Radiation Resistance of Inverted V Antennas

And Some Observations on Resonant Length

BY DALE W. COVINGTON,* K4GSX

This theoretical and experimental study 4
of the feed characteristics of the inverted €
V antenna supplements the same au- g
thor's carlier analysis (QST, May, 1965) 4
in which the radiation patterns of the ¢
antenna were worked out. Together, the 4
two articles give a comprehensive picture ¢
of the effect of bending a dipole at its ¢
center. 4
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“FS ANT IS INVERTED V ABT — FT ABOVE
GND . . ."” Phrases such as this form an integral
part of many 80- and 40-meter QSOs. The fol-
lowing discussion deals specifically with the radi-
ation resistance of this popular antenna as a
function of the antenuna’s height above ground.
With such information il becomes an easy matter
to select combinations of V heights and angles
which approximately match the antenna re-
sistance with the proper transmission-line char-
acteristic impedance, or to select a transformer
o go between the antenna and the feed line.

Technique

A basic problem in ealcolating the input im-
pedance of the inverted V rests in the fact that
the autenna is commonly used on ihe luwer
frequency bands, and hence is usually installed
just fractions of a wavelength above ground
possessing finite conductivity and a dielectric
constant other than 1. Thus the V analysis de-
seribed by King! for the isolated antenna is of
limited value. Even if the case of perfectly-
condueting ground is assumed, a strietly formal
treatment of the problem remains quite difficult
as the caleulations must account for that part
of the total current in the antenna which is
indueced by current flow on the ground plane.

On the other hand, a rather straightforward
numerical solution can be obtained by utilizing
1 specialization of the method of moments.” Here
the radiated power including the mutual radi-
ation terms along with the self-impedance terms
is evaluated from a spatial distribuiion of small
eurrent elements representing the autenna and
its image. The radiation resistance follows from
the computed value of the radiated power, once
a current distribution iy assigned to the autenna.
Such was the approach taken in the present
analysis,
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! King, Theory of Lineur Antennas, University Press,
Cam®ridge, Massachusetts, 1956, p. 389,

2 Schelkunoff and Friis, Antennas, Theory and Practice,
John Wiley and Sons, Inc., New York, 1952, p. 162,
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Of course, the antenna impedance includes
an inductive term which varies with V height,
angle, and conductor length/diameter ratio.
For the isolated V this component ranges be-
tween 15 and 40 ohms for included V angles be-
tween roughly 90 and 180 degrees L. By shortening
the antenna slightly the induective reactance is
reduced to zero, leaving only the more slowly-
varying real component. Cunsequently the an-
tenna resistance measured at resonance is slightly
smaller than the real part of the input antenna
impedance or actual radiation resistance.

Fig. 1 illustrates the general model and no-
menclature. The inverted V symmetrically lo-
cated over perfectly conducting ground is re-
placed by current elements positioned in the
center of Mg-wavelength intervals along the an-
tenna and its image. The elements are weighted
by the assumed cosinusoidal current flowing on
the thin wire filaments. Certainly, subdividing
the antenna into more than four current elements
would add both toil and accuracy to the compu-
tation. As will be shown in the next section, how-
ever, the even cruder two-element approximation,
with just one current element in the center of
each leg of the antenna, compares well with the
radiation resistance as determined by a continu-
ous current distribution.

Computed Results
The initial caleulations considered the self-
and mutual-resistance terms for the current
elements of the antenna alone. This effectively
represented the isolated V far removed from

Ly

ANTENNA

Pl

L mace

pes

Fig. 1—Mathematical model used for the calculation of
radiation resistance of the inverted V antenna and its
image in perfectly conducting ground,
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indicates the influence of ground on
the horizontal dipole radiation resis-
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radiation resistance initially begins
decreasing rather slowly, but for
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angles smaller than 120 degrees the
radiation resistance quickly falls to
faivly low values. In fact, for delta
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much smaller than 90 degrees some
form of step-up transformer would
be rtequired for best matching to

52-ohm coax. Interestingly enough,
73-ohm coax suitably coupled to the
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balanced antenna appears to bhe a
= good feed-line choice for a wide range
of delta at heights near one-half
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wavelength. Increasing the apex
height finds the radiation resistance
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for a particular delta indeed oscil-
-~ lating about the corresponding iso-
lated antenna values given in Fig. 2.
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Fig. 2—Calculated free-space radiation resistance as a
function of delta. Solid curve—model using four current
elements as in Fig. 1; Dot-dash curve—model using two
current elements; dotted curve— continuous
current distribution,

aceuracy of the model. A plot of the radiation
resistance versus V angle is given in Fig. 2. The
solid line and the broken line correspond to the
four- and two-current-element models respec-
tively. The dotted line is taken from King's re-
sults for a continuous current distribution.
Agreement between the three cases ix good. Note
the rapid and almost uniform 0.6 ohm per degree
decrease in radiation resistance as the V angle
sharpens from 130 to 30

Like most theoretical curves based
on simple models, the curves of Fig .3
must be evaluated with a grain of salt
when compared to the real antenna world. 1t
will be useful to draw upon past experience with
horizontal dipoles to define the character of the
approximations involved in the results of Fig, 3.
First, an element of approximation is introduced
by equating the antenna resistance measured at
resonance to the radiation resistance, particularly
as the untenna deviates from the thin-wire type.
‘When the perfect ground of the model is replaced
by actual ground with finite conductivity, the
magnitude and phase of the imuage-current ele-
ments must be suitably altered in accord with the
4 l{ra;srAntennas. MeGraw Hill, New York, 1950, p. 305
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Fig. 3--Radiation resistance 20
vs, height above perfectly-
conducting ground for repre-
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ground reflection coetlicients. Real ground has the
etfect for horizontal dipoles of shifting the eutive
curve slightly to the left and reducing the ampli-
tude of it oscillations.® Finite ground econduetiv-
iy aiso causes the radiation rezistance Lo inerease
instead of dropping to zera as the dipole height
falls bolow 0.2 wavelength.® Perhaps this is the
explanation for Johnson's figure of 82 ohms for a
145- legree V ul a height of 0.114 wavelength.’
Nu increase was vbserved experimentally for the
sharper V's deseribed in this note.

Measured Data
It seemed appropriate tn press beyond the
computed eurves of the model into some actual
experimental results. Measurement of the radia-
tion resistance of an 80-40 meter cage V¥ using
# homemade bridge ¥ yiclded the values shown
below.

Ant. Angle A Height fiwap
%0 m. i1ov ATA 38 ohms
£0 M. O5° 32N o1 ohus

To cheek the vesistance variation vver ground,
an inverted V with delta of 105 degrees was con-
strueted for 20 maters using 7g-inch aluminum

s Jovdan, Electromagnetic Wares und Radinting Systems.
Prentice-Hall, Ine., Englewood Cliffs, N. J., 1950, p. 324,

s Proctor. ** Input Impe.lance of Horizontal Dipole \erjals
at Low ieights Above the Ground”, Proe, I,ELE., 47, part
LL, 1950, p. 188,

tubing. This gave au L/7D ratio ihat wus similar
10 the cuge antenna, A G3HZP balun *® was in-
sertod between the R(-38 feed line und the an-
tennas terminals. Fig. 4 contains both the experi-
mental 20-meter data and the curves for a 105-
degree V computed from the 2- wud 4-current-
clement models. Certainly at the higher elevations
these curves should bracket the radiation ve-
sistance as determined by a continuous current
on the antenna. The points denoted by triangles
were meastured on the homemade bridge and the
circled poinix were obtained using a wh.f, GR
Type 1602 bridge. While the experimental points
do not fall on the comwputed curves, they do
cluster in u range of values consistent with the
previous observations on antennas in theory and
in practice.

Length of the Inverted V

The pruning necessary to tune out the renc-
tance of the half-wave suntenna ean be estimated
by introducing a variable K into the half-wave-
length formula.

. 492 X KN
Length (fect) = - - A

Into K hax been lumped information ou the in-
Hluence of the conductor diameter, loading by end
insulators, height wbove ground of arbitrary
eonductivity, feed-line effects, ete. Normally, a
ssigned to K,
which immediately leads to the fumiliar formula

19 James, “*The G3II%ZP Balun”, RSGB Bulletin, July
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7 Johnson. ** Antenna Feedpoint Investigation”, ¢, ¢
March 1968, p. 36. representative value of 0.95 is a
S (lovington, *Inverted V Radiation Patterns” ST,
May 1965, p. 81,
vytrandlund, ““ Amateur Measurement of R+ jX 7,
Q87T June 1965, p. 25, 1966, p. 459,
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Fig. 4—The triangles and circles represent measured values of radiation resistance of an experimental inverted V having
an included angle, delta, of 105 degrees. Curves based on fwo mathematical models are shown for comparison.
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for the length of the horizontal resonant half
wavelength antenna.

468
J(Med
The very geometry of the inverted V indicates
that some limitations must be accepted in as-
suming a single, universal number for K. More-
aver this is confirmed by the maze of conflicting
values for resonant lengths of inverted Vs re-
ported in the literature. Some of these reports can
be untangled by focusing attention on K in rela-
tion to the antenna height.

A 10-meter balun-fed inverted V wus built
with delta of 105 degrees and an /./D ratio of
230. The resonant frequency was determined
from the minimum of the s.w.r. plots taken as
the antenna was raised to varions heights above
ground. This duta was then used to compute
I as given by the first formula. The results are
<shown in Fig. 5. Perhaps the most surprising
aspect of Fig. 5 was the discovery that, given the
antenna height, vhe value of A rend from the
eurve predicted (using the first formula) the
resonant lengths of both the 80- and 40-meter
cage Vs to within 1.6 feet. Several tentative con-
clusions are suggested by the figure. The initial
rise followed by an oscillatory behavior is similar
to that noted for horizontal dipoles® Targer
angles of delta should witness a steeper decline
in A at the lower heights. As the distance above
ground increases, A assumes n value that is
slightly larger than the corresponding value for a
dipole. This lends weight to the argument that
the dipole has the larger reactive component.
Using « d.e. three-gronnd-rod technique, the
local ground conductivity was found to be 2.7
millimhos/meter under the antenna. Since the
conductivity over much of the 118, is several
times greater than this 1 it would be reasonable
to expect, in general, values of A’ which move into
the 0.45 vegion more quickly than Fig. 5 indicates.
A larger L/D ratio should inereuse A slightly.

Length (feet) =

Summary

Basieally, this study has examined two ques-
fions:

1) What is the most efficient way of feeding
wi inverted V given an arbitrary V height and
angle? lig. 3 supplies an approximate answer in
the case of a thin-filament V and perfect ground.
Practically speaking, the framework of the ideal-
ized cnrves wus confirmed experimentally. A more
exact confirmation would require a better mathe-
matical model of the physical antenna and
ground. Nevertheless Fig. 3 does suggest sume
guidelines for feeding inverted Vs. The simplest
approach, particularly for multiband operation,
is to use tuned feeders and nuot really worry ahout
the antenna impedance. But tuned feeders do
not offer the convenience and portability of
coaxial or Twin-Lead feed. In this ease the best
match will depend on height and V angle. With
73-ohm coax or 75-ohm Twin Lead aus.w.r. of 1.7

LR Rules and Regulutions, Section 73, p. 107,
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Fig. 5—Experimentally determined values of K af various
heights above ground. The circled points were measured
for @ 10-meter, 105-degree inverted V with L/D of 230
and ground conductivity of 2.7 millimhos/meter. The
dotted lines were taken from Proctor's 6-meter, horizontal-
dipole results {L/D of 390) over wet and dry ground.’

or better at resonance is predicted for any height
above 0.25 wavelength and delta greater than 120
degrees. Roughly the same could be said for
300-0hm folded-dipole inverted V. Keeding with
52 ovhm-coax requires judicious selection of
height and delta if the lowest s.w.r. is to be
maintained. The standard deviation of the s.w.r.
shout 52 ohms for heights from 0.2 to 1 wave-
length is minimum for delts near 110 degrees.
This would represent a good compromise for a
multiband trap inverted V. The purist approach
t the feed problem would be to select the an-
tenna height that optimizes the radiated power
for a given sel of angles of elevation, then lo
mutch the antenna impedance at that height to
the coax using a balun transformer,

2) Criven u frequency, how long is a corre-
sponding inverted V antenna? With much
sagacity comes the three-word reply, *cut and
try.” While an inverted V installed high and in
the clear can be longer than a horvizontal dipole,
especially if delta 14 less than 90 degrees, the
cramped  conditions prevailing for the unsual
%0 /40-meter antenna will eause lengths computed
by the 468/f formula to be too long. The author
has found Fig. 5 to he a useful supplemental
guide in zeroing in ou the resonant frequency
for Vs near 100 degrees.

Jorrespondence with (G3HZP hay heen es-
pecially valuable and much of the prerequisite
enthusiasm and elbow grease in all phases of the
experimental measurements came from W4LKB.
Special thanks go to both amateurs for their help
in the presentation of the above ideas on in-
verted Vs. fmsF—]
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