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over a single wire.
The top loading can be supplied by a variety of  metallic 

structures large enough to have the necessary self-capaci-
tance. For example, as shown in Fig 55, a multi-spoked 
structure with the ends connected together can be used. One 
simple way to make a capacitance hat is to take four to six 
8-foot fi berglass CB mobile whips, arrange them like spokes 
in a wagon wheel and connect the ends with a peripheral wire. 
This arrangement will produce a 16-foot diameter hat that 
is economical and very durable, even when loaded with ice. 
Practically any suffi ciently large metallic structure can be 
used for this purpose, but simple geometric forms such as the 
sphere, cylinder and disc are preferred because of the relative 
ease with which their capacitance can be calculated.

The capacitance of three geometric forms can be esti-
mated from the curves of Fig 56 as a function of their size. 
For the cylinder, the length is specifi ed equal to the diameter. 
The sphere, disc and cylinder can be constructed from sheet 
metal, if such construction is feasible, but the capacitance 
will be practically the same in each if a “skeleton” type of 
construction with screening or networks of wire or tubing 
are used.

Finding Capacitance Hat Size

The required size of a capacitance hat may be deter-
mined from the following procedure. The information in this 
section is based on a September 1978 QST article by Walter 
Schulz, K3OQF. The physical length of a shortened antenna 
can be found from:
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where h = length in inches.
Thus, using an example of 7 MHz and a shortened length 

of 0.167 λ, h = 11808/7 × 0.167 = 282 inches, equivalent to 
23.48 feet.

Consider the vertical radiator as an open-ended trans-
mission line, so the impedance and top loading may be de-
termined. The characteristic impedance of a vertical antenna 
can be found from
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  (Eq 4)

where
ln = natural logarithm
h = length (height) of vertical radiator in inches 

                (as above)
d = diameter of radiator in inches

The vertical radiator for this example has a diameter of 
1 inch. Thus, for this example,
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The capacitive reactance required for the amount of top 

loading can be found from
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(Eq 5)

where
X = capacitive reactance, ohms
Z0 = characteristic impedance of antenna (from Eq 4)
θ = amount of electrical loading, degrees.

This value for a 30° hat is 361/tan 30° = 625 Ω. This 
capacitive reactance may be converted to capacitance with 
the following equation,
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where
C = capacitance in pF
f = frequency, MHz
XC = capacitive reactance, ohms (from above).

For this example, the required C = 106/(2 π × 7 × 625) = 
36.4 pF, which may be rounded to 36 pF. A disc capacitor is 
used in this example. The appropriate diameter for 36 pF of 
hat capacitance can be found from Fig 56. The disc diameter 
that yields 36 pF of capacitance is 40 inches.

The skeleton disc shown in Fig 55 is fashioned into a 
wagonwheel confi guration. Six 20-inch lengths of 1⁄2-inch 
OD aluminum tubing are used as spokes. Each is connected 
to the hub at equidistant intervals. The outer ends of the 
spokes terminate in a loop made of #14 copper wire. Note 
that the loop increases the hat capacitance slightly, making 
a better approximation of a solid disc. The addition of this 
hat at the top of a 23.4-foot radiator makes it quarter-wave 
resonant at 7 MHz.

After construction, some slight adjustment in the
radiator length or the hat size may be required if resonance 
at a specifi c frequency is desired. From Fig 53, the radiation 
resistance of a 0.167-λ high radiator is seen to be about 13 Ω 
without top loading. With top loading Rr ≈ 25 Ω or almost 
double.

THE COMPACT VERTICAL DIPOLE
A variation on the HVD (half-wave vertical dipole) 

theme is the compact vertical dipole, or CVD. The CVD 
uses capacitance-hat loading on each end of a shortened 
vertical radiator, as shown in Fig 57C. Some call this “top 
hat” and “bottom hat” loading. Les Moxon, G6XN, called 
this method of loading a shortened antenna simply “end 
loading.” The vertical wire for his 40-meter CVD is 25 feet 
high, with 15-foot long horizontal loading wires on each 
side, top and bottom.

K8CH Compact Vertical Dipole
The top loading wires needn’t be perpendicular to the 

vertical radiator, although that is convenient if you construct 
the antenna from aluminum tubing. K8CH described a wire 
30-meter CVD in the 2006 Edition of The ARRL Handbook. 
This used #14 wire throughout, with sloping top loading 
wires. It was designed to be suspended from a tree at least 
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THE COMPACT VERTICAL DIPOLE
The following material was extracted from 
earlier editions. Figure and Equation 
sequence references are those from the 21st 
edition of The ARRL Antenna Book
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Fig 57—Progression of end-loaded-vertical 
dipole designs. At A, the HVD (half-wave verti-
cal dipole), with no end loading. At B, an HVD 
whose bottom half has been replaced with a 
set of four ground-plane radials, making it into 
the familiar ground-plane vertical. At C, G6XN-
style dipole with end loading of two wires at 
both top and bottom. At D, end-loaded dipole 
with four shorter wires at top and bottom. 
At E, K8CH end-loaded dipole with asymmetric 
loading wires. The four top wires are slanted 
down to the ground using extension insulating 
strings that also hold up the bottom horizontal 
end-loading wires. See Fig 58.

32 feet high to keep all wires 8 feet or more above humans 
and animals. The vertical radiating wire is 24 feet long, and 
the eight top and bottom end-loading wires are all 5 feet 
9 inches long. See Fig 57E and Table 9, CVD 1. 

The top loading wires slant at an angle of 45º down 
to the ground, using insulating strings that also support the 
ends of the bottom loading wires, holding them out so that 
they are horizontal. See Fig 58. There is a small loss of gain 

because of the “umbrella” shape of the top loading wires,  
and the 2:1 SWR bandwidth is diminished slightly from the 
horizontal case. This isn’t a problem on a narrow band like 
30 meters.

A 40-meter version of this antenna, CVD 6, also uses 
a 24-foot long vertical radiator, 8 feet high at its bottom. It 
uses 11.3-foot long radial wires made of #14 wire, again 
with the top four slanted down at 45º. This CVD has a 2:1 
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Fig 58—Layout of CVD made using #14 wire suspended 
from a tree branch. 

Table 9
Variations on a Vertical Center-Fed Dipole
Name Style Vertical Spoke Min. Ht Max. 2:1 SWR Hairpin Center
 Fig 57 Length Length feet Gain kHz Coil Load
  feet feet  dBi  μH μH
20 Meters        
GP B 17.53 16.53 8 0.29 400 — —
CVD 1 C 13 7.57 8 0.12 625 — —
CVD 2 D 12 5.1 8 0.00 550 0.68 0.68
CVD 3 E 12.15 5.6 8 –0.01 450 0.5 0.5

30 Meters        
GP B 24.54 23.14 8 0.04 400 — —
CVD 1 E 24 5.33 8 –0.2 500 — —
CVD 2 E 17 7.60 8 –0.36 400 0.82 0.82

40 Meters        
HVD A 66 — 8 0.13 450 — —
GP 1 B 35 33 8 –0.12 325 — —
GP 2 B 34.5 33 2 –0.37 400 — —
CVD 1 C 25 15 8 –0.42 450 — —
CVD 2 C 24 15 2 –1.09 400 — —
CVD 3 D 24 10 8 –0.55 425 — 0.25
CVD 4 D 24 5 8 –0.85 225 — 8.7
CVD 5 D 16 8 8 –1.18 175 0.94 6.8
CVD 6 E 24 11.3 8 –0.59 250 — —

80 Meters        
HVD A 135 — 8 0.19 225 — —
GP B 65.5 61 8 0.11 200 — —
CVD 1 C 48.3 30 8 –0.27 200 — —
CVD 2 E 46.5 21.9 8 –0.50 150 — —

SWR bandwidth of 250 kHz. It is directly fed with 50-Ω 
coax with ferrite-core common-mode choke baluns in the 
middle of the vertical radiator. An additional choke balun is 
used where the coax reaches ground level in order to knock 
down common-mode currents that might otherwise radiate 
onto the coax shield.

You should note the comparison of 40-meter ground-plane 

vertical antennas in Table 9. GP 1 is for horizontal radials that 
are 8 feet off the ground, while GP 2 has its radials only 2 feet 
high. There is some loss in gain because of the proximity of the 
lossy ground. The 40-meter CVD 1 and CVD 2 cases illustrate 
the same effect of being close to the lossy ground.

Some of the cases in Table 9 require Center Load coils 
to bring the antenna to resonance. Where the loading coil 
inductance is equal to the “Hairpin Coil” inductance, the 
loading coil also serves as a hairpin matching coil. Where 
the amount of Hairpin Coil inductance is less than the Load 
Coil inductance, a match is achieved by tapping the Center 
Load Coil symmetrically out from the center. 

80-Meter CVD

The size of a CVD becomes a real challenge on 
80  meters, requiring either very tall support structures or 
multiple loading methods to keep the vertical radiator to a 
reasonable length. The CVD 2 design in Table 9 shows a 
K8CH-style CVD wire antenna whose vertical radiator is 
46.5 feet long. It requires a 54.5-foot high tree to keep the 
bottom end of the vertical radiator 8 feet above ground for 
safety. Compare this to an HVD that requires a 143-foot sup-
port of some sort to keep it 8 feet off the ground at the bottom. 
The CVD 2 sacrifi ces some 0.7 dB in gain for this difference 
in size, and about 75 kHz in 2:1 SWR bandwidth. 

The CVD 2 would require retuning when going from 
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Fig 60—Wire dipole antennas. The ratio f/f0 is the measured 
resonant frequency divided by frequency f0 of a standard 
dipole of same length. R is radiation resistance in ohms. At 
A, standard single-wire dipole. At B, two-wire linear-loaded 
dipole, similar to folded dipole except that side opposite 
feed line is open. At C, three-wire linear-loaded dipole. 

Fig 59—Some examples of linear loading. The small 
circles indicate the feed points of the antennas.

CW to phone, probably by changing the length of the four 
bottom horizontal wires equally. 

LINEAR LOADING
Another alternative to inductive loading is linear load-

ing. This little-understood method of shortening radiators can 
be applied to almost any antenna confi guration—including 
parasitic arrays. Although commercial antenna manufacturers 
make use of linear loading in their HF antennas, relatively few 
hams have used it in their own designs. Linear loading can 
be used to advantage in many antennas because it introduces 
relatively little loss, does not degrade directivity patterns, and 
has low enough Q to allow reasonably good bandwidth. Some 

examples of linear-loaded antennas are shown in Fig 59.
Since the dimensions and spacing of linear-loading 

devices vary greatly from one antenna installation to another, 
the best way to employ this technique is to try a length of 
conductor 10% to 20% longer than the difference between 
the shortened antenna and the full-size  dimension for the 
linear-loading device. Then use the “cut-and-try” method, 
varying both the spacing and length of the loading device to 
optimize the match. A hairpin at the feed point can be useful 
in achieving a 1:1 SWR at resonance.

Linear-Loaded Short Wire Antennas

More detail on linear loading is provided in this section, 
which was originally presented in The ARRL Antenna Com-
pendium Vol 5 by John Stanford, NNØF. Linear loading can 
signifi cantly reduce the required length for resonant anten-
nas. For example, it is easy to make a resonant antenna that 
is as much as 30 to 40% shorter than an ordinary dipole for 
a given band. The shorter overall lengths come from bending 
back some of the wire. The increased self-coupling lowers 
the resonant frequency. These ideas are applicable to short 
antennas for restricted space or portable use.

Experiments

The results of the measurements are shown in Fig 60 
and are also consistent with values given by Rashed and Tai 
from an earlier paper. This shows several simple wire antenna 
confi gurations, with resonant frequencies and impedance 
(radiation resistance). The reference dipole has a resonant 
frequency f0 and resistance R = 72 Ω. The f/f0 values give the 
effective reduced frequency obtained with the linear loading 
in each case. For example, the two-wire linear-loaded dipole 
has its resonant frequency lowered to about 0.67 to 0.70 that 
of the simple reference dipole of the same length. 

The three-wire linear-loaded dipole has its frequency re-
duced to 0.55 to 0.60 of the simple dipole of the same length. 
As you will see later, these values will vary with conductor 
diameter and spacing. 

The two-wire linear-loaded dipole (Fig 60B) looks 
almost like a folded dipole but, unlike a folded dipole, it is 
open in the middle of the side opposite where the feed line 
is attached. Measurements show that this antenna structure 
has a resonant frequency lowered to about two-thirds that 
of the reference dipole, and R equal to about 35 Ω. A three-
wire linear-loaded dipole (Fig 60C) has even lower resonant 
frequency and R about 25 to 30 Ω. 

Linear-loaded monopoles (one half of the dipoles in Fig 
60) working against a radial ground plane have similar reso-
nant frequencies, but with only half the radiation resistance 
shown for the dipoles.

A Ladder-Line Linear-Loaded Dipole

Based on these results, NNØF next constructed a linear 
loaded dipole as in Fig 60B, using 24 feet of 1-inch ladder 
line (the black, 450-Ω plastic kind widely available) for the 
dipole length. He hung the system from a tree using nylon 
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