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PART 1 

HIGH-FREQUENCY 
DIPOLE ANTENNAS 
An unfortunate myth arose In Amateur 
Radlo clrcles some tlme ago People 
came to belleve that large antenna 
arrays were absolutely necessary for 
effectlve commun~cat~ons - espec~ally 
for DX work They tend to overlook 
baslc, but effectlve, antennas that any- 
one can erect and make work The 
s~mple dipole or doublet antenna IS a 
case In polnt Thls antenna IS some- 
tmes called the Hertz or Hertzian 
antenna, because radlo ploneer Heln- 
r~ch Hertz IS sald to have used ~t In h ~ s  
exper~ments 

The d~pole IS a balanced antenna 
wlth two quarter-wavelength rad~ators 
(Flgure I) ,  mak~ng a total of a half 
wavelength The antenna IS usually rn- 
stalled hor~zontally, produc~ng a corres- 
pondlng hor~zontally polarized s~gnal 

In ~ ts  most common conflguratlon 
(F~gure I), the dlpole IS supported at 
each end by rope and ~nsulators The 
rope supports are t~ed  to trees, bu~ld- 
Ings, masts, or some comb~nat~on of 
structures 

As I sa~d before, the antenna length 
IS a half wavelength Remember that 
the physlcal length of the antenna and 
the theoretical electr~cal length often 
dlffer by about 5 percent In free 
space, a half wavelength IS found from 

Equation 1 gives you the physical 
length of a perfect, self-supporting 
antenna that's many wavelengths away 
from any object. But for real antennas, 
the length calculated using this equa- 
tlon is too long. The phys~cal length is 
about 5 percent shorter because of the 
capacitive effects of the end insulators. 
A more nearly correct approximation 
(remember that word; it's important) of 
a half-wavelength antenna is: 

Where: 
L is the length of a half-wavelength 

radiator, in feet. 
FMHr is the operating frequency in 

megahertz. 

Example 1 
Calculate the approximate phys~cal 

length for a half-wavelength dipole 
operating on a frequency of 7.25 MHz. 
Solution: 

= +jX), and at others as a capacitive 
reactance (X, = -jX). At a specific fre- 
quency the reactances are equal in 
magnitude but opposite in sign, so 
they cancel each other out: XI - X, = 

0. At th~s frequency the Impedance IS 

purely resistive, and the antenna is res- 
onant. 

or, restated another way: 
L = M ,fi.rt 6 6  inches 

Unfortunately, a lot of people accept 
Equation 2 as a universal truth - per- 
haps because of books and art~cles on 
antennas that fall to tell ~t all. For exam- 
ple, you must cons~der resonance An 
antenna acts l~ke a complex RLC net- 
work At some frequencies ~t w~ll 
appear as an ~nductrve reactance (XI 

The goal in erecting a dlpole 1s to 
make the antenna resonant at a fre- 
quency that's inside the band of 
Interest - preferably the port~on of the 
band most often used by your station. 
I'll discuss some of the impl~cations of 
this later, but for now assume that you 
have to custom tailor the antenna 
length. Depending on several local fac- 
tors (among them nearby objects, the 
antenna conductor's shape, and the 
conductor's lengthldiameter ratio), you 
may have to add or trim the length a 
bit to reach resonance. 

The dipole feedpoint 
The dipole is a half-wavelength, 

center-fed antenna. Figure 2 shows the 
voltage (V), current (I), and impedance 
(Z) d~stributions along the length of the 
half-wavelength rad~ator element. The 
feedpo~nt voltage is at a minimum and 
the current is at a maxlmum, so you 
can assume that the feedpoint is a cur- 
rent "loop" or "antinode." 

The Impedance of the feedpoint at 
resonance is R, = VII. R, is made up 
of two resistances. First there are 
ohmlc losses that generate noth~ng but 
heat when the transmitter is turned on. 
These losses result because conduc- 

Standard coaxial cable fed half-wavelength dipole antenna. 

92 Ham Rad~o/May 1989 



tors have electrical resistance, and 
because electrical connections aren't 
perfect (even when properly soldered). 
Fortunately, in a well-made dipole 
these losses are almost negligible. The 
second contributor is the antenna's 
radiat~on resistance (R,). This resis- 
tance IS a hypothetical concept that 
accounts for the fact that the antenna 
radiates RF power. The radiat~on resis- 
tance IS the fictional resistance that 
would dissipate the amount of power 
radiated away from the antenna. 

For example, suppose you're using 
a large diameter conductor as an 
antenna, and it has negligible ohmic 
losses. If you apply 1,000 watts of RF 
power to the feedpoint, and measure 
a current of 3.7 A, what is the radiation 
resistance? 

R, = P/P 
R, = (1,000 watts)/(3.7)2 
R, = 73 ohms 

2500 
-OHMS 

)v! 
(END) 

V-- 
73 , OHMS 

\ 
(CENTER) 

\ 

I 1 

Plot of current, voltage, and impedance dis- 
tribution along half-wavelength dipole. 

It's important to match the feedpoint 
impedance of an antenna to the trans- 
mission line impedance. Maximum 
power transfer always occurs when the 
source and load impedances (in any 
system) are matched. If some applied 
power isn't absorbed by the antenna 
(as happens in a mismatched system), 
then the unabsorbed portion is 
reflected back down the transmission 
line towards the transmitter. This results 
in standby waves, and the so-called 
standing wave ratio (SWR or VSWR). 

Matching antenna feedpoint imped- 
ance may seem easy because the free 
space feed point impedance of a sim- 
ple dipole is about 72 ohms. You'd 
think this would be a good match to 
75-ohm coaxial cable. Unfortunately, 
the 72-ohm feedpoint impedance is 
almost a myth in practical situations. 
Figure 3 shows a plot of approximate 
radiation resistance (R,) versus height 

above ground (as measured in 
wavelengths). As before, you must deal 
in the approximations found In Figure 
3; here the ambiguity is introduced by 
ground losses. 

Despite the fact that Figure 3 1s 
based on approx~mations, you can see 
that radiation resistance varies from 
less than 10 to almost 100 ohms as a 
function of height. At helghts of many 
wavelengths, this oscillation of the 
curve settles down to the free space 
impedance (72 ohms). At the hlgher 
frequencies it may be possible to install 
a dipole many wavelengths high. On 
the 2-meter band (144 to 148 MHz) one 
wavelength is around 6.5 feet (2 meters 
x 3.28 feetlmeter), so it's relatively 
easy to achieve "many" wavelengths 
at reasonably attainable heights. In the 
80-meter band (3.5 to 4.0 MHz), how- 
ever, one wavelength is about 262 feet, 
so many wavelengths IS a practical 
im~ossibilitv. 

cable. You'd calculate the VSWR as the 
ratio (among other ways): 

Z(, > R,.: 
VSWR = ZJR, 

Zo < R,.: 
(3) 

VSWR = R,/Z,, (4) 

Where: 
Z, is the coaxial cable characteristic 
impedance. 
R, 1s the radiation resistance of the 
antenna. 

Consider an antenna mounted at a 
height somewhat less than a quarter 
wavelength, with a radiation resistance 
of 60 ohms. While not recommended 
as good engineering practice, there 
are many practical reasons why it's 
necessary to install a dipole at less 
than optimum height. If so, what are 
the implications of feeding a 60-ohm 
antenna with either 52 or 75-ohm stan- 
dard coaxial cable? Some calculations 

 here are three tactics you can fol- are revealing: 
low. The first is to ignore the problem 
altogether. In many installations, the For 75-ohm coaxial cable: 
helght above ground will be such that VSWR = Z,/R, 
the radiation resistance is close VSWR = 75 ohms/60 ohrrzs = 1.25.9 
enough to present only a slight imped- 
ance mismatch to a standard coaxial 

0 
0 A/4 A/.? 3A/4 A 5A/4 3A/2 7A/4 .?A 9A/4 5A/2 

HEIGHT ABOVE GROUND (WAVELENGTHS) 

Feedpoint Impedance versus height above ground. 
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For 52-ohm coaxial cable: 

VSWR = RJZ, 
VSWR = 60 ohms/52 ohms = 1.15:l 

In neither case is the VSWR created by 
the mismatch very significant. 

The second approach is to mount 
the antenna at a convenient height and 
use an impedance-matching scherne 
to reduce the VSWR. You'll find infor- 
mation on suitable impedance- 
matching methods (including Q- 
sections, coaxial impedance trans- 
formers, and broadband RF trans- 
formers) in any good antenna text- 
book. Homebrew and commercial 
transformers can cover most imped- 
ance transformation tasks. 

The th~rd approach is to mount the 
antenna at a height (see Figure 3) 
where the expected radiation resis- 
tance crosses a standard coaxial cable 
characteristic impedance. The best 
height seems to be a half wavelength. 
The radiation resistance is close to the 
free space value of 72 ohms, and is a 
good match for 75-ohm coaxial cable 
(like RG-111U or RG-59lU). 

The dipole radiation 
pattern 

When discussing antennas I keep 
returning to the concepts of directivity 
and gain, which are actually different 
expressions of the same fundamental 
concept. Antenna theory recognizes a 
point of reference called the isotropic 
radiator. This device is a theoretical 
construct consisting of a spherical 
point source of omnidirectional RF 
radiation. It creates an ever-expanding 
sphere as the RF wave front propa- 
gates outward. Antenna gain is a 
measure of how the antenna focuses 
available power away from a spherical 
wave front in a limited number of direc- 
tions (two, for a dipole). This is how the 
concepts of directivity and gain are 
related. 

Always remember that directivity 
and gain are specified in three dimen- 
sions. Many times authors (including 
me) simplify the topic too much by 
publishing only part of the radiation 
pattern (i.e., azimuth aspect as seen 
from above). You, in turn, wind up with 
a pattern viewed from above that 
shows the directivity In the horizontal 
plane. A signal doesn't propagate 
away from an antenna in an infinitely 
thin sheet, as such presentations seem 
to imply, but has an elevation extent in 
addition to the azimuth extent. Proper 

ANTENNA 
AXIS 

6 -  END VlEW OF VERTICAL PLANE 
(ROTATED 9 0  DEGREES 

FROM SOLID FIGURE) 

TOP VlEW OF 
HORIZONTAL PLANE 

ROTATED 90 DEGREES 
FROM SOLID FIGURE) 

Radiation pattern of dipole in free space as seen from two planes (A and B), and three 
dimensionally (C). 

antenna evaluation takes both horizon- 
tal and vertical plane patterns into con- 
sideration. 

Figure 4 shows the radiation pattern 
of a dipole antenna in free space "in 
the round." When the horizontal plane 
is viewed from above (Figure 4A), the 
pattern is a "figure eight" that exhibits 
bidirectional radiation. Two main 
"lobes" contain the RF power from the 
transmitter, with sharp nulls of little or 
no power off the ends of the antenna 
axis. This is the classic dipole pattern 
published in most antenna books. 

I've also shown the vertical plane 
pattern for a dipole antenna in free 
space. Note that the radiation pattern 
is circular when sliced in this aspect 
(Figure 48). When the two patterns are 
combined, you see a three-dimen- 
sional doughnut-shaped pattern (Fig- 
ure 4C) that most nearly approximates 
the true pattern of an unobstructed 
dipole in free space. 

When a dipole antenna is ~nstalled 
close to the ground and not in free 
space, as is the case at most stations, 
the pattern is distorted from that of Fig- 
ure 4. You must take two effects into 
consideration. First and most important 
is that the signal from the antenna is. 
reflected from the surface and 

bounces back into space. This signal 
will be phase shifted by both the reflec- 
tion and the time required for the tran- 
sit to occur. At points where the 
reflected wave combines in phase with 
the radiated signal, the signal is rein- 
forced; in places where it combines 
out of phase, the signal is attenuated. 
Thus the reflection of the signal from 
the ground alters the pattern from the 
antenna. The second factor to con- 
sider is that the ground is lossy, so not 
all of the signal is reflected; some of it 
heats the ground underneath the 
antenna. Consequently, the signal is 
attenuated at greater than inverse 
square law, further altering the 
expected pattern. 

Figure 5 shows patterns typical of 
dipole antennas installed close to 
ground. The views in this illustration 
correspond to Figure 4B in that they are 
looking at the vertical plane from a line 
along the antenna axis. The antenna is 
represented by "R" in each case shown. 
Figure 5A shows the pattern for a dipole 
installed at one-eighth wavelength 
above ground. For thisantenna, most of 
the RFenergy is radiated almost straight 
up (now very useful). This type of 
antenna is basically limited to ground- 
wave and very short skip (when availa- 
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ble). The second case (Figure 5B) 
shows the pattern when the antenna is 
a quarter wavelength above the ground. 
Here the pattern is flattened, but still 
shows considerable vertically reflected 
energy (where it is useless). Now look at 
the pattern obtained when the antenna 
is installed a half wavelength above the 
surface. In Figure 5C, the pattern is best 
for long distance work because energy 
is redirected away from the vertical into 
lobes at relatively shallow angles. 

Dipole construction and 
installation techniques 

According to "conventional wisdom," 
the ideal dipole antenna should be 
installed at a very h~gh  altitude where 
its performance resembles the free 
space model. Unfortunately, comply- 
ing with conventional wisdom IS Impos- 
s~ble - even for antennas in the higher 
end of the HF spectrum. Given that the 
dipole feedpoint impedance is a good 
match for 75-ohm coax~al cable, and 
that the pattern is ideal for long dis- 
tance work when the antenna is in- 
stalled at a height of a half wavelength 
above the surface, it's a good idea to 

try installing the antenna at that height. 
Building and installing simple 

dipoles isn't terrlbly difficult. Figure 6 

Vertical aspect radiation pattern of dipole 
close to earth's surface: (A) 118-wavelength, 
(B) 1W-wavelength, and (C) l2d-wavelength. 

shows the method for building the 
antenna. F~rst, cut the wire radiator ele- 
ments to the approximate length indi- 
cated by Equation 2 plus an additional 
12 to 24 inches; each element will 
finally be a quarter wavelength long. 
The wire can be either hard-drawn 
copper wire or Copperweld"). The lat- 
ter IS a special tough-service steel core 
antenna wire coated with copper. The 
RF resistance of this wire at frequen- 
cies above 1 MHz IS the same as that 
of solid copper wire because of the 
"skin effect" (alternating currents like 
RF flow on the outer surface of the con- 
ductor only). At 160 meters the skin 
effect depth is only 50 microns (2 mils), 
while at 10 meters it's only 12 microns 
(0.5 mils). This means you have the 
advantage of copper conductivity 
along with the strength of steel wire. 

You'll need two end insulators, and 
both are assembled in the same way. 
Pass the wire through the hole in the 
insulator (see Figure 6) to a length of 
about 12 inches. Wrap the wire back 
on itself and wind it around the portion 
of the wire that's left on the other slde 
of the insulator. Make this a permanent 

Center ~nsulalof 

Coax center ~nsulalor 

'Cut OR excess 
from 12" leader 

Construction details of dipole antenna (from TAB Handbook of Radio Communications by J .J .  Carr). 
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Eyelet 
Hanging eyelet 

\ 

4 \ I I Solder lug 

Use of a 1:l balun transformer at the feedpoint (from TAB Handbook of Radio Communi- 
cations by J.J. Carr). 

connection by soldering it and clipping 
off the excess wire. The solder won't 
provide mechanical strength. Its pur- 
pose is to make a good electrical con- 
nection in the presence of corrosion. 

Fix the antenna wires to the center 
insulator in the same way, unless you 
plan to use one of the special center 
insulators now on the market. Make 
these connections temporary until after 
you've tuned and tested the antenna. 
You may have to either lengthen or 
shorten the radiators when tuning your 
dipole. 

Connect the transmission line 
(usually coaxial cable) to the antenna 
wire at the center insulator as shown. 
Attach the center conductor to one 
radiator element and the shield of the 
coax to the other. You need to provide 
strain relief for the coaxial cable; if you 
don't the cable will break after only a 
short period of service. The easiest 
strain relief method is shown in Figure 
6. Simply wrap the cable once around 
the insulator and tie it off with twine. 

Some commercial center ~nsulators 
offer a stra~n relief hole or other mech- 
anism. Many people prefer to use a 1:1 
balun transformer at the dipole's feed- 
point (see Figure 7). The transformer 
has a 1:1 impedance ratio, so it doesn't 
provide any matching. Instead, it's said 
to balance the currents flow~ng in the 
two radiators, and prevent radiation 
from reaching the feedline. While this 
claim has been controversial for some 
time, and the issue is still not resolved, 
the best evidence suggests that the 
pattern of a dipole close to ground is 
most nearly like the ideal pattern if a 
1:l balun transformer is used at the 
feedpoint. In Figure 7 the balun trans- 
former also acts as the center insula- 
tor, so no other arrangement is 
needed. 
Next month ... 

This month I looked at the basic res- 
onant dipole. In part 2, 1'11 discuss tun- 
ing methods for the standard dipole, 
and some additional variations on the 
dipole theme. Q 
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Joe Carl; K41PV 

PART 1 

HIGH-FREQUENCY 
DIPOLE ANTENNAS 
kist month I discussed the basic ingre- 
dients of the dipole antenna. This 
antenna has acquired an undeserv- 
etlly poor reputation in an era of multi- 
band beams and other costly an- 
tennas. When installed correctly (which 
is easy to do), the dipole turns in a 
credible performance. In fact, some 
poorly constructed (or desgned) com- 
mercial three-element beam antennas 
pt?rform only as well as a dipole at the 
same height. The dipole antenna per- 
forms well for the money, time, and 
brainpower invested. Thls month I'II 
take a second look at this antenna and 
discuss how you might go about tun- 
ing one. I'II also descr~be dipole vari- 
ants like the broadbanded and loaded 
dipoles. 

Tuning the dipole antenna 
There are two issues to address 

when tuning an antenna (any antenna, 
not just the dipole): resonance and 
in~pedance matching. Although they 
a1.e frequently treated in the literature 
a:; the same issue, they are not. In this 
aiticle I'II deal primarily with the proc- 
ess of tuning the antenna to reso- 
nance. Not all antennas are resonant, 
b l ~ t  the dipole is. 

There's a lot of m~sinformat~on on 
antenna tuning. Perhaps much of what 
is believed is a result of using VSWR 
a:; the indicator of both resonance and 
impedance matching. Many people 
honestly (but erroneously) believe that 
the VSWR can be "tuned out" by 
adjusting the feedline length. That 
myth probably derives from the fact 
ti-at voltage or current-sensing instru- 

ments are used for VSWR measure- 
ment, and these are affected by trans- 
mission line length. But the problem 
lies in the instruments; it's not a fact of 
radio physics. Another factor which 
leads to confusion is that varying the 
line length may provide an impedance 
transformation that matches the 
antenna to the transmitter, but doesn't 
addressthe point thatthe antenna isoff 
resonance and therefore less efficient. 

There's only one proper way to tune 
a dipole antenna - adjust the length 
of the antenna elements. You don't 
adjust the transmission line. As I men- 
tioned when discussing construction 
methods last month, you leave the 
electrical connections at the center 
insulator unsoldered so you can make 
these adjustments. 

The minimum point in the VSWR 
curve is the resonance indicator. Fig- 
ure 1 shows a graph of VSWR versus 
frequency for several different cases. 
Curve A represents a disaster - a high 
VSWR across the band. The actual 
VSWR value may be anything from 
about 3.51 to 10:l (or thereabouts), but 
the cause is the same. The antenna is 
either open or shorted, or is so far off 
resonance that it appears open or 
shorted to the VSWR meter. 

Curves 8 and C represent antennas 
that are resonant within the band of 
interest. Curve B represents a broad- 
banded antenna that's relatively flat 
across the band, and doesn't exhibit 
excessive VSWR until the frequency is 

outside the band. Curve C is also res- 
onant within the band, but this antenna 
has a lot higher Q than curve B. In the 
simplest sense the broadbanded 
antenna is best, but that statement is 
true only if broadness is not purchased 
at the expense of efficiency. Resistive 
losses tend to broaden the antenna fre- 
quency response but also reduce its 
effectiveness. The antenna is effectively 
"broadbanded," as seen by the trans- 
mitter, by the addition of the equivalent 
of a power-absorbing resistor at the 
feedpoint. Again, it's undesirable if this 
broadbandedness is purchased at the 
cost of increased loss. 

Curves D and E in Figure 1 are res- 
onant outside the band of interest. The 
D curve is resonant at a frequency on 
the low side of the band, making that 
dipole too long. In this case you need 
to shorten the antenna to raise the res- 
onant point inside the band. Curve E 
represents an antenna that's resonant 
outside the upper limit of the band; this 
antenna is too short and must be 
lengthened. Because the antenna is 
frequently too short, cut the elements 
longer than necessary at first. 

How much you cut depends on two 
factors: how far the resonant point is 
from the desired frequency, and which 
band you're working on. The second 
requirement results from the fact that 
the "frequency per unit" length varies 
from one band to another. Let's look 
at an example of how to calculate this 
figure. The procedure is simple: 

Calculate the length required for 
the upper end of of the band. 
Calculate the length required for 
the lower end of the band. 
Calculate the difference in lengths 
for upper and lower ends of the 
band. 
Calculate the w~dth of the band in 
kilohertz by subtracting the differ- 
ence between the upper fre- 
quency limit and the lower fre- 
quency limit. 
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is a measure of the relationship 
between the feedpoint impedance of 

-BAND F R E ~ U E N C Y  
EDGE 

FREQUENCY 

BAND 
EDGE 

- -  - 

VSWR versus frequency for several cases. 

Divide the length difference by the 
frequency difference; the result is 
in kilohertz per unit length. 

Example 
Calculate the frequency change per 

unit of length for 80 and 15 meters. 

Solution: 

For 80 meters (3.5 to 4.0 MHz): 
Lfi = 468/4 MHz = I1 7 feet 
Lfr = 468/3.5 MHz = 133.7 feet 

Difference in length: 133.7 feet - 11 7 
feet = 16.7 feet. 
Frequency difference: 4000 kHz - 

3500 kHz = 500 kHz. 
Calculate frequencylunit length: 500 
kHd16.7 feet = 30 kHzlfoot. 

For 15 meters (21.0 to 21.45 MHz): 
Lfr = 468/21.45 = 21.82 feet 
Lfr = 468/21 = 22.29 feet 

Difference in length: 22.29feet - 21.82 
feet = 0.47 feet. 
Convert to inches: 0.47 feet x 12 
inches/foot = 5.64 inches. 
Frequency difference: 21,450 kHz - 
21,000 kHz = 450 kHz. 
Calculate frequencylunit length: 450 
kHz/5.64 inches = 80 kHz/inch. 

The frequency change per foot at 80 
meters is small, but even small 
changes can result in very large fre- 
quency shifts at 15 meters. You can 
calculate approximately how much to 

add or subtract from an antenna under 
construction using this kind of calcu- 
lation. If, for example, you design an 
antenna for the so-called "international 
net frequency" on 15 meters (21,390 
kHz), but find the actual resonant point 
is 21,150 kHz, then the frequency shift 
required is 21.390 - 21,150, or 240 
kHz. To determine how much to add 
or subtract (as a first guess): 

The factor for 15 meters is 80 
kHzIinch, which is the same as say- 
ing 1 inch180 kHz. 

The required frequency shift is 240 
kHz. 

Therefore: 
1 inch Length change = 240 kHz - 
80 kHz 

Length change = 3 inches 

Each side of the antenna must be 
adjusted by half the length calculated 
above, or 1.5 inches. Because the first 
resonant frequency is less than the 
desired one, you should shorten the 
length by 1.5 inches. Once the length 
is correct (as proven by the VSWR 
curve), solder the connections at the 
center insulator to make them perma- 
nent, and hoist the antenna back to 
operating level. 

You can see the difference between 
resonance and impedance matching 
in the value of the VSWR minimum. 
While the minimum indicates the res- 
onant point, the value of that minimum 

the antenna and the characteristic 
impedance of the transmission line. 
Last month you learned that: 

Zo > R,: 
VSWR = Z,/Rr (1) 

2, < R,: 
VSWR = Rr/Zo (2) 

Where: 
Z, is the coaxial cable charac- 
teristic impedance. 
R, is the radiation resistance of 
the antenna. 

Although knowing the VSWR won't 
tell you which situation is true, you'll 
know that there's a high probability 
that one of them is. Experiment to find 
which is the case. Of course, if the 
VSWR is less than about 1.5:l or 2:1 
then forget about it; the improvement 
isn't generally worth the expense and 
cost. When the transmission line is 
coupled to a transmitter that's 
equipped with a tunable output net- 
work (most tube-type transmitters or 
final amplifiers), it can accommodate 
a relatively wide range of reflected 
antenna impedances. But modern 
solid-state final amplifiers tend to be a 
little more picky about the load imped- 
ance. For these transmitters a coax-to- 
coax antenna-tuning unit (ATU) is 
needed. 

Other dipoles 
So far I've discussed classic dipoles 

with half-wavelength single conductor 
radiator elements connected to a 
coaxial transmission line. This type of 
antenna is most often installed horizon- 
tally a half wavelength above the 
ground (or wherever convenient if 
that's impossible). Next I'll take a look 
at other forms of dipoles. Some of 
these are equal in every way to the 
horizontal dipole; others are basically 
compensation antennas used when a 
proper dipole isn't practical. 

Inverted-V dipole 
The inverted-\/ dipole is a half- 

wavelength antenna fed in the center 
like a dipole. By definition, the 
inverted-\/ is merely a variation on the 
dipole theme. In this antenna (Figure 
2) the center is elevated as high as 
possible above ground, but the ends 
droop very close to the surface. Angle 
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antenna to the length requ~red for a 
regular dipole on the same frequency 
and trim from there, using the tunlng 
procedure. 

about 120 degrees. Th~s antenna pro- 
vldes a compromise when a dipole 
carl't be used. Many operators believe 
it's a better performer on 40 and 80 
meters in cases where the dipole can't 
be mounted at a half wavelength (64 
feet or so). 

Sloping the antenna elements down 
from the horizontal to an angle (Figure 
2) ~?ffectively lowers the resonant fre- INSULATED 

qucncy. This means the antenna will SUPPORT- 

need to be shorter than a dipole for 
anv given frequency. There's no abso- 
lutely rigid equation for calculating the 

After determining the approximate 
length, find the actual length with the 
salne cut-and-try method used to tune 
the dipole in the previous section. 

:Sloping the elements changes the 
feedpoint impedance of the antenna 
and narrows its bandwidth. You'll 
need to make some adjustments as a 
result. You might want to use an 
impedance-match~ng scheme at the 
feedpoint, or an antenna tuner at the 
transmitter. 

ovc?rall length of the antenna elements. 
Although the concept of "absolute" 
length doesn't hold for regular dipoles 
close to the ground, it's even less via- 
b l ~  for the inverted-\/. There is, how- 

Sloping dipole ("sloper" or 
" slipole") 

I = I N S U L A T O R  220 
S = SUPPORT STAKE L a  - F E E T  
R = ROPE FMHZ 

'The sloping dipole in Figure 3 is 
popular with operators who need a low 
angle of rad~ation but don't have a 
large area for their antenna installation. 
Vartous texts call this antenna the 
slclper or the slipole. I use the term sli- 
pcle to distinquish this antenna from 
a sloping vertical. But whatever you 
call it, it's a half-wavelength dipole with 
one end at the top of a support and 
thf? other end close to ground, fed In 
the center by coaxial cable. 

ever, a rule of thumb you can use for Inverted-V dipole antenna. 

I  = INSULATOR 
R = ROPE 
S = SUPPORT STAKE 

- 

Sloper dipole (also called "slipole"). 

Some operators like to hang four 
sloping dipoles from the same mast 
pointing In different d~rections (Figure 
4). A single four-position coaxial cable 
switch lets you switch a directional 
beam on different headings that favor 
various locations. 

Broadbanded dipoles 
It is rarely discussed that the 

lengthldiameter ratio of the conductor 
used for the antenna element is a fac- 

tor in determining antenna bandwidth. 
In general, a large cross-sectional area 
makes the antenna more broad- 
banded. In some cases, using alumi- 
num tubing instead of copper wire for 
the antenna radiator is advisable. Tub- 
ing is a viable solution on the higher 
frequency bands. Aluminum tubing is 
inexpensive, lightweight, and easily 
worked with common tools. You can 
make a rotatable directional dipole 
with ordinary aluminum tubing. But as 
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Folded dipole fed with twin lead. 

Several slopen supported from a common 
mast give directional characteristics. 

the freauencv decreases. the weiaht 

TO XMTR 

Figure 5A shows the folded dipole 
antenna. It's basically two half- 
wavelength conductors shorted 
together at the ends and fed in the 
middle of one of them. The folded 
dipole is usually constructed from 300- 
ohm television antenna twin-lead trans- 
mission line. Because the feedpoint 
impedance is nearly 300 ohms, you 
can use the same type of twin lead for 
the transmission line. The folded dipole 
exhibits excellent wide bandwidth 
properties, especially on the lower 
bands. 

For a folded dipole the transmitter 
has to match the 300-ohm balanced 
transmission line, which is a disadvan- 
tage. Unfortunately, most modern 
radio transmitters are designed to feed 
coaxial cable transmission line. 
Although you can place an antenna 
tuner at the transmitter end of the feed- 
line, it's also possible to use a 4:l 
balun transformer at the feedpoint 
(Figure 5B). This arrangement makes 

diameter for structural strength. 
Aluminum tubing is impractical on 

80 meters and nearly impractical on 
40. Yet it's at 80 meters that you find 
a significant problem (especially with 
certain older transmitters). The band 
is 500 kHz wide, and older transmit- 
ters often lack the tuning range for the 

I  = INSULATOR 
R =  ROPE 

4 : ~  BALUN 

7 5 9  COAX TO XMTR 

I I 

Broadbanded "bowtie" dipole. 

the problem of wide bandwidth dipole 

,b 
entire band. Three basic solutions to Folded dipole fed with coax and a 4:i BALUN. 

the folded dipole a reasonable match 
to 52 or 75-ohm coaxial cable trans- 
mission line. 

Another method for broadbanding 
the dipole is to use two identical 
dipoles fed from the same transmis- 
sion line arranged to form a " bowtie," 
as shown in Figure 6.  Using two iden- 
tical dipole elements on each side of 
the transmission line increases the 
conductor cross-sectional area, so the 

antenna has a slightly improved 
lengthldiameter ratio. 

The bowtie dipole was popular in 
the 1930s and '40s; it was the basis 
for the earliest television receiver 
antennas. (lV signals are 3 to 5 MHz 
wide and require a broadbanded 
antenna.) This antenna was also popu- 
lar during the 1950s as the so-called 
"Wonder Bar" antenna for 10 meters. 
Some are still in use, but the antenna's 
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I *  INSULATOR 
R = ROPE IETC. )  
S s SPREADER 

Cage dipole. 

popularity has faded. The ends are 
spread to approximately 1 1 percent of 
the total length. 

The cage dipole (Figure 7) is simi- 
lar to the bowtie in concept, if not con- 
struction. Again, the idea is to connect 
several parallel dipoles extending from 
the same transmission line in an effort 
to increase the apparent cross- 
sectional area. But with the cage 
dipole, spreader disk insulators keep 
the wires separated. The insulators 
can be built from PlexiglasTM, lucite, or 
ceramic. They may also be made of 
materials like wood that's properly 
treated with varnish, polyurethene, or 
any other material that prevents water- 
logging. The spreader disks are held 
in place with wire jumpers (see inset 

to Figure 7) soldered to the main ele- 
ment wires. 

Some bowtie and cage dipole 
builders make the elements slightly 
different lengths. This "stagger tuning" 
method forces one dipole to favor the 
upper end of the band and the other 
to favor the lower end. The overall 
result IS a slightly flatter frequency 
response characteristic across the 
entire band. On the cage dipole, with 
four half-wavelength elements, it 
should be possible to overlap even 
narrower sections of the band in order 
to create an even flatter characteristic. 

Shortened dipoles 
The half-wavelength dipole is too 

long for some appl~cations - espe- 

here's the Beam? 
Thcrr', a ."I mclcr *nusn> w ~ l h  real DY l'unih w 

I 
tghh,r, ;m'i rlthrr. Rut lhr DX h.2- 11 anrwa!. 

1T.w ~h iu t  r I .~u~prol i l~ a40130 ,rr 40 3013YlYI5 m. 

,~tti! .XI rsrll\- fit the p.riL<lhwt..lr.rm 51L)to SV).  . s . 7  -: d.:: 

I I nubrrus~e DY Galn Antennas for F4  lhm 10 $ 
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Approx~mate ~nductance reactances as a funct~on of the percentage of half wavelength 
represented by the shortened rad~ator. 

Percent Coils at Coils at 
of half feedpoint middle of 

wavelength (ohms) radiators (ohms) 
20 1800 2800 
30 950 1800 
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The 
I r tuner overcomes the bad effects on the 

transmitter, but doesn't alter the basic 
problem. Only a variable inductor in 
the antenna will do that. (At least one 
commercial loaded dipole once used 
a motor-driven inductor at the center 
feedpoint.) 

Photos A and B show two methods 
for making a coil-loaded dipole 
antenna. Photo A shows a pair of com- 
mercially available loading coils 
designed for this purpose. These coils 
are for 40 meters, but other models are 
also available. The inductor in Photo 
B is a section of B&W Miniductor con- 
nected to a standard end or center 
insulator. No structural stress is 
assumed by the coil; all forces are 
applied to the insulator. 

I I 

Coil-loaded dipole: a) coils at feedpoint; b) coils at 50-percent point. 

cially where real estate is at a 
premium. Many operators solve this 
problem by using a coil-loaded short- 
ened dipole like the one shown in Fig- 
ure 8. A shortened dipole (one which 
is less than half a wavelength) is 
capacitive, so it must have an in-line 
inductance to compensate for the 
inherent capacitive reactance. There's 
no reason why the loading coil can't 
be put at any point along the radiator. 
but in Figures 8A and 88  they are 
placed at 0 and 50 percent of the ele- 
ment length, respectively. This makes 

standard inductive reactance equation 
(XL = 6.28 FL) to the form: 

-. 
Where: 

LeH is the required inductance in 
microhenries. 
F is the frequency in hertz (Hz). - 
XL is the inductive reactance calcu- 
lated from Table 1. 

Example Commercial loading coils. 

practice. 7.25 MHz. The table requires a reac- 
Table 1 approximate indue- tance of 700 ohms for a loaded dipole 

tive reactances as a function of the Der- with the coils in the center of each ele- 
centage of half wavelength repre- 
sented by the shortened radiator. It's 
likely that the percentage figure will be 
imposed on you by the situation, but 
the general rule is to pick the largest 
figure consistent with the available 
space. For example, suppose you have 
about 40 feet available for a 40-meter 
antenna that normally needs about 65 
feet for a half wavelength. Because 39 
feet is 60 percent of 65 feet, you can 
use this value as the design point for 
your antenna. In Table 1 you'll see that 
a 60-percent antenna with the loading 
coils at the midpoint of each radiator 
element wants to see an inductive 
reactance of 700 ohms. Rearrange the 

ment (Figure 88). 
Solution: 

LpH = XL X 1@/6 28 F 
LpH = (700) (1@)/(4 28) (2 250,000) 
LpH=7~1@/4.6~107=15.4 pH 

The calculated inductance is approxi- 
mate and may have to be altered by 
cut-and-try methods. 

The loaded dipole antenna is very 
sharply tuned. Because of this, you 
must either confine operation to one 
segment of the band or provide an 
antenna tuner to compensate for the 
sharpness of the bandwidth charac- 
teristic. However, efficiency drops 
markedly far from resonance, even 

Homebrew loading coil based on B&W 
Miniductor. 

Conclusion 

The dipole antenna IS easy to 
design, easy to build, and well 
behaved enough that even novice 
builders can make it work successfully, 
and well. Go for it! Q 
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