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CHAPTER 8CHAPTER 8

The Dipole
 

Klaus Owenier, DJ4AX, is an all-around amateur. Klaus teaches electronics and 
electromagnetics at the Ruhr-University Bochum. He was one of the first members of 
the world-famous Rhein-Ruhr DX Association (RRDXA), worldwide winner of the 
CQ-WW-DX-contest club competition for many years in a row. Klaus is an antenna 
expert and an excellent contester and CW operator. He has been a valuable and 
consistent presence during CQ Worldwide contests at OT*T for many years. Klaus 
volunteered to be my guide, counselor and helping hand. His critical analyses on dipole 
antennas have been very instrumental in the reworking of this chapter. Thank you, Klaus. 

The first antenna most amateurs encounter is a dipole. I 
remember how, as a young boy, I put up my first 20-meter 
dipole between a second-floor window of our house and a 
nearby structure. It was fed with 75-Ω TV coax, and it 
worked—whatever that meant. For a while my whole antenna 
world was limited to a dipole. But there is more to dipoles. 

Although we often think of dipoles as ½-λ long, center
fed antennas, this is not always the case. The definition used 
in this chapter is that of a center-fed radiator with a symmetri
cal sinusoidal standing-wave current distribution. 

1. HORIZONTAL HALF-WAVE DIPOLE 
1.1. Radiation Patterns of the 
Half-Wave Dipole in Free Space 

The radiation pattern in the plane of the wire has the 
shape of a figure 8. The pattern in the plane perpendicular to 
the wire is a circle (see Fig 8-1). The three-dimensional 
representation of the radiation pattern is shown in the same 
figure and is a ring (torus). In free space the gain of this dipole 
over an isotropic radiator is 2.14 dB. This means that the 
dipole, at the tip of the ring where the radiation is maximum, 
has a gain of 2.14 dB compared to the theoretical isotropic 
antenna, which radiates equally well in all directions (its 
radiation pattern is a sphere). 

1.2. The Half-Wave Dipole Over Ground 
In any antenna system, the ground acts like an imperfect 

or lossy mirror that reflects energy. Assuming a perfect ground 
to simplify matters, we can apply the Fresnel reflection law, 
where the angles of incident and reflected rays are identical. 

Antenna 

Null 

Lobe 
Antenna (inside) 

Lobe 

Null 

Fig 8-1—Radiation patterns as developed from the 
three-dimensional pattern of a half-wave dipole in free 
space. Upper left, vertical-plane pattern, and right, 
horizontal plane. 

1.2.1. Vertical radiation pattern of the 
horizontal dipole 

The vertical radiation pattern determines the wave angle 
of the antenna; the wave angle is the angle at which the 
radiation is maximum. Since obtaining a low angle of radia
tion is one of the main considerations when building low-band 
antennas, we will usually consider only the lowest lobe in case 
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the antenna produces more than one vertical lobe. In free 
space, the radiation pattern of the isotropic antenna is a 
sphere. As a consequence, any plane pattern of the isotropic 
antenna in free space is a circle. In free space, the pattern of a 
dipole in a plane perpendicular to the antenna wire is also a 
circle. Therefore, if we analyze the vertical radiation pattern 
of the horizontal dipole over ground, its behavior is similar to 
an isotropic radiator over ground. 

1.2.1.1 Ray analysis 
Refer to Fig 8-2. In the vertical plane (perpendicular to 

the ground), an isotropic radiator radiates equal energy in all 
directions (by definition). Let us now examine a few typical 
rays. A and A′ radiate in opposite directions. A′ is reflected by 
the ground (A″) in the same direction as A. B″, the reflected 
ray of B′, is reflected in the same direction as B. 

The important issue is the phase difference between A 
and A″, B and B″, etc. Phase difference is created by path
length difference (length is directly proportional to time, 
since the speed of propagation is constant), plus any phase 

Fig 8-2—Reflection of RF energy by the electrical 
“ground mirror.” The eventual phase relationship 
between the direct and the reflected horizontally 
polarized wave will depend primarily on the height of 
the dipole over the reflection ground (and to a small 
degree on the quality of the reflecting ground). 

shift at the reflection point itself. Horizontally polarized rays 
undergo a 180º phase shift when reflected from perfect ground. 
This can be simulated by feeding an image antenna with I′ = 
−I (see Fig 8-2). 

If at a very distant point (in terms of wavelengths) the 
rays at points A and A″ are in phase, then their combined field 
strength will be at a maximum and will be equal to the sum of 
the magnitudes of the two rays. If they are out-of-phase, the 
resulting field strength will be less than the sum of the 
individual rays. If A and A″ are identical in magnitude and 
180º out-of-phase, total cancellation will occur. 

If the dipole antenna is at a very height (less than 
1/4 λ), A and A″ will reinforce each other. Low-angle rays will 
be almost completely out-of-phase, resulting in cancellation, 
and thus there will be very little radiation at low angles. At 
increased heights, A and A″ may be 180º out-of-phase (no 
radiation at zenith angle), and lower angles may reinforce 
each other. In other words, the vertical radiation pattern of a 
dipole depends on the height of the antenna above the ground. 

1.2.1.2 Vertical radiation pattern equations 
The radiation pattern can be calculated with the follow

ing equation. 

Fα = sin (h sin α) (Eq 8-1) 

where 

Fα = normalized field intensity at vertical angle α 
h = height of antenna in degrees 
α = vertical angle of radiation 

One wavelength equals 360º. Eq 8-1 is valid only for 
perfectly reflecting grounds. For real ground the reflected 
wave must be multiplied by the complex reflection coeffi
cient. This is shown in Fig 8-3; its total phase difference is 
then ≥ 180º, its magnitude ≤ 1. Eq 8-1 can be rewritten as 
follows: 

74.95 
H1 = (Eq 8-2) 

f sin α 

where 

H1 = height antenna in meters 
f = frequency, MHz 
α = vertical angle for which the antenna height is sought. 

When more lobes are of interest, replace 90º with 270º 

Table 8-1 
Major Lobe Angles and Reflection Point for Various Dipole Antenna Heights 
Antenna 40 Meters  80 Meters  160 Meters 
Height  Angle Distance  Angle Distance  Angle Distance
 (ft) (m) (deg) (ft) (m) (deg) (ft) (m) (deg) (ft) (m)

  60 18 36 83 25 90 0 0 90 0 0
  80 24 26 163 50 54 58 18 90 0 0 
100 30 20 266 81 40 118 36 90 0 0 
120 36 17 391 119 33 187 57 90 0 0 
140 42 15 540 148 28 268 82 77 31 9 
160 48 13 710 217 24 362 110 59 97 30 
180 54 - - - 21 467 142 49 154 47 
200 60 - - - 18 584 178 43 213 66 
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for the second lobe, with 450º for third lobe, etc. If the nulls 
are sought, replace 90º with 180º for the first null, with 360º 
for the second null, etc. 

Table 8-1 gives the major-lobe angles as well as reflec
tion-point distances for heights ranging from 18 meters (60 
feet) to 60 meters (200 feet) for 40, 80 and 160 meters. 

1.2.1.3. Sloping ground locations 
In many cases, an antenna cannot be erected above 

perfectly flat ground. A ground slope (Ref 630) can greatly 
influence the wave angle of the antenna. The RADIATION 
ANGLE HORIZONTAL ANTENNAS module of the NEW 
LOW BAND SOFTWARE calculates the radiation pattern of 
dipoles (or Yagis) as a function of the terrain slope. TA 
(Terrain Analyzer) from K6STI and HFTA (High Frequency 
Terrain Assessment) from N6BV are much more sophisti
cated programs that let you do basically the same thing. (See 
Section 1.1.2. in Chapter 5.) 

Table 8-2 shows the influence of the slope angle on the 
required antenna height for a given wave angle on 80 meters. 
The table lists the required antenna height and the distance to 
the reflection point for a horizontally polarized antenna. A 
positive slope angle is an uphill slope. The results from this 
table can easily be extrapolated to 40 or 160 meters. 

1.2.1.4. Antennas over real ground 
Up to this point, a perfect ground has been assumed for 

most of the results presented. Perfect ground does not exist in 
practical installations, however. Perfect ground conditions are 
approached only when an antenna is erected over salt water. 

Radiation efficiency and reflection efficiency 
Contrary to the case with vertical antennas, a horizontal 

antenna does not rely on the ground to provide a return path for 
antenna currents. The physical “other half” takes care of that. 
This means that the ground will practically not play an impor
tant role in the radiation efficiency of the antenna. The radia
tion efficiency is related mainly to the losses in the antenna 
itself (conductor, insulator, loading coils, etc), although of 
course some of the total radiated energy can be dissipated in 
ground losses. 

Both horizontally as well as vertically polarized anten

nas rely on the ground for reflection of the RF in the so-called 
Fresnel zone to build up the radiation pattern in combination 
with the direct wave, as shown in Fig 8-2. The efficiency of the 
reflection depends on the quality of the ground, and is called 
the reflection efficiency. 

Reflection coefficient 
The reflection from real ground is not like on a perfect 

Fig 8-3—Reflection coefficient (magnitude and phase 
angle) of horizontally polarized waves over three types 
of ground: saltwater, average and very poor. See text 
for details. 

Table 8-2 
Slope Angle Versus Antenna Height at 3.5 MHz 
Slope  20º Wave Angle 30º Wave Angle 40º Wave Angle 
Angle  Height Distance  Height Distance Height Distance 
(deg) (ft) (ft) (ft) (ft) (ft) (ft)
  35 - - - - 906 10,364
  30 - - - - 430 2441
  25 - - 819 9367 275 1029
  20 - - 396 2249 201 553
  15 768 8789 258 966 158 340
  10 378 2146 192 528 131 227

 5 251 937 153 329 113 161
 0 189 520 129 224 100 120

  –5 153 329 113 161 91 91 
–10 131 227 102 121 85 72 
–15 116 166 94 94 81 57 
–20 107 127 89 75 79 45 
–25 101 101 87 61 78 36 
–30 97 91 86 49 78 28 
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mirror. The reflection coefficient is a complex number that 
describes the reflection from real ground: 

•	 With a perfect mirror, all energy is reflected. There are no 
losses; the reflection coefficient magnitude is 1. 

•	 With a perfect mirror, the phase of the reflected horizontal 
wave is shifted exactly 180º compared to the incoming 
wave. 

•	 With real ground, part of the RF is absorbed, and the 
reflection coefficient magnitude is less than 1. 

•	 With real ground, the phase angle of the reflection coeffi
cient is greater than 180º. Except when the antenna wave 
angle is quite high, the deviation from 180º is very small. 
This deviation typically varies between 0º and 25º for 
reflection angles (equal to wave angles) between 0º and 
90º. 

•	 The magnitude of the reflection coefficient, which becomes 
smaller as the ground quality becomes poorer, is the 
reason that the dipole over real ground shows less gain 
than over perfect ground. 

The reflection coefficient is a function the wave angle. 
The smaller the wave angle, the closer the reflection coeffi
cient magnitude will approach 1. This explains why the loss 
with a dipole (poor ground vs perfect ground) is higher at 
high angles (for example, at the zenith) than at low angles. 
See Fig 8-4. 

The fact that the dipole over poor ground seems to have 
a lower radiation angle than over perfect ground is because at 
lower angles there is less loss. In other words, over poor 
ground it just has less loss at low angles than at high angles. 

The filling in of the deep notch at a 90° wave angle for the 

Fig 8-4—Vertical radiation patterns over two types of earth: saltwater (solid line in each set of plots) and very 
poor ground (broken line in each set of plots). The wave angle as well as the gain difference between saltwater 
and poor ground are given for four antenna heights. 

Table 8-3
 
Relative gain (vs dipole over perfect ground) and wave angle (max vertical radiation angle)
 
for 1/2-λλλλλ dipoles at heights of 1/4 λλλλλ  and 1/2 λλλλλ.
 

Height= 1/4 λλλλλ  Height = 1/2 λλλλλ
Rel. Loss Wave Rel. Loss Wave 

(dB) Angle (dB) Angle 
(deg) (deg) 

Perfect Ground 0 90 0 30 
Saltwater –0.05 90 –0.01 30 
Very Good Ground –0.57 71 –0.16 29 
Average Ground –1.23 62 –0.52 28 
Very Poor Ground –2.17 53 –1.21 26 
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dipole at 1/2 λ (and 1 λ) (Fig 8-4B and D) is because the 
reflected wave is considerably attenuated and phase shifted 
and can no longer cancel the direct wave. Note that changing 
the height of the antenna could compensate for the effect of 
the additional phase shift. 

Again refer to Fig 8-3 showing the reflection coefficient 
(magnitude and phase) for a horizontally polarized wave. The 
information is for a horizontally polarized antenna over sea
water, average ground and very poor ground, for both 160 and 
80 meters. Eq 8-1 multiplied by this complex reflection 
coefficient gives the vertical radiation pattern over real ground. 

Radiation patterns 
Fig 8-4 shows vertical patterns of a horizontal half

wave dipole over both near-perfect ground (salt water) and 
desert, the two extremes. Table 8-3 lists the wave angle and 

the relative loss for a half-wave dipole over five different 
types of ground and for two antenna heights. Note that for a 
dipole at 1/2 λ, the peak wave angle drops from 30° over 
seawater to 26° over desert. At the same time there is a 
radiation loss of 1.21 dB. 

For an antenna at 1/4 λ height (Fig 8-4A), maximum 
radiation occurs at 90° over a perfect conductor. Over very 
poor ground (desert), the maximum radiation is at 59°. This is 
not because more RF is concentrated at this lower angle, but 
only because more RF is being dissipated in the poor ground 
at the 90° angle than at 59° (the reflection coefficient is much 
lower at 90° than at 59°). The difference, however, between 
the radiation at 90° and at 59° is very small (0.08 dB). The 
difference in radiated power at 90° between salt water and a 
desert type of reflecting ground is 2.25 dB. Since 90° is a 
radiation angle of little practical use, the relatively high loss 

Fig 8-5—Horizontal radiation patterns for 1/2-wave horizontal dipoles at various heights above ground for wave 
angles of 15°°°°°, 30°°°°°, 45°°°°° and 60°°°°° (modeled over good ground). 
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at the zenith angle does not really bother us. 
With a vertical antenna, poor ground results in loss at 

low angles, but with horizontal antennas the loss due to poor 
ground occurs at high angles. Notice that for a height of 1/2 λ 
(Fig 8-4B), the sharp null at a 90°-elevation angle for perfect 
ground has been degraded to a mere 12-dB attenuation over 
desert-type ground. 

Conclusion 
We can conclude that the effects of absorption over poor 

ground are pronounced with low horizontally polarized antennas 
and become less pronounced as the antenna height is increased. 
Artificial improvement of the ground conditions by the installa
tion of ground wires is only practical if one wants maximum gain 
at a 90°-wave angle (zenith) from a low dipole (1/8 to 1/4 λ height). 
This can be done by burying a number of wires (1/2 to 1 λ long) 
underneath the dipole, spaced about 60 cm apart, or by installing 
a parasitic reflector wire (1/2 λ long plus 5%) just above ground 
(2 meters high) under the dipole. 

Improving the efficiency of the reflecting ground for 
low-angle signals produced by high horizontal dipoles is 
impractical and yields very little benefit. The active reflection 
area can be as far as 10 or more wavelengths away from the 
antenna! 

Horizontal dipoles, unlike verticals, do not suffer to a 
great extent from poor ground conditions. The reason is that 
for horizontally polarized signals, when reflected by the 
ground, the phase shift remains almost constant at 180° (within 
25°), whatever the incident angle of reflection (equal to the 
wave angle) may be. For verticals, the phase angle varies 
between 0° and 180°. For vertical antennas, the pseudo-
Brewster angle is defined as the angle at which the phase shift 
at reflection is 90°. This means that there is no pseudo-
Brewster angle with horizontally polarized antennas such as a 
dipole, because there never will be a 90° phase shift at the 
reflection point. 

The effects are proved daily by the fact that on the low 
bands big signals from areas with poor ground conditions 
(mountainous, desert, etc) are always generated by horizontal 
antennas, while from areas with fertile, good RF ground, we 
often hear big signals from verticals and arrays made of 
verticals. 

1.2.2. Horizontal pattern of horizontal half-wave 
dipole 

The horizontal radiation pattern of a dipole in free space 
has the shape of a figure 8. The horizontal directivity of a 
dipole over real ground depends on two factors: 

• Antenna height 
•	 The wave angle at which we measure the directivity 

Fig 8-5 shows the horizontal directivity of half-wave 
horizontal dipoles at heights of 1/4, 1/2, 3/4 and 1 λ over average 
ground. Directivity patterns are included for wave angles of 
15° through 60° in increments of 15°. At high angles a low 
dipole shows practically no horizontal directivity. At low 
angles, where it has more directivity, the low dipole hardly 
radiates at all. Therefore, it is quite useless to put two dipoles 
at right angles for better overall coverage if those dipoles are 
at low heights. 

At heights of 1/2 λ and more, there is discernible directiv
ity, especially at low angles. Fig 8-6 shows the three-dimen
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Fig 8-6—Three-dimensional representation of the 
radiation patterns of a half-wave dipole, 1/2 λλλλλ above 
ground. 

sional radiation pattern of a half-wave dipole at 1/2 λ above 
average ground. 

1.3. Half-Wave Dipole Efficiency 
The radiation efficiency of an antenna is given by the 

equation 

Eff = 
Rrad (Eq 3)

Rrad + Rloss 

where 

Rrad = radiation resistance, ohms 
Rloss = loss resistance, ohms 

1.3.1. Radiation resistance 
As defined in Section 2.4 in Chapter 5, radiation resis

tance (referred to a certain point in an antenna system) is the 
resistance, which if inserted at that point, would dissipate the 
same energy as is actually radiated from the antenna. Radia
tion resistance is a fictional resistance. For a half-wave dipole 
at or near resonance, the radiation resistance is equal to the 
real (resistive) part of the feed-point impedance, assuming a 
perfectly lossless antenna system. 

Fig 8-7—Radiation resistance and feed-point reactance 
of a dipole at various heights. Calculations were done 
at 3.65 MHz using a 2-mm OD conductor (AWG #12 
wire) over good ground. 



CHAP 8.pmd 7 2/10/2005, 3:39 PM 

The relationship of the radiation resistance and reactance 
of a half-wave dipole to its height above flat ground is shown 
in Fig 8-7. The radiation resistance varies between 60 and 
90 Ω for all practical heights on the low bands. For determin
ing the reactance, the dipole was dimensioned to be resonant 
in free space (72 Ω). The resonant frequency changes with 
half-wave-dipole height above ground. Where the reactance is 
positive, the dipole appears to be too long, and too short where 
the reactance is negative. 

1.3.2. Losses 
The losses in a half-wave dipole are caused by: 

• RF resistance of antenna conductor (wire) 
• Dielectric losses of insulators 
• Ground losses 

Table 8-4 gives the effective RF resistance for common 
conductor materials, taking skin effect into account. The 
resistances are given in ohms per kilometer. The RF resistance 
values in the table are valid at 3.8 MHz. For 1.8 MHz the 
values must be divided by 1.4, while for 7.1 MHz the values 
must be multiplied by the same factor. The RF resistance of 
copper-clad steel is the same as for solid copper, since the 
steel core does not conduct any RF at HF. The dc resistance is 
higher by 3 to 4 times, depending on the copper/steel diameter 
ratio. The RF resistance at 3.8 MHz is 18 times higher than for 
dc (25 times for 7 MHz, and 13 times for 1.8 MHz). Steel wire 
is not shown in the table; it has a much higher RF resistance. 
Never use steel wire if you want good antenna performance. 

1.3.2.1. Dielectric losses in insulators 
Dielectric losses are difficult to assess quantitatively. 

Care should be taken to use good quality insulators, especially 
at the high-impedance ends of the dipole. Several insulators 
can be connected in series to improve the quality. 

1.3.2.2. Ground losses 
Reflection of RF at ground level coincides with absorp

tion in the case of non-ideal ground. With a perfect reflector, 
the gain of a dipole above ground is 6 dB over a dipole in free 
space. The field intensity doubles, since the same power is 
now radiated in a half sphere instead of a full sphere; double 
field intensity means 4 times power, which equals 6 dB gain. 

Real ground is never a perfect reflector. Therefore some 
RF will be dissipated in the ground. The effects of power 
absorption in the real ground have been covered in section 
1.2.1.4. and illustrated in Fig 8-4 and Table 8-3. 

Attempting to improve ground conductivity for improved 
performance is a common practice for vertical antennas. You 

can also improve ground conductivity under horizontal 
dipoles, although it is not quite as easy, especially if your are 
interested in low-angle radiation and if the antenna is physi
cally high. From Table 8-1 you can find the distance from the 
antenna to the ground-reflection point. For the major low
angle lobe this is 36 meters (118 feet) away from an 80-meter 
dipole 30 meters (100 feet) high. Consequently, this is the 
place where the ground conductivity must be improved. 
Because of the horizontal polarization of the dipole, any wires 
that are laid on the ground (or buried in the ground) should be 
laid out parallel to the dipole. They should preferably be at 
least 1 λ long. 

However, in view of the small gain that can be realized, 
especially with high antennas and for low wave angles, it 
is very doubtful that such improvement of the ground is 
worth all the effort! The only really worthwhile improvement 
will be obtained by moving to the seacoast or to a very small 
island surrounded by salt water. Don’t forget that the quality 
of the reflecting ground with horizontal antennas is of far less 
importance than with vertical antennas. 

The efficiency of low dipoles (1/4 λ high and less), which 
essentially radiate at the zenith angle (90°), can be improved 
by placing wires under the antenna running in the same 
direction as the antenna. 

1.4. Feeding the Half-Wave Dipole 
In general, half-wave dipoles are fed in the center. This, 

however, is not a must. The Windom antenna is a half-wave 
dipole fed at approximately 1/6  from the end of the half-wave 
antenna, with a single-wire feed line. It has been proved (and 
can be confirmed by modeling) that careful placing of the feed 
point results in a perfect symmetrical and sinusoidal current 
distribution in the antenna (Ref 688). The disadvantage of the 
single-wire fed antenna (Windom) is that the feed line does 
radiate, and as such distorts the radiation pattern of the dipole. 
Belrose described a multiband “double Windom” antenna 
using a 6:1 balun and coaxial feed line in the above-mentioned 
publication. 

1.4.1. The Center-Fed Dipole 
The feed point of a center-fed dipole is symmetrical. The 

antenna can be fed with an open-wire transmission line if it is 
to be used on different frequencies (eg, as two half-waves in 
phase on the first harmonic frequency). It can also be fed with 
a coaxial feed line using a balun. The balun is mandatory to 
avoid upsetting the radiation pattern of the antenna. Baluns 
are covered in detail in the chapter on transmission lines. A 
current-type balun, consisting of a stack of high-permeability 
ferrite beads slipped over the coaxial cable at the load, is 

Table 8-4 
Resistance of Various Types of Wire Commonly Used for Constructing Antennas 

Copper  Copper-Clad  Bronze 
Wire dc 3.8 MHz dc 3.8 MHz dc 3.8 MHz 
Diameter (Ω/km) (Ω/km) (Ω/km) (Ω/km) (Ω/m) (Ω/km) 
2.5 mm (AWG 10) 3.4 61 8.7 61 4.5 81 
2.0 mm (AWG 12) 5.4 97 13.8 97 7.2 130 
1.6 mm (AWG 14) 8.6 154 22.0 154 11.4 206 
1.3 mm (AWG 16) 13.6 246 35.0 246 18.2 326 
1.0 mm (AWG 18) 21.7 391 55.6 391 29.0 521 
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Fig 8-8—At A, SWR plots for 3.75-MHz half-wave 
dipoles in free space of various conductor diameters. 
The total bandwidth of the 80-meter band (3.5 to 
3.8 MHz) is 8%. The 100-mm (4-inch) and 300-mm 
(12-inch) diameter conductors can be made as a cage 
of wires, as shown at B. Note that the SWR bandwidth 
of a folded dipole is substantially better than for a 
straight dipole. The spacing between the wires of the 
folded dipole does not influence the bandwidth to a 
large extent. 

Fig 8-9—Normalized effective diameter deff/DR for a 
wire-cage conductor, made out of n conductors 
(diameter DR). Example: a wire cage made out of 6 
wires of 2-mm diameter, spaced equally on a circle 
measuring 20 cm in diameter, had an equivalent 
diameter of a single solid conductor of 0.62 ××××× 20 = 
125-mm diameter. (Source: Kurze Antennen, by Gerd 
Janzen, IBSN 3-440-05469-1.) 
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Fig 8-10—Normalized effective diameter deff/DR for a
 
flat multi-wire conductor, made out of n conductors
 
(diameter dR) spaced uniformly with a spacing S.
 
(Source: Kurze Antennen, by Gerd Janzen,
 
IBSN 3-440-05469-1.)
 

recommended. The exact feed-point impedance of a horizon
tal dipole can be found from Fig 8-7. 

Bandwidth 
The SWR bandwidth of a full-size half-wave dipole is 

determined by the diameter of the conductor. Fig 8-8A shows 
the SWR curves for dipoles of different diameters. Large 
conductor diameters can be obtained by making a so-called 
wire-cage (Fig 8-8B). I used a wire-cage approach on my 
80-meter vertical, with 6 wires forming a 30-cm (12-inch) 
diameter cage. Fig 8-9 shows the effective equivalent diam
eter of such a cage conductor as a function of the number of 
wires making up the cage. 

Instead of using a wire cage you can also use a configu
ration consisting of a number of identical wires in a plane. 
Fig 8-10 shows the effective equivalent diameters of such a 
flat multi-wire configuration. (Source: Kurze Antennen, by 
Gerd Janzen, ISBN 3-440-05469-1). Example: Three paral
lel wires, each measuring 2 mm OD and equally spaced 5 cm, 
have an effective equivalent diameter of a solid conductor of 
50 × 0.65 = 32.5 mm. 

A folded dipole shows a substantially higher SWR band
width than a single-wire dipole. A folded dipole for 80 meters, 
made of AWG #12 wire, with a 15-cm (6-inch) spacing 
between the wires, will cover the entire 80-meter band (3.5 to 
3.8 MHz) with an SWR of approximately 1.75:1, as compared 
to 2.5:1 or more for a straight dipole. 
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1.4.2. Broadband dipoles 
Instead of decreasing the Q factor of the antenna, you 

can also devise a system to compensate the inductive part of 
the impedance as you move away from the resonant fre
quency of the antenna. The “double Bazooka dipole” is 
probably the best-known example of such an antenna, 
although it is rather controversial. In this antenna, part of the 
radiator is made of coaxial cable, connected in such a way as 
to present shunt impedances across the dipole feed point 
when moving away from the resonant frequency. 

F. Witt, AI1H, designed a better broadband dipole 
antenna in detail (Ref 1012). Fig 8-11 shows the dimensions 
of Witt’s 80-Meter DX-Special antenna, which has been 
dimensioned for minimum SWR at both the CW as well as 
SSB end of the 3.5 to 3.8-MHz band. Another innovative 
broadbanding technique was described by M. C. Hatley, 
GM3HAT (Ref 682). 

R. Sevens, N6LF, described an 80-meter folded broad
band dipole using the principle of the open-sleeve antenna 
(Ref 1014). Fig 8-12A shows the layout of this folded
dipole, where Severns inserted another nearly half-wave 
long wire between the legs of the folded dipole. The resulting 
SWR curve is shown in Fig 8-12B. 

Of course, there is no reason why you couldn’t apply 
switched inductive or capacitive loading devices, such as 
described in detail in the chapters on verticals and large loop 
antennas, although this is seldom done in practice. 

1.4.3. Does a resonant dipole radiate better than a 
dipole off-resonance? 

No, an infinitely short dipole would radiate as well as a 

Fig 8-12—At A, the open-sleeve N6LF 
folded dipole. The antenna is fed with a 
random length of 450-ΩΩΩΩΩ open-wire 
transmission line through a 9:1 balun. 
At B, SWR curve of the open-sleeve 
dipole, showing curves for different 
lengths of the center wire LC. 

Fig 8-11—Dimensions and SWR curve of the “80-Meter 
DX Special,” a design by F. Witt, AI1H. 
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full-size 1/2-λ dipole, provided you can get the same power 
into the short dipole, and provided the (normalized) losses 
are the same. Such an infinitely short dipole is called a 
Hertzian dipole. It has a constant current distribution and 
therefore a slightly different radiation pattern than a half
wave dipole. But that should not concern us, since it is a 
theoretical antenna anyhow. 

If you have a really short dipole, the radiation resistance 
will be very low, maybe a few ohms, and the feed-point 
impedance at the center will be extremely capacitive (several 
thousand ohms). This makes it quite difficult to feed this 
very short antenna with a good efficiency (see Section 2). 
However, if the antenna is only slightly shorter (or longer) 
than a resonant half-wave dipole, its feed point impedance 
will vary only a few percentage points from what it is at 
resonance. The reactive components will still be manageable 
so far as feeding this off-resonance dipole. 

For example, let’s take a single-wire center-fed dipole 
tuned for 3.65 MHz. Let’s assume it is at a height where its 
impedance at resonance is exactly 50 Ω (see Fig 8-7). The 
antenna impedance at both 3.5 and at 3.8 MHz will be such 
that the SWR will be approximately 2:1 (still referred to our 
50-Ω system impedance), and this is mainly caused by the 
reactive component. Whether or not this non-resonant 
antenna will radiate as much power as its resonant counter
part, depends exclusively on how much loss there is in the 
feed system, now required to match a complex impedance: 
40 + j 70 Ω at 3.5 MHz and 60 + j 70 Ω on 3.8 MHz. On the 
low bands, you can safely say that feed systems will show 
negligible losses when operated with SWRs below 2:1 or 
even 3:1. 

Summarizing, the off-resonance dipole will radiate just 
as well as the resonant dipole. The only issue is the ease of 
feeding this dipole when it is far away from resonance. 
Under such conditions the feed line will exhibit a higher 
SWR than at resonance. 

A widespread misconception is to think that “reflected 
power” (reflected at the load, the antenna) will not be 
radiated. In other words, if the SWR meter indicates SWR = 
3:1 or 50% reflected, that 50% of the power is wasted. In a 
lossless feed line system, all power will eventually be radi
ated, whatever the SWR. Our only concern should be a small 
increase in additional attenuation in a real-world feed line 
due to SWR (see Chapter 6). 

1.4.4. Does frequency of lowest SWR equals 
resonance frequency? 

Is it true that the resonant frequency of a dipole is the 
frequency where the SWR is lowest? No, it is not. But is it 
important to know where is the exact resonant frequency of a 
dipole? No, it is not. What is generally important is to know 
the frequency where the dipole will cause the lowest SWR on 
the feed line. 

Let me explain it with an example: A dipole has an 
impedance of 70 Ω at resonance and thus shows an SWR of 
1.4:1 with 50-Ω coax. Somewhat lower in frequency, a combi
nation of a lower resistive part with some capacitive reactance 
could result in a lower SWR than on the antenna’s resonant 
frequency. It really depends on how fast the reactance changes 
compared to the resistance. But all of this should not bother us; 
we should cut our dipole for lowest SWR in the center of the 

(portion of the) band we want to cover. Whether or not this is the 
dipole’s resonant frequency is irrelevant. 

1.5. Getting the Full-Size Dipole in Your 
Backyard 

The ends of the half-wave dipole can be bent (vertically or 
horizontally) without much effect on the radiation pattern or 
efficiency. The tips of the dipoles carry little current; hence, they 
contribute very little to the radiation of the antenna. 

Bending the tips of a dipole is the same as “end loading” 
the dipole (equal to top-loading with verticals). The folded 
tips can be considered as capacitive loading devices. For more 
details see Section 2 in Chapter 9 on Vertical Antennas. 

N. Mullani, KØNM, calculated the gain and the imped
ance of a half-wave dipole with its end hanging down verti
cally (Ref 691). He concluded that with horizontal lengths as 
short as 40% of full-size, the trade-offs are rather insignifi
cant, being only about 0.6 dB in gain, and some reduction of 
SWR bandwidth. Bending the end may actually somewhat 
improve the match to a 50-Ω feed line, depending on antenna 
height. KØNM concludes: “Don’t be afraid to bend your 
dipole antennas if you are cramped for space.” (See also 
Chapter 14, Antennas for the Small Garden.) 

2. THE SHORTENED HALF-WAVE 
DIPOLE 

On the low bands, it is sometimes impossible to use full
size radiators. This section describes the characteristics of 
short dipoles, and how they can be successfully deployed. 
Short dipoles are often used as elements in reduced-size Yagis 
(see the chapter on Yagis) or to achieve manageable dimen
sions whereby the antenna can be fit into a city lot. 

Short antennas are the subjects of an excellent book (in 
German language) by Gerd Janzen, DF6SJ/VK2BJZ (Ref 
7818). This book is highly recommended for anyone who does 
not fear a formula and a graph, and who really wants to dig a 
little deeper into the subject. 

2.1. The Principles 
You can always look at a dipole as two back-to-back 

connected verticals, except that the “vertical” elements are no 
longer vertical. Instead of having the ground make the mirror 
image of the antenna (this is always the case with quarter
wave monopole verticals), we supply the mirror half our
selves in a dipole. All principles about radiation resistance 
and loading of short verticals, as explained in Chapter 9 on 
vertical antennas, can be directly applied to dipoles as well. 

2.2. Radiation Resistance 
The radiation resistance of a dipole (made of an infi

nitely thin conductor) in free space will be twice the value of 
the equivalent vertical monopole. For instance, the Rrad for the 
half-wave dipole made of an infinitely thin conductor is 
approximately 73.2 Ω, which is twice the value of the quarter
wave vertical (36.6 Ω). Over ground, the infinitely thin hori
zontal dipole’s radiation resistance will vary in a similar way 
as the full-size half-wave dipole (see Fig 8-7). 

2.3. Tuning or Loading the Short Dipole 
Loading a short dipole consists of bringing the antenna 

to resonance. This means eliminating the capacitive reactance 
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component in the feed-point impedance. Different loading 
methods yield different values of radiation resistance. 

It is not necessary, however, to load a shortened antenna 
to resonance in order to operate it. You could connect a feed 
line to it, directly or via a matching network, without tuning 
out the capacitive reactance. Therefore you can consider a 
dipole together with its feed line as a dipole system, and 
analyze the system of a short dipole to see what the alterna
tives are. Sometimes this situation is referred to as a dipole 
with “tuned feeders.” 

There are different ways to operate the short dipole 
system: 

• Tuned feeders 
• Matching at the dipole feed point 
• Coil loading to tune out the capacitive reactance 
• Linear loading 
• Capacitive end loading 
• Combined loading methods 

2.3.1. Tuned feeders 
Tuned feeders were common in the days before the 

arrival of coaxial feed lines. Very low-loss open-wire feeders 
can be made. The Levy antenna is an example of a short dipole 
fed with open-wire line. In a typical configuration its overall 
length is 1/4 λ. This antenna (Rrad = approximately 13 Ω and XC 
= approximately – j 1100 Ω), can be fed with open-wire 
feeders (450-600 Ω) of any length into the shack, where we 
can match it to 50 Ω with an antenna tuner. An outstanding 
feature of this approach is that the system can be “tuned” from 
the shack via the antenna tuner, and is not narrow banded, as 
is the case with loaded elements. 

Let us calculate the losses in such a system. The losses of 
the antenna can be assumed to be zero (provided wire ele
ments of the proper size and composition are used). The loss 
in a flat open-wire feeder is typically 0.01 dB per 100 feet at 
3.5 MHz. The SWR on the line will be a mind-boggling value 
of 280:1 (this value was calculated using the program SWR 
RATIO, which is part of the NEW LOW BAND SOFTWARE. 
The additional line loss due to SWR for a 30-meter (100 foot) 
long line will be in the order of 1.5 dB (Ref 600, 602). On a line 
with standing waves, the impedance is different at every 
point. Changing the feeder length slightly can produce more 
manageable impedances, ones the tuner can cope with more 
easily. This can be done with the software module COAX 
TRANSFORMER/SMITH CHART or IMPEDANCE, CUR-
RENT AND VOLTAGE ALONG FEED LINES. A good 
antenna tuner should be able to handle this matching task with 
a loss of less than 0.2 dB. The total system loss depends 
essentially on the efficiency with which the tuner can handle 
the impedance transformation. The typical total loss in the 
system should be less than 2.0 dB. 

2.3.2. Matching at the dipole feed point 
You could, of course, install a matching network at the 

dipole feed point, although this will be highly impractical in 
most cases. In the case of a vertical antenna this solution is 
practical, since the feed point is at ground level. 

2.3.3. Coil loading 
Loading coils can be installed anywhere in the short 

dipole halves, from the center to way out near the end. 
Loading near the end will result in a higher radiation resis
tance, but will also require a much larger coil, and hence 
introduce more coil losses. 

2.3.3.1. Center loading 
The inductive reactance required to resonate the Levy 

dipole from the previous example is approximately +1100 Ω. 
To achieve this, two 550-Ω (reactance) coils must be installed 
in series at the feed point. We should be able to realize a coil 
Q (quality factor) of 300. With good care 500 to 600 can be 
achieved as well (Ref 694). 

Rloss = 1100/600 = 1.83 Ω 

The total equivalent loss resistance of the two coils is 
3.66 Ω. The antenna efficiency will be: 

Eff = 13/(13 + 3.66) = 78 % 

The equivalent power loss is –10 log (0.78) = 1.08 dB. 
The feed-point resistance of the antenna is 13 + 3.66 = 

16.7 Ω at resonance. This assumes negligible losses from the 
antenna conductor (heavy copper wire). If the use of coaxial 
feed lines is desired, an additional matching system will be 
needed to adapt the 15-Ω balanced feed-point impedance to 
the 50- or 75-Ω unbalanced coaxial cable impedance. This 
example was calculated assuming free-space impedances. 
Over real ground the impedances can be different, and will 
vary as a function of the antenna height. 

Another way to determine the necessary inductance is to 
model the antenna using a MININEC or NEC-2 program (eg, 
ELNEC or EZNEC). Let us work out the example of the λ/4 
long dipole using EZNEC 3. 

Input data: 
f = 1.83 MHz 
h = 25 m 
Lant = λ/4 (half size) 

Procedure: 
Find a full-sized dipole length resonant at 1.83 MHz, 

using AWG #14 copper wire. (This turns out to be 80.1 m.) 
(Do not model the dipole at any lower height, if you are using 
a MININEC-based program, since the results will be errone
ous.) It makes little difference what type of earth you model, 
but do not model the dipole in free space, since this will give 
incorrect results. A 1/4-wave-long dipole is half the above 
length: 40.05 m. Model the dipole again: The impedance is 
11.5 – j 1122 Ω. 

The required center loading coil has a reactance of 
1122 Ω. Assuming a loading-coil Q of 300, the total equiva
lent loss resistance is 3.74 Ω. The feed point resistance 
becomes 11.5 + 3.74 = 15.24 Ω. 

Note that the figures obtained by this method confirm the 
numbers discussed earlier. 

Matching to the feed-line impedance 
One way of matching this impedance to a 50-Ω feed line 

is to use a quarter-wave transformer. The required impedance 
of the transformer is 

Z0 = 15.24× 50 = 27.6 Ω 
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We can construct a feed line of 25 Ω (that’s close) by 
paralleling two 50-Ω feed lines. Don’t forget you need a 1:1 
balun between the antenna terminals and the feed line. 

Another attractive matching scheme used by a number 
of commercial manufacturers of short 40-meter Yagis is to 
use a single central loading coil, on which we install a link at 
the center. The link turns are adjusted to give a perfect match 
to the feed line. 

Comparing losses 
A good current-type balun should account for much 

less than 0.1 dB of loss. The loading coils (Q factor = 300) 
give a loss of 1.3 dB. Including 30 meters (100 feet) of 
RG-213 (with 0.23 dB loss), the total system loss can be 
estimated at 1.63 dB. The resulting efficiency is very close 
to the result obtained with open-wire feeders. 

There are certain advantages and disadvantages to this 
concept, however. An advantage is that coaxial cable is 
easier to handle than open-wire line, especially when dealing 
with rotatable antenna systems. The high Q of the coils will 
make the antenna narrow-banded as far as the SWR is 
concerned. In the case of the open-wire feeders, retuning the 
tuner will solve the problem. With coaxial feed line you may 
still need a tuner at the input end if you want to cover a large 
bandwidth, in which case the extra losses due to SWR in the 
coaxial feed line may be objectionable. 

Another disadvantage is that the loading-coil solution 
requires two more elements in the system—the coils. Each 
element in itself is an extra reliability risk, and even the best 
loading coils will age and require maintenance. 

Instead of modeling the antenna with EZNEC, we can 
calculate the required loading coils as follows: 

Length of the dipole = 22.5 m 
f = 3.8 MHz 
Wire diameter = 2 mm OD (AWG #12) 
Antenna height = 20 m 

A full-size dipole length (with a 2.5% shortening fac
tor) is 38.5 m. We first calculate the surge impedance of the 
transmission-line equivalent of the short dipole using the 
equation: 

⎡ ⎤ 
⎢ S ⎥ 

ZS = 276 log ⎢ ⎥ 
(Eq 8-4)⎢ S ⎥ 

⎢ d 1+ ⎥

⎣ 4h ⎦


where 
S = dipole length = 2250 cm 
d = conductor diameter = 0.2 cm 
h = dipole height = 2000 cm 

Thus, ZS = 1103 Ω and the electrical length of the 22.5-m 
long dipole is: 

⎛ 22.5 ⎞
l = 180° ⎜ ⎟ = 105.2° 

⎝ 38.5 ⎠
 
The reactance of the dipole is given by:
 

l
XL = ZS cot = 1103 cot 52.6° = 843 Ω 

2 
Separate MININEC calculations show a reactance of 
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908 Ω, which is within 7% of the value calculated above. The 
required inductance is: 

XLL = 
2π × f 

where L is in µH and f is in MHz. For 3.8 MHz: 

843
L = = 35.3µH 

2π × 3.8 

There are two ways of loading and feeding the shortened 
dipole with a centrally located loading coil: 

•	 Use a single 35.3 µH loading coil and link couple the feed 
line to the coil. This method is used by Cushcraft for their 
shortened 40-meter antennas. 

•	 A 35.3-µH loading coil can be opened in the center where 
it can be fed by a 1:1 balun. 

2.3.3.2. Loading coils away from the center of the 
dipole 

The location of the loading devices has a distinct influ
ence on the radiation resistance of the antenna. This phenom
enon is explained in detail in the chapter on short verticals. 

Clearly, it is advantageous to move loading coils away 
from the center, provided the benefit of higher radiation 
resistance is not counteracted by higher losses in the loading 
device. It appears, however, that in practice there is very little 
difference. 

When loading coils are placed farther out on the ele
ments, the required coil inductance increases. With increasing 
values of inductance, the Q factor is likely to decrease, and the 
equivalent series losses will increase. 

I have calculated a case where the 22.5-meter long dipole 
(for 3.8 MHz) from Section 2.3.3.1 was loaded with coils at 
different (symmetrical) positions along the half-dipole ele
ments. In all cases I assumed a Q factor of 300. 

The results of the case are shown in Fig 8-13 for a dipole 

Fig 8-13—Design data for a 22.5-meter shortened dipole 
(F = 3.8 MHz, wire diameter = 2.5 mm), showing Rrad, 
Zfeed and required loading coil reactance XL as a func
tion of the spacing between the loading coils. Where the 
spacing between the coils is zero (center loading) the 
coil reactance is twice the value shown (2 ××××× 386 ΩΩΩΩΩ). 
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Fig 8-14—Design data for a 22.5-meter shortened 
dipole (F= 3.8 MHz, wire diameter = 25 mm), showing 
Rrad, Zfeed and required loading coil reactance XL as a 
function of the spacing between the loading coils. 
Where the spacing between the coils is zero (center 
loading) the coil reactance is twice the value shown 
(2 ××××× 269 ΩΩΩΩΩ). 

made with 2.5-mm-diameter wire and Fig 8-14 for a dipole 
with an average conductor diameter of 25 mm. The charts 
include the reactance value of the required loading coils, the 
radiation resistance (Rrad), and the feed-point impedance at 
resonance (Z). The radiation efficiency is given by Rrad/Z. 
Over the entire experiment range the efficiency remains 
practically constant at 88% for 2.5 mm conductor diameter 
and 91% for 25 mm conductor diameter. You can also use a 
wire-cage type dipole (see Fig 8.8) to achieve an effective 
conductor diameter of 250 mm, yielding an efficiency of 
95%. Table 8-5 shows the influence of the coil Q and the 
effective wire diameter on the radiation efficiency of a 
shortened dipole. 

The fact that the efficiency does not change much by 
moving the coils out on the elements means that the advantage 
we gain from an increased radiation resistance by moving the 
coils out on the dipole halves is balanced out by the increased 
ohmic losses of the higher coil values. In the experiment I 
assumed a constant Q of 300, which may not be realistic, as it 
is likely that the Q of lower-inductance coils will be higher 
than higher-inductance ones. 

In Table 8.5 we see the influence of dropping the Q to 100 
(pretty lousy) and raising it to 600 (excellent). The spread 
between the minimum wire diameter combined with the worst 
coil (Q = 100) and the maximum wire diameter with the best 
coil (Q = 600) is from 72% to 98%, which means a difference 
of 1.4 dB in signal strength. 

Another marked advantage of using the large-diameter 
conductor is a substantially increased SWR bandwidth. The 

loaded 22.5-meter long dipole made of 2.5-mm diameter 
wire has a 2:1 SWR bandwidth of 50 kHz on 75 meters. The 
same dipole made out of a wire cage (6 wires in a circle with 
a 300-mm diameter, yielding an effective diameter of 
250 mm) has a 2:1 SWR bandwidth of 100 kHz. 

I did the calculation above in free space. Over real 
ground the radiation resistance (and Z) will vary to a rather 
large extent as a function of the height (see Fig 8-7). With the 
large diameter dipole (effective 25 mm diameter) we need 
only a reactance of 310 Ω to center load the 22.5-meter long 
dipole for 3.8 MHz. This is compared to 765 Ω for a wire 
dipole of the same length with 2.5 mm diameter. 

Calculating the loading coil value 
The method for calculating the loading coil value is 

described in detail in Sections 2.1.3 and 2.6.8 of the chapter on 
vertical antennas. In short the procedure is as follows: 

•	 Calculate the surge impedance of the wire between the 
loading coil and the center of the antenna (ZS1) 

•	 Calculate the surge impedance of the wire between the 
loading coil and the tip of the antenna (ZS2) 

•	 Calculate the electrical length of the inner length (coil to 
center) = l1 

•	 Calculate the electrical length of the tip (coil to tip) = l2 
•	 Calculate the reactance of the l1 part using: X = ZS1 tan (l1) 
•	 Calculate the reactance of the inner part of the half dipole 

using: X1 = + j ZS1 × tan (l1) 

Fig 8-15—Required coil reactance for shortened 
dipoles with effective conductor diameters of 2.5, 25 
and 250 mm (design frequency = 3.8 MHz) as a function 
of total antenna length (varying from 20 to 30 meters) 
and varying loading coil location (0% = center loaded, 
25% means coils spaced 25% of total length, and 50% 
means coils spaced 50% of total length). 

Table 8-5 
Antenna radiation efficiency as a function of loading coil Q and conductor diameter 
Conductor Q=100 Q=300 Q=600 
Diam 2.5 mm 72 % 88 % 94 % 
Diam 25 mm 78 % 91 % 96 % 
Diam 250 mm 84 % 95 % 98 % 
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•	 Calculate the reactance of the tip using: X2 = – j ZS2 / tan 
(l2) 

•	 Add the reactances (the sum will be a negative value, such 
as –1000 ohms). The loading coil will have a reactance 
with the same absolute value. 

It is much faster to use a NEC-2-based modeling pro
gram, such as EZNEC, to calculate the elements of a short 
dipole. Results obtained with EZNEC match the results 
obtained by the above procedure. 

Fig 8-15 shows required loading coils reactances for 
various combinations of antenna length, wire diameter and 
coil position. Note that for 0% spacing (center loading), the 
center-loading coil has twice the value indicated in the graph. 

Conclusion: 
Use loading coils with the highest possible Q and reduce 

the Q-factor of the antenna (the rate at which the reactive 
component of the impedance changes with frequency) by 
using a large diameter using a cage-type construction. The 
exact position of the coil does not significantly influence the 
antenna efficiency and is far from critical. 

2.3.4 Linear loading 
In the commercial world, we have seen linear loading 

used on shortened dipoles and Yagis for 40 and 80 meters. 
Linear-loading devices are usually installed at or near the 
center of the dipole. The required length of the loading device 
(in each dipole half) will be somewhat longer than the differ
ence between the quarter-wave length and the physical length 
of the half-dipole. The farther away from the center that the 
loading device will be inserted, the longer the “stub” will have 
to be. The stub must run in parallel with the antenna wire if we 
want to take advantage of any radiation from the stub itself 
(see the chapter on vertical antennas). 

Example: A short dipole for 3.8 MHz is physically 
28 meters (91.9 feet) long. The full half-wavelength is 
39 meters. The missing electrical length is 39 – 28 = 11 meters 
(36.1 feet). It is recommended that each linear-loading device 
be made 30% longer than half of this length: 

L = 11/2 + 30% = 5.5 × 1.3 = 7 m 

Trim the length of the loading device until resonance at the 
desired frequency is reached. When constructing an antenna with 
linear-loading devices, make sure the separation between the 
element and the folded linear-loading device is large enough, and 
that you use high-quality insulators to prevent arc-over and 
insulator damage. If directivity is not an issue you can hang the 
linear loading “stubs” vertically from the dipole. 

Modeling the linear loaded dipole 
Modeling antennas that use very close-spaced conduc

tors (such as a linear-loading device that looks like a stub 
made of open-wire transmission line) is very tricky. I would 
not recommend trying this with a MININEC-based modeling 
program. 

If linearly loaded dipoles are used as elements of an array 
it is very important that the linear loading devices run hori
zontally (in-line with the element) and not at angle. If run at 
an angle there will be vertically polarized radiation from the 
linear loading conductors, and this will mess up the directivity 
of the antenna. 
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2.3.5. Capacitive (end) loading 
Capacitive loading has the advantage of physically short

ening the element length at the end of the dipole where the 
current is lowest (least radiation), and without introducing 
noticeable losses (as inductors do). End-loaded short dipoles 
have the highest radiation resistance, and the intrinsic losses 
of the loading device are negligible. Thus, end or top loading 
is highly recommended. 

Top loading, and the procedures to calculate the loading 
devices, are covered in detail in the vertical antenna chapter 
(Chapter 9) in Sec. 2.1.2 and 2.6.3. An example will best 
illustrate how capacitive loading can be calculated. A short
ened dipole will be loaded for 80 meters. The physical length 
of the dipole is 18.75 meters (approximately a 40% shortening 
factor). 

S = 18.75 m 
d = 0.2 cm 
h = 20 m 

We calculate the surge impedance from Eq 8-4: 

ZS = 1084 Ω. 

The antenna length to be replaced by a disk is: 

t = 90° × 40% = 36° 

This means we must replace the outside 36° of each side 
of the dipole with a capacitive hat (a half-wave dipole is 180°). 
The inductive reactance of the shorted transmission-line 
equivalent) is given by: 

XL = + j ZS = + j 1084 
= + j 1492 Ω 

tan t tan 36° 

A capacitive reactance of the same value (but opposite 
sign) will resonate the equivalent transmission line. The 
required capacitive reactance is XC = – j 1492 Ω. 

The capacitance at 3.8 MHz is: 

106 
C = = 28.1pF 

2π × f × XC 

The required diameter of the hat disk is given by 

D = 2.85 × C 

where 

D = hat diameter in cm 
C = the required capacitance in pF 

In our example, D = 2.85 × 28.1 = 80.1 cm. The above 
formula to calculate the disk diameter is for a solid disk. A 
practical capacitive hat can be made in the shape of a wheel 
with at least eight large-diameter spokes. This design will 
approach the performance of a solid disk. For ease in construc
tion, the spokes can be made of four radial wires, joined at the 
rim by another wire in the shape of a circle. 

In its simplest form, capacitive end loading will consist 
of bending the tips of the dipole (usually downward) to make 
the antenna shorter. By doing so we create extra capacitance 
between those two tips, which will load the antenna and make 
it electrically longer. These wire tips have an approximate 
capacitance of 6 pF/m. For the above example, where a 
loading capacity of 28.1 pF is required at each dipole end, 
vertically drooping wires of 28.1/6 = 4.7 m would be required. 
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2.3.6. Combined methods 
Any of the loading methods already discussed can be 

employed in combination. It is essential to develop a system 
that gives you the highest possible radiation resistance and 
that employs a loading technique with the lowest possible 
inherent losses. 

Gorski, W9KYZ, (Ref 641) has described an efficient 
way to load short dipole elements by using a combination of 
linear and helical loading. He quotes a total efficiency of 98% 
for a 2-element Yagi using this technique. This very high 
percentage can be obtained by using a wide copper strap for 
the helically wound element, resulting in a very low RF 
resistance. Years ago, Kirk Electronics (W8FYR, SK) built 
Yagis for the HF bands, including 40 meters, using fiberglass 
elements wound with copper tape. 

2.4. Bandwidth 
The bandwidth of a dipole is determined by the Q factor 

of the antenna. The antenna Q factor is defined by: 

ZSQ = 
Rrad + Rloss 

where 

ZS = surge impedance of the antenna 
Rrad = radiation resistance 
Rloss = total loss resistance. 

The 3-dB bandwidth can be calculated from: 

fMHzBW = 
Q 

The Q factor (and consequently the bandwidth) will 
depend on: 

•	 The conductor-to-wavelength ratio (influences ZS). 
•	 The physical length of the antenna (influences Rrad). 
•	 The type, quality, and placement of the loading devices 

(influences Rrad). 
•	 The Q factor of the loading device(s) (influences Rloss). 
• The height of the dipole above ground (influences Rrad). 

For a given conductor length-to-diameter ratio and a 
given antenna height, the loaded antenna with the narrowest 
bandwidth will be the antenna with the highest efficiency. 
Indeed, large bandwidths can easily be achieved by incorpo
rating pure resistors in the loading devices, such as in the 
Maxcom dipole (Ref 663). The worst-radiating antenna one 
can imagine is a dummy load, where the resistor is a loading 
device while the radiating component does not exist. Judging 
by SWR bandwidth alone, the dummy load is a wonderful 
“antenna,” since a good dummy load can have an almost flat 
SWR curve over thousands of megahertz! 

2.5. The Efficiency of the Shortened 
Dipole 

Besides the radiation resistance, the RF loss resistance 
of the shortened-dipole conductor is an important factor in the 
antenna efficiency. Refer to Table 8-4 for the RF loss resis
tances of common wire conductors used for antennas. For 
self-supporting elements, aluminum tubing is usually used. 
Both the dc and RF resistances are quite low, but special care 
should be taken to ensure that you make the best possible 

electrical RF contacts between parts of the antenna. Some 
makers of military-specification antennas go so far as to gold 
plate the contact surfaces for low RF resistance! 

As a rule, loading coils are the most lossy elements, and 
capacitive end loading should be employed if possible. In its 
simplest shape a capacitively end-loaded short dipole consists 
of a horizontal short dipole (say, 0.3 λ long), with vertical 
wires hanging down from each end. These wires carry little 
current and hence contribute only marginally to radiation, but 
their capacity effect lowers the resonance of the shortened 
dipole. Watch out—the end of these wires carry very high 
voltage and must be kept out of reach of humans and animals. 

Linear loading is also a better choice than inductive 
loading, unless uttermost care is taken to construct loading 
coils with Qs in the range of 400 to 600. But you should 
remember that the linear loading stubs do radiate. If it is not 
in the plane of the element, this will upset directivity if the 
shortened element is part of an array such as a loaded Yagi. 
See Chapter 13. 

It is very important to minimize the contact losses at any 
point in the antenna, especially where high currents are present. 
Corroded contacts can turn a good antenna into a radiating 
dummy load. These aspects are covered in more detail in the 
chapter on vertical antennas. 

3. LONG DIPOLES 
Provided the correct current distribution is maintained, 

long dipoles can give more gain and increased horizontal 
directivity compared to a half-wave dipole. The “long” anten
nas discussed in this paragraph are not strictly dipoles, but 
arrays of dipoles. They are the double-sized equivalents of the 
“long-verticals” covered in the chapter on verticals. The 
following antennas are covered: 

•	 Two half-waves in phase 
•	 Extended double Zepp 

3.1. Radiation Patterns 
Center-fed dipoles can be lengthened to approximately 

1.25 λ to achieve increased directivity and gain without 
introducing objectionable side lobes. Fig 8-16 shows the 
horizontal radiation patterns for three antennas in free space: 
a half-wave dipole, two half-waves in phase (also called 
collinear dipoles), and the extended double Zepp, which is a 
1.25 λ long. Further lengthening of the dipole introduces 
major secondary lobes in the horizontal pattern unless phas
ing stubs are inserted to achieve the correct phasing between 
the half-wave elements. 

As we know, a half-wave dipole has 2.14-dB gain over an 
isotropic antenna in free space. It is interesting to overlay the 
patterns of the two long dipoles on the same diagram, using the 
same dB scale. The extended double Zepp beats the dipole with 
almost 3 dB of gain. Note, however, how much more narrow the 
forward lobe on the pattern has become. This may be a disadvan
tage in view of varying propagation paths. The two-half-waves 
antenna is right between the dipole and the extended double 
Zepp, with 1.5-dB gain over the half-wave dipole. 

Fig 8-17 and Fig 8-18 show the horizontal radiation 
patterns for the half-waves-in-phase dipole and the extended 
double Zepp at various heights and wave angles. As with the 
half-wave dipole, the vertical radiation pattern depends on the 
height of the antenna above ground. 
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Fig 8-16—Horizontal radiation patterns for three types 
of dipoles: The half-wave dipole, the collinear dipole 
(two half waves in phase) and the extended double 
Zepp. At A, the radiation patterns at a 0° wave angles 
with the antennas in free space. At B, the patterns at a 
37° wave angle with the antennas 3/8 λλλλλ above good
quality ground. Notice the sidelobes apparent with the 
extended double Zepp antenna. 
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Fig 8-17—Horizontal radiation patterns for collinear 
dipoles (two half-waves in phase) for wave angles of 
15°°°°°, 30°°°°°, 45°°°°° and 60°°°°°. As with a half-wave dipole, 
directivity is not very pronounced at low heights and 
at high wave angles. 
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Fig 8-18—Horizontal radiation patterns for the extended 
double Zepp for wave angles of 15°°°°°, 30°°°°°, 45°°°°° and 60°°°°°. 

3.2. Feed-point Impedance 
The charts from Chapter 9 (Figs 9-8, 9-9, 9-11 and 9-12) 

can be used to estimate the feed-point impedances of long 
dipoles. The values from the charts that are made for mono
poles must be doubled for dipole antennas. 

The antennas can also be modeled with NEC-2 or 
MININEC, but care should be taken with the results of long 
dipole antennas less than 0.25 λ above ground with MININEC. 
Remember, too, that except for free space, MININEC always 
reports the impedance for the antenna above a perfect ground 
conductor, but if the height is specified as mentioned above, 
the results should be reasonably close to the actual impedance 
over real ground. NEC-2-based programs using the 
Sommerfeld-Norton ground model are accurate at any height 
above 0.001 wavelength. 

Since center-fed long antennas are not loaded with lossy 
tuning elements that would reduce their efficiency, long dipoles 
can have efficiencies very close to 100% if care is taken to use 
the best materials for the antenna conductor. 

3.3. Feeding Long Dipoles 
The software module COAX TRANSFORMER/SMITH 

CHART from the NEW LOW BAND SOFTWARE is an ideal 
tool for analyzing the impedances, currents, voltages and 
losses on transmission lines. The STUB MATCHING module 
can assist you in calculating a stub-matching system in sec
onds. In any case, we need to know the feed-point impedance 
of the antenna. Measuring the feed-point impedance is quite 
difficult, since you cannot use an impedance bridge unless it 
is specially configured for measuring balanced loads. 

3.3.1. Collinear dipoles

 (two half-wave dipoles in phase)
 

The impedance at resonance for two half-waves in phase 
is several thousand ohms. With a 2-mm OD conductor (AWG 
#12), the impedance is approximately 6000 Ω on 3.5 MHz. 
The shortening factor in free space for this antenna is 0.952. 
The SWR bandwidth of the two half-waves in phase is given 
in Fig 8-19. The antenna covers a frequency range from 3.5 to 
3.8 MHz with an SWR of less than 2:1. 

The antenna can be fed with open-wire feeders into a 
tuner, or via a stub-matching system and balun as shown in 
Chapter 6  Fig 6-15. Using tuned feeders with a tuner can, of 
course, ensure a 1:1 SWR to the transmitter (50 Ω) at all times. 

3.3.2. Extended double Zepp 
The intrinsic SWR bandwidth of the extended double 

Zepp is much narrower than for the collinear dipoles. For an 
antenna made out of 2-mm OD wire (AWG #12) and with a 
total length of 1.24 λ, the feed-point impedance is approxi
mately 200 – j 1100 Ω. The SWR curve (normalized to Rrad at 
the design frequency) is given in Fig 8-19. For lengths varying 
from 1.24 to 1.29 λ, the radiation resistance will vary from 
200 to 130 Ω (decreasing resistance with increasing length). 

The exact length of the antenna is not critical, but as we 
increase the length, the amplitude of the sidelobes increases. 
The magnitude of the reactance will depend on the length/ 
diameter ratio of the antenna. An antenna made of a thin 
conductor will show a large reactance value, while the same 
antenna made of a large-diameter conductor will show much 
less reactance. 
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Fig 8-19—SWR curves for an extended double Zepp 
and for two half waves in phase (collinear array). The 
calculation was centered on 3.65 MHz using a conduc
tor of 2-mm OD (AWG #12), and the results normalized 
to the radiation resistances. The SWR bandwidth of the 
collinear array is much higher than for the double 
extended Zepp. 

The impedance of the extended double Zepp also changes 
with antenna height, as with a regular half-wave dipole. For 
the 1.24-λ long extended double Zepp, the resistive part 
changes between 150 and 260 Ω, and settles at 200 Ω at very 
high heights. 

In principle, we can feed this antenna in exactly the same 
way as the collinear, but since the intrinsic bandwidth is much 
more limited, it is better to feed the antenna with open-wire 
lines running all the way into the shack and to an open-wire 
antenna tuner. 

3.4. Three-Band Antenna 
(40, 80, 160 Meters) 

Refer to the three-band antenna of Fig 8-20. On 
40 meters the antenna is a collinear array (two half-waves in 
phase) at a height of 24 meters (80 feet). On 80 meters, it is 
a half-wave dipole. For 160, we connect the two conductors 
of the open-wire feeders together, and the antenna is now a 
flat-top loaded vertical (T antenna). The disadvantage is 
that we must install a switchable tuning network at the base, 
right under the antenna. Since the antenna is a vertical on 
160 meters, its performance will largely depend on the 
quality of the ground and the radial system. Some slope away 
from vertical can, of course, be allowed in the feed line. 

4. INVERTED-V DIPOLE 
In the past, the inverted-V shaped dipole has often been 

credited with almost magical properties. The most frequently 
claimed special property is a low radiation angle. Some have 
more correctly called it a poor man’s dipole, since it requires 
only one high support. Here are the facts. 

4.1. Radiation Resistance 
The radiation resistance of the inverted-V dipole changes 

with height above ground (as does a horizontal dipole) and as 
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Fig 8-20—Three-band antenna configuration (40, 80 

and 160 meters). On 40 meters the antenna is a col

linear (two half waves in phase); on 80 meters a half

wave dipole; and on 160 meters a top-loaded T vertical. 

The bandswitching arrangement is shown 

at B. 


a function of the apex angle, which is the angle between the 
legs of the dipole. Consider the two apex-angle extremes. 
When the angle is 180°, the inverted-V becomes a flattop 
dipole, and the radiation resistance in free space is 73 Ω. Now 
take the case where the apex angle is 0°. The inverted-V dipole 
becomes an open-wire transmission line, a quarter-wave
length long and open at the far end. This configuration will not 
radiate at all—the current distribution will completely cancel 
all radiation, as it should in a well-balanced feed line. The 
input impedance of the line is 0 Ω, since a quarter-wave stub 
open at the end reflects a dead short at the input. This zero
angle inverted-V will have a radiation resistance of 0 Ω and 
consequently will not radiate at all. 

I modeled a range of inverted-V dipoles with different 
apex angles at different apex heights. This was done using 
NEC-2. Fig 8-21 shows the radiation resistance as a function 
of the apex angle for a range of angles between 90° and 180° 
(a flattop dipole). The curve also shows the physical length 
that produces resonance, where the feed point is purely resis
tive. Decreasing the apex angle raises the resonant frequency 
of the inverted-V. 

Fig 8-22 shows the feed-point resistance and reactance 



CHAP 8.pmd 19 2/10/2005, 3:39 PM 

Fig 8-21—Radiation resistance (resistance at resonance) 
of the inverted-V dipole antenna in free space as a func
tion of the angle between the legs of the dipole (apex 
angle). Also shown is the physical length (based on the 
free-space wavelength) for which resonance occurs. 

Fig 8-22—Impedance (feed-point resistance and 
reactance) of inverted-V dipoles as a function of height 
above ground. Analysis frequency is 3.75 MHz, with a 
2-mm OD wire (AWG #12). Resistances at resonance 
are: 120°°°°° apex angle, 58 Ω; 90°Ω; 90°Ω; 90°Ω; 90°Ω; 90° apex angle, 42 ΩΩΩΩΩ. NEC-2 
was used for these calculations, since MININEC is 
unreliable for impedance at low heights. 

Fig 8-23—Radiation patterns for an inverted-V dipole 
with an apex angle of 90°°°°°. For comparison, the radia
tion pattern of a horizontal dipole is included in each 
plot, on the same dB scale. The horizontal pattern is 
shown for the main wave angle (28°°°°° for the straight 
dipole and 32°°°°° for the inverted V). The height of the 
inverted V is the height at its apex, which is the same 
height as the flattop horizontal dipole. 
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for inverted-V dipoles with apex angles of 120° and 90°. The 
antennas were first resonated in free space. Then the reac
tances were calculated over ground at various heights. Notice 
that the shape of both curves is similar to the shape of the 
straight dipole curve in Fig 8-7. Bringing the inverted-V 
closer to ground lowers its resonant frequency. This is a fairly 
linear function between 0.25 λ and 0.5 λ apex height. 

4.2. Radiation Patterns and Gain 
Previous paragraphs compare the inverted-V to a straight 

dipole at the same apex height. It is clear that the inverted-V 
is a compromise antenna when compared to the straight 
horizontal dipole. At low heights (0.25 to 0.35 λ), the gain 
difference is minimal, but at heights that produce low-angle 
radiation the dipole performs substantially better. 

The 90° apex angle inverted-V dipole 
Fig 8-23 shows the vertical and horizontal radiation 

patterns for inverted-Vs with a 90° apex angle at different 
apex heights. Modeling was done over good ground. For 
comparison, I have included the radiation pattern for a straight 
dipole at the same apex height. In the broadside direction, the 
inverted-V dipole shows 1 to 1.5 dB less gain than the flattop 
dipole and also a slightly higher wave angle. 

The 120° apex angle inverted-V dipole 
The flat-top dipole is 0.6 dB better than the inverted V at 

a height of 0.4 λ; 0.7 dB at 0.45 λ and 0.8 dB at 0.5 λ. In 
addition, the wave angle for the horizontal dipole is slightly 
lower than for the inverted V, at approximately 3° for heights 
from 0.35λ to 0.5λ. The difference is not spectacular but it is 
clear that the inverted-V dipole has no magical properties. 

4.3. Antenna Height 
In many situations it will be possible to erect an inverted-

V dipole antenna much higher than a flat top dipole, in most 
cases because there is only one high support structure avail
able. In this respect the high inverted V can be superior to a 
low horizontal dipole. The inverted V loses compared to a 
flattop dipole at the same apex height, but not everyone has 
two such high supports. And if they do, are they in the right 
direction? 

4.4. Length of the Inverted-V Dipole 
The usual formulas for calculating the length of the 

straight dipole cannot be applied to the inverted-V dipole. The 
length depends on both the apex angle of the antenna and the 
height of the antenna above ground. Fig 8-22 shows the feed
point impedance for inverted Vs of different configurations at 
different heights. 

Closing the legs of the inverted-V in free space will 
increase the resonant frequency. On the other hand, the 
antenna will become electrically longer when closer to the 
ground due to the end-loading effect of the ground on the 
inverted-V ends. 

4.5. Bandwidth 
Fig 8-24 shows the SWR curves for three inverted-V 

dipoles with different apex angles: 90º, 120º and 180º (flattop 
dipole), for a conductor diameter of 2 mm (AWG #12) and a 
frequency of 3.65 MHz. As expected, the SWR bandwidth 

Fig 8-24—SWR curves for three types of free-space 
half-wave dipoles: The horizontal (flattop) dipole, and 
inverted-V dipoles with apex angles of 120°°°°° and 90°°°°°. 
Each curve is normalized to the feed-point resistance 
at resonance. 

decreases with decreasing apex angle. The computed figures 
are for free space. The SWR values in Fig 8-24 are normalized 
figures. This means that the SWR at resonance is assumed to be 
1:1, whatever the actual impedance (resistance) at resonance is. 
In practice, the SWR will almost never be 1:1 at resonance 
because the line impedance will be different from the feed-point 
impedance (see the impedance chart in Fig 8-7). 

Over ground, the reactive part of the impedance remains 
almost the same value as in free space, after you have 
re-resonated the inverted V at the center frequency. This 
means that the SWR bandwidth will be largest for heights 
where the radiation resistance is highest. For the inverted-V 
dipole this is at an apex height of approximately 0.35 to 
0.4 λ. Practically speaking, it means that for an apex height of 
0.3 λ to 0.5 λ, the SWR curve will be somewhat flatter over 
ground than in free space. 

The SWR bandwidth of the inverted-V can be increased 
significantly by making a folded-wire version of the antenna. 
The feed-point impedance of the folded-wire version is four 
times the impedance shown in Figs 8-20 and 8-21. 

5. VERTICAL DIPOLE 
The half-wave vertical is covered in detail in the chapter 

on vertical antennas. Whereas in that chapter we consider the 
half-wave vertical mainly as a base-fed antenna, we can of 
course use a dipole made of wire and feed it in the center. This 
is what we usually call a vertical dipole. In many practical 
cases a wire half-wave vertical will not be perfectly vertical, 
but will generally slope away from a tall support such as a 
tower or a building. Sloping half-wave verticals are covered in 
Section 6. 

5.1. Radiation Patterns 
Whether the half-wave vertical is base fed or fed in the 

center, the current distribution is identical, and hence the 
radiation pattern will be identical. Radiation patterns are 
shown in Fig 8-25 when the lower end is near the ground. Over 
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saltwater the half-wave vertical can yield 6.1-dBi gain, which 
drops to about 0 dBi over good soil. As with all verticals, it is 
mainly the quality of the ground in the Fresnel zone that 
determines how good a low-angle radiator the vertical dipole 
will be (see Section 3 of the chapter on verticals). Half-wave 
verticals produce excellent (very) low-angle radiation when 
erected in close proximity to saltwater. As a general-purpose 
DX antenna the vertical dipole may, however, produce too low 
an angle of radiation for some nearby DX paths. 

Raising the half-wave vertical higher above the ground 
introduces multiple lobes. Fig 8-26 shows the patterns for a 
half-wave center-fed vertical with the bottom 1/8 λ above 
ground. Note the secondary lobe, which is similar to the lobe 
we encountered with the horizontally polarized extended 
double Zepp. 

I also modeled a half-wave vertical on top of a rocky 
island with very poor ground, 250 meters (820 feet) above sea 
level, and some 100 meters (330 feet) from the sea. Fig 8-27 

Fig 8-25—At A, vertical radiation patterns over various 
grounds for a vertical half-wave center-fed dipole with 
the bottom tip just clearing the ground, as shown at B. 
The gain is as high as 6.1 dBi over ground. The feed
point impedance is 100 ΩΩΩΩΩ. 

shows the layout and the radiation pattern. Superimposed on 
the pattern are the patterns for the same antenna at sea level, 
as well as over very poor ground. Note that the extra height 
does not give any gain advantage over sea level but the 
extra height does help low-angle rays shoot across the poor 
ground (the rocky island) and find reflection at sea level some 
250 meters below the antenna. 

5.2. Radiation Resistance 
The radiation resistance of a vertical half-wave dipole, 

fed at the current maximum (the center of the dipole), is shown 
in Fig 8-28 as a function of its height above ground. The 
impedance remains fairly constant except for very low heights. 
No current flows at the tips of the dipole, and hence the small 
influence of the height on the impedance, except at very low 
heights where the capacitive effect of the bottom of the 
antenna against ground lowers the resonant frequency of the 
antenna. 

Fig 8-26—At A, vertical radiation patterns of the half
wave vertical dipole with the bottom tip 1/8 λλλλλ off the 
ground, as shown at B. 
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Fig 8-27—At A, the serrated radiation pattern of a half
wave vertical overlooking a slope of very poor ground 
(an island with volcanic soil) next to the ocean, as 
shown at B. Because of the antenna height above the 
sea, multiple lobes show up in the pattern. The radia
tion patterns of the half-wave vertical at sea level and 
the pattern over very poor ground are superimposed 
for comparison. 

Fig 8-28—Radiation resistance and reactance of the 
half-wave vertical as a function of height above 
ground. The height is taken as the height of the bottom 
tip. Calculations are for a design frequency of 3.5 MHz. 

5.3. Feeding the Vertical Half-Wave 
Dipole 

There are two main approaches to feeding a vertical half
wave dipole: 

• Base feeding against ground (voltage feeding) 
• Feeding in the center (current feeding) 

Base feeding is covered in Sect. 4.4 of Chapter 6 on 
matching and feed lines. In most cases you will use a parallel 
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Fig 8-29—View from the top of I8UDB’s tower in 
Naples. Such an awesome view needs no comment. 

tuned circuit on which the coax feed line is tapped. If the 
vertical is made using a sizable tower, the base impedance 
may be relatively low (600 Ω), and a broad-band matching 
system as described in Sect. 4.5.2 in Chapter 6 on matching 
and feed lines (the W1FC broadband transformer) may be 
used. 

A center-fed vertical dipole must be fed in the same way 
as a horizontal dipole. It represents a balanced feed point, and 
can be fed using open-wire line to a balanced tuner, or via a 
balun to a coaxial feed line (see Sect. 1.4.). 

6. SLOPING DIPOLE 
Sloping half-wave dipoles are used very successfully by 

a number of stations, especially near the sea. FK8CP is using 
a half-wave sloper on 160 meters, with the end of the antenna 
connected about 15 meters above sea level, less than 50 meters 
from the saltwater. I8UDB is using a sloper on 160 from his 
mountaintop location near Naples, where electrical ground is 
nonexistent, but where the sea is only 100 meters away and a 
few hundred meters below the antenna. See Fig 8-29. 

The half-wave sloper radiates a signal with both horizon
tal and vertical polarization components. Unless it is very 
high above the ground (such as I8UDB), you need not bother 
with the horizontal component. Low-angle radiation will be 
produced only by the vertical component. All modeling in this 
section was done on 80 meters, over a very good ground. 

6.1. The Sloping Straight Dipole 
Due to the weight of the feed line, a sloping dipole will 

seldom have two halves in a straight line. Let us nevertheless 
analyze the antenna as if it does. 

Radiation patterns 
Fig 8-30 shows the radiation patterns of sloping half

wave dipoles for apex angles of 15°, 30° and 45° over three 
types of ground (poor, good and sea). For the dipole with a 45° 
slope angle I include the pattern showing the vertical and the 
horizontal radiation separately (Fig 8-31). 

It is obvious that the steeper the slope, the less horizontal 
radiation component there will be. High-angle radiation is 
only due to the horizontal radiation component. For the verti
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Fig 8-30—Elevation-plane radiation patterns of sloping 
dipoles with various slope angles. At A, patterns in the 
plane of the sloper and its support (end-fire radiation), 
and at B, perpendicular to that plane (broadside radia
tion). End-fire radiation is 100% vertically polarized, 
while the broadside radiation contains a horizontal as 
well as vertical component. The horizontal pattern 
shows a very small amount of directivity. 

dipole with a 45° slope angle. The sloper is almost omnidirec
tional, but radiates best broadside (perpendicular to the plane 
going through the sloper and the support). In the end-fire 
direction (in the plane of the sloper and its support), it has less 
than 1-dB F/B at an elevation angle of 25°. The antenna 
radiates a little better in the direction of the slope. The fact that 
it radiates best in the broadside direction is due to the horizon
tal component, which only radiates in the broadside direction. 

Impedance 
The radiation resistance of the sloping dipole with the 

bottom wire 1/80 λ above ground (1 meter for an 80-meter 
antenna) varies from 96 Ω for a 15° slope angle to 81 Ω for a 
45° slope angle. 

6.2. The Bent-Wire Sloping Dipole 
Most real-life sloping half-wave dipoles have a bent

wire shape, because of the weight of the feed line. Fig 8-32 
and Fig 8-33 analyze a sloping vertical with a slope angle of 
20° for the top half of the antenna, and slope angles of 40° and 
60° respectively for the bottom half of the dipole. Using a 60° 
slope angle reduces the height requirement for the support. 

The sloping dipole with a relatively horizontal bottom 
quarter-wave wire yields almost the same signal as the straight 
sloping dipole. It is important to keep the top half 
of the sloping dipole as vertical as possible. Analysis shows 
the angle of the bottom half of the antenna is relatively 
unimportant. 

Feed point 
Is the feed point of such a bent sloping dipole a sym

metrical feed point? Not strictly speaking. If you use such an 
antenna, don’t take any chances. It does not hurt to put a 
current balun at a load even when the load is asymmetric. Use 
a current-type choke balun to remove any current from the 
outside of the coaxial cable. A coiled coax or a stack of ferrite 
beads is the way to go (see the chapter on feed lines and 
antenna matching). 
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Fig 8-31—Azimuth-plane radiation pattern for the 
sloping dipole with a 45°°°°° slope angle, taken at a 25°°°°°
wave angle. Patterns for the vertical and horizontal 
components of the total are also shown. The directivity 
is very limited. Actually, the sloping dipole radiates 
best about 70°°°°° either side of the slope direction. 

cal component the same rules apply as for the half-wave 
vertical: In order to exploit the intrinsic very low-angle capa
bilities, you must have an excellent ground around the an
tenna. Don’t forget, the Fresnel zone (the area where the 
reflection at ground level takes place) can stretch all the way 
out to 10 wavelengths or more from the antenna. 

Fig 8-31 shows the horizontal pattern for a sloping 
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Fig 8-32—At A, “end-fire” and at B, “broadside” 
vertical radiation patterns of a bent-wire half-wave 
sloper for 3.6 MHz. The horizontal and vertical compo
nents of the total pattern are also shown at B. The 
bottom 0.25-λλλλλ section slopes at an angle of 40°°°°°, as 
shown at C. Modeling is done over very good ground. 

6.3. Evolution into the Quarter-Wave 
Vertical 

We can go one step further and bring the bottom quarter
wave all the way horizontal. If the top half were fully vertical, 
we now would have a quarter-wave vertical with a single 
elevated radial. This configuration is described in detail in the 
Chapter 9 on vertical antennas (see Fig 9-18). 

To transform the half-wave sloper into a quarter-wave 
vertical, we first replace the sloping bottom half of the antenna 
with two wires, now called radials. Both radials are “in line” 
and slope toward the ground, as shown in Fig 8-34C. A and B 
of Fig 8-34 show the radiation patterns for this configuration. 
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Fig 8-33—At A, “end-fire” and at B, “broadside” 
vertical radiation patterns of a bent-wire half-wave 
sloper for 3.6 MHz. The horizontal and vertical compo
nents of the total pattern are also shown at B. The 
bottom 0.25-λλλλλ section slopes at an angle of 60°°°°°, as 
shown at C. This configuration and that of Fig 8-32 are 
just as valid as the configuration using a straight 
sloper. The loss in gain is negligible. This arrangement 
requires less support height than that of the straight 
sloper or that of Fig 8-32. 

Note that the high-angle radiation has been attenuated some 
10 dB, and we pick up 0.5 to 0.8 dB of gain. The little 
horizontally polarized radiation left over is, of course, caused 
by the sloping radials. The configuration shows gain in the 
direction of the sloping wire of approximately 0.4 dB. 

Next we move the radials up, so they are horizontal, and 
move the antenna down so the base is now 5 meters (16 feet) 
above ground (Fig 8-34E). All the horizontal radiation is 
gone, and the gain has settled halfway between the forward 
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Fig 8-34—Transition from a sloping dipole to a 0.25-λλλλλ
vertical with two radials. At C, the bottom half of the 
dipole is replaced by two 0.25-λλλλλ wires sloping to the 
ground; the resulting patterns are shown at A and B. 
At E the radials are lifted to the horizontal, with the 
resulting pattern at D. This changes eliminates all the 
horizontal radiation component that was originated by 
the sloping wires. Analysis frequency: 3.65 MHz. 

and the backward gain of the previous model, which is to be 
expected. We now have a quarter-wave vertical with two 
radials, which is how the original ground plane was developed 
(see Sect.1.3.3 of the chapter on verticals). 

The quarter-wave vertical with two radials definitely has 
an asymmetrical feed point. The feed line is exposed to the 
strong fields of the antenna and often is run on the ground 
under the two radials. So you should fully decouple the feed 
line from the feed point by using a current-type balun (coiled 
coax or stack of ferrite beads). 

6.4. Conclusion 
Some 6.1-dBi gain can be obtained with a half-wave 

vertical only over nearly perfect ground (such as saltwater). 
Even over very good soil, the half-wave vertical will not be 
any better than a quarter-wave vertical (3-dBi gain). This 
means that unless you are near the sea, you may as well stick 
with a quarter-wave vertical. The sloping vertical (make the 
sloping wire as vertical as possible) with two radials (5 meters 
high for 3.6 MHz) will produce as good a signal as a half-wave 
vertical or sloping half-wave vertical over very good ground. 
It will, however, only require a 25 meter support instead of a 
35 or 40 meter support for a half-wave 80-meter vertical 
dipole. 

7. MODELING DIPOLES 
MININEC or NEC-2-based modeling programs are well 

suited for modeling dipoles. Straight dipoles can be accu
rately modeled with a total of 10 to 20 pulses. Inverted-V 
dipoles require more pulses, depending on the apex angle, to 
obtain accurate impedance data. Table 8-6 shows impedance 
data for a straight dipole, and Table 8-7 for an inverted-V 
dipole as a function of the pulses, wires and segments. An 
inverted-V with a 90° apex angle requires at least 50 equal
length segments for accurate impedance data. By using the 
TAPERING technique (see the chapter on Yagi and quad 
antennas), accurate results can be obtained with a total of only 

Table 8-6 
MININEC Pulses Versus Calculated Impedance 
for a Straight Dipole Antenna 
Pulses Impedance

 5 71 – j l4
 10 67 – j 26
 20 68 – j 28
 30 68.5 – j 28
 50 68.6 – j 27.3
 80 68.7 – j 27.1 

100 68.7 – j 27.0 

The Dipole 8-25 
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Table 8-7 
MININEC Pulses Vs Calculated Impedance for an 
lnverted-V Dipole Antenna 
Pulses Impedance

 5 43.6 – j 23.7

 10 44.3 + j 10.3

 20 44.6 + j 28.4

 30 44.6 + j 34.3

 50 44.7 + j 38.1

 80 44.7 + j 39.8
 

100 44.8 + j 42.0 
20 tapered, min 0.4 m, max 3.0 m44.2 + j 36.1 
26 tapered, min 0.3 m, max 2.0 m44.4 + j 37.6 
26 tapered, min 0.4 m, max 2.0 m44.4 + j 36.3 
28 tapered, min 0.4 m, max 2.0 m44.4 + j 38.9 
46 tapered, min 0.2 m, max 1.0 m44.2 + j 40 

26 segments. ELNEC and EZNEC by W7EL provide an auto
matic feature for generating tapered segment lengths, which is 
a great asset when you model antennas with bent conductors. 

Knowing the exact impedance is important only if you 
want to calculate the exact resonant length (or frequency) of 
a dipole, or if the dipole is part of an array. To obtain reliable 
results using a MININEC-based program the dipoles should 
not be modeled too close to ground. For half-wave horizontal 
dipoles, the antenna should be at least 0.2 λ high. For longer 
dipoles, the minimum height ensuring reliable results is some
what higher. Vertical dipoles and sloping dipoles (with a steep 
slope angle) can be modeled quite close to the ground, as there 
is very little radiation in the near-field toward the ground (a 
dipole does not radiate off its tips). 

A NEC-2-based modeling program is required if accu
rate gain and impedance data are required for dipoles close to 
ground. 

8-26  Chapter 8 
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