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Experimentally Determined Radiation Characteristics of Conical and Triangular Antennas

has been amply demonstrated.®

experimental measurement.

in applying the data to practical

cylindrical antennas.®®

agreement.

Introduction

The usefulness of large-area radiators for broad-band applications
Antenna designers have utilized various

geometrical shapes; cylindrical, conical, triangular and spheroidal.

Many articles have been published on the theoretical analysis of
certain radiator shapes. In particular,
considerable attention.?”® The theoretical treatment involves simplifying
assumptions and approximations in order to satisfy the required boundary
conditions and to reduce the mathematical difficulties. Calculations
following the analysis are indeed laborious. An alternative and easier

approach to obtain a large amount of engineering data is that of direct

Although some experimental results have been published by Essen

and Oliver,® the extent of their coverage is limited.

The data described in this bulletin were obtained during 1945 from
experimental impedance and radiation measurements on two types of broad-
band radiators, conical and triangular antennas. These particular shapes
were chosen for their simplicity of construction as well as for the ease
feed systems. This work was carried on

as a logical step following previously made impedance measurements on

Useful design information was obtained experimentally on the
radiation characteristics of conical
variations in their physical dimensions. The data are presented graphically
in terms of the input resistance and reactance, field patterns, and rela-
tive power gain. A comparison of the measured values for conical antennas

is made with a small number of published theoretical values, with excellent

the conical radiator has received

and triangular antennas for wide

Method of Measurement

The impedance data were obtained with the
se of a conventional slotted transmission line
and sliding probe. The probe led to an ac-
curately calibrated superheterodyne receiver
which indicated the voltage standing-wave ratio
on the line as well as the position of the
voltage minimum. From this information the
(“wtenna impedance was calculated by the use of
ransmission-line charts.

Most of the data were secured using a
frequency of 500 Mc. This choice of frequency,
having a wavelength of approximately two feet,
permits the easy manipulation of most of the
antenna models, and yet is not too high to
affect the accuracy of the measurements. A few
of the very largest cones and triangles, how-
ever, were measured at a frequency of 1670 Mc
to facilitate handling the antennas.



Experimentally Determined Radiation Characteristics of Conical and Triangular Antennas

In order to provide a minimum-length
transmission line to the slotted measuring line
and also furnish shielding of the measuring
apparatus and operator, only one half of the
test dipole was fed against a large

ground plane

image or
(see Fig. 1). Hence all measured
plotted are one-half the
values that would be obtained from a balanced

dipole.

impedance values
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f\\\\f"A" SLOTTED MEASURING LINE
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3
T RG-8U COAXIAL CABLE
TEST ANTENNA (2 WAVELENGTHS)
B
Fig. | = Arrangement of apparatus in making the im-

pedance measurements.

The ground plane consisted of a conductive
disk eight feet in
sufficiently large (approximately four wave-
lengths) so that the impedance errors due to
the use of a finite plane instead of an
finite plane are of second-order effect.

diameter. This size is

in-

FREQ. = 500 MC.

2.5°

POLYETHYLENE
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Fig. 2 - Enlarged view of the unipole feed.

The setup was supported in the clear on
high trestles to reduce the effect of the
earth, etc.,

buildings, to a minimum.

Fig. 2 shows an enlarged view of the
unipole feed details. In order to provide a
means of attachment to the
inner conductor of the feed line, the test
unipole point was cut off to furnish a trun-
cated mounting base of 2.5 electrical degrees
in width. The polyethylene insulation of the
RG-8U coaxial cable was extended 2.5 electrical
degrees beyond the ground screen as shown. All
degrees are obtained
from the product of the physical
the ratio, 360/wavelength.
the physical
same units.
A1l impedances are referred to the junction
of the coaxial line and the ground plane. Cor-
rections were made on high standing-wave ratios
loss in the RG-8U
feed cable joining the test antenna and the
slotted measuring

good mechanical

dimensions in electrical
dimension and
The wavelength and

dimensions are measured in the

to compensate for the slight

lTine.

The flare angle of the cones and triangles
is designated by the angle, a, in degrees. The
length, A, of the antenna in electrical degrees,
is measured from the top to the truncated base.'

For the larger test antennas the free end
was supported from above by asmall polyethylene
insulator and long waxed string.

Both the conical and triangular antennas
were constructed of copper-plated sheet steel
having a thickness of 0.020 inch.
ends of the cones were not closed.

The large
For a given
test antenna, measurements were made as the

length was cut down.

Field patterns were taken on balanced
conical dipoles as shown
dipole was supported with
horizontal

in Fig. 3. The conical
axis
above a motor-driven turntable. A

its longitudinal
coaxial line from the generator led through the
support pipe to a balun, which insures
a balanced feed, to the test antenna. Long
polystyrene rods supported the free ends of the
larger dipoles.

vertical

)

The output of adirective receiving antenna‘:)

located approximately 150 feet away led to a
The receiver output

operated an Esterline-Angus recorder.

superheterodyne receiver.

As the conical dipoles have circular

symmetry in the vertical plane,

only one field™\
pattern was taken-.-on each test antenna. j)
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CONE

COAXIAL
TRANSMISSION LINE

GENERATOR

Fig. 3 — Arrangement of apparatus in making field
pattern measurements.

Since the flat triangular dipoles do not

have such symmetry in the vertical plane, three

easurements are necessary to obtain sufficient
(mnformation on the space radiation.

Referring to Fig. 4, field patterns were
measured on the triangular dipoles in the XY
plane as with the conical dipoles. In addition,
field patterns were taken in the XZ plane. The

£

( *Fig. 4 - Geometry of the triangular dipole.

latter was accomplished simply by rotating the
triangular dipole 90 degrees on itslongitudinal
axis and repeating the pattern measurement.

As the only points common to these two
patterns lie on the X axis where the radiation
is zero, one other measurement is required to
ascertain the relative amplitudes of the two
patterns. In order to eliminate any possible
ground reflection error, this information was
obtained using the impedance measuring setup
of Fig. 1. The ground plane was mounted hori-
zontally with one-half of the test triangle
extending vertically above. Avertical receiving
antenna with high directivity was placed a
great distance away with its center lying in
the plane of the ground plane. Hence, currents
flowing in the ground plane produce canceling
fields at the receiving antenna, and reception
is obtained only from thevertical test antenna.

Relative field strength measurements were
taken for two positions of the triangular uni-
pole; one with the vertical receiving antenna
lying in the plane of the triangle, and the
other with the triangle rotated 90 degrees on
its vertical axis.

These data, giving the relative field
strengths along the Y and Z axes, respectively,
supplied the necessary information to correlate
the two field patterns taken in the XY and XZ
planes.

Conical Antenna Impedance Measurements

The measured impedance data taken on the
conical unipoles are plotted vs the radiator
length in Figs. 5 and 6 in terms of the resis—
tance and reactance values. Curves are given
for various flare angles up to a value of a =
90 degrees. The limiting case of o = 0 degrees
represents a cylindrical radiator having a
diameter of 2.5 electrical degrees since the
feed point was kept fixed at that diameter.

As the flare angle increases, the ampli-
tude of the resistance and reactance variations
decreases. |t is seen, for example, that a
90-degree conical unipole has a resistance of
approximately 50 ohms and very low reactance
over a very wide frequency range.

The resistance peaks in Fig. 5 are re-
plotted inFig. 7 to show the maximum resistance
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Fig. 5 — Measured resistance curves of the conical
unipole vs length in electrical degrees for various
flare angles.

variation vs the flare angle. Also given in

Fig. 7 is the radiator length for maximum re-
sistance. These points correspond quite closely

to the second resonance values.

Fig. 8 shows the antenna lengths for the
first resonance plotted against the flare angle.

Some question hasarisen in the past as to
the effect of closing the open end of the cone
Time did

measurements with closed

with a plane conducting cover. not

permit repeating all

ends. However, the impedance of a cone having a
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Fig. 6 — Measured reactance curves of the conical

in electrical
flare angles.

unipole vs length degrees for various

flare angle of 60 degrees was determined with

its end closed for various lengths. No mea-

surable differences in impedance were detected.
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Fig. 7 — Maximum conical unipole resistance vs
the flare angle in degrees, and the unipole
length in electrical degrees at which the
maximum resistance occurs vs the flare angle.
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Fig. 8 — The conical unipole length inelectrical
degrees for zero reactance vs the flare angle.
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An interesting comparison is given i :)

9 and 10 between the measured data given
presented by
Papas and King® for a 60-degree flare-angle

Figs.
here and the calculated values

The cone assumed by Papas and King was
while that
9 shoy

cone.
capped with a spherical
herein described -was open-ended.

section,
Fig.

)
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Fig. 9 — Comparison of calculated and measured im—

o ; .
pedance curves for a 60 ftare-angle conical unipole.

the comparative results where A is the overall
length of the cone and cap in the theoretical
case while A is the length of the uncapped cone
in the measured case. A substantial agreement
between the theoretical and experimental values
may be noted.

In Fig. 10, the data of Fig. 9 are dis-
played so that A is the length of the cone
proper in both the case of the theoretical
values and the measured data. An even greater

correlation is seen.

Conical Antenna Field Pattern Measurements

field
patterns were measured for half-lengths (A)
from 60 to 180 electrical degrees in 30-degree
steps, and from 180 to 270 electrical degrees
Closer intervals of mea-
-urement were taken for the longer antennas as

For each value of flare angle,
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Fig. 10 - Comparison of calculated and measured im-

pedance curves for a 60" flare-angle conical unipole.

the field configurations change more rapidly in
that region.

Since the patterns are symmetrical about
only one quadrant is given
The patterns are plotted in

showing the relative

the major axes,
(Figs. 11 to 22).
rectangular coordinates,
field strength vs azimuth angle. Also included
for comparison are the field patterns (Fig. 11)
for a thin wire calculated on the basis of
sine-wave distribution.

It is seen that the sharp nulls of the
longer conical dipoles are gradually filled in
as the flare angle is increased to approxi-
mately 50 degrees. For larger flare angles, the
secondary lobes commence to become prominent
again.

For lengths less than 180 electrical
degrees, no side lobes appear for any of the
measured flare angles.

Field patterns were also repeated on a

60-degree flare—-angle conical dipole with
closed ends. The patterns were practically
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Fig. Il — Calculated field patterns of a thin-wire (theoretical) dipole.
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Fig. 12 — Measured field patterns of a conical dipole for various dipole lengths and
flare angle (a) = 0 .
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Fig. |3 — Measured field patterns of a conical dipole for various dipole lengths and
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Fig. 14 — Measured field patterns of a conical dipole for various dipole lengths and
flare angle (o) = 10°.
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flare angle (a) = 50 .

OA = 60° 90° 120° 150° 180° 195° 210° 225° 240° 255° 270°
o N \ \ \ \
8 \ /
7 - f
6 \ T 1 N
5 M
4 \ -
3 L
.2
| \ \
. N \
00 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 90
5] 5] (-] e -] (-] ] -] e (-]
Fig. 15 — Measured field patterns of a conical dipole for various dipole lengths and
flare angle (a) = 20°.
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Fig. 16 — Measured field patterns of a conical dip%le for various dipole lengths and
flare angle (a) = 30 .
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Fig. 17 — Measured field patterns of a conical dipolg for various dipole lengths and
flare angle (a) = 40 .
e 60° 90° 120° 150° 180° 195° 210° 225° 240° 255° 270°
N \ NI /N
\ \ N
® \
7 \
% \ \ N
M \ \ \
% \ \\ \
3 \ (
2 \ \ I |
A
N
vO 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 900 30 60 90
[} 2} e 2] e 2} 2] [c} 2] [E} )
Fig. 18 — Measured field patterns of a conical dipole for various dipole lengths and
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Fig. 19 — Measured field patterns of a conical dipole for various dipole lengths and

flare angle
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THEORETICAL

identical with those obtained with the ends . HALF — WAVE DIPOLE
( open. AREA = 2175
Calculations by Papas and King’ on the
radiation characteristics of a 60-degree flare- 9
>
angle cone for three different antenna lengths =
. ; : a
are compared with the measured data in Fig. 23. z CONICAL DIPOLE
A close agreement is observed, when the com- =Y S "A“;O'o
. . . = = 270°
parison is made on the basis of the overall _— AREA= 2447
height of the capped cone in the theoretical o
case with the height of the uncapped cone in ] S
(/'S
the measured instance. ]
This leads to the postulate that the léJﬁH -----
( addition of the spherical cap effectively 5 ——————
lengthens the cone by an amount which is the & .sp-----
radius of the spherical cap minus the height }F---1
of the cone, with respect to the radijation o
patterns, while the addition of the spherical 3 — -
cap does not affect the impedance. 2
o 10 20
_T—
A Fig. 24 - An example of the relative power
gain calculation for a 40° flare-angle coni-
l cal dipole.

[ I azimuth angle, 6. The measured conical field

————— CALCULATED DATA  (PAPAS & KING) patterns are replotted on a form shown in
) MEASURED CURVES Fig. 24, in which the coordinates are Fg cos 6
( and 6. Hence the relative power integration is
mechanically performed by planimetering the
A= 86 200° 258° area enclosed by the replotted curve. The area
1.0 < < under the theoretical field pattern of a half-
M \‘Jl \\\ n wave dipole is also measured as a reference.
&) \ \ \‘ ~ The ratio of the two areas is then the relative
i v maximum power gain of the conical dipole with
o \\ N respect to a theoretical half-wave dipole.
Fos \ | In the example given in Fig. 24, the
: v | patterns of a 270-degree conical dipole having
. A \ I o T S T [ I
- j 1T T 1T 17T 1 ”/ \\\
° || S (L [\
o 7309 L 20 o 306 60 90 o 30 e 80 90 ; 5 /20' \ / a\=m
Fig. 23 - Comparison of calculated and meas- © ] /7“7\ \,‘ \,og_
ured radiation characteristics of a 60° flare— & M 7 "T:"( /\t =
angle conical dipole. §|.o L[] == —7;0 A \
w %// = . N \\‘
c o ki
j 50—
K Conical Antenna Power Gain Calculations 2 s ]
\ IOO -
The uniform radiation in the plane normal , l 2

to the axis of the conical dipoles facilitates 0 50 100 150 200 250 300
. . . ANTENNA LENGTH-DEGREES

the power gain calculations. The radiated energy

4 5 £ . Foth f th Fig. 25 — Calculated power gain curves of the conical

's an integrated function of the square o € dipoles with respect to a theoretical half-wave

distant field strength times the cosine of the dipole.

1
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Fig. 26 - Comparison of calculated and measured

power—gain data.

a flare angle of 40 degrees and a theoretical
half-wave dipole are plotted.
relative power gain is the ratio of the plani-
metered areas enclosed by the two curves,

The maximum

or

P.G - =

.G. 0.
MAX 2444 89

is 0.76
dipole,
the relative power gain for this broad-side

As the relative field
at zero azimuth angle for the conical

intensity

condition is the maximum power gain reduced by

the square of the relative field intensity, or
P.G. g=0°), = 0.89 x 0.76° = 0.514
The relative power gain curves at 9 = 0°

computed in this manner for all of the measured
/1\
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Fig. 27 — Measured resistance curves of the triangular
unipole vs length in electrical degrees for various
flare angles.

12

conical dipoles are given in Fig. 25. The
different field pattern shapes of the thin-wire
dipole (Fig. 11)
(Fig. 12) result

in power gain for the longer antennas.

and the cylindrical dipole

in a considerable departure

An experimental
power -gains for
theoretical

verification that the high
long antennas shown by the
curve of Fig. 25 are not realized
with practical in Fig.
26.
measured field strength data by Morrison and
Smitht?

plotted for two types of tower excitation,

installations is given
The relative power gains calculated from

on a 400-foot broadcast tower are

base-fed being shown by the crosses and shunt-
fed by the circles. The tower diameter was
approximately 1% electrical degrees for the
quarter—-wave length. |t seen that the
Morrison and Smith data conforms much closer

to the 2.5-degree diameter antenna than to the

is

theoretical curve.
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Fig. 28 - Measured reactance curves of the

triangular unipole vs length in electrical
degrees for various flare angles.

Triangular Antenna Impedance Measurements
The measured impedance da.a taken on the
triangular unipoles are plotted in Figs. 27 and
28. In general, it is seen that the resistance
and reactance fluctuations are greater than

with the conical antennas for the same flare

angle.
An interesting point may benoted (Fig. 28)
in that for a length of 140 electrical degrees

the reactance is independent of the flare

angle of the triangle.

)
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The maximum resistance values and corres-—

ponding antenna lengths are shown in Fig. 29.

considerably
resistance.

lower than the triangle peak

A comparison of Figs.

7 and 29 show that for a

given flare ahgle the cone peak

resistance is
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29 — Maximum triangular unipole resistance

Fig. 30 shows the antenna length for the
first resonance plotted vs the flare angle.

Fig.
vs the flare angle in degrees,
length in electrical

and the unipole

degrees at which the
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Fig. 30 — The triangular unipole length in

electrical degrees for zero reactance vs the

maximum resistance occurs vs the flare angle.

flare angle.
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Fig. 31 — Measured field patterns of a triangular dipole for various dipole lengths and
flare angle (a) = 50. The patterns in the XZ plane are indicated by solid curves.
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Fig. 32 — Measured field patterns of a triangular dipole for various dipole lengths and
flare angle (a) = 10 . The patterns in the XZ pl!ane are indicated by the solid curves,
and the patterns in the XY plane by the dashed curves.
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90°

120° 150°
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Fig. 33 — Measured f(i)eld patterns of a triangular dipole for various dipole lengths and
flare angle (@) = 20 . The patterns in the XZ plane are indicated by the solid curves,
and the patterns in the XY plane by the dashed curves.
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Fig. 34 - Measured f‘i)eld patterns of a triangular dipole for various dipole lengths and
flare angle (&) = 30 . The patterns in the XZ plane are indicated by the solid curves,
and the patterns in the XY plane by the dashed curves.
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Fig. 35 — Measured field patterns of a triangular dipole for various dipole lengths and
flare angle (a) = 40°. The patterns in the XZ plane are indicated by the solid curves,
and the patterns in the XY plane by the dashed curves.
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Fig. 36 — Measured field patterns of a triangular dipole for various dipole lengths and
(@) = 50°. The patterns in the XZ plane are indicated by the solid curves,

flare angle

and the patterns

in the XY plane by the dashed curves.
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flare angle

()

= 90°.

and the patterns

The patterns

in the XZ piane are

15

indicated by the solid curves,

in the XY plane by the dashed curves.
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Fig. 37 - Measured fgeld patterns of a triangular dipole for various dipole lengths and
flare angle (&) = 60 . The patterns in the XZ plane are indicated by the solid curves,
and the patterns in the XY plane by the dashed curves.
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Fig. 38 — Measured féeld patterns of a triangular dipole for various dipole lengths and
flare angle (&) = 70 . The patterns in the XZ plane are indicated by the solid curves,
and the patterns in the XY plane by the dashed curves.
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Fig. 39 - Measured fge|d patterns of a triangular dipole for various dipole lengths and
flare angle (a) = 80 . The patterns in the XZ plane are indicated by the solid curves,
and the patterns in the XY plane by the dashed curves.
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Wig. 40 - Measured field patterns of a triangular dipole for various dipole lengths and
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Triangular Antenna Field Pattern Measurements FAN DIPOLE
13—y
The measured relative field patterns for | [
the triangular dipoles are plotted in Figs. 31 '\ R
to 40 in the same manner as for the conical R
dipoles. Patterns taken in the XY plane are \\/
shown as dashed curves and patterns taken in
the XZ plane as solid curves. CAN~BS s w.R
The two patterns depart considerably for ke g
triangular dipoles of large flare angle and “ .
long length. & 2
6 4
- 4 i
2 — 2N\
0 P el ) —
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FREQ-M C. FREQ.-MC.

BROAD—BAND
RECEIVING DIPOLE
480 = 920 MC

Fig. 41 — An application of the measured impedance

data to a practical receiving dipole.

As the triangle field patterns do not
always have circular symmetry in one plane, the
power gain measurement described previously
could not be used. No other method of de-
termining the power gain was attempted.

Fig. 41 shows an app]iéation of the mea-
sured data to a particular design example. A
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Fig. 42 - Measured characteristics of fan dipole.
broad-band dipole was required*® for receiving
use with 300-ohm characteristic—impedance line
in the UHF range of 480 Mc to 920 Mc.

The dipole was made in the form of tri-

angular elements supported by an insulating

arm. From a study of the impedance data of
Figs. 27 and 28, a flare angle of 60 degrees
and total length of 132 inches was chosen as a

suitable compromise to limit the standing-wave
ratio to 2:1 or less over the frequency range.
The final measured results are shown in Fig. 42.
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