antenna described in this book was
constructed by the author without assistance. A minimum of tools and
equipment were used. You can do the same and use the world as your
lesting ground.

Many of the antennas described in this book compete with. and
sometimes surpass, the performance of commercial beams. A number
of new approaches in the construction of basic antenna types are
detailed. The book is not so much a rehash of common antennas and
basic theory as it is a coverage of new approaches and ideas not often
used by the amateur.

There are 73 individual vertical and beam antennas included in an
order that begins with simple construction and progresses in sequential
manner to more complex arrangements. However, if you are interested
in only one particular type, you can locate that type immediately and
proceed with its erection.

73 Vertical, Beum, and Triangle Antennas is an invitation to
some inexpensive education and fun. You will find it very educational
and satisfying to put up an antenna that you have calculated, erected,
and tuned. You have also gained a conversation peak that can bring
you that much nearer to other radio amateurs all over the world. There
are very few of them who are not interested in antennas.

Epwarp M. NoLrL. W3FQJ
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SECTION 1

Quarter-Wave Verticals

1—Half-Wavelength Dipole (Hertz)

As a starting point for the antennas discussed in this book, the half-
wavelength dipole is considered basic. It serves as the basic driven
element of the beam antenna and the driven elements of a phased
directional array. Vertical radiators also stem from this fundamental
half-wavelength dimension.

In a dipole arrangement the transmission line is attached at the
center (Fig. 1) and there is a quarter-wavelength sector on each

l'_ Al4 *‘1 Al4 ;

}— FEED LINE

Fig. 1. Half-wavelength dipole
antenna.

side of the feed point. In_free space and for high antenna heights the
feed-point impedance approximates 72 ohms. This can vary as a

function of antenna height and the proximity of other conducting
materials.
The physical length of a resonant dipole antenna is shorter than

a half wavelength in free space. Thus the physical length of a dipole
‘must be made shorter than that value calculated from the free- -space
wavelength equation.

A half wavelength in space has the following length:




492

A= ___f (MHz) feet

The physical length of the dipole antenna needed to establish a

resonant length for frequency (/) is shorter than this value bv
approximately 5 percent. A practical equation for calculating the length
of a half-wavelength dipole is:

A= - ﬂ,_
‘ f (MHz)
This length is influenced some by conductor cross-sectional area, height
above ground, and nearby conducting objects.

“The horizontal pattern of a horizontal dipole is a ficure eight with
maximum radiation and sensitivity broadside to the wire (kig. 2). The

HOR!ZONTAL DIPOLE VERTICAL DIPOLE
LOOKING INTO
END OF ANTENNA
@ )
H-PATTERN

H-PATTERN
LOOKING DOWN TO
END OF VERTICAL
ANENM{R{@ @

V-PATIERN V-PATIERN

Fig. 2. Free-space dipole radiation patterns,

vertical radiation pattern is circular. For a vertical half-wavelength
dipole, the horizontal pattern is circular, while the vertical pattern is
a figure eight. In practice the vertical pattern of a vertical dipole is
modified substantially by the influence of ground.

When a dipole antenna is fed with a 72-ohm line and the transmitter
output load circuit can be “tuned to an output impedance of 72 ohms,
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the entire system is matched, and there is peak transfer of power to
the antenna. gtandmg waves on the transmission line are mlmmlum
and there is minimum attenuation of the signal by the line. In this
case_the matching is unaffected by the 1e_overall length of the line.

Line loss does increase with line length as a function of the attenua-
tion figures for the particular type of line. Under matched conditions
for a good quality line these losses can be quite insignificant with
surprisingly long lengths of transmission line.

Chart 1 presents dipole antenna dimensions for the radio amateur

bands from 10 meters through 160 meters as related to the center
of each band, center of the phone segment, and center of the cw

segment.

Chart 1. Dipole and Half-Wavelength Line Dimensions

Band | BandCemter |  CWBand |  Phone Band
in 066 | 081 | os6 | o081 | ,. | 066 | 081 |
Meters| Ant- Line | Line | Ant ﬁine Line | M | (ine Line

160 [256'57 [ T78'1” [ 211" | 256" | 1781 | 218" [ 255" | 17817 21811
80 |12410”| 868" | 1062~ | 1283" | 8y |09 |0 | 834~ | 1049
40 | 655" | 455" | 558~ | 6y1l”| 459" | 561 | 647" | a¥10”| 549
20 |3 | 2117| 21 | 332" | @17 | 83" | w9 | 29" | 271l
15 |22 | 1547 | 189" | 217 | 1547 | 18007| 2ri1v| 1537 | 1887
10 163" | 13~ | 1307|1877 | 1rer | 117 | 161 | 5127 | 138

2—Quarfer-WaveIength Vertical (Marconi)

The fundamental vertical antenna is a quarter-wavelength radiator
(Fig. 3). This is not a true vertical dipole because the physical length
of the antenna approximates just one-half the length of a vertical
dipole. In the case of the basic quarter-wave vertical, the sround
acts as a mirror_quarter-wave segment (Fig. 3). Ground conditions,
in fact, have a great influence on_the _performance of the vertical
antenna. The mirror segment of the quarter-wave vertical can be
ground itself, or it may be a network of wires or conducting tubing
that acts as a synthetic ground. If placed on the surface of the ground
or a few inches below ground, such a low-resistance conducting surface
can bring about a substantial improvement in antenna performance.
The use of a synthetic ground (called a ground plane) is also employed
when the quarter-wavelength radiator is to be positioned high above
the physical ground. In effect, the ground plane brings the ground up
to the level of the antenna.

9
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Fig. 3. Basic quarter-wave verlical
antenna (Marconi).

A4 MIRROR GROUND

(A) Horizontal. (B) Vertical. (C) Combined.

Fig. 4. Patterns of a quarter-wave vertical antenna.

The radiation patterns of a quarter-wave vertical are given in Fig. 4.
Note that the horizontal pattern is circular indicating the radiation
of equal signals in all compass directions. The vertical radiation
pattern approximates a figure eight sliced lengthwise. Note that
maximum radiation is concentrated at the lower vertical angles below
45 degrees. Little energy is radiated skyward toward the zenith; in
fact, the net horizontal-vertical radiation patterns is doughnut-like
in appearance as shown in Fig. 4C.

The simplest quarter-wave vertical is a single rod or tube, the base of
which is connected to the inner conductor of a coaxial transmission
line (Fig. 5). In the least effective arrangement the outer conductor
of the coaxial line is permitted to hang free at this feed point. However,
if the overall length of the transmission line is made a whole multiple

10




ROD OR TUBE
Fig. 5. Simple quarter-wave vertical R A4

antenna.

COAX LINE

of an electrical half wavelength at the operatmg_ frequency, the antenna
performs reasonably well. A better plan is to connect the outer
conductor of the coaxial line to a reasonably good ground, such
as a pipe (6’ or longer) driven into the ground, or a large conducting
surface beneath the base of the antenna as mentioned in topic 1.
Chart 2 tabulates physical quarter-wavelength dimensions for the
various segments of the radio amateur bands. The dimensions are
based on_an _equation that takes into consideration end e effect hence,

by calculating the quarter wavelength in free space. Chart lengths are

based on the equation:

Quarter wavelength = 7 (?V:;:l.z) eet

The_theoretical value for the antenna resistance of the quarter-wave

vertlcal is one-half that of a dlpole or 36 ohms. Actual values depend
on ground conditions and other factors. Nevertheless, a_good match
is made to 50-ohm coaxial line. Refer to topic 1.

Chart 2. A/4 Vertical al_ld_ bY4 2 I.ig_: Dimensions

Jl‘pa_ls $S8 Bands 4
Line Line @ Line Line
0.66 VF 0.81 VF 0.66VF | 0.81VF
160 128'3” 178'1” 218'1” 128'3" 178'1" 2181
80 642" 8y 109 60’ 834~ 104'9”
40 32'9” 45’9~ 561" 324 44'10" 549~
20 167" 231 28'3" 16'5” 229~ 21'11”
15 11y 154~ 18'10” 10°11” s L3 I 18'8”
10 84" 116" 141" 82" 11’4~ 1313

11



3 —Quarter-Wave Vertical, Line-Tuned

A _quarter-wave vertical antenna at_resonance does not always
present exactly 36 ohms to the tgn?r?}?{?ion line because feed-point
impedance is a function of type of ground and ground-plane conditions.
Also the antenna impedance off the resonant frequency is other than 36

ohms. Antenna heizht above ground and the presence of nearby con-
ducting_surfaces also influence the antenna resistance. Even under
almost ideal conditions a pertect match to 50- or 72-ohm coaxial trans-
mission lines is not always feasible.

A rather high standing-wave ratio can_develop on the line. Poor
ratios should be avoided because transmitters, especially modern trans-
ceivers, are quite critical of loading. Poor standing-wave ratios are to
be avoided, not so much because of added line loss, but because of
improper loading of the transmitter. For short lengths of transmission
line (up to 100 feet, for example), line losses with even high standing-
wave ratios are quite unimportant.

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. It is advisable to stay away from reactive
loading of the transmitter if at all possible. This can be accomplished
by cutting the length of the transmission line to an_electrical half
wavelength or a whole multiple of one-half wavelength (Fig. 6). In

AJ4VERTICAL
%W&% Fig. 6. Quarter-wave vertical with a
\ trimmed and tuned line.
TRANSMITTER G v e
& L

+

cutting_an_electrical half wavelength of line it is necessary to con-
sider the velocity factor (VF) of the line:

. A _ 492 X VF
Line lenss E b I(M—Hz)‘

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

12




Chart 3 is based on velocity factors of 0.66 and 0.81 typical of 50-
ohm and 72-ohm regular and foam type coaxial lines respectively. This
information can be used to determine the line lengths which will best
accommodate _the separation between the transmitter and the antenna
feed point. For example, if you plan to operate a quarter-wave vertical
on 7.1 MHz and the approximate distance between antenna and
transmitter is 100 feet, it is wise to use a length of transmission line

of approximately 91 or 137 feet corresponding to either two or three
electrical half wavelengths of regular RG/58U or RG/59U line:

650

Line length = 1 = 9]1.55 feet
Line length = S 137.3 feet
ine leng 71 .

Chart | tabulates half-wavelength lengths with 0.66 and 0.81 velocity
factors for the various amateur bands.

A very precise cut cannot always be made by calculation alone
because velocity factors are not always the stated values of 0.66 and
.81 or because of discontinuities and other variables. The exact veloc-
ity factor of a given line can be obtained by measurement. or a line
can be trimmed for the half-wavelength condition on some precise fre-
quency. echniques and procedures are given in Appendices | through

V.

Chart 3. Dimensions of Half-Wavelength Line Segments
for Velocity Factors of 0.66 and 0.81

[ ] pr=ts | NF=08)
Line Segments Line Tengths in ( Line Lengths in
+ in Wavelengths | Feet Reg. RG/58U-RG/59U | Feet of Foam RG/5B8U-RG/5SU
1/2 325/f 400/f
2/2 650/f 800/f
3/2 975/t 1200/¢
4/2 1300/f 1600/f
5/2 1625/f 2000/¢
6/2 1950/¢ 2400/f
1/2 2275/t 2800/f
8/2 2600/f 3200/¢
9/2 2925/f 3600/¢
10/2 3250/f 4000/f
1172 3575/f 4400/¢
12/2 3900/¢ 4800/f
13/2 4225/f 5200/f
14/2 4550/¢ 5600/f
15/2 4875/f 60600/¢
16/2 5200/¢ | 6400/




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

A good compromise length for 40-, 20-, 15-, and 10-meter operation

using VF 0.66 line is a whole muTtlpTe of 45 feet 6 lnal—lf 80-. 40-,
20-, 15-, and 10-meter operatlon is desired, use a whole multiple of 90
feet. When VF-0.81 line is used. a whole mult_‘ple of 56 feet provides
good performance on 10 throuuh 40. A whole multlple of 112
feet mcluaes 80 meters.
An alternatlve_plan is to employ a line tuner (Fig. 7). Refer to

————

Appendix VI. Such a tuner can accommodate a random length of line

A4 VERTICAL

LINE TUNER
COAX
TRANSMITTER G <

T

Fig. 7. Quarter-wave vertical with a line tuner.

although it is still advisable to cut near to one of the half-wavelength

figures. An added advantage of the line tuner is that it can tune such
a line over an entire amateur band or over a group of bands by using
a tapped inductor and a variable capacitor. Such a tuner can be ad.
justed to present the e_proper r resistive load to the transmitter, and it
tunes out reasonable reactive components so_that they are not reflected
to the transmitter.

Some preferred line lengths for 10-, 15-, 20-, and 40-meter sideband
and cw operation of a quarter-wave vertlcal are given as a part of Chart
2. Refer to topics 1 and 2.

4—Quarfer-Waye_V.eﬂicql With Ground System

Many quarter-wave vertical antennas have their base at or near
ground level. It is the most common arrangement for 40., 80-, and
160-meter verticals. Some 20-meter verticals are mounted in this
manner and so are a few 15- and 10-meter installations.

14
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The base of the vertical rests on an insulator. The ground system
is installed immediately beneath the insulator. The transmission line
is then attached between the base of the vertical and ground. The inner
conductor of the coaxial line connects to the base of the vertical; outer
braid is connected to ground.

Simple mounting arrangements for 10., 15-, and 20-meter verticals
are shown in Fig. 8. Rigid plastic, polystyrene, or composition rods
and tubes are available in various sizes.* Ends are drille% and bolted
to the ground-support tube and the base of the vertical antenna. A
dipole-to-coax antenna connector can be jumped between the base
of the antenna and the ground-support tube. Be certain that the inner
conductor of the coax connects to the vertical and the braid connects
to the ground-support tubing.

Short verticals can be supported by properly shaped bottles or plas-
tic rods. The diameter of the quarter-wave vertical should then be
such that it fits snugly over the msulat_on_’ The dipole-to-coax connector
is then connected between the base of the vertical and a rod driven
down into the ground a short distance away from the insulator. This
type of support structure requires that the vertical antenna be guyed.
Strong plastic clothesline with a nonmetallic core is satisfactory.

In a third arrangement the ground- Tév?:i}uifport can be wooden 2
X 4’s or 1 X 2’s. Standoﬂ insulators are attached to the board, and
hose or other clamps hold the mast to the spaced standoff insulators

| |

A4 A4

= INSULATOR N L

—_—— ——

| GROUND ROD

I

MINIMUM | GROUND SYSTEM OF A/4 RADIAL WIRES

1|

Fig. 9. Ground systems.

*Rods, tubes and sheets are available in standard sizes and cut to order from:

Plastics of Philadelphia, 12th and Arch Sts., Philadelphia, Pa. 1
16




as shown in C. Again a dipole-to-coax connector can be connected
between the base of the vertical and a ground rod.

The ground system is quite important to the operation of a vertical
antenna. It can be a metal rod or tube of =ood conductivity (6 feet
or more) driven into the ground; or a better plan is to use a system of
radial wires (Fig. 9). Althaugh fewer radials are often employed, the

very best performance is obtained by using at least 18 radials, each a

minimum_quarter wavelength lonz at the lowest operating irequency.

A versatile mounting arrangement for a vertical is shown in Figs.
10 and 11. Metal ground-support tubing is cemented two feet into the
ground. A twelve-by-six sheet of 34- or Vb-inch plexiglas or other
strong insulation is fastened to the top of the around-support tubing

AJ4VERTICAL
_PLASTIC SHEET
! [ e
”
/,( |
/| ‘
,/ |
U-BOLTSC
N \
>4
ks
Re—x) )
/ N
S T
. =3 | Du-sours
COAX A ’ /
CONNECTOR — 4 1%
| /=
L [

M\ /d

Fig. 10. Vertical mounting with plastic-sheet insulator,




Fig. 11. Mount arrangememt for
vertical showing sheet insulator, ra.
diator, and ground-support tubing.

with U bolts. Another pair of U bolts fastens the bottom of the vertical
to the insulator. The dipole-to-coax connector is fastened between radia-
tor and ground-support U bolts. This manner of connection raises the
radiator above physical ground (at least above the high snow mark).

Ground-level radial wires are extended out from the support mast.
Minimum length from the top of the ground-support mast to the end
of each radial should be at least one-quarter wavelength at the lowest
operating frequency. The radials can be buried one or two inches below
the surface.

An alternative plan for the radial system can be to run a system of
resonant radials out from the top of the ground-support mast as shown
in Fig. 12. These radials slope away from the feed point and can help
in obtaining the most favorable antenna impedance. Note that there
are insulators at the far ends. Overall length correspond= to a quarter

wavelength at the lowest operating frequency. A minimum of four

resonant radlals should be emEloved

The fundamental eguatlon for the quarter-wave vertical is 234/f.
However, a number of {actors affect this lencth althouah it is reason-
21!)_]!__ correct for small diameter tubing, thin metal r—Im ‘and_ antenna
wire. However. if larcer-dlameter tubing ( 11/4Lch and larger) is

used. the physical length is somewhat shorter than the calculated_elec-
trical quarter wavelength. In fact, the resonant lerlgth may be 2 to
10 percent shorter tha_n_the_ 234/f formula value.

18
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Fig. 12. Resonant quarter-wave radials for vertical antenna.

Guys also have a_pronounced effect on the resonant length of a
vertical antenna because they are attached near the to top of the vertical.
This is a high-impedance (maximum voltage and minimum current)

point. Thus stray capacitances and loading influences can be significant.

If wire guys are used they must be segmented with separations
preferably less than 14 wavelength at the highest operating frequency.
Insulators should be present right at the point where the guy wires
attach to the guy ring. Better still, make your guy ring out of plasfic
or other insulating material. Guys can give you considerable trouble
in setting to a particular resonant frequen _1 and in establishing a very
low standing-wave ratio. Refer to topics 1, 2, and 3.

19



5—10-15-20 Quarter-Wave Vertical and
Ground System

The vertical antenna pattern is omnidirectional and has a low
vertical angle of radiation, sending out signals uniformly in all com-
pass directions. Similarly it displays a uniform pick-up sensitivity to
signals arriving from various directions,

The low vertical angle of radiation is an important_advantage for
DX contacts on the 10-, 15-, and 20-meter bands. Although the signal
radiated from a vertlcal “antenna is essentlally the same at all compass
angles, it is radiated at an angle which is almost horizontal to the sur-
face of the earth. This low angle of radiation is advantageous for long-
distance communications.

The dimensions of a quarter-wave vertical for operation in the
sideband segments of the 10-, 15-, and 20-meter bands are as follows:

_ 234 _ 234 _ .,
@ Antenna length F (Miz) 38.6 82

234 234 _ .,
@ Antenna length = F(MHz) ~ 213 11

_ 234 _ 234 _ ...,
(20) Antenna length = T oMEsy ~ 143 - L9

When the vertical antenna is made an above specified length, it
becomes resonant and displays a low resistive impedance at its base
which is of a value that provides an efficient transfer of signal between
the coaxial transmission line and the antenna. If the basic antenna
is to be operated on each of the three bands it is necessary to include
some means of changing the physical length. This can be accomplished
by cutting individual lengths and making it possible to slip the
vertical radiator into position at the mounting position according to
the desired operating band. As a matter of fact, sections of telescoping
tubing can be employed, and the overall length of the vertical radiators
can be varied to obtain resonance on the desired band and any fre-
quency within that band. Inexpensive telescoping masts used for
television receiving antennas can be modified and used as effective
vertical radiators. Such telescoping sections can be suitably scribed
to permit reater_ease in_finding spemﬁc resonant_points.

ﬁ;e mountmg arrangement shown in Fig. 11 and discussed in
topic 4 is an admirable set-up for changing vertical radiators quickly.

20
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Fig. 13. Dimensions for telescoping two-band antennas.

Dimensions for the two radiators that provide three-band operation
are given in Fig. 13. Operation on 10 and 15 meters was accomplished
by telescoping a five-foot section of tubing into a seven-foot section.
Minimum and maximum possible lengths are seven and twelve feet,

and operation on any frequency within the 10- or 15-meter bands is
possible. (This vertical will also accommodate the Citizen’s band fre-
quency assignment near 27 MHz.) T

Twenty-meter operation is possible using a 10-foot or shorter section
of tubing telescoping within another 10-foot segment. The exact
sideband length of 16’6” can be telescoped or a length that resonates
in any part of the 20-meter band. (It will also tune into the 15-meter
band.) It is best to guy the 20-meter vertical as shown in Fig. 14.
Guys can be released at ground level whenever the 20-meter vertical
is to be removed from its mounting position. The 20-meter vertical
was made from a 20-foot telescoping television antenna. The 10/15-
meter combination was made by cutting down a similar mast to the
dimensions of Fig. 13. It was not necessary to guy the 10/15-meter

21




Fig. 14. Guying the 20-meter tele-
scoping vertical,

arrangement. The length of the transmission line is 45'6” (can be
any whole multiple thereof).

Using the large-diameter telescoping tubing, practical lengths are
shorter than equation values shown in Fig. 13. The techniques of
Appendices IV and V are recommended for locating resonance and
measuring SWR. Refer to topics 1, 2, 3, and 4.

6 —Elevated Quarter-Wave Vertical With
Wire Ground Plane

An elevated quarter-wave vertical is very effective if a good con-
ducting ground (ground plane) is directly beneath its base. The ar-
rangement of Figs. 15 and 16 shows a simple plan employing inex-
pensive telescoping tubes. To_construct such an antenna for 10 meters
the top 10-foot telescoping section is cut down to 8'2”. A plastic rod

acts as an insulator and joins this radiator physically with the short
remaining piece of the top section. The coaxial receptacle is connected

between the two ents.
The ground plane consists of four resonant wire radials that are

connected to the top of the next section of the telescoping mast. These
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— RESONANT RADIALS

Fig. 15. Elevated quarter-wave vertical.

Fig. 16. Rod insulator and coax
receptacle for elevated quarter-wave
vertical.

four radials also serve as guys for the mast. As a function of overall
height, additional lower guying may be necessary. Refer to topics 2,
3,4, and 5.

7—Base-l.oaded Quarter-Wave Vertical

The quarter-wave vertical is a resonant antenna with its physical
length determining its resonant - frequency. A vertical antenna can be
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made resonant on wavelengths substantially longer than its physical
length with the addition of a coil at its base. The resonant frequency
depends on the physical length of the radiator and the inductive
reactance contributed by the coil. If such an antenna is mounted at or
near ground level. taps on the coil can be used to change the resonant
frequency of the antenna.

Only a single-tap coil of proper size is needed for one-band opera-
tion. The inner conductor of coaxial line is tapped to a point that

provides an_impedance match (Fig. 17A).

SHORTER THAN A/4 SHORTER THAN A/4

(A) Single-band operation. (B) Multiband operation.

Fig. 17. Base-loaded quarter-wave vertieals,

If the antenna is to be operated on other frequencies and other
bands. it is more appropriate to use two taps as shown in Fig. 17B.
In this case the top tap has the more pronounced effect on the
resonant frequency of the antenna while the bottom tap has more
responsibility in obtaining a proper match. A convenient mounting
arrangement is shown in Fig. 18. A plastic-rod insulator is employed
and the coil is made to span the separation between the radiator and
the ground-support tubing. The mounting arrangement of Fig. 11 is
also adaptable to the use of a base-loading coil, connecting the coil
between one of the U bolts supporting the radiator and one associated
with the ground-support mast.

Good operation on two or three adjacent amateur bands is possible
with the base-loaded vertical. An antenna that is cut as a quarter-wave
vertical on 10 meters can be operated on 15 and 20. Another pos-
sible combination is a 20-meter radiator that operates on 40 and 80.
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Fig. 18. Loadin‘ roil connected
between base of vertical and ground-

support tubing,

Length and coil data are given in Fig. 19. Approximate tap posi-
tions are also indicated although these may have to be adjusted
according to mounting position and overall length of transmission line.
Again it is helpful to use a length of transmission line that approxi-

mates an electrical half wavelength at the desired operating frequencies.

Refer to topics 1, 2, 4, and 5.

10-METER
20-METER 52
Y/ e
16'4"
10th
24 TURNS
217" DIA TURN
"] &' LENGTH
B&W B&W B&W
8 TURNS 3905-1) 3013 3014
2" DIA,
8" LENGTH st i 1
28th
B& W TURN 2nd
2907-1) | 15-mETER 15 METERS 20 METERS
,'EJT‘EFT- URN
LINE- 8th TURN
-METER
[ANT - 12th TURN
| LINE- 8th TURN
1 | a0-mETER
| TTTOT
80 METERS 4 METERS | LINE- 8th TURN|
Fig. 19. Loading-coil data.
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8—20-Meter Quarter-Wave Vertical,
Multiband Operation

The length of a 20-meter quarter-wave vertical is also convenient
for multiband operation in conjunction with a simple line tuner (Fig.
20). This length permits excellent performance on 10 and 15 meters
using the simple line tuner detailed in Appendix VI. The antenna
is approximately one-half wavelength on 10 and 15 meters and provides
low vertical radiation angles.

T ave
TUBING
168 COAXIAL LINE - WHOLE MULT1PLE Fig. 20. Twenty-meter vertical
with line tuner.
R —
4 : LINE TUNER ———] TRANSMITTER |
r t=— + — 1

‘The same antenna also loads and performs satisfactorily on 40
meters and permits acceptable 80-meter operation as well.

The line tuner can be positioned at the transmitter or, if the antenna
is mounted at or near ground level, at the antenna base. In the latter
arrangement the SWR on the line can be held down to a lower value,
which is helpful when line length exceeds 100 feet. Again the technique

for using a length of transmission line corresponding to whole mul-
tiples of an electrical half wavelength improves Tine conditions. Refer
to topics 1, 2, 3, 4, and 6.

9—Elevated 40-Meter Ground Plane

On the low-frequency bands (40, 80, and 160), a high percentage
of DX contacts are made with one or both of the stations using a
vertical antenna. The vertical antenna has an inherent low angle of
radiation, while horizontal antennas must be higher than a half wave-
length above ground and preferably a full waveigﬂal.\_go obtain good
low-angle emission. Such heights are seldom feasible for amateur
operations on the low-frequency bands.

The characteristics of the vertical antenna are used to best advantage
when operated above a high-conductance ground. When the vertical
antenna has its base at ground level, a radial system buried an inch
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or two below the ground is ideal. A minimum of twelve radials
should be employed. If the vertical antenna is to be elevated, a_mini-
mum of six resonant radials (ground plane) is advisable.

A typical elevated-ground-plane vertical for 40 meters is shown in
Fig. 21. The mast itself can be a guyed telescoping mast or a self-

/ \-:lN SULATED ’GYUY ING

LIGHTWEIGHT TELESCOPING
TUBING OR SINGLE PIECE

THICK PLASTIC SHEET
REFER TOFIGS, 10& 11

< RESONANT RADIALS
- g

{| REGULAR
N\

GUYING
A
/ I REGULAR GUY ING

[

[

u

Fig. 21, Elevated ground-plane vertical for 40 meters.

supported structure. The base insulator can be a plastic sheet with
a thickness of 14 inch or greater. The radial system is attached at the
top of the support mast directly below the insulator.

The quarter-wave vertical can be made of telescoping aluminum
tubing and suitable insulated guying using plastic clothesline. Mounted
on top of a forty- or fifty-foot mast, this antenna does an excellent
job. It also performs well on 10, 15, and 20 with the use of the
simple line tuner of Appendix VI. It is aBEroximatta_lLa‘}Elﬁwave en
vertical on 20, %) wavelength on 15,_a'nd__sometflin£ _less than a fu
wavelength on 10,

It loads well using the tuner as_a_li-wavelength antenna on 75.
Standing-wave ratios on all bands using the tuner of Appendix Vl__a_re_
below 1.5 to 1. Refer to topics 2, 3, 4, 6, and 8.
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IO—Vertical Radiators and Base Tuner

The electrical length of a vertical antenna can be increased by the
use of a base coil, or decreased by use of a base capacitor (Fig. 22).
Thus a vertical antenna can be resonated to a lower frequency with
the addition of a coil and to a higher frequency with the addition of
a_capacitor. If one makes the base coil adjustable, a_short antenna
can be made resonant to frequencies _substantially lower than its

_resonant frequency. Refer to topic 7. Capacitance can be used for
resonating_antennas to higher frequencies than their resonant length.

ONOMOMO,

A4 ON20
16'4"
AlQ ONXO
R's

¥ig. 22. Plan of base tuner for verti-
cal radiators.

1}
L
: 9 o{nl

A series combination of capacitor and inductor (Fig. 22C) can
tune an antenna over a substantial range of frequencies. Short jumpers
can be used to remove the capacitor or the inductor according to

which fregueqc__)'f-git_i-:e' the antenna is to be loaded.

A versatile base tuner can be evolved by the use of a variable
capacitor and an inductor with two taps (Fig. 22D). Such a base
tuner for vertical radiators is detailed in Appendix VIIL

The base tuner attached to the base of a 20-meter quarter-wave verti-
cal permits operation on bands 10 through 80. When connected to the
base of a 40-meter quarter-wave vertical, operation is feasible on bands
10 through 160 meters. Standing-wave ratios are less than 1.5-to-1.
Refer to topics 2, 3, 4, and 8.
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SECTION 2

1/2-and 5/8-Wavelength

Verticals

11 —Half-Wavelength Verticals

Additional gain and lower vertical radiation angles can be obtained
by increasing the length of a vertical antenna. This improvement is
shown in Fig. 23. Compare the vertical radiation pattern for a half-

gg0
_— |
|

Fig. 23. Influence of length of verti-
cal radiator on vertical pattern.

200,./ A2 A
\

wavelength antenna with that of a quarter-wave radiator. The response
extends out further at low angles (between 0° and 15°). The lower
angles are a particular_advantage in making DX contacts. In general,
vertical radiators have the advantages of low vertical angles along with
omnidirectional horizontal patterns.

Three basic constructions for the half-wavelength vertical antenna
are given in Fig. 24. The plastic-rod construction is feasible for 10-, 15.,
and 20-meter antennas made of small-diameter light-weight tubing.
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Fig. 24. Arrangements for lelltf_-wave vertical antennas.

Near-lop guying is deemed advisable for the 10- and 15-meter anten-
nas. while it is a wise practice to guy the 20-meter version at the center
and the top.

When larger diameter tubing is employed, the plastic-sheet insula-
tors permit a more substantial construction. Similar guying is also
needed with the larger tubing.

Since it is easy to lift the vertical antenna from its base mount,
two-band models can be constructed either for 10-15 or 15-20 opera-
tion. The arrangements covered in topic 5 are appropriate except
that there must be two telescoping sections to form a complete half-
wavelength antenna. Feed-point impedance i< near 70 ohms and the
half-wavelength antenna_matches up with fewer difficulties than_the
quarter-wave radiator. o

The vertical antenna, too, can be constructed from antenna wire
(sizes 12 to 18 are popular). Such an antenna can be suspended be-
tween any insulated high point and ground, or between suitable insula-
tors mounted on a rigid mast (Fig. 24C).

A line tuner (Fig. 25) permits acceptable operation of this antenna

style on more than one band. Cut for 20-meter operation, a line tuner
produces good results on both 10 and 15 meters. The antenna can
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Al4

WHOLE MULTIPLE OF
ELECTRICAL HALFWAVE
Fig. 25. Half-wave vertical with line LINE TUNER TRANSMITTER—|
tuner. -
.
Al4

also be loaded reasonably well as a short antenna for 40 and 80
meters using the line tuner of Appendix VII. Refer to topics 1, 2, 3,
4, and 5.

IZ—HaIf-Wave Vertical With Balanced Line

Half-wave vertical antennas like horizontal dipoles can also be fed
in a balanced manner to attain more uniform radiation off of each
side and minimum line radiation. One method is to use a 1-to-1 balun
as shown in Fig. 26. In feeding half-wavelength antennas the trans-
mission line should__l_)e_gqugg__direc_tl‘y‘ay.ay__fl_'om the antenna if this
isb}czsm:le. In a practical situation it is usually necessary to run the
transmission line down alongside the lower quarter-wave segment.
In this case the line should be held away from the element as far as
is practical. Long stand-off insulators can even be attached to the
element near the feedpoint and at about mid-position. It is advisable
not to attach standoffs near the end where there is a voltage maximum.

A balanced transmission line such as good quality 300-ohm televi-

A4 A4
TWIN LEAD OR
OPE/N'WIRE LINE
e S —
s Fe—~ —
mp s T = s |
A4 Al4
(A) Using a balun at the antenna. (B) Using a balanced tuner.

Fig. 26. Balanced feed systems for half-wave vertical antennas.
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sion line can be employed. In this arrangement a tuner with a balanced
input is needed (Fig. 26B). Refer to Appendix VIL. In this feed
method there is a mismatch at the antenna. However, losses are not
serious because of the lower attenuation of good-quality 300-ohm
line.

An advantage of the use of 300-ohm line along with the balanced
tuner is that the antenna can also be loaded on other bands. If the
antenna is cut for 20 meters, good results are obtained on both the
10- and 15-meter bands. SWR does not exceed 1.5 to 1. It is also
possible to load the antenna on 40 meters. Refer to topics 2, 3, 4, and
11.

13 —Half-Wave Coaxial Vertical

The coaxial vertical construction (Fig. 27) affords a convenient
means of feeding a half-wavelength vertical antenna. Note that the
top quarter-wave section connects to the inner conductor of the

T —
A4
l~—— METAL TUBING
b
N . (N
U-BOLTS THROUGH
BOTH TUBES Fig. 27. Coaxial half-wave vertical.
-
=
W[ PLASTIC TUBING
W
A4 1:
W |——— METAL TUBING
i
L
"

. “‘: _ COAX LINE
INSTDE TUBING

coaxial transmission line. The braid of the coaxial line connects to
the bottom quarter-wave segment at_the feed point. There is no con-
nection between the bottom of the lower section and the transmission
line, the line simply feeding up through the center of the tubing.
This arrangement reduces the interaction between the transmission
line and the radiating vertical antenna. In fact, the bottom quarter-
wave section also acts as a transformer, changing over between the
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unbalanced coaxial transmission line and the balanced half-wavelength
antenna.

It is permissible to connect the bottom section to a small-area metal-
lic support structure. However, in practice a more favorable match
results when it is kept free.

Fig. 28. Coaxial vertical showin'_

plastic _tubing and _aperture for
coaxial Fine.

A typical 10-meter coaxial vertical is shown in Fig. 28. The insulator
is made of thick-wall plastic tubing with the appropriate inner diameter
to permit a snug fit over the metal tubing of the antenna elements.
Straight bolts or U bolts fasten the elements to the plastic tubing.

A single hole at the center of the length of plastic tubing serves as
an aperture for the coaxial transmission line. Soldering lugs and
additional nuts connect the inner conductor and braid of the coaxial
line to the upper and lower quarter-wave elements.
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A line tuner provides an optimum match and is usually advisable
when the bottom quarter-wave section is held in place with some form
of metallic support. If the antenna is mast-mounted, a plastic-sheet
arrangement can be used to insulate the bottom of the lower section
from the mast (Fig. 11). Refer to topics 2, 3, 4, 8, and 11.

1 4 —%-Wavelength Vertical

The S4-wavelength vertical is a preferred length for the best low-
angle radiation (Fig. 23). A fundamental equation for calculating
the length of a g-wavelength vertical is:

- _ 585,
54-wavelength vertical (feet) = § (MHz)
Typical dimensions for sideband or cw operation are:
Band CwW SSB
10 Meters 20'10” 206"
15 Meters 2797 276"
20 Meters 41'6" 41’

A long vertical of this type can be used to best advantage with the
use of a line tuner or base tuner (Fig. 29). When a base tuner is used

the standing-wave ratio on the entire line can be held to a low value.
A base tuner is recommended, especially when the length “of line

between the antenna and the transmitter is long {over 100 feet). The
advantage of the line tuner is that it can be adjusted from the shack.

S/8A

—] COAX [
BASE TUNER —E—— { LINE TUNER mmsm-ma]

GROUND SYSTEM

(A) Base tuner arrangement. (B) Use of a line tuner.

Fig. 29. Arrangements for tuning the 34-wavelength vertical.
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The use of either type tuner also permits multiband operation. In
fact, a vertical cut for ‘% wavelength on 10 meters has an electrical
length not too much shorter than this value on 15 meters, and it func-
tions as a quarter-wave vertical on 20 meters with just a little base
loading. Good low vertical radiation is feasible on all three DX bands.
Refer to topics 2, 3, 4, 7, 8, and 10.

15 —Three-Quarter Wavelength Vertical

The_three-quarter wavelength vertical is only 14-wavelength longer
than _the 5g-wavelength vertical of topic 14. There is some slight de-
terioration of the low:-amzle vertlca?l .nattern but this is not serious.
Furthermore, some high-angle radiation_also_occurs. This could be
advantageous for local coverage. The advantage of the 3/-wavelength

dimension is the fact that a low-impedance point exists at the base
of the radiator.
Fundamental equation is:

34 wavelength (feet) = ?_('IIV%z)

Typical dimensions for sideband and cw operation are:

Band Cw SSB
10 Meters 24'10" 24'6"
15 Meters 33737 32'11”
20 Meters 49'10” 493"

In conjunction with a quarter-wavelength ground support or a set
of quarter-wavelength resonant radials, a good direct match is made
to a coaxial line (Fig. 30A). An electrical quarter wavelength at the
base can also be provided by the antenna base tuner covered in topic
9 and Appendix VIIIL

The %-wavelength vertical cut for 15-meter operation is very at-
tractive. Good low-angle performance is_still feasible on 10 meters
while the antenna is long enough to function as a quarter-wave vertical
on 40 (Fig. 30B). On 20 meters it approximates half-wavelength verti-
cal performance with its good low vertical angle. In conjunction with
40-meter resonant radials it can provide a low-impedance direct feed
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tA) % -wave direct match. {B) Multiband operation.

Fig. 30. Three-quarter wavelength vertical.

to a coaxial transmission line on both 15 and 40 meters. Use a line
or base tuner for all-band matching. Refer to topics 2, 3, 4, 8, 10,
11, and 14
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SECTION 3

Phased Verticals

16—Quarfer-Wuve End-Fire Pair, 90°

Two or more vertical antennas can be operated as a single antenna
system to obtain additional gain and a directional horizontal radiation
pattern. Two_vertical antennas can_be combined in three different
ways (Fig. 31). These are known as end-fire, broadside, and collinear
groupings. In_the broadside arrangement the two verticals are fed in
phase, and a figure-eight pattern results that is broadside to the plane
of the verticals. In_an end-fire confizuration, the two verticals are fed
out of phase and the figure-eight pattern is in line with the two
antennas. A collinear arrangement stacks one vertical antenna above
the other. This latter arrangement is not _practical for the low-
frequency amateur bands. (Occasionally half-wavelength verticals are
stacked one above the other for 10- or 15.meter operation.)

An end-fire pair of verticals can be spaced and fed in such a manner
that a unidirectional pattern results. To do so the antennas must be
separated by a_quarter wavelength and one vertical must be fed 90°
behind the other (Fig. 32). The direction of maximum radiation is in
line with the two verticals in the direction of the vertical receiving
the lagging excitation. The 90° lag is obtained by feeding the one

vertical through an additional quarter-wave section of line or_an
appropriate odd multiple of a_quarter wavelength (Fig. 33).

A _second method is to locate the junction at some point between
the individual feed lines to the verticals. Connect an electrical quarter
wavelength of line between the junction and one vertical and a half-
wavelength section between the junction and the second vertical.

The_simple feed method of Fig. 33A presents a problem because
of the velocity factor of the transmission line. For example. for 15-
meter sideband operation, the separation between the two_verticals
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(A) Broadside. (B) End fire.

M4 )
1

A4

A4
2 (C) Collinear.

A4

(-

Fig. 31. Basic two-element phased verticals.

should be approximatel 11'6” (246/21.3). However, a section of
coaxial transmission line spans between the two verticals and_would
be longer than an “electrical quarter wavelength because of its velocity
246 X 0.66 b

213 —— ) as emg
an_electrical quarter wave. This problem can be overcome by using a
#3-wavelength section of transmission line Between the two verticals.
738 X 0.66 )

21.3 :

factor. The calculation indicates only 7/714" (

In our example this would be 22'10” (
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Fig. 32. End-fire 90° verticals.

|-——Ald—-| ﬁ A4

]
-
1 2 1 2
Al4 SECTION OF LINE
A4 Al
A yat (; yal Va en GEe— —— a1
- + + Qj +
A B
Fig. 33. End-fire 90° feed methods.
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Fig. 34. Practical 15-meter end-fire vertical.

Change occurs in the horizontal directional pattern with the maxi-
mum being in the direction of the first vertical rather than away
from it. This is shown in Fig. 34.
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The length of the interconnecting transmission line would need to
be 5/4 wavelength long to have the same pattern as that obtained
with a one-quarter-wavelength line between the two verticals. An
electrical 7/4-wavelength line would establish the same pattern as a
3/4-wavelength feed section, etc.

Chart 4 tabulates a considerable amount of useful information in

See

the planning of phased verticals for use in 10-, 15-, 20-, and 40-meter
operations. Quarter-wave spacing distances are eiven as well as coaxial
cable lengths for ¥4 and 3% odd multiples of a quarter wavelength.

~When the velocity factor of the transmission line is not known it

PAGE can be measured using the techniques described in Appendices I, 11,

1%9
. ]
Lt

and 111. Remember, when measuring to an odd multiple of a quarter
wavelength, the opposite end of the line should be open; while measur-
ing and cutting to an even multiple of a half wavelength, the Tar end
of the line should be shorted. B o

The practical 15-meter end-fire vertical of Fig. 33 mounted at ground
level ensures a low angle of vertical radiation and a directional
horizontal pattern. In effect, the use of phased verticals gives horizontal
directivity to the fundamental vertical antenna and its inherent low
angle of radiation. These advantages are used most effectively when
a good ground system is employed.

For direct feed without the use of a line tuner, either resonant
radials or a pipe g?(mnaﬂaﬁveh*do‘v-ﬁ_ﬁ “feet is recommended. In
most phased vertical confgurations tried, the lowest SWR was obtained
using resonant radials elevated or, just a few inches above ground for
around-devel mounting. Use at least six radials for each vertical and

do_not join them together electrically except_at the base.

Chart 4. End-Fire Dimensions

Antenna Spaci Phasin
—_— | == .66 Li e 0.81 Line
A4 b/} Y/ 73N YL %A
Equations 234/t 246/f 162.3/t 481/f 199.2/f 598/ |
10 Meters
1286 MA2) 82" 87" 59" 171" (Hh 20011
ers
1. 3 1011~ 116" 78" 22'10" 94" 281"
20 Meters
(14.2 MH2) 16'6” 17°8" 11'4” 343 141 421
40 Meters
{ 7.2 MH2) 32'6” W1 22'6" 67'8” 218" 83411
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A large-area ground (1 to 2 inches below ground surface) extend-
ing out at least a quarter wavelength from each vertical also provides
an acceptable match. At least 12 radials should be used. Do not join

the systems electrically.

A _good ground keeps the SWR below 1.5 to 1. Higher ratios are
also tolerable if they are not excessive; otherwise a base or line tuner
should be used. An advantage of a tuner is that it also permits loading
on other bands although the resultant horizontal pattern may be
quite indefinite. It will become increasingly omnidirectional as one
operates on lower and lower frequency bands.

{\

Fig. 35. Influence of feed point on pattern. Compare with Fig. 34.

34X LINE

Two simple means can be used to change the 90° end-fire directivity
(Fig. 35). A 180° turnabout is possible by E}E_r{g_ir_l_g__t_!gg‘ transmis-

sion line.feeg_pgigt_fmm_ one vertical to ‘the other. Another technique
is to set up several mounting positions for the one vertical. It can
then be moved about from one position to another to favor a given
direction. It is to be noted that the end-fire pattern is rather broad
while the back-radiation 1 is very much lower. Refer to topics 1, 2, 3, 4,
and 8.

17 —Quarter-Wave End-Fire Verticals, 180°

A bidirectional figure-eight pattern is obtained when verticals are
separated by a half-wavelength and fed out of phase, (Fig. 36). Dimen-
sions for 15-meter operation are given.

Two alternatives are given for the bidirectional arrangement. If the
spacing is to be maintained at a half wavelength, a half-wavelength
section of coaxial line does not span between the two verticals. The
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answer to the problem is to use an intervening section of transmission
line that is an electrical three-halves wavelength. Figures shown are
for_a velocity factor of 0.66. Additional data is given in Chart 5.

[ AMg——
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wn” wn"

32) LINE &5'9"
a—nl ral
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A/4 RESONANT RADIALS A/4 RESONANT RADIALS
" n'z"

f———<tz——]
153"

A4 YL
wn” wn”

A2 LINE 15'3"

N
/4 RESONANT RADIALS
na

Fig. 36. Two-element end-ﬁrg 180° connections.

If a bit less bidirectional gain and a somewhat broader pattern are
acceptable, the spacing between the two verticals can be reduced to
accommodate the required physical length of an electrical half-wave
section of coaxial line. If the foam-type coaxial line is used, the
separation between the two verticals can be greater because of its
higher velocity factor. Refer to topics 2, 3, 4, 8, and 16.

18 —Quarter-Wave Broadside

A figure-eight pattern that is broadside to the plane of a two-element
vertical can be obtained by feeding the two verticals in phase (Fig.
37). An easy method of in-phase feeding is shown in A. The T-junction
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Chart 5. Dimensions for Phased Verticals

Antenna Spacing IF Line_ ]
Equati 45° 90° 135° 180° 225° 210° 360° 540°
quations VI ) V! N2 1/8) 1740 | 3/8) 17720 58\ | 3/4M s i/
234/t 123/f 6/f 492/¢ 81.2/f 162.4/f | 244/t 325/f 406/f 481/¢ 650/f 915/f
10 Meters
: Z 8’2/' 4!31/211 817!! 17)2” 2!11” 5!9" 8!9" 11!4" 1414" 17!1" 2218” MI
15 Meters
1'2;.3 WD 10117 59” 11'6” 2 10~ 78" 11'6” 153" 19 22107 306" 459~
20 Meters
(14.2 MH2) 16'6” 8'8” 174~ 348" 58~ 114" 17 22'10” 286" 343 458" 67'8"
40 Meters
(7.2 MH2) 326" 171" wy” 682" 118~ 22'6" 339" 452" 56'4” 67'8” 90'4” 135'6”
Anteana Spacing L. . .81 VF Line — v N
Equations 45° 90° 135° 180° 225° 270° 360° 540°
. A /8 4 2 1/8\ e | yex | un 58\ | 34\ n T2
234/t 123/¢ 246/f 492/f 99.6/f 199.2/f | 299/f 398/¢ 498/1 598/f 196/f 1194/¢
10 Meters
] 7 82 §3%” 87" 172" 36" 6117 | 106~ 4 1767 | 11" | % 42
Meters
(51.3 VAT | 1011 59~ 11'6” 2y 48" g4 4_174’ 188" 234" 81" K7 5% |
20 Meters
(14.2 MHz) 166" 8'8” 174" 348" 71" 141" 21'3” 28 32 | e 56’
(40 Meters
(7.2 MH2) 326" 17'1” Wi 682" 13’10~ 278" | 46" | 553" 692" | &1” | 106" |




is located an equal distance from each of the verticals (Fig. 37A).
Hence they are excited in phase. An alternative plan uses an electrical
full wavelength of coaxial line between the two verticals as shown
in Fig. 37B. The velocity factor must be considered. Typical dimensions

for 20-meter operation are given. Data for other bands can be
gleaned from Charts 4 and 5.
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Fig. 37. Two-element broadside connections, 20 meters.

Ground system is again of special importance for obtaining good
performance and a direct match. 1f preferred, a line tuner can be
employed, reducing the standing wave at the transmitter to a very
low value. If the SWR is high, a line tuner is essential. The line tuner
can be positioned at the transmitter or just before the T-junction
point. This latter arrangement is helpful in keeping the standing-wave
ratio on the line at a low value and is of significance when there must
be a long length of line between the antenna system and the trans-
mitter. Refer to topics 2, 3, 4, 8, 16, and 17.
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19—Multiband Broadside With Tuner

The in-phase feeding method used with broadside antennas is
attractive in terms of multiband operation. Regardless of the physical
spacing of the two verticals, their fields are additive perpendicular
{broadside) to the plane of the verticals.
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1 28"
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TRANSMITTER —H— TUNER

Fa

A4 RADIALS
'8’

Fig. 38. Forlz-meteg_llr_pgdgi_dg_v_eytjc__nl_slith_t_gner f().l-_mu_llibglld_l)peration.

The 40-meter _arrangement of Fig. 38 is commendable. The antenna

operates as a true broadside pair on this band. Results are good on
10, 15, and 20 meters using a line tuner. The electrical separation
between verticals is_two wavelengths on 10 meters and an acceptable
multilobe pattern does exist. On 15 meters the antennas function as
two_in-phase 3)-wavelength elements. On_20 meters they are two in-

phase half-wavelength verticals.

Operation _on 80 meters is quite good, the electrical separation
being agproximately_ 14 wavelength The transmission line should be the
compromise length that results in an_electrical length that is a_whole
multiple of an electrical half wavelength Refer to topics 2, 3, 4, 8, 16,
17, and 18.

zo—End-Fire, Broadside Combination

An end-fire, broadside combination is easy to arrange as a simple
pattern-changing antenna. Two ways of doing this are shown in Fig.
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(A) Broadside.
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rie 15'3" —
() End-fre 90°.
- 19'3" T
(C) End-fire 90°.
- Ty 22'10" —_—

(D) End-fire 180°.

Fig. 39. End-fire broadside pair, center feed.

39. In example A the junction point is located at the center of the line
between the two verticals. For 15-meter operation the separation be-
tween the two verticals is a compromise value of 153" (somewhere
between a quarter-wavelength and a half-wavelength separation). A
satisfactory broadside pattern is possible with this spacing and the
separation is not so great as to prevent the formation of an end-fire
unidirectional pattern.

For broadside operation a transmission line length of 7'71%" is
used between the junction and each vertical. This generates the in-
phase broadside figure-eight pattern. A unidirectional pattern results
when a quarter-wave section of line is connected between the junction
and one vertical (7°714") and a half-wave section of line between the
junction and the second vertical (15’3”). Maximum radiation is
toward the vertical fed with lagging current. Pattern can be turned
about by switching the positions of the quarter-wave and half-wave
sections of line.
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The final combination is attained by using a quarter-wave section
of line between the junction and one vertical and a 34-wave section
(22'10") between the junction and the second vertical. This produces
the in-line figure-eight pattern of the out-of-phase end-fire connection.
Dimension data for other bands can be obtained from Charts 4 and 5.

If you prefer to feed at one of the verticals rather than the center,
the arrangement of Fig. 40 is feasible. The unidirectional end-fire 90°
pattern can be obtained by using a 34-wavelength section of line between
the two verticals (22'10”). For end-fire bidirectional 180° feed, the
15'3" half-wave section of line interconnects the two verticals. The
broadside pattern requires a length of line that is a full wavelength
so the two verticals are fed in-phase. In the 15-meter example using
coaxial line with a 0.66 velocity factor this value is 30’6". Refer to
topics 2, 3, 4, 8,16, 17, and 18.

21 —Close-Spaced End-Fire Vertical

A variety of patterns can be obtained by the proper selection of
spacing and the electrical phasing between two vertical antennas. Some
representative examples are shown in Fig. 41. The spacings selected
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Fig. 41. Common 2-element patterns.

are Y5 wavelength, 14 wavelength, and 14 wavelength. Phasing values
given are for each 15 wavelength between 0° and 360°.

In previous topics on vertical antennas we dealt with the four most
common configurations. These were in-phase (0°) with 14.wavelength
spacing, 180° phasing with l4.wavelength separation, 90° phasing
with 1 -wavelength spacing, and 270° phasing with 1/-wavelength spac-
ing. Locate the representative patterns in Fig. 41. When an adequate
ground is employed, antenna height is right, and phasing lines are
cut properly, these antennas permit direct connection to a coaxial trans-
mission line. An acceptable SWR is obtained.

There are a number of other attractive patterns of a unidirectional
nature. For example, with l4.wavelength spacing and a phasing of
either 135° or 225° a unidirectional pattern in line with the verticals
results. Thus it is possible to obtain a unidirectional pattern even
though the two antennas are separated by a half wavelength.

The li-wavelength spacing between verticals is expedient in the
design of close-spaced driven beams. Note that unidirectional patterns
can be obtained with a spacing of Vi wavelength and phasing of 34 or
% wavelength.

An_example of a close-spaced vertical combination for 15-meters is

shown in Fig. 42. The spacing between the two 15-meter 14-wave verti-

cals is only 50”; 34.wavelength phasing is obtained with 116"

( 369 X 0.66
21.3
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Fig. 42. Cl paced 2-el 1t vertical.

line with the two verticals in the direction between vertical No. 1 and ver-
tical No. 2. The transmission line from the transmitter connects to the
former. The pattern can be reversed by using a 54-wavelength section of
line or, by feeding vertical No. 2 instead of vertical No. 1.

When other than the more favored feed methods are employed
there is a tendency toward higher SWR’s. A tuner can be employed
at the antenna or, if the length of transmission line between the trans-
mitter and the antenna is not too long, the line tuner can be con-
nected at the transmitter. In practice low standing-wave ratios are
more likely to be obtained when resonant radials are employed and
no connection is established between the radial systems of the two
verticals. Keep length of the transmission line a whole multiple of an
electrical half wavelength. Refer to topics 2, 3, 4, 8, 16, 17, 18, and 19.

22—E|evategl_1vgg-ilgnlgni Phased Verticals

Vertical antennas can be elevated and phased to obtain figure-eight
or unidirectional patterns. Low standing-wave ratios for direct feed
can be obtained by using a length of transmission line between the
base of the vertical and the junction point of the phasing system,
which is a whole multiple of an electrical half-wavelength. Using this
technique the actual height of the vertical is unimportant in terms of
phasing. Feed lines are made long enough to reach the transmission-line
junction point. Phasing can be controlled from the ground level.

49



The broadside phasing is the simplest, bringing equal lengths of trans-
mission line from the base of the verticals to the central junction point.
It is possible to obtain 180° end-fire phasing simply by connecting an
additional half wavelength of transmission line in one side. A uni-
directional pattern is obtained by inserting an additional length of
transmission line in one side with an electrical length of either 135°
or 225°, depending on the desired direction for the end-fire pattern.

A 20-meter example is given in Fig. 43. The two verticals are spaced
34'8":

14 .wavelength spacing = :T922_ = 34'8"
|- A2 —
: we
A4 M4
16'6" 16'6"

WHOLE MULTIPLE OF ELECTRICAL A2

INSULATOR

RESONANT RADIALS

RESONANT RADIALS
r s

1 a 1
/T l
T-JUNCTION @

Fig. 43. Elevated and phased 20-meter verticals.

Four resonant radials were employed for each vertical. The length of
the transmission line connected between each vertical base and the
center | ]unctlon is ¢ 45’6’ To one_el; electncal wavelength on 20 meters for
0.66 VF coax).

To obtain bidirectional end-fire phasing an additional half-wavelength
segment of line was added in one side. This length was 22'10”:

(20) %-wavelength phasing = }92%2062 = 22'10"
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To obtain a unidirectional pattern an additional Y4-wavelength segment
of line is needed on the same side to obtain a total of 225° (180°
+ 45°). The_additional length needed is 5'9":

_ 123 X 0.66 _ 0,
(20) %-wavele'ngg! e T 5’9

If lines and elements have been cut properly a low-SWR direct feed
is possible. The addition of a tuner at the antenna junction point or at
the transmitter can bring the SWR_ do_wAn to an extremaﬁow value.
Furthermore, the the tuner permits operation . “on other ban&; as a B&L d-
side_antenna. Good rg_gxlts are obtained on both 10 and 15 meters.
Satisfactory loading is also possible on 40. Pattern changes are to be
anticipated. In general when the spacing between verticals is greater
than a half wavelength there is a tendency for additional horizontal
lobes to a appear. On those frequencies where the spacing is less than
an_electrical half wavelength between vertlcalsz the pattern becomes
mcreasmgly omnidirectional. Refer to topics 2, 3, 4, 8, 16, 17, 18, 19,

and 20.

23 —Four-Element End-Fire Broadside

More than two verticals can be combined to obtain more directive
patterns and higher gains. The end-fire, broadside combination is
popular (Fig. 44). This arrangement of two end-fire pairs in broadside

A4 ENO-FIRE FEED .
1 r—.
ROADS | DE @

ra—
BROADSIDE L S
D

COMBINED
20— 94

Al4 END-FIRE FEED

B
A
Fig. 44. Arrangement and patterns of 4-element end-fire broadside
antenna. o
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combines the figure-eight pattern of the broadside connection with the
end-fire unidirectional pattern to obtain a narrower and higher gain
unidirectional lobe.

A practical 15-meter antenna using this principle is shown in
Fig. 45. The end-fire elements are spaced 90° (14 wavelength).
They are joined by 34-wavelength sections of coaxial line of 22'10”

730 X 0.66
( 21.3
system using coaxial line. There are l4-wavelength sections of coaxial
. ran 292 X 0.66
lme 15’3 (T

Good gain and a fine pattern are obtained along with the low
vertical angles inherent to vertical antennas. Four individual resonant
ground radials were employed for each one of the verticals. A direct

match for low standing-wave ratio is obtained. Refer to topics 2, 3,
4, 16, 17, 18, and 19.

). The broadside grouping is fed at the center of the

) between junction and each pair.

24 —20-Meter End-Fire (180°),
Broadside Combination

A simple and effective end-fire, broadside antenna system can be
fed with 300-ohm TV line. A balanced tuner (Appendix VII) is
required. The velocity factor of such line is 0.82 and it is possible
then to space the verticals almost a half wavelength.

— 2
1 23‘1"
1 2
& A4 Al
A0 wn" wn”
/ 3 MAX DIRECTION
LINEA/2 / LINE A2
, 153" 15'3"
L L ) o L1
e v
aml T < o T )l<
wn”
—rf Q
N N
s
a2 10 SET

RESONANT RADIALS 11'2"

Fig. 45. Practical 15-meter end-fire, broadside 4-element array.
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On 20 meters an electrical half wavelength of TV line corresponds
to:

492 X 0.82

= 14"
14.2 )

A/4 line =

The two verticals are spaced about 27 feet (Fig. 46). The 300-ohm line
connected back to the transmitter is attached to the near vertical.
When the 300-ohm line is not transposed, as in Fig. 46A, the two
verticals operate 180° end fire. There is a figure-eight pattern in line
with the two verticals. They have been fed out of phase because there
is a 180° reversal in the segment of line between vertical No. 1 and
vertical No. 2.

If broadside operation is desired, the 300-ohm line between the
two verticals is transposed as shown in Fig. 46B. The transposition
of the line adds a second 180° reversal and the two verticals are now
fed in phase. As a result, a figure-eight pattern is produced broadside
to the plane of the two verticals. The simple process of reversing the
coupling line at the far vertical permits the 90° shift in the figure-eight
pattern of the antenna.

16"

4

—

/
I
/ &

Q
&\
&

16'6"

RADIAL SYSTEM
>

TO SET
A 8

Fig. 46. End-fire, broadside combination using 300-ohm transmission line.
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The balanced tuner of Appendix VII does a fine job of matching
the 300-ohm line to the lower unbalanced impedance present at the
output of the transmitter. Select the coil assembly that will permit
the lowest SWR reading. Refer to topics 2, 3, 4, 12, 16, 17, 18, 20,
22, and 23.

2 5 —Eight-Element 10-Meter Vertical

The end-fire broadside combination is easily extended to attain
more gain and a more directional pattern. Two broadside pairs and
four end-fire groupings are employed in the 10-meter arrangement of
Fig. 47. Half-wave and full-wave sections of coaxial line are used for
broadside phasing while 3-wavelength sections of line feed the end-fire
pairs. Broadside spacing is 14 wavelength; end-fire spacing, % wave-

length.

Appropriate spacing equations are:

492

= ___ = on
(10) 14A 28.6 17’2

_ 246 _ o400
(10) Y%A = 53¢ =87

Coaxial line of 0.66 velocity factor requires the following phasing

line lengths:

(10) %A phasing line = 492 X 0.66 _ 114"
28.6

(10) %)\ phasing line = M = 17'1"
28.6

i i = M = rQn

(10) A phasmg line 28.6 29’8

The end-fire, broadside combination of verticals can be a problem-
solving antenna in many locations. With the use of a sufficient number
of verticals it is possible to attain a high gain and a sharp directional
pattern. All of this is accompanied by a low angle of vertical radiation
with the antenna system mounted at ground level.

Such combinations are fine anti-QRM receiving antennas. They have
a low sensitivity to high-angle signals. The front-to-back ratio is very
good because of the end-fire connection. This can be a particular ad-
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vantage in reducing short-skip back-side QRM. The half-wavelength
broadside spacing builds up the antenna gain and sharpens the forward
unidirectional pattern. Refer to topics 2, 3, 4, 16, 17, 18, 19, 20, and 23.

26—Four-$quare Verticals

Four verticals mounted at the corners of a square (Fig. 48) permit
design of a simple direction-switching unidirectional pattern antenna.
The spacing between verticals is 14 wavelength. This is the ideal
spacing for end-fire pairs but something less than optimum for broad-
side feed. Nevertheless good gain and directivity are possible. The
unidirectional lobe is a bit broader. This is not objectionable because
it permits 360° coverage in four approximately 90° segments.

Quarter-wavelength spacing is:

. _ 246 _ L.,.»
(15) 14X spacing = 213 — 11’6

The broadside 14\ feedlines must be:

492 X 0.66

(15) YsAline = 213 15'3"
The 34A lines for end-fire feeding must be:
(15) 34 lines = % = 22'10"

To obtain a unidirectional pattern in the direction indicated in
Fig. 48, verticals 1 and 2 are fed broadside. Verticals 1 and 3 are fed
end fire, as are verticals 2 and 4.

The other three possibilities are shown in Fig. 49. For example,
in directing the signal west, verticals 1 and 3 are fed broadside;
verticals 1 and 2, 3 and 4, are fed as end-fire pairs. It is apparent
that to change the directional pattern one need only shift the
phasing harness about. This is no problem with the antenna system
mounted at ground level. Refer to topics 2, 3, 4, 8, 16, 17, 18, 19,
20, and 23.
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Fig. 48. Four-square vertical antennas for 15 meters.

27 —10-15-20 Four-Square Vertical

The four-square construction lends itself to a simple pattern-
changing antenna for 10, 15, and 20 meters. The dimensions are
such that there is a quarter-wace spacing on 20 meters. Configuration
is identical to that of topic 26.

Values are determined as follows:

. 234
(20) 14 vertical antenna = 143 =16'6"
p—e 2
1 T p 2 14 Y 2 1
AR A2
- = - 7)) ¥aA
WEST
AR AR
, |, N 10 ) serz L oae |,
§soum

Fig. 49. Harness arrangements for shifting pattern in 90° steps.

57



246

1 2 = =7V = qn
(20) 14 )\ spacing 14.2 17'4
(20) broadside 142 lines = 921;‘ 216'6 = 22'10”
738 X 0.66

(20) 34 A end-fire lines = — 142 = 34'3"
Antenna arrangement is shown in Fig. 50.

Individual vertical construction is detailed in Fig. 51. Aluminum
tubing is bolted to 2 X 3’ (or 2 X 4’s) with U bolts. The 2 X 3’s
are 10 feet long and are imbedded two feet into the ground. To
accommodate three-band operation each vertical can be telescoped.
The larger diameter tubing is made 8’2" long for 10-meter vertical
operation. Four such verticals are necessary.

For 15-meter operation four 3V-foot lengths of thinner tubing
telescope within the bottom section to obtain the 11’ length needed

+ N
/ e
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N
A4 A4
16'6" 166"
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Fig. 50. Four-square 10-15-20 construction, 20-meter operation.
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Fig. 51. Base construction for each
of the four-square verticals.

for 15-meter operation. Twenty-meter operation is obtained with four
additional pieces of thinner tubing each with a length of 10 feet.
These lengths are telescoped within the larger diameter 10-meter
vertical to obtain an overall length of 16‘6” for 20 meters.

On 15-meters (Fig. 52) the 174” spacing corresponds to an
electrical spacing of about 34 wavelength. This is good for broadside

|- e |
) 1,

!_ AJ2 LINE B A2 LINE
15" 3" 153"

ot 34X LINE Y4 LINE
210" 210
1
3 4
(A) 15 meters—11’ verticals. (B) 10 meters—8’ 2” verlicals.

Fig. 52. Phasing lines dimensions for 15- and 10-meter operation.
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operation. At the same time a good end-fire pattern is still present.
Phasing line dimensions are:

492 X 0.66

i i = e 7t UV = rqn
(15) 145\ broadside lines 513 15'3
(15) 34 end-fire lines = @2?#6 = 29/'10"

The 3;-wavelength lines for 15-meter operation and the V2-wavelength
lines for 20-meter operation are the same length: they can be used
interchangeably.

On 10-meters the spacing is 14 wavelength, which is ideal for broad-
side operation. The end-fire pattern remains acceptable with the A/2
spacing. The combined patterns again produce a good unidirectional
pattern. Dimensions for the phasing lines are:

(10) %A broadside lines = 492 X 0.66 _ yq.4n
28.6
(10) 34X end-fire lines = ?_3_{;2;;%6 =17

The latter lines were lengthened slightly to accommodate the 174"
spacing between verticals.

On each band the directional pattern can be rotated in 90° steps
simply by shifting the phasing harness around as detailed in topic 26.

The ground system is quite simple. It consists of four five-foot
metal fence posts. At each vertical, such a fence post is driven
into the ground to a depth of slightly more than 4 feet; about six
inches of the fence post is left above ground. This is done at each
vertical and a dipole connector is connected between the base of each
vertical antenna and its associated fence-post ground. These can be
seen in Fig. 51. Radials can be run out A/4 (on 20 meters) from each
ground post, buried about 1 to 2 inches beneath the turf. Refer to
topics 2, 3, 4, 16, 17, 18, 19, 23, and 26.
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SECTION 4

Low-Band Verticals and
Inverted Vees

28 =TV Mast 80-Meter Vertical

The vertical is the favorite antenna for low-band (40, 80, and 160)
DXing. The telescoping and guyed TV mast affords an inexpensive
and simple means of erecting an 80-meter vertical. The antenna of
Fig. 53 employs a 50-foot telescoping TV mast. Two thinner-diameter

T

A — CUY WIRES
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" COAX CONNECTOR

z
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Fig. 53. TVY-mast 80-meter vertical.
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10-foot lengths of telescoping tubing were purchased to telescope into
the top section. The TV mast is imbedded in cement 21/, feet into the
ground. Immediately beside the mast a five-foot metal fence post is
driven 414 feet into the ground. A coaxial-to-dipole connector links a
point on the TV mast 6 inches above the ground to the ground
stake. With this simple arrangement and a length of transmission line
that is some whole multiple of an electrical half wavelength, a
standing-wave ratio of less than 1.5 to 1 is obtained over the entire
80-meter band.

It is very easy to adjust the overall length of the mast at one of
the telescoping points so it can be resonated to any precise frequency
in the band. A 60-foot overall length resonates the antenna very near
to 3.9 MHz. Four 62-foot resonant radials are added in the interest
of obtaining low-angle radiation. The antenna is guyed at each
ten-foot position using plastic clothesline with nonmetallic core. Strong
rope can also be used. Of course, for a long-term permanent arrange-
ment, metal guy wires with suitable break-up insulators are possible.
Usually the physical length must be adjusted downward to obtain
resonance at a specific frequency when metal guying is employed.
Refer to topics 2, 3, 4, and 5.

29—Low-Band Vertical With Line or
Base Tuner

A quarter-wave 80-meter vertical antenna has good length, a favor-
able attribute when one desires all-band operation with the use of a

60' VERTICAL 60" VERTICAL
GROUND I ]
STAKE L= = ek | G TR Eﬁ—u
~ ) 1 S~ [
RADIALS TRANSMITTER RADIALS TRANSMITTER |
— . | J
(A) Tuner at transmitter. {B) Tuner at antenna.

Fig. 54. Multiband vertical and tuner arrangements.
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line tuner (Fig. 54). Using the large-diameter telescoping tubing along
with a good ground provides reasonably good wideband characteristics.
Therefore the simple line tuner of Appendix VI permits multiband
operation. In fact, the SWR is 1.5 to 1, and lower on all bands 10
through 160 meters.

If 160-meter operation is desired it is advisable to extend the four
resonant ground radials to 130 feet. A satisfactory beneath-ground
radial system would consist of four quarter-wave radials each on 40,

80, and 160 (Fig. 55).

VERTICAL

iCY)

Fig. 55. Beneath-ground radial system for 40, 80,
and 160 meters.

If the length of transmission line between the vertical and the
transmitter is very long and/or a minimum SWR is desired on the
line, the tuner of Appendix VI or the base tuner of Appendix VIII
is recommended. In this case the SWR on the entire length of line
can be brought down below 1.5 to 1 on all bands 10 through 160
meters. Refer to topics 2, 3, 4, 8, 10, and 28.

30-80-160 Vertical

An 80-meter quarter-wave vertical antenna along with a gamma
matching arrangement can also be loaded well on 160 meters. As
shown in Fig. 56, the gamma section is attached at a point 12.5
feet above ground. A piece of 1-inch flat aluminum one foot in length
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joins this point to the top of the vertical section of the gamma. In
fact, the vertical section can be a 20-foot telescoping TV mast, the
top section of which is extended 2V feet to obtain a total of 1214
feet.

60' VERTICAL

I' .~ GAMMA MATCH Fig. 56, Plan for 80-160 vertical.

GROUND LEVEL

6-130' RADIALS
6-64' RADIALS

Excellent two-band matching is obtained by the use of a two-
capacitor impedance divider at the base of the gamma section.

The low-angle performance is very much the function of the radial
system employed. A satisfactory radial system would consist of six
160-meter quarter-wave radials interspaced with six 80-meter quarter-
wavelength radials, above ground or buried approximately 2 inches
under ground.

To obtain an exact match with the usual gamma section there must
be considerable jockeying of the physical length and spacing along
with the gamma capacitor. Furthermore, these settings are only ap-
propriate for a single band or a portion of a single band. The use
of a capacitive divider at the base permits a convenient way of tuning
the gamma section and also permits operation on more than one band.
One need only attach an SWR meter at the base of the vertical and
jockey the capacitors back and forth to obtain a minimum SWR.
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The capacitor values given permit almost ideal matching on 80 and
160 meters. Refer to topics 2, 3, 4, 28, and 29.

31-40-80 Vertical

A 50-foot telescoping TV mast along with a gamma section can
provide good performance on 40 and 80 meters. The gamma arrange-
ment is the same as that described in topic 30. Vertical antenna height
has been shortened, permitting good matching at the base for 40-meter
operation,

a8
(50" TELESCOPING TV MAST)

Fig. 37. Plan for 40-80 vertical. GAMMA MATCH

GROUND LEVEL

664 RADIALS
6-34 RADIALS

The gamma attaches at a point only 10 feet from the base, and
smaller capacitors are used in the divider (Fig. 57). Refer to topics
2, 3, 4, 28, 29, and 30.

32 —Low-Band Vertical With
Gamma- and T-Matching

If the length of transmission line is a good compromise value of
a whole multiple of an electrical half wavelength for the desired
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48 OR 60' VERTICAL

GAMMA MATCH
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I T — 1 ]
RADIAL SYSTEM

Fig. 58. Multiband vertical using line tuner.

low-frequency bands, a line tuner can be employed at the transmitter
(Fig. 58). In this arrangement the inner conductor of the coax line
attaches to the bottom of the vertical member of the gamma section.
The outer braid of the coaxial line connects to the bottom of the
vertical radiator. The simple T-matching line tuner of Appendix VI
provides multiband matching for either the 43-foot or 60-foot verticals
shown in Figs. 56 and 57. In this arrangement no capacitive divider
is employed at the base of the antenna.

This plan is a convenient one because it permits 20-, 40-, 80-, and
160-meter band-changing and tuning from the transmitter. However,
there are some performance compromises in the form of additional
transmission-line loss because of a higher SWR on the line and some
decline in 160-meter performance. Refer to topics 2, 3, 4, 8, 28, 29,
30, and 31.

3 3 —Short 160-Meter Vertical

A quarter wavelength on 160 meters is 130 feet (234/ 1.8). At most
locations an antenna of this height is unwise, impractical, or too
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M4 HH Ad=H+L

A B
Fig. 59. Inverted-L and T 160-meter configurations.

costly. In fact, most 160-meter verticals have heights that fall between
50 and about 80 feet. Additional length can be added to a 160-meter
vertical with top loading or, more simply, by extending the antenna hori-
zontally from the top of the mast. Two popular arrangements are the

ANTENNA WIRES SPACE 126°

Al2=48 + 82 =130

COAX CONNECTOR

GROUND LEVEL
CONCRETE —

INSULATOR

9-130' RADIALS

Fig. 60. Umbrella vertical for 160 meters.
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inverted—L or T plans of Fig. 59. To ensure direct match to a coaxial
line or by way of a simple matching arrangement, the overall length
of the antenna should approximate an electrical quarter wavelength.
This is to state that the sum of H and L should be about 130 feet.
Usually a bit of trimming is necessary to obtain exact resonance. A
radial system is essential to good low-angle performance. A minimum
of nine 130’ radials is recommended.

The antenna of Fig. 60 has as its vertical segment a 50-foot tele-
scoping TV mast. The top-loaded segment consists of three 82-foot
lengths of antenna wire spaced 120° around the top. These are
brought down to ground level in umbrella-like fashion as shown in
Fig. 60. The fact that they are brought near to ground means that
they can be trimmed conveniently to obtain a direct match to a coaxial
transmission line. Refer to topics 2, 3, 4, 28, 29, 30, 31, and 32.

34 —Low-Band Inverted Dipoles

The inverted dipole or inverted-vee dipole has been and is a popular
low-band antenna because of its fine results, ease of erection, dura-
bility, low cost, and limited space requirement. The inverted dipole
is in effect a conventional half-wavelength horizontal dipole with its
ends tilted down toward the ground (Fig. 61). The angle between

Fig. 61. Inverted dipole antenna.

the two dipole legs is usually between 90° and 150°, depending on
the apex height and leg length.

The leg length for a given resonant frequency approximates that of
a straight horizontal dipole. In general, the standard dipole equation
(234/f) can be used. As a function of the apex angle and nearness
of the leg ends to ground, it may be necessary to shorten leg length
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slightly. However, tuning such an antenna and bringing it to resonance
on an exact frequency is quite easy because the dipole leg ends are
very near ground level. An antenna noise bridge or SWR meter is
helpful in resonating the antenna. Refer to Appendices I through IV.

Antenna resistance changes from that of a horizontal dipole, be-
coming lower as the angle between the two wires is decreased. Again,
the most favorable conditions exist when the transmission line is a
multiple of an electrical half wavelength at the operating frequency.

The performance of the inverted dipole is in general more uniform
than a straight dipole. The horizontal pattern is less directive. Gain
is somewhat less by comparison to the broadside gain of a horizontal
dipole of similar mid-point height because the height of the inverted
dipole has its leg ends near to ground level. However, the performance
of the inverted dipole, relative to other horizontal angles, equals or
betters the straight dipole. Another advantage of the inverted dipole
is its somewhat lower angle of radiation and the presence of some
vertically polarized components. Thus for long-distance communica-
tions, especially on 80 meters and lower, surprising results are often
obtained.

Only a single erection mast or high mounting position for the
antenna apex is needed. The inverted dipole ends can be brought very

MULTIPLE OF ) ) i
ELECTRICAL = une
HALFWAVE TRANSMITTER TRANSMITTER ‘-—‘TUNER
A 8
/’L UN\ /} ’\
TRANSMITTER TRANSMITTER EB%';%ED
¢ )

Fig. 62, Inverted dipole and vee feed methods
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near to the ground and can be tied down to metal fence posts, the side
of a garage, shed, etc.

The practical dimensions given in Fig. 61 are for an 80-meter
inverted dipole cut for operation in the phone band. This antenna
resonates at 3.9 MHz.

Four common methods of feeding an inverted dipole are given in
Fig. 62. A coaxial line can be attached directly, and a low SWR
is obtained if the antenna has been resonated correctly. This arrange-
ment in conjunction with a line tuner, as in Fig. 62B, permits multi-
band operation of the basic 80-meter inverted dipole. The antenna
can be loaded on every band 10 through 160 meters using the
T.network tuner of Appendix VI. Keep in mind that the use of such
a tuner does not ensure optimum performance on each band but
loading is possible and acceptable performance is obtained.

Example C demonstrates the use of a 1-to-l balun. Such a balun
makes a conversion from the unbalanced coaxial transmission line to
a balanced antenna. Consequently, there is balanced radiation from the
two legs of the inverted dipole and a better pattern is obtained.

Another balanced feed arrangement is shown in D. This is a very
popular method of feeding inverted dipole antennas. The open-wire
transmission line permits balanced feed and equal radiation from
each leg at the same time the line loss itself is minimum. A balanced
open-wire feed system requires the use of a balanced tuner at the
transmitter. Such a tuner is described in Appendix VII. Standing-wave
ratio at the transmitter can be brought down to a very low value using
this method of feed. Furthermore improved multiband operation is
possible. Again, 10- through 160-meter operation is feasible. Refer to
topics 1, 2, 3, 8, and 12.

3 s—lnverfed-Vee Antennas

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 the antenna is made of antenna
wire and end insulators, it amounts to a very low-cost system. Such
is the case for the inverted-vee construction. Another economy is that
only a single mast or high point of erection is needed (Fig. 63).

The inverted dipole is a one-half wavelength antenna. The smallest
inverted vee antenna is one that has 3/2 wavelength total length or
3, wavelength per leg. Matching problems are reduced by leg lengths
that correspond to odd multiples of 14 wavelength at the operating

70



[ ]
TRANSMITTER
L ]

Fig. 63. Forty-meter inverted vee, 34 -wavelength legs.

frequency and transmission-line lengths that correspond to whole
multiples of an electrical half wavelength at the operating frequency.
Lengths are selected according to available space and apex height using
Chart 6. The dimensions of Chart 6 are somewhat longer than that
which produces resonance at a given frequency. Inasmuch as the
antenna ends are near ground level, they can now be cut back to set
the antenna resonance on a specific frequency. Next the separation
between the feed point and the transmitter is estimated. Chart 3 is
then used to determine the preferred length of line.

A practical 40-meter design is given in Fig. 63. Leg length for 34
operation is:

Leg length = —773—28 = 102'6"

The antenna is erected with this length of line and is then cut back
to attain resonance at the desired frequency.
This length is given in Fig. 63 for a typical installation.

An estimate indicates that separation between feed point and loca-
tion of the transmitter is at least 75 feet. The constants of Chart 2 indi-
cate that a favorable transmission line length would be:

. _ 650 _ __,
Line length = =3 = 90

The inverted-vee antenna is a sturdy construction. The mast itself
does not support the antenna. Rather, the antenna wires contribute
additional guying for the mast. If multiband operation is desired, a
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Chart 6. Leg Lengths in Quarter Wavelengths and Feet

Leg Length W
Leg Length in in Feet
Wavelengths B (t in WH2) ]

1/4 234/t
3/4 738/f
5/4 1230/¢
1/4 1722/t
9/4 2214/t
11/4 2706/f
13/4 3198/¢
15/4 3690/f
17/4 4182/¢
18/4 4674/1
21/4 5166/f
23/4 5658/
25/4 6150/¢
21/4 6642/¢
29/4 7134/t
31/4 7626/t
33/4 8118/f
35/4 8610/f
37/4 9102/¢
39/4 9594/f
. V. | oose/t

line tuner or open-wire transmission line and a balanced line tuner can
be employed. When direct coaxial feed is used, the use of a balun can
ensure equal radiation from both legs of the inverted vee. Refer to
topics 1,2, 3, 8,12, and 34.

3 6 —40-80-160 Inverted-Vee Antenna

The inverted-vee and inverted-dipole construction is ideal for trim-
ming an antenna to a precise resonant frequency from near ground
level. Furthermore, a simple arrangement of insulators that break up
the two legs can normally permit multiband operation with the use
of a single directly connected coaxial transmission line. The inverted
construction of Fig. 64 permits three-band operation with the use of
three pairs of insulators and two pairs of jumpers. Practical dimensions
are given for 40-, 80-, and 160-meter operation. Of course, if you
desire only 40-, and 80-meter operation, the added section of antenna
wire used for 160-meter resonance is not necessary.

When operating on 80 meters the jumpers are kept open at the first
pair of insulators down from the antenna feed point. The antenna
operates as an inverted dipole on 80 meters. For 40-meter operation
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Fig. 64. Inverted vee antenna for 40, 80, and 160.

-

Fig. 65. Alligator clips can be used to add length to an inverted vee.
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the antenna functions as an inverted vee with 3/-wavelength legs. In
this case the first pair of jumpers are closed while the second pair are
kept open. Note that the 40-meter dimension is the same as that used
previously for the antenna shown in Fig. 63. For 160-meter operation
all of the jumpers are closed and the antenna legs are of maximum
length.

A very simple jumper arrangement is shown in Fig. 65. Many
versatile antennas can be constructed using the basic inverted-dipole
and inverted-vee configuration. Many such antennas are covered in 73
Dipoles and Long-Wire Antennas, published by Editors and Engineers,
Ltd., New Augusta, Indiana. Refer to topics 1, 2, 3, 34, and 35.

V4 A 4 A

0
)
Y
&

0
25 7° 315
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B

Fig. 66. Vee-beam antenna and patterns.
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3 7 —Three-Quarter Wavelength
Tilted Inverted Vee

An antenna with legs that are 34-wavelength long or longer can be
made unidirectional to a degree by tilting the legs forward as shown
in Fig. 66. When this is done the antenna is usually referred to as a
vee beam.

In the case of a horizontal three-halves wavelength antenna the
characteristic six-lobe pattern (Fig. 66B) is changed over to the
more unidirectional pattern with a major forward lobe. Typically the
included angle falls somewhere between 90° and 120°. The same tech-
nique can be used for a 34X inverted-vee antenna as described pre-

Fig. 67. Inverted-vee beam. MAST

viously in topic 35. Thus, instead of having the two legs of the inverted
vee 180° related they are tilted forward in a desired direction to set
up an included angle of about 120°. A practical antenna of this type
is shown in Fig. 67. Dimensions are for 40-meter operation. An ap-
propriate line tuner permits this antenna to load on higher-frequency
bands where it will display a similar directivity. Refer to topics 1, 2,
3, 8, 34, and 35.
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SECTION 5

Two-Element
Parasitic Antennas

3 8 —Parasitic Reflector, Wide Spaced

A parasitic antenna element has no direct connection with the driven
element or the transmission line. A parasitic reflector is cut longer
than the driven element and resonates on a frequency lower than that
of the driven element. Maximum directivity is broadside in a line
extending from the reflector through the driven element (Fig. 68). A

MAXIMUM MAXIMUM
A/2 DRIVEN ELEMENT 1 | DIRECTOR
468/t 0.15A0.25A 0.1A-0.25A 468/1 -4%
1 i
REFLECTOR Af2 DRIVEN ELEMENT
468/1 + 5% 468/t
(A) Parasitic reflector. (B) Parasitic director.

Fig. 68. Basic 2-element parasitic antennas.

parasitic director is cut shorter than the driven element. In this case
the maximum directivity is in a broadside direction from the driven
element through the director (Fig. 68B).

The spacing between the driven and parasitic elements falls between
0.1 and 0.25 wavelength. A bit more gain is obtained with close spacing.
However, there is a greater reduction in the antenna resistance as
compared to the resistance of a dipole. Close spacings extend between
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0.1 and 0.15 wavelength. With a spacing of 0.25 wavelength there is
no great reduction in antenna impedance. Wide spacings extend be-
tween 0.2 and 0.25 wavelength.

The standard equations are used to determine the length of the dipole.

151 dipole = —14}6—8-
234

14 A dipole leg = 5

The reflector must be made 5 percent longer than the driven dipole
element. However, in calculating the length of the reflector use the
lowest operating frequency or:

468 X 1.05 _ 492
fu fu
Calculations for 40-meter dipole (Fig. 69) would be:

Reflector length =

Fig. 69. Forty-meter dipole and reflector.
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234

= rqn
7.25 323

Dipole leg length =

The parasitic reflector length based on the lowest phone operating
frequency of 7.2 MHz is:

492

= 14"
) 68’4

Reflector length =

The spacing between driven element and reflector for 40-meter
operation is:

. _ 246 _ .,
%/\spaung—ﬁ—&l

Driven element, reflector, and spacing dimensions for operation 10
through 160 meters are as follows:

SIDEBAND A/4 DRIVEN REFLECTOR /& SPACING]
PORTION OF: 234/f 492/, 6/1

10 meters 82" 17'3” 87"
15 meters 10'11” 232" 116"
20 meters 165" 348" 173"
40 meters 323" 684" 3311
80 meters 60 130 631"
160 meters 128 273 13497

When the antenna is trimmed properly the antenna resistance is such
that a direct connection can be made to a coaxial transmission line.
Standing-wave ratio is lower than 1.5 to 1. A line tuner can be
employed if the very lowest SWR is desired at the transmitter. A
1-to-1 balun can also be employed to obtain balanced radiation from
the dipole legs. A final method of feed is to use open-wire transmission
line and a balanced tuner. Refer to topics 1, 2, 3, 8, and 12.

3 9 —Parasitic Director, Wide Spaced

A director is cut shorter than the driven element and resonates to
a higher frequency. Again, with wide spacing (0.2 to 0.25)) there is
minimum influence on the dipole antenna resistance. The resistance
is such that a direct connection to a coaxial transmission line is feasible.
A director must be cut 4 percent shorter than the driven element.
Practical equations are:
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14 A dipole length = %

Parasitic director length = EOSLAR0 JORREET S0

Ju In

. 246
14 A spacing = 5

Dipole, director, and spacing lengths for sideband operation on
bands 10 through 160 meters are as follows:

SIDEBAND A/4 DRIVEN MRECTOR A/4 SPACING
PORTION OF: 24/t 450/t 246/t

10 meters 82" 158" 87"
15 meters 111 2l 116"
20 meters 16'5” kI 3 17’y
40 meters 323 61'8” KX i
80 meters 60 112'6” 631"
160 meters 128 249 1349

Typical dimensions are given in Fig. 70 for 40-meter operation.
Equations are as follows:

Fig. 70. Forty-meter dipole and director.
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234

14 di = 29% _ 324"
14 A dipole length =35 32’4
Parasitic director length = % = 618"
246

14 A spacing = =55 = 34/

Possible feed methods are: direct connection to coaxial line, coaxial
line with a line tuner, 1-to-1 balun, or open-wire line with a balanced
tuner. Refer to topics 1, 2, 3, 8, 12, and 38.

40—Two-Element Parasitic Antennaq,
Close Spaced

When close spacing is used for a two-element beam, less space is
needed in which to erect a 40-, 80-, or 160-meter antenna and a
shorter boom suffices for the construction of a 10-, 15-, 20-, or 40-meter
beam. Bandwidth and antenna resistance are less than that obtained with
14-wave spacing but the possible gain is higher. The equation and
dimensions given in topics 38 and 39 are appropriate; however, the
spacing differs. Usually a spacing of 0.15 wavelength is used for
reflector operation and 0.1 wavelength for director spacing. Values
for 10- through 160-meter bands are as follows:

A4 [KEN 0.152
SIDEBAND DRIVEN REFLECTOR DIRECTOR SPACING SPACING
PORTION OF: 24/t 492/1,, 450/y 98.4/f 148/f
10 meters 82" 173" 158" 36" 52"
15 meters 1011” 232" 2l §8” 611"
20 meters 165" 8” 314" 611" 104~
40 meters 323" 68'4” 61'8” 13'6” 205"
80 meters 60’ 130 112'6” 25'3” 38
160 meters 128 273 249 53'10” 81

Parasitic element length can be adjusted in accord with the desired
bandwidth. Cutting the parasitic element nearer to the frequency of
the driven element narrows the bandwidth and also increases the gain
at the dipole resonant frequency. However, the antenna resistance
decreases, and more careful consideration must be given to matching.

Cuts that are 4 percent less for the director and 5 percent more
for the reflector provide good front-to-back ratio and gain. If the ulti-
mate in gain is desired. one can experiment with decreasing the length

80



TOP VIEW

Ty —

173"
|,—
=i

g2

Fig.71. Close-spaced 2-element parasitic antennas.

of the reflector or increasing the length of the director. There is some-
what less forward gain when maximum front-to-back ratio is obtained.
Usually this is not more than 1 dB.

Dimensions for a close-spaced 10-meter driven element and reflector
combination and a 40-meter driven element and director combination
are given in Fig. 71. The 40-meter antenna requires but two masts,
antenna elements are made of wire, while 14-foot wooden 1 X 2’s
establish the spacing between driven element and director. Refer to
topics 1, 2, 3, 8, 12, 38, and 39.

41—Close-5paced Two-Element, Stub Matched

Stub matching affords a positive means of matching an antenna and
reducing the SWR on the transmission line to a low value (Fig. 72A).
In the first quarter-wavelength section of transmission line beginning
at the antenna terminals, the impedance rises from minimum to maxi-
mum. It is assumed that the antenna is fed at a maximum-current
point and Z, < Zo. Somewhere along this span there is a point of the
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Fig. 72. Stub-matching arrangements, low-impedance antenna < Zo.

same impedance as the transmission line. The two arrangements of
A are identical. The lower is the antenna resistance or the higher is
the transmission-line impedance, the greater is the separation between
the antenna terminal and the point at which the transmission line is
attached for matching.

The above arrangement assumes that the antenna impedance is
entirely resistive and does not have a reactive component. (The above
condition is met at the resonant frequency of the antenna.)

If the antenna has a reactive component the stub of Fig. 72B is
appropriate. The basic plan is identical except that the stub is more or
less than 14 wavelength in electrical length as a function of whether
the reactive component of the antenna is inductive or capacitive. In
this case, by the use of proper stub length and correct positioning of
the transmission-line tap-off point, the reactance of the antenna can
be cancelled out and a proper resistive match made.

When the antenna is a high impedance one (fed at a voltage maxi-
mum and current minimum point), a similar system of matching can
be employed (Fig. 73). In moving a 14 wavelength away from the
antenna terminal the impedance declines toward a minimum value
at the short-circuit point of the stub. Therefore, as the transmission-line
tap point is moved away from the antenna terminal, the impedance
falls. Consequently, an antenna of a high impedance is matched to a
transmission line of a lower impedance. Again, if the antenna also
displays a reactive component it can be cancelled out by regulating the
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Fig. 73. Stub-matching arrangements, high impedance Z, > Z,.

length of the stub. It is again longer or shorter than a Lj-wavelength
as a function of whether the antenna reactance is capacitive or
inductive.

Chart 6 is of help in the practical location of the tap point. As a
function of standing-wave-ratio, it indicates the required electrical
length T between the antenna terminals and the tap point and the
electrical length of the stub L that must be attached at the tap. Feor
example, when matching a ratio of 2.5-to-1 the tap position must be
0.09 wavelength (T) away from the antenna terminal while the length
of the stub must be 0.11 wayelength (L) approximately.

In using the table, first measure the standing-wave ratio at the
antenna (no stub attached) or at a point exactly an electrical half
wavelength away from the antenna terminal. When this value is known
the electrical length of T and L can be determined from Chart 6. This
information then can be converted to physical length for cutting your
stub. Be certain to consider the velocity factor of the line used in the
stub. It is advisable to use the same type of line for stub and trans-
mission line.

The values given in Chart 6 provide an ideal match to an antenna
that is displaying a resistive impedance. Dimensions are only ap-
proximate when considerable reactance is present. However, the idea
is still workable and can be used to load an antenna, the resonant
frequency of which is considerably above or below the signal value.
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ANTENNA ELEMENTS SHORT WITH ANTENNA ELEMENTS LONG WITH
CAPACITIVE IMPEDANCE INDUCTIVE IMPEDANCE

<Ald >\l

A 8
Fig. 74. Alternative matching plan when Z, and Z. are not too different.

When a current-fed antenna is too long, it displays an inductive
reactance which must be cancelled by a capacitive reactance from the
stub. To make a shorted stub capacitive, it is necessary to make it
longer than an electrical quarter wavelength (T + L > A/4). Use
chart values plus an extra length for T and L corresponding to how
much overlength the dipole might be or:

T'= T + (actual \/4 length — resonant \/4 length)
L'= L + (actual A/4 length — resonant A/4 length)

This is a starting point and you can trim back from here.

The same technique is used to resonate a short antenna. A short
antenna is capacitive and its reactance can be tuned out with an
open stub that is longer than an electrical quarter wavelength (Fig.
74). Such a stub is inductive. Again, chart values must be modified and
a starting point can be based on just how much the dipole lengths are
undersize or:

T'=T + (resonant A/4 length — actual A/4 length)
L’ = L — (resonant A/4 length — actual A/4 length)

Trim for minimum SWR.

A special version of the stub-matching plan connects both the stub
and the transmission line to the antenna terminals (Fig. 75). In this
case the electrical length of the antenna itself is shortened so that
it displays a capacitive reactance at the resonant frequency. The shorted
stub provides just enough inductive reactance to cancel the capacitive
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Chart 6. Dimensions in wavelengths for line T between
antenna terminals and tap, and stub length L

L<L L>0

SWR
RATIO TA L\ (opes) T LA(sherted)
10-1 0.05 0.195 0.2 0.057

&1 0.055 0.188 0.195 0.06

7-1 0.058 0.182 0.19 0.068

61 0.062 0.176 0.187 0.075
551 0.065 0.172 0.184 0.078

51 0.068 0.168 0.182 0.084
451 0.071 0.162 0.18 0.09

41 0.074 0.156 0.177 0.097
351 0.078 0.148 0.174 0.105

31 0.083 0.138 0.168 0.114
251 0.09 0.11 0.162 0.132

2-1 0.097 0.096 0.152 0.15
1:5-1 0.105 0.06 0.14 0.185

. — 19— — — ~
8"
l i_ 10'6 ﬁi— 106 —
: .
- 5! 9!
4 ¥ 3 SHORT

TO SET

A\
\
T-JUNCTION OR SPLICE

Fig. 75. Fificen-meter 2-element parasitic antenna.
stub-matched.

reactance of the antenna. At the same time a resistive impedance match

is obtained.

A practical two-element 15-meter beam using this matching technique
is shown. It is a close-spaced arrangement with director 0.1 wavelength
in front of the driven element. The driven element is shortened until
it is just slightly longer than the parasitic director. A T-junction connec-
tor is employed at the dipole antenna terminals with the transmission
line connected to one side of the T and the shorted coaxial stub to the
other. With no stub connected, the SWR on the line was 3 to 1. A
A/4 stub (0.66 VF) at 21.3 MHz has a length of 7/8”. This length stub
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was connected and attached at the T connector. It was cut back while
observing the SWR. A final standing-wave ratio on the line was 1.05
to 1 (21.3 MHz) and no higher than 1.13 to 1 at band ends. A
compact, well-matched, and high front-to-back ratio beam results. Refer
to topics 1, 2, 3, 38, 39, and 40.

42 —Parasitic Reflector-Director Combination

A parasitic element can perk up your antenna results in a given
direction on the 40-, 80-, or 160-meter low-frequency bands. Gain
step-up is 3 to 5 dB. At the same time the omnidirectional performance
is satisfactory.

On the east coast such an antenna directed west provides improved
transcontinental coverage. Similarly, such an antenna on the west

< DRIVEN ~ 23411 {7.05MHz)

/7 DIRECTOR 450/fy (7. IMHz)
REFUECTOR 492/1, (7. OMH2)

0 I15A——— SPACING 1481 (7. 05MHz)

Fig. 76. Forty-meter cw parasitic reflector-director
combination.
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coast improves eastward signals. For midwest locations it is possible
to set up a single parasitic element that can be used either as a director
or reflector which can be preset according to the preferred direction of
transmission. A practical antenna of this type for 40-meter cw
operation is given in Fig. 76. Four masts instead of two are needed;
the second pair are separated from the first by 0.15 wavelength,

Note that the parasitic element contains two pairs of insulators.
When the inner pair of insulators are jumped the parasitic element
acts as a reflector. If an open is established at the inner pair of
insulators, the parasitic element acts as a director. A simple halyard
arrangement at one of the masts can be used to lower the parasitic
wire to make the necessary changeover between director and reflector
use. In one direction the antenna functions as a driven element and
parasitic director; in the other, as a driven element and reflector.

Dimensions for the cw end of the 40-meter band are given in
Fig. 76. A reasonable direct match is made to a coaxial line which
is made a whole multiple of an electrical half wavelength. Of
course, a line tuner can be used, or, if open-wire transmission line
is preferred, a balanced line tuner is employed. The stub-matching
system of topic 41 is excellent when an exact match is desired. Refer to
topics 1, 2, 3, 8, 12, 38, 39, 40, and 41.

4 3 —Inverted-Vee Parasitic

The inverted dipole antenna is a single-mast configuration. A para-
sitic reflector or director can be added with a second mast. Spacings
can be 0.25, 0.15, or 0.1 wavelength. The influence of spacing on
antenna resistance and other characteristics are like those of straight
horizontal constraction.

Leg length of an inverted dipole may have to be adjusted to obtain
the proper resonant frequency. Usually there may be some adjustment
needed as a function of the apex height and the nearness of the leg
ends to ground. For operation with parasitic element, it is best to
keep the apex angle 120° or greater. In general, the nearer the leg
ends are brought to ground, the shorter is the antenna for a given
frequency. However, this is counterbalanced by the fact that the more
acute (smaller) the apex angle, the longer must be the leg length
for a given frequency. Thus, a cut-and-try procedure is used. An
antenna noise bridge or SWR meter can be employed. Refer to
Appendices I through V.
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Fig. 77. Inverted-vee driven element and parasitic
director for 80 meters.

Antenna resistance is also lower with the presence of the inverted
parasitic. The nearer the parasitic is to the driven element, the lower
is this resistance.

Practical dimensions for an 80-meter driven element and director
combination are given in Fig. 77. Note that the masts can be mounted

Fig. 78. Inverted-vee parasitic reflector-director combination for 40 meters.
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quite near to each other because of the 0.1 wavelength spacing which
amounts to only 25 feet for 80-meter sideband operation.

The inverted-vee parasitic construction is ideal for any combination
director and reflector operation because the parasitic ends are near
ground level. A 40-meter inverted-vee with a combination director-
reflector parasitic is shown in Fig. 78. A variety of feed arrangements
can be employed including direct connection to coaxial line, stub,
l-to-1 balun, line tuner, and last, open-wire along with a balanced
tuner. Refer to topics 1, 2, 3, 8, 35, 38, 39, 40, and 42.

44 —Multiband Inverted-Vee and
Parasitic-Element Combinations

The inverted dipole is an attractive antenna because band changes
can be made conveniently from ground level. Likewise, an inverted
parasitic element can be changed over conveniently at ground level for
multiband operation. The technique is covered in topics 34 and 36.
Such a bandswitching parasitic-element antenna can be constructed
conveniently for 40 and 80 meters or for 40-, 80-, and 160-meter
operations.

Fig. 79. Inverted-vee parasitic reflector-director combination for 40 and
80 meters.
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Practical dimensions for 40- and 80-meter operation are given in
Fig. 79. Keep the apex angle 120° or greater. The driven element uses
a single pair of jumpers. These are opened for 40-meter operation and
closed on 80. Note that the parasitic element contains four pairs of
insulators. They permit bidirectional operation of the antenna. On 40
and 80 meters the parasitic operates either as a director or reflector.
With the innermost pair of jumpers open, the parasitic functions as
a director on 40 meters. When all jumpers are closed, it operates as
an 80-meter reflector.

The spacing is A/4 on 40 meters. This amounts to approximately
0.125 wavelength on 80 meters.

If space is available, the three-band version can be constructed to
include 160 meters. Considerably more erection space is needed
because of the long length of the 160-meter legs. Ideal spacing is not so
readily obtainable as for the two-band version. However, a spacing
of 0.1A on 160 meters is used. This corresponds to a spacing of
approximately 0.2\ on 80 meters and 0.4X on 40. A sacrifice in 40-meter
gain is made. Refer to topics 1, 2, 3, 8, 12, 34, 36, 38, 39,
40, 42, and 43.

45—Single-Masf Iinverted Vee With
Parasitic Element

A director or reflector can be added to an inverted dipole antenna
in the manner shown in Fig. 80. The legs of the inverted dipole
extend out in opposite directions or can be tilted forward slightly
(no more than 120°). The parasitic-element reflector or director is
continuous and also spans outward from the center mounting position.
However, the parasitic elements have a greater tilt so that the separation
of the dipole and parasitic ends falls somewhere between 0.1 and 0.25
wavelength.

Dimensions for 40-meter operation are given in Fig. 80. The para-
sitic element serves either as a director or reflector depending upon
whether the jumpers of the innermost insulators are opened or closed.
The length of the reflector must be made somewhat longer when it
tilts back away from the driven element. Its ends should extend
beyond the ends of the driven element as shown in the small insert
of Fig. 80. A value of 540/f is usually long enough. Final trimming
to a specific frequency can be accomplished at ground level.

In addition to the bidirectional switching of the parasitic element
this arrangement can be oriented readily from ground level. The
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Fig. 80. Single-mast inverted vee with parasitic element.

elements can be moved about to favor a given direction. The sharpness
of the directivity of this type of antenna is not as good as when the
antenna elements are horizontal. However, there is an improvement in
a given single direction, and, at the same time, the omnidirection
characteristic is good. It is possible to construct two- and three-band
versions of the same antenna using appropriate jumpers for the
driven and parasitic elements. Refer to topics 1, 2, 3, 8, 12, 34, 35,
36, 38, 39, 40, 42, 43, and 44.

46—Acute-Angle Vee With Parasitic Element

The angle between the two legs of an inverted dipole has much to
do with the dominant polarization of the emitted wave. When the
angle approaches the horizontal (Fig. 81), the dominant polarization
is horizontal and maximum radiation is broadside to the antenna legs.
There is some vertically polarized radiation off the ends. However, as
the apex angle is made more and more acute, the magnitude of the
vertically polarized component coming off the ends increases while
the horizontally polarized broadside radiation decreases. The extreme
case as shown in Fig. 81 occurs when the apex angle has been
decreased to the extent that the two legs are parallel to each other.
In this case the bulk of the energy is radiated as a vertically polarized
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Fig. 81. Polarization and the inverted vee.

component which is maximum edgewise. In fact, there is a rather
deep null exactly broadside to the plane of the vertical legs.

The very simple construction of example C when fed at the bottom
and attached to a rotator using a wooden mast (Fig. 82) has a good
directional characteristic. Although this cannot be considered a big
transmitting beam antenna it can be loaded simply with a stub. The
very sharp receiving null broadside to the frame is a definite aid in
minimizing received QRM.
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Fig. 82. Simple directional vertical
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When a coaxial feedline is used the unbalance can be used to
advantage to obtain a unidirectional pattern. Maximum radiation and
sensitivity are in a line between the side of the frame fed by the
center conductor of the coaxial line toward the side attached to the
coaxial braid (Fig. 82). It is a simple vertically polarized beam
construction.

More transmit gain and higher receive sensitivity can be obtained
by opening up the angle as shown in Fig. 83. Of course, the angle
may not be increased too much because of the resultant increase in
horizontally polarized components that are radiated broadside to the
plane of the inverted dipole legs. In practice an angle of 90° or less
ensures strong vertically polarized radiation and only a relatively
low level broadside horizontal radiation. A unidirectional pattern is
obtained by adding a parasitic director or reflector (Fig. 83B).

It is easy to suspend this type of beam between two masts which
make it readily adaptable to both high- and low-band operation. The

f—0.1a—
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Fig. 83. Acute-angle inverted vee’s.
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suspension span can be made of wire, hanging the vee and parasitic
elements from insulators, or from plastic clothesline (nonmetallic
core). This antenna does a fine job with the antenna ends near ground
level. With the antenna ends about 4 or 5 feet above ground level they
are accessible for tuning, bandswitching, and pattern changing.

The practical antenna shown in Fig. 83B was cut for 15-meter
operation. A single jumper permits the parasitic element to be used
either as a director or reflector. Tuners and open-wire transmission
line can also be used with the antenna type. This antenna plan can be
applied to long wires also. The antenna of Fig. 83C, with open-wire
line and balanced tuner, performed very well on all bands 10 through
160. High gain and sharp bidirectivity off the ends were obtained 10
through 40 meters. Gain on 10 meters surpassed a three-element beam.
Patterns were more omnidirectional on 80 and 160 meters. Refer to
topics 1, 2. 3, 8, 12, 34, 35, 36, 38, 39, 40, 42, 43, 44, and 45.
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SECTION 6

Horizontal Phased Arrays

47 —Horizontal End-Fire, 90° and 180°

In a 180-degree end-fire configuration two horizontal dipoles are
fed out of phase (Fig. 84A). Maximum radiation is broadside to the

———— A2 — / f 3\/4 7/
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Fig. 84. Basic end-fire configurations.
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antenna wire just as in the case of a horizontal dipole. However, the
figure eight is a narrower one and the gain in the maximum directions
is approximately 4 dB.

Practical dimensions for 20-meter operation are given with the
antenna of Fig. 85. Various feed methods are permissible. Open-wire
line is ideal for this type of configuration because its velocity factor
is near unity. Therefore, the two half-wavelength antennas can be
separated by exactly a half wavelength. The interconnecting half-wave
section of open-wire line produces the phase reversal needed to feed
the two antennas out of phase. The alternative arrangement of A is
to feed at the center through quarter-wavelength segments of open-wire
line. However, the line on one side is transposed so as to obtain
out-of-phase feed of the two dipoles. A balanced tuner, either at the
antenna or at the transmitter, is required. When a tuner is used, the
antenna can also be loaded on other bands.

When coaxial transmission line feeds the two dipoles, use a T-junction
at the center. One coaxial feed line is transposed. This involves
connecting the inner conductor of one feed line to the left leg of No.
I dipole and the outer braid of the other section of coaxial feed line
to the same side of the second dipole. This is shown in Fig. 85B.

When the interconnecting line is to be run from one dipole to the
other, the velocity factor of the coaxial line must be considered. To
obtain out-of-phase feed with one-half wavelength spacing, it is
necessary that the coaxial line between the two be an electrical full
wavelength and transposed in its feed, as shown in C.

An alternative method that- provides somewhat less gain is shown
in C. In this case the two dipoles are spaced less than a half wavelength
so that a coaxial transmission line of an electrical half wavelength can
be strung between them. If the coaxial line has a velocity factor of
0.66, the spacing between the two dipoles should be somewhat less
than (0.66 X 0.51). If the velocity factor is 0.81, the spacing should
be less than 10.81 X 0.51).

When using coaxial feed systems a line tuner can be employed at
the transmitter to lower the SWR. An alternative approach is to use
the stub-matching scheme detailed in topic 41.

An end-fire pair of verticals can be spaced and fed in such a manner
that a unidirectional pattern results. To do so the antennas must be
separated by A/4 and one vertical must be fed 90° behind the other
(Fig. 84B). The direction of maximum radiation is in line with the
two verticals in the direction of the vertical receiving the lagging
excitation. The 90° lag is obtained by feeding the one vertical through
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Fig. 86. Ninety-degree end-fire feed methods.

an additional A/4-section of line or an appropriate odd multiple of an
electrical quarter wavelength. The 90° feed method produces a
broad unidirectional forward load. At the same time, the back response
dips down to a minimum. This is an ideal situation in locations
troubled by severe QRM pickup from the rear.

Again, open-wire line affords a good feed method. With the two
dipoles spaced A/4, the quarter-wave section of line between the two
dipoles provides the 90° feed (Fig. 86A). Furthermore, by transposing
the feedline it is possible to obtain 270° feed which will reverse the
pattern direction.
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Coaxial feed methods are shown in Fig. 86B. In the first arrangement
the two dipoles are separated by a quarter wavelength with the second
dipole being fed from the first dipole through a section of coaxial
line which is an electrical % -wavelength long. The maximum is in
the direction from the second dipole toward the transmission-line-fed
dipole. Pattern reversal can be obtained by transferring the feed line
over to the second dipole or by transposing the % -wavelength line
between the two dipoles.

An alternative feed method involves a center junction and a length
of transmission line on one side that is an electrical quarter wavelength
longer than on the other. Pattern reversal can be obtained simply by
transposing either one of the feed lines at the point where they
connect to the dipole. Refer to topics 1, 2, 3, 8, 12, 16, and 17.

48—Broadside and Collinear
Two-Element Horizontals

Two dipole antennas, one stacked a half wavelength above the other
and fed in phase, result in a figure-eight horizontal pattern and a
figure-eight vertical pattern (Fig. 87). The horizontal pattern is the
same as that obtained with a single horizontal dipole. The vertical
pattern sharpens and produces low-angle radiation, a favorable condi-
tion for DX operation. Open-wire line feed is again attractive because
its velocity factor is near unity and the transmission line can be
attached to the bottom dipole, transposed and then continued on to
the top dipole. Center feed is also feasible but the transmission line
must be routed up to a midpoint between the top and bottom dipoles.

If there are space limitations the two dipoles need only be
separated a quarter wavelength with some sacrifice in gain. Center
feed provides in-phase operation of the two dipoles (Fig. 87B).
Maximum gain is obtained when the two dipoles are separated by
% wavelength. Center feed is used.

Coaxial feed methods are shown in Fig. 88. The center-tap feed
method is most often used for coaxial line using a T-junction. Spacing
can be anywhere between 14 and 54 wavelength, according to mounting
requirements.

The coaxial feed method (Fig. 88B) uses a full-wavelength section
of coaxial line between the bottom and top dipoles. If the velocity
factor is 0.66 wavelength, this corresponds to a section of coaxial line
of 45'9” (0.66 X 984/14.2) on 20 meters. A spacing of % wavelength
in free space corresponds to approximately 433" ( % X984/14.2) on
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20 meters. Therefore. with a separation corresponding to the length of
the full-wave section of transmission line there can be in-phase feed,
and, at the same time, the separation between the two broadside

HOR I ZONTAL

/
S~ /

TUNER

AN

AN

=
=

\T—_
v

\——
AY

/

Fig. 87. Two-element horizontal broadside antenna.

dipoles provides maximum gain. Dimensions for this antenna for
20-meter operation are given in Fig. 88B. However, a similar relation-
ship exists for other bands.

The collinear antenna (Fig. 89) is not used too frequently on the
low-frequency bands because of space requirements. In a collinear
configuration the two antennas must be placed end to end. However.
for good performance it is necessary that the two ends be well
separated. The collinear pattern is a sharpened figure eight broadside
to the collinear elements.
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Fig. 89. Collinear feed methods.

The two most common feed methods are shown in Fig. 89. In A,
each antenna leg is a half wavelength long. These two antenna legs
are end-fed, which is a maximum voltage and minimum current
point. Therefore, it presents a high impedance to the transmission line,

and open-wire line with balanced tuner represents the preferred feed
method.

The low-impedance feed method is shown in B. This method of feed
can employ coaxial transmission line. A T-junction is located at the
center between the two collinears. An equal length of line goes out
to each of the dipoles and provides in-phase excitation. Preferred
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separation between the ends of the dipoles is at least A/ More gain i=
obtained with A/2 separation between ends.

All of the common methods of feeding can be employed with the
phased horizontal antennas—direct coaxial connection with a line
tuner, open-wire line with a balanced tuner, stub matching, etc. Refer
to topics 1. 2. 3, 8, 12. 16, 18 19, 11, and 17.

4 9 —Collinear, End-Fire (180°)

The simple full-wavelength collinear antenna can be combined with
more than one collinear element in an end-fire or broadside combina-
tion. The antenna of Fig. 90 is an end-fire collinear combination with

Fig. 90. Collinear, end-fire, 180°
phased horizontals.

the end-fire pair being fed 180° related. The horizontal radiation
pattern is an elongated figure eight. The end-fire connection also
provides a favorable low-angle vertical radiation.

This antenna is a high-impedance one because of the collinear
connection, and open-wire transmission line is preferred. An alternative
is to use stub matching. Refer to topics 1, 2, 3, 8, 12, 16, 18, 19,
41, 47, and 48.
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SO—End-Fire (90°), Broadside

The 90° end-fire connection provides a unidirectional pattern that can
be combined with the low vertical-angle characteristics of a broadside
connection. This antenna has good gain and a single-direction pattern.
Such an antenna also has a minimum of back pickup and a consequent
reduction in the QRM pickup from the rear.
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Fig. 91. End-fire (90°) broadside antenna.

The antenna of Fig. 91 is dimensioned for 20-meter sideband
operation. Quarter-wave open-wire line or 34-wavelength coaxial line
links the end-fire pairs. Note that the % -wavelength line must be
transposed if the same pattern direction is to be obtained for open-wire
and coaxial feed. The pattern can be reversed simply by reversing
connections at the outside end-fire dipoles. The broadside grouping is
fed correctly by attaching the transmission line at the center between
the upper and lower dipoles.

A variety of feed methods can be employed as with most of the
phased antennas. Feed methods can be direct connection of coaxial
transmission line and a line tuner, open-wire line with a balanced
tuner or a stub-matching arrangement. Refer to topics 1, 2, 3, 8, 12,
16, 18, 19, 20, 41, 48, and 49.
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51 -End-Fire Beam

The end-fire configuration, because of the close spacing of its
elements, also lends itself to the construction of small beams for 10
and 15 meters. It can be noted from Fig. 41 that with A/8 spacing
and phasing angle between 90° and 135° that a reasonably good
unidirectional pattern can be obtained. A 15-meter antenna using this
principle is shown in Fig. 92. The A/8 spacing is:
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Fig. 92. Close-spaced end-fire beam.

A A/ section of coaxial line with a velocity factor of 0.60 is:

. . 246 X 0.66 _ -,/
Phasing line = 31.3 =78

Stub matching reduces the SWR to a very low value. This antenna
has a broad forward lobe and when attached to a rotator it is
possible to maneuver the antenna for a minimum rear pickup of QRM
at the same time the desired signal is not changed too much in
magnitude as the antenna is rotated over a reasonable range. Stub
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matching is a trial and error process. Measure SWR and start out
with stub values about one foot longer than Chart 6 calculations.
Lengths given in Fig. 92 should be satisfactory in most situations.

A very short boom is required and the antenna assembly can be
made quite simple. Insulators are cut from plastic sheet according
to the dimensions of Fig. 92. U-bolts hold the insulators to the boom.
Smaller U-bolts hold the antenna elements to the insulators. Refer to
topics 1, 2, 3, 8, 16, 21, 41, 47, 50, and 51.

52 -10-15 End-Fire Beam, Open-Wire Line

The use of open-wire line and the balanced tuner of Appendix VII
lend themselves well to the construction of a phased two-band beam.
Good results are obtained on both bands although the antenna itself
is dimensioned for 15 meters (Fig. 93). Two 15-meter dipoles are
spaced A/4 on a 12-foot boom. The spacing between the end-fire
dipoles is:

A/4 spacing = ?2?% = 116"

The A/4 phasing line is of the same physical length. Adjust line
length and spacing appropriately. The spacing of the dipoles is made
slightly less than A/4, just enough to permit the open-wire line to be
interconnected and insulated away from the boom with standoffs.
If the antenna is used with a rotator it is of course necessary to provide
enough slack in the 450-ohm open-wire line to permit a complete
rotation.

Good performance is obtained on 10 meters although the element
lengths are somewhat greater than that needed for dipole resonance.
Likewise the spacing and phasing is somewhat greater than 90°. A
good unidirectional pattern is obtainable. The balanced tuner permits
ideal loading on both 10 and 15 meters using the single 10- and
15-meter coil assembly of Appendix VII. Refer to topics 1, 2, 3, 12,
16, 21, 47, 50, and 51.

5 3 —Stacked 10-15 End-Fire Beam

A phased beam antenna can be stacked (fed broadside) to obtain
higher gain and improved low-angle vertical radiation. In fact, the
antenna of Fig. 93 lends itself well to two-band operation. The two
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sections (Fig. 94A) can be stacked anywhere from a 14 to 34 wave-
length apart, depending on mounting facilities. The greater the
separation up to the % maximum is, the higher is the possible gain.
However, this gain can only be obtained if the bottom end-fire pair
can be kept at least A/2 above ground. Regardless of the spacing
this expedient helps to improve the low-angle radiation.

For A/4 stacking the separation must be 11'6”. This can also be
the length of the broadside phasing line. The transmission line that
runs back to the transmitter is connected to the midpoint of the
broadside phasing line.

If 23-foot half-wavelength broadside spacing is possible, the antenna
can be fed at the bottom and the broadside phasing line transposed
to obtain in-phase feeding of the two end-fire pairs (Fig. 94B). With
this latter arrangement the antenna provides proper broadside phasing
only on 15 meters.

If one desires an optimum end-fire pattern on each band it is
possible to use telescoping elements that can be pushed in for
10-meter operation and extended full length for 15-meter operation.
With the telescoping sections extended for 15-meter operation, the use
of the balanced tuner detailed in Appendix VII ensures proper loading
of the transmitter when 10-meter operation is desired. Separation
between the end-fire pairs should again fall between A/4 and %4,
keeping the bottom pair at least A/2 above ground. Refer to topics 1, 2,
3, 8, 12, 16. 17, 18, 19, 20. 21, 47, 48, 50, and 52.
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SECTION 7
Yagis. Quads. and Triangles

54 —Three-Element Yagi, Stub-Matched

The most popular yagi antenna in “hamdom” is the three-element
type (Fig. 95). The reflector is cut longer than the driven element
and resonates lower in frequency; the director is cut shorter

f—10's" 7_ 6" 7'
/

Fig. 95. Three-element 20-meter beam, stub-matched,

and resonates higher in frequency than the driven element. Rule-of-
thumb figures indicate that the reflector must be cut at least 5 percent
longer than the driven element and the director 4 percent shorter.
However, bandwidth is a factor in selecting the most appropriate
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length. A good practice is to cut the reflector for the lowest frequency
and the director for the highest frequency of the desired bandwidth.
Dimensions for all-band operation on the various amateur bands are
as follows:

A/4 Drives Spacings A
BAND Element Reflectsr Director
234/t 492/, 450/1n 0.1 0.15 0.2 0.25
10 8'2~ 17!6" 151311 3/5" 5120: 6!10" 8!6"
15 11 235" 20011 8" | 6117 937 | 11'6”
20 166" 3517 314" 6’117 105" | 139~ | 174~
40 329~ 70’ 618" | 138" | 206" | 2774 | 342~

The most popular matching methods are the closed types of connection
such as gamma, T, and delta. There are mechanical advantages because
the driven element is continuous and not broken. Some hams favor
the more open type of matching using a split dipole driven element.
There is evidence that more beam-like characteristics result, especially
with regard to receiving. However, this apparent improvement in
receive performance may be more directly related to receiver input
characteristics rather than the beam characteristics of the vagi.

Fig. 96. Plastic insulator for split
dipole.




Yagi-style antennas covered in this book emphasize the split dipole
with stub matching and the use of open-wire transmission line. The
dimensions of Fig. 95 are for a 20-meter sideband beam with driven
element cut for 11425, reflector for 14.2 and director for 14.35 MHz.
The stub-matching plan of topic 41 is employed. The stub was adjusted
at step-ladder height with the total length of transmission line in the
circuit made a whole multiple of an electrical half wavelength at 14.25
MHz. The SWR meter was connected between the yagi coaxial
connector and the end of the transmission line. The reading obtained
was then used with the chart of topic 41 to determine approximate
I. and T lengths. Cut each section one foot longer and trim back
for lowest SWR. Driven elements can be shortened and the techniques
of topic 11 (Fig. 75) used for matching.

The mechanical construction of the driven element is shown in
Fig. 96. The insulator is made of 12” X 6” X 5" plastic sheet.

A wire-type yagi for 40 meters is shown in Fig. 97. Four poles
are needed for this antenna. The wire-driven element can be suspended
across the center. Using a A/4 spacing between driven element and
reflector and driven element and director, the four poles can be
mounted in a square of approximately 70 feet. If a pair of jumpers

izoto‘hf-n'a"—/

Fig. 97. Forty-meter fixed
wire yagi.
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are included with each parasitic element and a halyard for letting
them down easy, the pattern can be reversed conveniently. Refer to
topics 1, 2, 3, 8, 12, 38, 39, 40, 41, and 42.

55 —Three-Element Yagi, Open-Wire Line

Open-wire line represents a low-loss method of feeding a beam.
When a long length of line must be employed the comparison between
a beam that is coax fed and another one that is open-wire fed is quite
surprising, and especially so from the standpoint of reception. The
disadvantage is that a balanced tuner (Appendix VII) or a commercial
balanced matchbox is needed.

In addition to the low standing-wave ratio seen by the transmitter,
the use of a tuner has other advantages. The antenna system is

DIRECTOR ON 20 DIRECTOR ON 15 DIRECTOR ON 10

DIPOLE ON 20 DIPOLE ON 20 DIPOLE ON 20

— H H

LINE [ ™ BALANCED
TUNER

REFLECTOR ON 20 REFLECTOR ON 20 REFLECTOR ON 20

1

(A) 20 meters. (B) 15 and 20 meters. (() 10, 15. and 20 meters.

Fig. 98. Three-element yagi, open-wire feed line.

peaked for reception on a given frequency. Spurious and harmonic
radiations are reduced. Furthermore, it permits a monoband beam to
be loaded on other bands as well, particularly those on its high-
frequency side. For example, the 20-meter beam of Fig. 98A does
load on both 10 and 15 meters and has an acceptable pattern on
these bands. On 10 and 15 meters (and particularly on 10 meters)
the driven element acts as two collinear half waves. The reflector
is effective on both 10 and 15 meters.

If good two-band operation (15 and 20) is desired with some
decrease in 20-meter gain, cut the director for 15 (21 feet). A
director cut for 10 (15 feet 6 inches) provides three-band operation
with a decrease in 20-meter gain. Refer to topics 1, 2, 3, 12, 38, 39,
40, 41, 42, and 54.
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Fig. 99. Suspended 15-meter yagi.
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5 6 —Muitielement Yagis

More than two parasitic elements can be added to the basic three-
element yagi configuration. Four and five element monoband yagis
are quite common. They use three and four parasitic directors,
respectively. Wide spacing (0.21) between directors is typical. Per-
formance measurements and experimentation over the years have
indicated that wide spacing of multielement yagis provides more gain,
better pattern, and fewer impedance-matching problems as compared
to close-spaced types when more than two parasitic elements are used.
In some models the first director is close spaced (0.1A) to the driven
element while all succeeding directors are spaced 0.2\.

A suspended wire yagi for 15-meter operation is illustrated in Fig.
9. Four poles are erected at the corners of a 30’ by 60’ rectangle.
This area can accommodate a seven-element yagi with wide-spaced
directors.

Dimensions are as shown. Stub matching can be used with coaxial
line. For a very long length of transmission line between antenna and
transmitter, the open-wire line and balanced tuner provide optimum
results. Refer to topics 1, 2, 3, 8, 12, 38, 39, 40, 41, 51, and 55.

57 —stacked Yagis

The broadside stacking of yagi antennas has produced rewarding
performance. The theoretical gain increase, particularly with spacing
of only A/4, is not encouraging. However, for long-distance work there
appears to be an ample improvement in low-angle vertical radiation.

Recommended spacings fall between a A/4 and 0.625A. Higher
gains are obtained with wider spacing. However, the good character-
istics of stacking are best obtained when the low member thay) of
the stack is at least a half wavelength above ground.

Stacked yagis must be fed in phase. Of course, the easiest way to
do this is to feed at the center between bays. A coaxial T-junction
can be used for this purpose (Fig. 100A). A stub can be used for
matching on the transmission line side of the T junction or a line
tuner (Appendix VI).

Open-wire transmission line can be used in a similar fashion as
shown in B. With a center-point feed arrangement the bay separation
can be set in accordance with the physical needs of the mounted
positions.
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Fig. 100, Stacking of yagis, midpoint feed.

When the transmission line is to be attached to the bottom bay,
the interconnecting feed line must be made an even multiple of an
electrical half wavelength when not transposed. The two cases are
shown in Fig. 101. In example A there is no transposition. Consequently,
the length of the line must be a full wavelength. If the velocity factor
of the coaxial line is 0.66A, the physical length of the line must be:

0.66 X 984
f

This indicates that the spacing between bays must be approximately
0.66 wavelength, which is nearly maximum-gain optimum.

If the coaxial line is transposed, a half wavelength segment will
suffice. Again, with a velocity factor of 0.66 the length of the trans-
mission line must be:

Eleectrical A =

0.66 X 492
/

Electrical A\/2 =

114



/

/| /[ /
| 0.33)
_I Al2
0.66) l
7 | I
[

TRANSPOSED

w il / /
TRANSPOSED / \\ /
//

Q-

Fig. 101. Swacking of yagis, bottom feed.

To accommodate this requirement it is necessary that the bays be
separated by approximately 0.33 (0.66/2) wavelength. Thus with
some loss in gain it is now possible to mount the two bays near to
each other.

If open-wire transmission line with its velocity factor near unity is
used, the separation between bays must be A/2, provided the interbay
coaxial feed line is transposed as shown in Fig. 101C.

Where coaxial line with a velocity factor of 0.81 is used, an electrical
half wavelength transposed feed for 10 meters would have a physical
length of :

. o _ 081 X492
Electrical A/2 %86 13’11

The separation between bays for 10 meters would be approximately
the same, corresponding to about 0.4). Refer to topics 1, 2, 3, 8, 12,
28, 39, 40, 41, 54, 55, and 56.
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58 —Two-Band Inverted-Vee Yagi
for Low Bands

The inverted-vee construction lends itself well to the construction
of low-band antennas with yagi-like characteristics. With a 30-to-40-

BALANCED TUNER

.ﬂ@ 'O'Ip»

(A) Single bund.

{C) Two-band, stretched out.

Fig. 102. Single and 2-band inverted-vee yagis, 40 and 80 meters.
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foot apex height a combination 10- and 80-meter yagi takes up only
limited space (Fig. 102A). For 40-meter operation, it can be confined
lo an area somewhat less than 60 feet square. Parasitic elements
are close spaced. The use of wide spacing (A/4) requires about
a 70- by 50-foot area. Keep the apex angle greater than 120°.

The addition of jumpers permits two-band 40- and 80-meter operation
in approximately the same area. In this arrangement the driven
elements and parasitics are folded around toward the center (Fig.
102B). Using wide spacing on 40 meters this becomes a close-spaced
beam arrangement on 80. In an area of approximately twice the
dimensions (140 feet square), one can erect an 80- and 160-meter
combination using three 35- to 50-foot masts.

If space is available, the low-band elements can be stretched out to
full horizontal length for both the 40-80 or 80-160 combinations (Fig.
102C). This arrangement is attractive for use with open-wire trans-
mission line. In this case no jumpers are needed and the driven
element on the higher-frequency band acts as two half wavelengths
fed in a collinear manner. Refer to topics 1. 2. 3, 8, 12, 38, 39, 40, 41,
42, 43, 48. 54, and 55.

59 -10-15 Three-Element Yagi

The 10- and 15-meter bands are unique in that they are spaced
rather closely in frequency. A parasitic reflector cut for 15 meters
performs well as a reflector on 10 meters. Conversely, a parasitic
director cut for the 10-meter band also has directive effects on 15 meters.

When this approach is used to establish dimensions for a reflector
and director, and the driven element is suitably matched with a

16'

—
|

ag

103 N 103" 1

2 SHORTED STUB
¢ n"
T0 TRANSMITTER
- |

Fig. 103. Ten- and fifteen-meter 3-element vagi.
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stub or line tuner, a satisfactory two-band three-element beam of
simple construction is possible. Such an antenna is shown in Fig. 103.

The driven element is cut short on 15 and matched directly with a
shorted stub. Note that the length of each A/4 side is 10’3” (about
5 percent shorter than the formula value for a A/4 dipole segment
on 15 meters). A shorted two-foot stub provides a low SWR. Trim
carefully for minimum SWR. It should drop below 1.5 to 1.

The reflector was made 23'2” (a favorable length for 15-meter
sideband operation) while the director was made 16’ long (suitable
length for 10-meter sideband operation). Transmission-line length
is made a whole multiple of an electrical half wavelength. Dipole
insulator is a plastic sheet. Refer to topic 54.

When the antenna is stub-matched on 15 meters, no line tuner is
necessary at the transmitter. However, the line tuner (Appendix VI) is
needed for 10-meter operation. This antenna provides excellent per-

formance on 15 and good results on 10. Refer to topics 1, 2. 3, 8,
41, and 54.

60 —Two-Element Quad

The two-element quad has been a popular DX antenna. It consists
of a full-wavelength driven element in a perfect square and a longer
but similarly shaped reflector (Fig. 104). Optimum gain spacing
between driven element and reflector is approximately A/8 (0.125

A

)

g
|/ 18 3"

EN
i |~
* / N Fig. 104. Twenty-meter 2-clement
n -] quad.

N8 [m 7
REFLECTOR I3

A

DRIVEN

ELEMENT

18 3"

¥

wavelength). On 20 meters this would be 8 to 10 feet. Quad frames
are constructed variously with bamboo, aluminum cross pieces with
end insulators. and fiberglas.

118



The overall wire length for the driven element can be determined
as follows:

984

Wire length = ]x = KTI{Z)—

feet

In the construction of multielement and/or multiband quads, it is wise
to lengthen the quad driven element and the equation is modified to:

1000
f(MHz)

Driven element wire length =

The driven wire can then be cut back to the desired resonant frequency,
if necessary.

Wire length for the quad reflector is made 5 percent longer than
the driven element. Dimensions for the 20-meter, two-element quad
are given in Fig. 104. The added reflector is handled by using a
larger frame. Dimensions for other bands are as follows:

BAND DRIVEN REFLECTOR SPACING
(METERS) 984/t 1030/1,, 123/f
i 3 @ 5
20 693" 3 89"
40 136'8” 147 17'6"

Various procedures can be used to resonate the driven element of a
quad to a specific frequency. A dip meter along with a calibrated
receiver affords a convenient and accurate combination for checking
resonance. A single-turn loop connected from one side of the quad
insulator to the other and around the dip-meter coil is all the coupling
that is required (Fig. 105). The dip point is located on the meter.
Next the dip-oscillator signal is picked up on the receiver to obtain an
accurate frequency measurement.

Two other methods of checking resonance are also given. An SWR
meter can be located right at the feed point of the driven element
(Fig. 105B). Resonance is that frequency at which the SWR reading
is minimum. The SWR meter can also be located at the transmitter to
make this arrangement, provided the overall length of the transmission
line is a multiple of an electrical half wavelength.
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Fig. 105. Resonating a quad antenna.

The third method is to position an antenna noise bridge right at the
feed point. This signal is delivered to the receiver at the other end of
the line. There is a minimum reading when the receiver is tuned
through the resonant frequency of the driven quad.

Either the dip method or the antenna noise bridge can also be used
to tune the reflector. To do so, provide some means of opening the
reflector loop at a position comparable to the feed point of the driven
element. Customarily the reflector wire length is 5 percent longer
than that of the driven element. Consequently, reflector resonant fre-
quency will be on a frequency 5 percent lower than the resonant
frequency of the driven element:

frell = fres - 0'05/”5

When this approach is used, it is possible to counteract the influence
that one frame has on the other in terms of the resonant frequency.
This approach is particularly useful for multiband quads for tuning
out the interaction between frames and among the multiband wires
on each frame.

The dip oscillator and noise-bridge approach can be used to find
the resonant frequency. However, the SWR technique is not feasible
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because the resonant points usually fall outside the radio amateur
bands. Refer to topics 1, 2, and 3 plus Appendices 1, 1V, and V.

6I—Two-Elemenf Quad, Tuned Reflector

The two-element quad of topic 60 incorporates a reflector with a
larger-area frame than the driven element. It is possible and popular
to use the same length of reflector wire as driven wire. Frames are
the same dimensions. In this case the reflector is resonated to a
proper frequency by using a shorted stub or an inductor as shown
in Fig. 106.

In example A the shorted stub provides the additional electrical
length that resonates the reflector wire to a lower frequency than
the driven wire. Again, reflector resonance can be measured using a
dip oscillator or a noise bridge.

INSULATOR INSULATOR
dfj]
SHORTED STUB LOADING COIL
A B

Fig. 106. Tuned reflector.

Small coils can be fashioned and used to join the two ends of the
reflector wire. A dip oscillator held near the coil can be used to
adjust coil turns and spacing for the desired reflector resonant fre-
quency.

It must be stressed that there is interaction between frames, between
other-band wires for the multipurpose type, and between other metallic
surfaces such as spreaders and spiders. Therefore, the cut-and-try
method is recommended for obtaining reflector resonance on a desired
frequency.
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The advantage of the tuned-reflector method is that identical frames
and wire lengths can be used for reflector and driven element. Refer
to topics 1, 2, 3, and 60.

62—Two-Elemenf Quad, Straight Reflector

A common on-the-air complaint about quad antennas is their sub-
stantial side and back pickup. In fact, to obtain optimum performance
from a two-element quad it is necessary to adjust reflector length and
frame spacing quite carefully. Furthermore, one must compromise
between forward gain and front-to-back ratio.

-

0.15 - 0.25

<

Fig. 107. Quad driven element with straight or X reflector.

The good characteristics of a quad seem to be pretty much vested
in the quad driven element. In fact, the use of a straight reflector or
the X-type reflector of Fig. 107 makes very little difference in the
forward gain and may even increase it if dimensioned carefully. There
is some pattern improvement with the X-type in particular in the
form of less rear pickup and radiation. Most of all. the use of a
conventional reflector circumvents the tedious process of adjusting the
reflector frame.

492

Reflector length = M) feet

Refer to topics 1, 2, 3, 60, and 61.
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63—Two-Element Quad, Director

It has been the author’s experience that a parasitic quad director
tunes easier and results in a higher gain and a better pattern than
a quad driven element and reflector combination. Of course, stub
tuning or the use of a series coil are not appropriate for a director.
The director effect is obtained by making the length 5 percent less
than that of the driven element (Fig. 108). Dimensions for various
amateur bands are:

DRIVEN DIRECTOR I SPACING
BAND 984/f 935/fa 123/¢
10 WS Y 7
15 46'3" 437" 597
20 69'3” 652" 89"
40 136'8” 128 17'6”

Spacing between director and driven element is A/8 (0.125)). The
match to a 70-ohm coaxial line is almost ideal. Refer to topics 1, 2,
3, 60. 61, and 62.

64 —Three-Element Quad

Additional gain can be obtained with a reflector and a director. A
typical 20-meter three-element arrangement is shown in Fig. 109.
Reflector and director frames are spaced A/8 from the driven-element
frame. The director wire length is made approximately 5 percent
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Fig. 109, Three-element quad.
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shorter than that of the driven wire. However, dip oscillator or noise
bridge can be used to trim to an exact frequency 5 percent higher than
that of the driven element. The reflector can be either a tuned type,
a longer frame wire, or a straight X. Refer to topics 1, 2, 3, 60, and 61.

65—Two- or Three-Element Quad,
TV-Line Feed

The quad is a balanced antenna. Therefore, it is adaptable to any
sort of balanced feed system. When there is a long length of trans-
mission line (over 100’) between antenna and transmitter, the use of
a good quality 300-ohm TV line instead of coaxial line results in a
significant improvement in output and sensitivity. The improvement
can be comparable to that obtained with the addition of another
director to the antenna.

The disadvantage of the plan is that a balanced tuner such as that
covered in Appendix VII is required. However, the use of such a tuner
ensures that an optimum load is placed on the transmitter, so it can
deliver the maximum power of which it is capable.

The balanced feed permits the driven element to operate in a more
balanced manner and a definite drop in the side radiation can be
noted. Also, a general improvement in the overall pattern results.
Refer to topics 1, 2, 3, 12, 60, 61, 62, 63, and 64.
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Fig. 110. Two- or three-ele-
ment quads fed with TV line.

Auﬂcmﬁb—l 3009 TV LINE
TUNER  —

| TRANSMITTER —{ B

6 6 —Multiband Quad

A multiband 10-15-20 meter quad consists of a group of three quad
wires mounted on a single frame. The frame is made large enough
to accommodate the 20-meter wire and then the 15- and 10-meter
wires are placed within the frame according to their required full-
wavelength wire lengths (Fig. 111). Driven element, reflector, and
director frames are constructed in the same manner. Spacing between
frames corresponds to 0.125A on 20 meters. Wavelength spacings
are greater and are not optimum values for the 15- and 10-meter
bands. Also the antenna resistance rises and matching arrangements
are mandatory when using coaxial transmission line.

069 3°

15-4' 3" 2045 2
15-8 1"

10345 TEXE

TO BALANCED TUNER
Fig. 111, Three-band quad, TV line fed.
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Optimum results are obtained when the quad is fed with three
separate transmission lines. However, it is common to use single-line
feed with some sacrifice in performance. Wire-length dimensions are
the same as those given in topics 60, 61, and 63. The antenna must
be adjusted on each band using a dip oscillator, noise bridge, or
SWR meter.

The quad arrangement of Fig. 111 uses a single good-quality
300-ohm TV line to feed all three driven elements. The TV line
transposes between driven elements, the feedpoint being at the 10-meter
terminals. The parasitic element is a director and is dimensioned as
shown. It is positioned 8 feet in front of the driven element.

The balanced tuner of Appendix VII is used at the transmitter. It
brings the SWR down to less than 1.05 to 1. Excellent results are
obtained on all three bands. Refer to topics 1, 2, 3, 12, 60, 61, 62,
63, 64, and 65.

67 —Low-Band Triangle

On low frequencies the quad becomes large, clumsy, and almost
impossible to construct. However, most of the favorable characteristics
of a quad can be obtained from a triangular driven element. The
triangular construction is simple, strong, and easy to erect (Fig. 112).
The quad equation can be used to calculate the overall length of the
triangle wire:

(A}
DRIVEN TRIANGLE

~

INSULATOR

METAL FENCE POST .e—:r
PLASTIC
CLOTHESLINE

Fig. 112, Low-band triangle.



984
f(MHz)

Total wire length = feet

The proximity of ground and the support mast may require that
the triangle be shortened somewhat below this value after it is erected.
This can be accomplished quite readily from step-ladder height.

The very center of the full-wavelength wire is attached at the top
of the support mast with an insulator. The two legs then fan out and
fold back on themselves. The ends are returned to the mast to a dipole
connector or other form of insulator. The triangle can then be stretched
out on each side using plastic clothesline (nonmetallic core) and two
metal fence posts. You will find it is a very rigid assembly, acting alse
as partial guying for the mast. Furthermore. its directivity can be
changed from ground level by shifting the side supports to other fence
posts. A single triangle, driven element functions as a very good
low-frequency antenna. Omnidirectional performance is quite good.

Antenna impedance is quite low because the base of the triangle is
so near ground. A rather good direct match to coaxial line is possible.
The triangle is also adaptable to stub matching, line tuner, or balanced
transmission line and tuner. A balun is a fine matching aid. In fact, if
a ground radial system is employed for low-band DXing, the ground
point of the balun secondary can be connected electrically to the
radial system via the mast or a piece of large-diameter wire.

An important advantage is the almost perfect direct match that can
be obtained when using a triangle driven element with a triangle
reflector and/or director frames. Refer to topics 1. 2, 3, 8, 12, 41,
00, 01, 62, 63, 64, 65, and 66.

6 8—Triangle and Parasitic

Reflector and director triangles can be added to increase the gain
and sensitivity in a preferred direction (Fig 113A). Wire lengths for
low-band triangle directors and reflectors are given in the chart:

DRIVEN REFLECTOR DIRECTOR SPACING
BAND 984/7 1030/1,. 835/tu 18/f
40 136'8” 147 128 17'6”
80 252'3” 278'3" ALY re”
160 540 512'3” 508°5” 674"

The parasitic element can be made to act either as a director or
reflector if it is dimensioned first for director operation. When reflector
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Fig. 113. Driven triangle and parasitic element.
operation is desired a shorted stub can be clipped on as shown in
Fig. 113B. The triangular driven element and parasitics can be adjusted

and measured in the same manner as the quad antenna elements using
SWR meter, dip oscillator, or noise generator. A reflector should be
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Fig. 114. Triangle beam.
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tuned 5 percent lower than the resonant frequency of the triangle; a
director, 5 percent higher in frequency.

Dimensions for a three-element 40-meter triangle are given in Fig.
114. A triangle reflector, driven element, and director are arranged
in yagi-like fashion on separate masts. Spacing between elements is
A/8 (0.1251). This is only about 17 feet on 40 meters. In fact, the
40-meter antenna occupies an area no greater than 60’ X 40'.
Oriented for 45° on the east coast, European contacts became routine.

The apex height of the driven element was approximately 40’ while
the reflector apex was 4’ higher and the director apex about 4’
lower. Similar type displacements were made for the triangle bases
with the reflector being the lower and placed about 8 feet above ground.

For minimum loss, when there is a long transmission line span
between transmitter and triangle driven element, a good quality 300-ohm
TV line and balanced tuner (Appendix VII) can be employed. Refer
to topics 1, 2, 3, 8, 12, 60, 61, 62, 63, 64, 65, 66, and 67.

or 4"

Fig. 115. Driven triangle and director for 160 meters.
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69 —160-Meter Two-Element Triangle

It is on the 160-meter band that it is difficult to obtain beam-like
characteristics without requiring a lot of space and some costly high
masts. The triangle is able to give you a beam-like characteristic in a
relatively small area. At the same time a good low wave angle is
maintained and only two supporting masts are needed (Fig. 115).

In a practical installation 60-foot telescoping masts were used.
The apex of the director was dropped down five feet below that of
the driven triangle. This well-performing 160-meter antenna is
erected in an area 240’ X 70’. The antenna can be fed directly
with coaxial transmission line or, for very long spans of transmission
line. open-wire or good-quality TV line with a balariced tuner pro-
vides minimum line loss. Refer to topics 1, 2, 3. 8, 12, 67, and 68.

7 0 —40-80 Three-Element Double Triangle

Like a quad antenna. double or triple driven and parasitic elements
can be constructed to obtain multiband capability. Reflector, driven
element, and director dimensions are shown in Fig. 116. The spacing
between elements on the 75-meter band is made 0.1A. This corres-
ponds to a spacing of approximately 0.2A on 40 meters.

A good dip meter can be used to tune the driven element as well as
parasitic reflectors and directors. Of course, the parasitic elements
must be open at the center of the base when making resonance
measurements. In the practical antenna, insulators were used at the
center of the base for both the director and the reflector to aid in
making measurements. In normal operation a jumper is then connected
across the director and reflector base insulators. Coaxial or balanced

SPACING BETWEEN FRAMES 25'

278 3"

Fig. 116. Forty-and eighty-meter 3-element triangle.
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Fig. 117. Separate- and joint-feed arrangements.

parallel line can be used to feed the two driven elements separately.

Separate lines can be dropped down to reach-level as shown in F ig.
117. With a suitable connector, the transmission line from the trans-
mitter can be attached to either one of the driven elements. Single-
transmission-line feed can also be employed.

For joint operation the least influence on the performance of either
antenna was obtained by connecting the transmission line to the 80-
meter driven element and using a 4.5-foot segment of 70.ohm line
between the 40-meter and 80-meter antenna feed points. Use transposed
feed between elements by transposing the line or coaxial connector
(as in Fig. 116). Refer to topics 1. 2. 3. 8. 12, 67, 68, and 69.

71 —Single-Mast Triangle and Parasitic

The triangle copfiguration is quite versatile and permits the con-
struction of a rather directive low-frequency beam on a single sapport
mast. This is accomplished, as shown in Fig. 118, by pulling the plane
of the triangle away from the vertical. This pull out is such that the
separation between the base of the driven element and the mast and
the separation between the parasitic element and the mast is A/16. By
so doing, the separation between the bases of the two triangles is A/8.

The apex of each triangle is attached to, but insulated from, the
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Fig. 118. Single-mast driven triangle and director.

mast. The apex of the driven triangle is at the very top of the mast
with the director triangle apex approximately 4 feet below.

Dimensions are given for 40-meter operation. It is to be noted that
the triangle bases separate from the mast by approximately 8.5 feet.
Thus the departure from the vertical is really not great.

A parasitic-reflector, driven-element combination is also feasible.
One mast can support the driven triangle and reflector. In fact, a
second mast spaced A/4 in front of the first one can support two
director triangles in a similar manner. The apex of the reflector
triangle is at the very top of mast 1, while the apex of the driven
triangle is placed four feet lower. The two directors have their apex
at the very top of the second mast. However, the top of this mast
is approximately 8 feet lower than mast 1. There is a 30-foot separation
between the two masts establishing the required A/8 separations
between all adjacent elements. Refer to topics 1. 2, 3, 8, 12, 67,
68, 09, and 70.
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Fig. 119. Triangle antenna with radial ground system.

7 2 —80-Meter Triangle With
Ground Radial System

A triangle is a balanced driven element and operates well with the
use of a balanced line and tuner. A rather unique feed system can be
employed by using balanced TV line which includes an outer braid.
In this arrangement (Fig. 119) the two balanced leads are connected
to the triangle while the outer braid of the transmission line connects
to the underground radial ground system. At the balanced tuner, the
braid is connected to ground. This creates an attractive possibility
for low-frequency antenna systems, the performance of which depends
on a good low-resistance ground system.

An alternative method uses a 2-to-1 or 4-to-1 balun {whichever is
needed) and the balun ground connection (outer braid of coaxial
line) is connected to the ground radial system.

The dimensions shown in Fig. 119 are for 80 meters. Six A/4
ground radials are employed. Results are gratifying, not reaching the
peak of the three-element triangle of topic 70, but providing good
low wave-angle performance in an omnidirectional manner. All the
low-band triangle antennas are adaptable to grounded radials and
balanced-line system. Refer to topics 1, 2, 3, 8, 12, 67, 70, and 71.

73 —Triangle Turnstile

A triangle antenna with a more omnidirectional pattern and a
lower antenna resistance than a single triangle can be erected by
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using two triangles mounted at right angles (Fig. 120). All four ends
are returned to the mast. The ends from opposite pairs are joined and
connected to the center insulator or coaxial connector. A similar
arrangement can be used for 80 or 160 meters.

TRIANGLES ARE INSULATED
FROM EACH OTHER

Fig. 120. Triangle turnstile.

A variety of feed arrangements is feasible. Direct connection to a
coaxial line provides a fine match. If a 1-to-1 balun is employed, it is
also possible to use a ground system that connects to the ground side of
the balun input as shown in Fig. 119B. Shielded balanced line and
balanced tuner provide an ideal feed system that operates in con-
junction with a beneath-ground radial system. Refer to topic 72.

The turnstile idea also has two-band capability. A 40-meter triangle
turnstile can be made to load on 80 meters, and an 80-meter turnstile
can be made to load on 160 meters, using appropriate insulators and
jumpers. On the higher-frequency band the antenna operates as the
simple triangle turnstile discussed previously.
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A different connection is used for operation on the lower-frequency
band as shown in Fig. 121. The transmission line is connected to any
two adjacent half-triangle ends. The remaining two ends are joined
together, effectively doubling the total length of antenna wire connected

~N——

~ [ ~

TO TUNER TO TUNER

Fig. 121. Two-band operation of turnstile.

on each side of the point at which the transmission line is connected.
This total length may be somewhat shorter or longer than that needed
to establish resonance on the lower-frequency band. Consequently, it is
advisable to use a tuner in the line. Either a balanced or unbalanced
combination can be employed. Refer to topics 1. 2. 3. 8, 12, 67,
63, 69, 70, 71, and 72.

74 5., 30-, and 80-Meter Triangles

Two different-frequency triangles can be attached to the same mast
and connected to the same transmission line. If mounted in right-angle
planes, there is a minimum of interaction. Also, triangles radiate well
on odd multiples of a whole wavelength. Thus, a 40-meter triangle
performs well on 15 meters, the triangle being three wavelengths long
on this frequency.

A typical two-section triangle is shown in Fig. 122. There is a
40-meter triangle and at right angles to it an 80-meter triangle. They
are insulated from each other at the apex but join at the point of
transmission-line attachment. A low SWR is obtained on both bands.
The antenna also loads on 15 meters with a satisfactory SWR. Refer
to topics 1, 2, 3, 67, 68, 69, 70, 72, and 73.

75 —High-Band Triangles

Like the quad or the dipole, the triangle can be used as an
elevated high-band antenna. For 10-15-20 meter operation the high-
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Fig. 122, Forty- and eighty-meter triangles at right
angles to cach other.

WIRE

d

_ ALUMINUM
TUBING

~
'/ \I PLASTIC SHEET
Fig. 123. High-band triangles.

frequency triangle can be constructed in two basic ways as shown in
Fig. 123. A wire triangle can be constructed similar to the low-band
type. Insulators and plastic clotheslines are attached to the base angles.
These corner angles are pulled out and supported from ground level.
The alternative approach is to use self-supporting tubing for the base
of the triangle. A plastic sheet holds the base elements to the mast.
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The ends of the tubing are then linked to the apex of the triangle with
wire or additional tubing. Dimensions are given for 20-meter operation.

High-band triangles are mounted a considerable electrical distance
above ground and display an impedance several times higher than that
of coaxial line. Stub matching works very well. A line tuner can be
used for matching. A low-loss arrangement would be balanced TV
line and a balanced tuner at the transmitter. A 4-to-1 balun often
does a fine matching job for high erection. Omnidirectional pattern

Fig. 124, High-band triangle beam suspended between 2 masts,
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and lower antenna resistance are possible with a turnstile arrangement.

The triangle configuration can be used in the construction of
high-band beams. The triangle is adaptable to the construction of
fixed-mounted multielement high-band beams. Such an arrangement
is shown in Fig. 124. The 20-meter triangle beam is suspended between
two high masts. At the top of mast No. 1 there is a 10-foot cross piece
which suspends the apex of the driven triangle and the reflector. A
support wire runs from the driven end of the support piece to the
second mast. Along this support wire there are suspended any number
of directors, providing an easy method of building a triangular Long-
John antenna. Plastic clotheslines are again used to pull out each of
the triangles and support it from ground level. The match made to
coaxial transmission line is good despite the multidirector arrangement.
Of course, for a great separation between antenna and transmitter, use
a balanced transmission line and tuner. Refer to topics 1, 2, 3, 8,
12,41, 67, 68, 69, 70, 71, 72, 73, and 74.
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APPENDIX 1

Antenna Noise Bridge

The antenna noise bridge* is an especially useful device in cutting
antennas to resonance and transmission lines to specific electrical
lengths. It can also be used to measure antenna resistance. The unit
consists of a signal source, the bridge circuit, and a detector (Fig.
A-I-1). A diode noise generator and amplifier are built into the compact
device along with the bridge. Your ham receiver serves as the detector.
In fact, the noise generator is a broadband type and your ham
receiver serves as a calibrated frequency-selective detector.

ANTENNA OR
LINE

TRANSISTOR
AMPLIFIER

NOISE
DIODE

N

RECEIVER

Fig. A-I-1. Omega-T antenna noise bridge.

Two balanced legs of the bridge are the secondary of a bifilar
transformer which is wound on a toroid core. The broadband noise
signal is applied across the primary. A third leg of the bridge is a
calibrated variable resistor which is the only control of the unit.

*Omega-T Inc.. Richardson, Texas 75080
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The dial is calibrated in ohms of antenna resistance between 0 and
100 ohms.

The antenna or line to be measured is connected as the fourth
lez 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 frequency (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 antenna system checking a lot easier.
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APPENDIX 11

How to Measure the Velocity Factor of Transmission
Line With a Noise Bridge

The noise bridge described in Appendix | can also be used to
make transmission-line checks and measurements. Velocity factor is

an_important line characteristic_in_cutting lines to specific_electrical
wavelengths. Sometimes the information is not available from the
manufacturer, or it is necessary to know the velocity factor very
exactly. If such is the case, the hookup of Fig. A-II-1 can do the job.

The near end of the transmission line is connected to the antenna
terminal of the noise bridge. The far end of the line is shorted. At
some frequency the total length of the line will be an electrical half

b—— ELECTRICAL HALF WAVELENGTH——]
SHORT —(F NOISE BRIDGE RECEIVER

Fig. A-11-1. Determination of velocity factor of transmission line.

wavelength or a multiple of a half wavelength. At this frequency a
short is reflected to the near end of the line, and there is no reactive
component. The electrical length of the line is determined as follows:

1. Set the noise bridge dial just a hair away from zero corres-
ponding to the few ohms of resistance of the transmission line.
Tune _the receiver for a noise null. It is customary to check a

section of line that is approximately one-half wavelength long
although multiples can be used for makln&the measurement.

2. Now measure the physical length of the 1e_transmission_ line. The
velocity factor is obtained by dividing the “physical lenthh of

the line by the calculated free- -space half wavelen& of the
frequency _ malcatea by the receiver dlal

. - physical length of line
Yelocity factor, 492 /receiver freq. reading in MHz
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The length of a quarter-wave seement of line or an odd multiple 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.




APPENDIX 111

Cutting Half-Wave Sections of Transmission Line
Using the Antenna Noise Bridge

When the velocity factor of a transmission line is known, it is
possible to cut that line to some whole multiple of a half-wavelength
using the following relationships:

492
fMHz

If the velocity factor of a specific line is unknown it can be determined
using the procedure of Appendix I

Line length in feet = ¥'F X

X whole multiple of A/2

WHOLE MULTI PLE OF ELECTRICAL
T BEWAVE

SHORT =t NOI SE BRI DGE RECEIVER

Fig. A-l1I-1. Method for cutting a transmission line to whole multiple of a
hanwaveI_n‘g

Once a section of line is cut, its exact electrical waveleng can be

determined with the arr: arrang_ment of Fig. A-III-1. Again, the far end

of the line is shorted, while the near end is connected to the antenna
terminal of the antenna bridge. This procedure is as follows:

1. Set the bridge control slightly above zero. Set the receiver to
the desired frequency band.

2. Tune the receiver over the band to obtain a good null. For some
receivers a more pronounced null can be obtained by deactivating
the ave circuit and/or reducing the receiver r-f gain,

3. If the frequency indication is too low, the length of the trans-
mission line can be trimmed slightly to make the electrical
length of the line correspond to a specific operating frequency
within the band.
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The velocity factor of some foam-type lines tends 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 the line were only one half wavelength long.
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APPENDIX 1V

Measuring the Resonant Frequency and Resistance
of an Antenna With the Antenna Noise Bridge

The antenna_noise bridge is battery operated and can often be
placed at the antenna feed point, Fig. A-IV-1. It is of small size and

no external signal source is needed. A noise generator source is a part
of the device.

ANTENNA
ELECTRICAL HALF
L3530
NOI SE BRI DGE NOISE BRIDGE
i i
TRANSMISSION P RANSMISSION
- - e —
RECEIVER RECEIVER
(A) Bridge at feed point of antenna. (B) Bridge at half wave from antenna
terminals.
e

b
r WHOLE MULT) PLE

~~~"DF ELEC
HATF WAVELENG TH
(C) Bridge at the receiver. 'NOISE BRIDGE
e e, ———
RECEIVER
e
Fig. A-IV-1. Arrangements for measuring antenna resonance and antenna

mnslance
————
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The bridge can also be inserted into the line an_exact electrical
half wavelength away from the antenna terminals. A third alternative
is to locate the noise bridge at the receiver, making certain that the
overall length of the transmission line between the antenna and the
bridge is a whole multiple of an electrical half wavelength for which
the antenna is to be cut and measured. The transmission-line cutting
procedures were covered in Appendices II and I11.

The recommended operating procedure is as follows:

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

2. Tune the receiver over the frequency band and locate the noise

null (minimum speaker noise or minimum S-meter reading).

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

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.

o

The most accurate readings are obtained when the transmission line

is_ _a_whoEEuTtipTéj_f [ an electrical half wavelength.

In the measurement and cutting of both lines and antennas,
Charts 1 through 6 are employed. The physical lengths of lines and
antennas indicated by the _char_ts__gr_e_ipvariabrx s_om_e\_fvl_lit longer than
the necessary cut for \Lf_]_e.x:igsjred resonant frequency. (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 nullkoint 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 requency. This is certainly
not the dgij;q']‘situation when l5§i_rlg coaxial transmission line. Thus,

the _chart _and formula i;forrqation in this book tends to give you a
_long dimension rather than a short one. This can be checked throughout

the text by comparing the formula dimensions with those practical
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situation dimensions shown on the various antenna illustrations. lf you
have no means for checking and trimming antennas and lines, use

dimensions given in the illustrations and duplicate the antenna arrange-
ment shown.
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APPENDIX V

Cutting an Antenna to Resonance Using an
SWR_ Meter

The SWR meter and/or reflectometer arrangement has been used
for years in checking out and monitoring ham antenna systems.
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 performance 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 hall 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 in determining the resonant length

{

-
-

WHOLE MULTI PLE
SWR METER “OF TIECTRICAT
| HATE WAVEERGTH

SWR METER

-

=~ TRANSMISSION LINE

TRANSMITTER TRANSMITTER

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

of the antenna is feasible only when the exact length of line between
the antenna and meter is a whole nﬂlﬁigle of electrical half wavelengths.

Under this condition the antenna terminal conditions are reflected to
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the meter, and the reactive effects of the transmission line are reduced.
The equation for determining the physical length of an electrical

half-wavelength line for a given frequency is as follows:

492

Line length =VF X IM—Hi

X whole multiple of \/2

The SWR _measurement technique requires the use of a signal
source (transmitter operated at loucﬂg[__lgig! _(_)‘r__zz g'g_rlal_?s?leram—r-
with an output capable of supplying adequate signal level to the SWR
device). Because of transmitter designs, it_is_sometimes necessary to
operate the transmitter at normal output power level, so that its
operating conditions are favorable for matching into 50 ohms.

The usual procedure for operating your SWR meter is employed.
In most cases when using the formula dimensions aiven in Charts 1
through 6 the antenna will be cut long and to a resonant frequenc
lower_than that which is desired. Therefore, if you tune your trans.
mitter to the desired frequency and make an SWR measurement it
will be higher than that which can be ultimately obtained. As you
tune the transmitter lower in frequency the SWR reading drops. The
actual minimum may be found considerably lower than desired.

The antenna may now be trimmed as you watch the SWR minimum
move up toward the desired operating frequency. The resomant fre-
quency indication and the SWR readings using this technique are
reasonably accurate, and are more indicative ofgoperating conditions
than is indicated by random insertion of an SWR meter into a trans.
mission line. In fact, with this method readings were quite comparable
to_those obtained using the antenna noise bridge.
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APPENDIX VI

The Construction and Tuning of a Line Tuner

4
2
z

20TH TURN
26TH TURN

=] 20TH TURN
14TH TURN
10TH TURN
£TH TURN
2ND TURN

= 25TH TURN
o] 21ST TURN
=} 17TH TURN
=3 13TH TURN
=] 9TH TURN
>} TTHTURN
=} STH TURN

=} 29TH TURN

FOR 40 CLOSE JUMPER A

=Sk = SR =
m ¢
FOR 160 CLOSE JUMPERS A, 8 & C 'T @*1 @b &F

FOR 80 CLOSE JUMPERS A& B

Fig. A-VI-1. Antenna line tuner.

binding posts

coaxial receptacles

case 10” X 5" X4"

50-pF variable cap_gcg;:_r

3-gang 365-pF variable capacitor

29 turns ‘Eig'm“ré,’ 1% dia. and 2% " length (AIR DUX 1411)
r-f switches, 1 pole and 8 positions

NN ===~ N

The purpose of a line tuner is to provide the most favorable
loading of a transmitter, although tE_e( _impedance looking into the
transmitter end of the transmission line is not optimum. Such a
line tuner permits a given antenna to be used at a frequency removed
from the limited frequency range for which it presents optimum
loading conditions for the transmitter. It also permits the loading of

a random length of antenna wire or permits a Fiven antenna type to

be_operated on more_than_one amateur band. uch facility adds
convenience and versatility to a station.
It_must_be emphasized that a line tuner does not improve the

operation of an antenna and does not improve standing-wave conditions
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on_the transmission line. It cannot duplicate the performance of an
antenna _made resonant at a specific_frequency and matched precisely
to_the transmission-line_system at that frequency. Even when using a

tuner, the very best antenna-system performance is obtained by establish-
ing favorable resonant conditions _at the antenna and using_optimum
lengths of transmission line that correspond reasonably close to whole
multiples of a half-wavelength.

A line tuner does permit you to design an antenna system for peak
performance over a certain desirable band of frequencies, and, with
a tuner, you can at least operate your transmitter off of these frequencies
and obtain results that are superior to those obtained without using a
tuner. At the same time, your transmitter operates under no burden

because it sees a proper load _impedance.

The _tuner of Fig. A:VT-T‘Las' been ‘c'l:asigne_d for optimum operation
on_the 10-, 15-, and 20-meter bands. I_t_ wi_ﬁﬁzﬂ_sgjppgtgion on the 40.,
80-,_and_160-meter bands by connecting _variqb‘lg_ca‘p;c.it‘o;s—_HfZ_x,
B, and C) of appropriate value across the variable capacitor (C1).

The_matching network is basically a T-section low-pass filter. Al-

though there is some inter_a_(i_ién_betweerl the two sections of Eﬁ_lie_r,
inductor L. at the transmission-line (antenna) end of the tuner
matches the _a_r_ltemfa ;Yv‘st;m‘girhiegﬂx:c'e- to_the tuner, while the taps
on inductor L, provide matching adjustment between the tuner and
the transmitter and tune out reactive components reflected from the
antenna_system. Theoretically, the ohmic value of the reactance of

capacitor C, must be:

Xci = VZi R,

where,
Zi, equals input impedance of line,
R+ equals the output impedance of transmitter.

In practice, the proper operating conditions are _established by
using a_variable capacitor __ar% _two_tapped inductors in accordance
with the parts list. It has been ‘customary in most esigns 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 es_tab]jshgﬂ,_ it is | help_{ul to experiment
with tap positions for the very best performance. You may wish to
start out with uniform positioning ofEl-h

e taps to determine what the
operating conditions are on each band. For most bands it is likely
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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. Coils L, and L. must be

mounted at right angles to each other.

ANTENNA
|~ TRANSMISSION LINE
TUNER

SWR Fig. A-V1.2. Connection plan for

adjusting a tuner.
TRANSMITTER #A D.P. 2-POSITION
it LA LS

o o COAXIAL SWITCH

DUMMY LOAD

Proper tuning is important if you are to derive the most benefit
from your line tuner. The setup of Fig. A-VI-2 is a good one. The
transmitter is first worked into a 50-ohm dummy load. Transmitter
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 that the best performance is
obtained with the transmitter preset. Some manufacturers provide
tables for a match to specific impedances. If such is the case, preset
the dials for 50-ohm operation.

Operate the transmitter at low power and switch off the power
whenever you change tuner switch positions. Capacitor C, acts in a
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resonant way. If you are using the correct tap of inductor L, there is
a dip in the SWR reading as you tune through the minimum position.
The switch positions of inductor L, determine just how low an SWR
reading can be obtained as the capacitor is tuned through its minimum.
Thus various L. positions should be tried to determine the best mini-
mum. If your minimum on any one band cannot be made to fall below
1.5, experiment with the appropriate tap positions of L,. Likewise, if
_Your minimum seems to be indicated at the minimum or maximum
capacitor settings, a change in the L, inductor tap is indicated.

One_unusual condition_arises when employing a line tuner of this

type with a dipole, inverted-vee, or horizontal vee beam. A false match-
ing position can show up for which the inner conductor of the trans.
mission line and one side of the antenna acts as the load (Fig. A-V1.3).
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 your antenna.

When the center-fed dipole or vee antenna approximates an odd

number of quarter wavelengths on a leg, t:ljg tuner loads both legs.

However, if the leg length approaches an even number of quarter

STRONG RADIATION W

b

N

Fig. A-VI-3. Result of a tuner tun- u

ing the line and one antenna leg as AR
random length of wire,

ANTENNA
—

WR

m——

TRANSMITTER
b L LA,
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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 wavelength 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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APPENDIX VII

Antenna Tuner for Long-Wire Vees and Rhombics

The purpose of an antenna tuner is to match and obtain the
maximum transfer of r-f energy between the antenna end of a
transmission line 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 transmitter, and to
ensure minimum transmission-line loss.

COAX
FITTING

BALANCED

T R ————

’
<

UNBALANCED
C
I .

Fig. A-VII-1. Antenna tuner for vee, center-fed, lungwiﬁ:,-aml rhombie
antennas.

C, 2 140-pF variables, ganged with insulated shaft connector

C. 200-pF variable
L,-L,  Plug-in coils (L, centered within L,). L, AIR DUX 2006T except
AIR DUX 20107 for 80 meters. L, AIR DUX 1610T on all

bands
BANDS L: TURNS L, TURNS
1615 ; 2
1520 10 3
20-40 14 4
40-80 32 (2010T) 8
80 44 (20107) 10
160 64 CLOSEWOUND 16
# 14 ENAMELED
212" DIAMETER
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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 transmission line to a balanced
antenna feed point of somewhat higher resistance is appropriate (Fig.
A-VII-1). Both primary and secondary are series-tuned for minimum
loss and lowest standing-wave ratio. Two sizes are given for most bands.
Coil and component data are given in Fig. A-VILI-1. 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 controls to obtain the
very lowest minimum. The tuner must be readjusted, 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 recom-
mends highly the one described by Lew G. McCoy on page 58 of OST,
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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APPENDIX VIl

Base Tuner for Vertical Antennas

It is convenient to use an antenna tuner for a vertical antenna be-
cause its base can be positioned near ground level. Such a tumer can
be mounted in a weather-proof container and mounted permanently.
The advantage of such a base tuner is that a vertical antenna of almost

— e

any practical length can be tuned and loaded on any band. The antenna
can be loaded properly and there will be a minimum standing wave
ratio and minimum loss on the transmission line that extends between
the base tuner and the transmitter.

Again, it must be emphasized that a_tuner ensures proper loading and
efficient feeding of the antenna. However it does not overcome the
limitations in the radiation characteristics of a given antenna. For
example, if a vertical antenna is a wavelength or longer on a given
operating frequency there is good high-angle radiation and a decline
in low-angle radiation. Likewise, an antenna that is very short (less
than an eighth wavelength) does not radiate as effectively as one which
is_at least a_quarter wavelength. However, an antenna does perform
well for any length that is somewhat less than a quarter wavelength
on up to three quarter wavelength when good low-angle radiation is
desired. An antenna can be much longer in terms of wavelength, if it
is the high-angle radiation that is preferred.

A_vertical antenna that is shorter than an electrical quarter wave-
length displays an impedance that contains a capacitive component. An
antenna that is longer than an electrical quarter wavelength but less
than_a half wavelength displays an impedance that contains an induc-
tive component. Such antennas can be resonated by _including the op-
posite_reactance at the base. That is, inductance can Be_added to

resonate a short antenna and capacitance can be added to resonate
a long antenna. This can be done more effectively if the added induc-
tance and capacitance is variable.

The base tuner of Fig. A-VIII-1 contains inductance and capacitance
which can be inserted between the base of the vertical and the ground
system. By using suitable inductive taps and a proper setting of the
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Fig. A-Vi1I-1. Base tuner for vertical antennas.

PARTS LIST

2 10-position, single-pole switches

2 30 turns No. 14 wire, 1% dia. and 2% " length (AIR DUX
1411)

1 400-pF variable capacitor

1 Coaxial connector
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variable capacitance, a vertical antenna of random length can be
resonated and loaded on a specific frequency. Proper tap position for
antenna tuning is handled by switch S,.

There are two sets of taps on the bottom inductor. The taps asso-
ciated with switch S, connect to the coaxial transmission line that
feeds back to the transmitter. The relative settings of switches S, and S,
set up a transform ratio which provide a proper match between the
tuned antenna system and the transmission line.

A base tuner of this type can reduce the standing-wave ratio on the
transmission éine to an exceegin;tr!z !ow value. It o,;Erates 10 Eroug_}l
80 meters and can be inserted in series between base and round sys-
tem of practically all of the vertical antennas covered in tEis book.

- Schematic and parts list are given in F: ig. A-VIIL-L. Adjustments are
made by connecting an SWR meter between the output of the tuner
and the transmission line, Taps and variable capacitor are adjusted for

a minimum standing-wave reading.
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VERTICAL, BEAM,
and TRIANGLE
ANTENNAS

by Edward M. Noll, W3FQJ

Antenna experimentation offers a
unique opportunity to make ama-
teur radio more than an ‘*‘appli-
ance operator’” hobby. All you need
are telescoping masts, wires, in-
sulators, tubing, ingenuity, and a
desire to experiment.

Antenna types from simple di-
poles, through verticals and yagis,
to quad and triangle beams are
covered in this book, and the topics
are arranged in a sequential man-
ner. However, if the reader is in-
terested in one particular type of
antenna, he can go directly to that
type.

The necessary mathematics are
included, but no extensive knowl-
edge is required to build the an-
tennas described. Simple test in-
struments are shown which will
enable the reader to optimize the
designs and obtain maximum per-
formance from his antenna.

Many of these antennas com-
pete with, and some surpass the
performance of commercial beams.
The serious experimenter will find
in 73 VERTICAL, BEAM, and TRI-
ANGLE ANTENNAS exactly what
he needs.
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