The
HF Discone

ANTENNA

A Frequency Independent Antenna

For Vertical Polarization

8Y JOHN S. BELROSE* VE2CV/VE3DRC

The discone antennu bas existed for years,
but little information on this radiator has
appeared in amateur publications. While the
array looks like a guyed 36-foot tower
having a large top hat, it offers the
performance of an efficient vertical
monopole but may be operated
independently of any earth ground. It
covers 40 through 10 meters without
critical tuning, traps, or band switching, and
provides an excellent maich to 50-obm
coaxial line.

N 1857 Victor Rumsey explained the basic

requirements for frequency-independent an-
tennas. The concept was that if the shape of the
antenna could be specified entirely by angles, its
petformance would be independent of frequency.
This is because the shape of the antenna, when
expressed in wavelengths, wonld be the same at
every frequency, The log-periodic antenngz, which
is the best known of this class of antennas, was
devised by DuHamel and Isbefl' in 1957. In 1959
lsbell® developed the Jipole arrangement currently
used, The discone untenna was developed by
Kandoian® in £945, and is a radiator having an
impedance that can be direcrly maiched to a
50-ohm coaxial transmission line over a wide

* 3 Tadoussac Dr., Lucerne, Quebec, and
Department of Communications, Communications
Research Centre, P.O). Box 490, Siation A, Ottawa,
Canada K1N BT5,

" Far this and all subseguent references, see the
listing at the end of this article,

July 1975

frequency band. The discone also belongs to the
iog-periodic class of antennas.

The fact that the discone antenna does belong
to the log-periodic class will be made clear below.
The artenna vomprises a vertical cone beneath 2
horizontal disk (see Fig. ). For frequencies within
the range of the antenna, the radiation is due to g
resonance between the fields caused hy current
flow over the disk and over the surface of the vone,
which is established by its flare angle, The apex of
the cone, which s vertical, approaches and
becomes common with the outer conductor of the
coaxial feeder at its extremity., The venter von-
ductor of the cosxial feeder terminates at the
center of the disk, which is perpendicular to the
axis of the cone and the feeding transmission line.
The discone cun be thought of s an upside-down
vonical monopolc, an esntenna type that was
Jevised much earlier,
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Fig. 1 - Crosssection sketch of the discone

antenna. See text for definitions of terms.
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‘The advantages of the discone are that it can be
operated remote from and independent of ground,
Furthermore, since the current maximur is at the
top instead of at the hottom of the antenna, and
since its structural configuration lends itself to
mounting on a pole or on top of a building, the
radiation characteristics of a practical discone
antenpa can approximate an idea! dipole antenna
in free space, The change of impedance versus
frequency is, however, very much less than for any
ordinary dipole, even dipoles with rather small
length/diameter ratios. The same is true for the
radiation characteristics of the discone. The an-
tenna exhibits good impedance characteristics over
4 ten-to-one frequency range and low-angle radi-
ation with little change in the radiation pattesn
over a three- or four-to-one freguency range. At
the high-frequency end the pattern begins to turn
upward, with a resulting decrease in the radiation
at low elevation angles. The discone antenna may
be visualized as a radiator intermediate between 2
conventional dipole and a biconical hom. A bi-
conical horn® is essentially a conical dipole
operated at frequencies for which the physical
dimensions of the antenna become large compared
with a wavelength, At the lower frequencies the
antenna behaves very much as a dipole; at much
higher frequencies it becomes essemtially a horn
rudiator.

Design Considergtions

Refer to the sketch of the discone radijator
in Fig. 1. The following nomenclature is used:

¢ = gone flare angle (total)

Ly = glant height of cone

Ly = vertical distance from the disk to the
base of the cone

Clpax = maximum diameter of cone

Coyin = inimum diameter of cone

D = diameter of disk

hy = disk-to-cone spacing

From model studies Nail has determined the

optimum parameters for disconeantennas to be as
follows:

§ = 0.3 Cipin

D= 0.7 Chpax
and typically, for an optimum design

LelCrin > 22
¢ = 60°

‘The performance of the anienna is not very critical
in regard to the vaiue of flare angle, o, except that
there is less irrepularity in the SWR versus fre-
yuency if ¢ > 30°, although ¢ > 920" was not
investigated, Since the bandwidth is inversely
proportional to Cpnn, that dimension must be
small; for a frequency range of ten to ong I.s,me-m
should be greater than 22

From the circuit standpoint the discone an-
tenna behaves essentiafly like a high-pass filter. [t
has an effective cutoff frequency, f., below which
it becomes very inefficient, causing severe standing
waves on the feeding coaxial line. Above the cutoff

12

SWH {50 =0HM LINE)
N
& ]
T T 1
=]
\{
I

INT

i [ 2
FREQUENCY (MHz)

Fig. 2 - Standingwave ratio vs. frequency for the
discone antenna designed for operation on 7 MHz
and above. The “spike” in the curve at approxi-
mately 24 MHz is believed to be caused by an
adjacent metal structure, as explained in the text.

frequency little mismatch exists and the radiation
pattern remains substantially the same over a wide
range of frequencies ¢(from some minimum fre-
quency, fmin, f0 some maximum frequency.
fmax). The sant height of the comne, Ly, is
approximately equai to a quarter wavelength at the
cutoff frequency, fo, and the vertical height (o
altitude) of the cone is approximately a quarter
wavelength at the lowest operating frequency,
Fraine

The radiation from the discone can be viewed
in this perhaps somewhat-oversimplified way. A
fraveling wave, excited by the anienna input
between the apex of the cone and the disk, travels
over the surface of the cone toward the base until
it reaches a distance along the stant surface of the
cone where the vertical dimension between that
point and the disk is a guarter wavelength, The
wave field therefore sees a tesonant situation and is
almost entirely radiaied.

For fmin = 7.0 MHz and a velocity factor for
propagation along the surface of the cone equal to

=2834 _ 405 inches.

fmin
1§ ¢ = &0°, then [’S = 456 inches and fc =

0.96,

t"’!

234+ 622 MHa. The disk diameter is D = 0.7
*9

Cenax = 0.7 (456) = 319.2 inches, and for Cpyip *

13.5 inches (2 practical dimension which we shall

seg later), § = 0.3 Oy = 0.3 (13.5) = 4 inches.

456

The ratio LefCipin = i 317,

The frequency response of a discone antenna
constructed with these dimensions is shown in Fig,
2, Here we sce that the SWR is 3.25 at f, and
decreases rapidly with increasing frequency, being

about 1.5 at frpin. The SWR is < L5 aver the
frequency range 7 to 23 MHz, and while this ratio
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increases for frequencies > 23 MHz, the SWR,
except for the irregularity for frequencies 23.5 to
25.5 MHz, is < 2.5 MHz over the frequency range
6.5 to 30 MHz, The SWR peak in the frequency
range 23.5 to 25.5 MHz is thought to be due to a
resonance in the metal structure of 4 nearby part
of the building on which the discone antenna is
mounted, it was mounted on a flat roof 70 feet
from a penthouse which is 21,25 feel in height
(including the grounded metal rail around the top).
This height is a resonant half wave at 24,4 MHz.

Practical Construction

At hf the discone can be built using closely
spaced wires to simulate the surface of the vone,
The disk can be simulated by a structuze consisting
of cight spreaders with wires connected between
them, It s important that a skirt wirc connect the
bottom ends of all slant wires simulating the cone,
and another the outer ends of the spreaders which
simulate the disk. These wires have the effect of
increasing the effectiveness of the wire structures
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Fig. 3 - Construction details for the hf discane
antenna.

A = Hex-head scrow, 1/4-20 X 2-in. iong, 16 req'd.
B — Hex nut, 1/4-20 thread, 16 req'd.

C — Hex-head screw, 3/8-16 X 1-in, iong, 8 req'd.
D — Guin, turnbuckle, 8 reqd.

E — No. 12 Copperweld wire, 1400 feet req'd.

F - Porcelain or ceramic insulators, 24 req'd.,
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G — 50-ohm noaxial feed line, length as required,
Line is secured to rast and connected at feed
point shown in Fig. 4.

T — Antenna mast with cap.

2 - Insulator subassembly, See Fig. 4.

3 ~ Spreaders, made from 1-in, aluminum tubing,
8 reg'd.

4 - Spreader support, 3-ft. length of steel or
aluminum pipe or tubing, flange mounted,
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Fig. 4 -- Construction details of insulator sub-

assembly,

A ~ Hex-head screw, 1/2-13 % 2-1/2-in, long, 12

. reg'd.

8 - Flat washers, 1/2-in. 12 req'd.

C -~ Rf connector, as required.

D — &-in, length of copper wire.

£ ~ Wire lug, Emco 14-6 or equiv.

F ~— Round-head screw, 10-32 X 3/8-in. long.

G — Flat-head screw, 1/2-13 X 2-1/2-in. long, 4
req'd,

1 — Aluminum mounting plate for disk spreaders,

2 ~ Phenolic insulator rings,

3 - Guy mounting plate,

to a considerable extent. An antenna constructed
in this way closely approximates the performance
of a solid disk and a cone over the frequency range
of the antenna.

The discone assembly and construction details
are given in Fig. 3. The antenna is supported by an
eightinch triangular afuminum mast {item 1)
which is 36 feet high. The insulator separating the
disk and the cone (itermn 2) is detailed in Fig 4.
Basically it is two metal plates separated by an
insulating section, The lower plate has a coaxial
feedthrough connector mournted at its center, and
the outer edge is drilled with 24 equally spaced
holes, 5/32-inch diameter, on a 13.5-inch diameter
circle for the guy wires that simulate the cone, The
end of each wire is soldered to a spade lug that is
attached by 2 self-tapping machine screw to the
plate, This plate is bolted to the top of the mast.
Eight l-inch diameter disk spreaders {item 3) are
holted to the top plate. A short 3-foot supporting
rod titem 4) is flange mounted at the venter of the
upper plate to hold the cables for supporting the
far ends of the spreaders. The center conductor of
the coaxial feed line is atfached to the center of
the top plate, as shown in Fig. 4.
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The antenna is mounted on the flat roof of a
three-story building. The height of the lower edge
of the cone is 4 feet above the roof. The 24 guy
wires simulating the cone are broken by 12-inch
porcelain insulators {item ¥) at their bottom ends,
and, as previously mentioned, the ends of each
wire are joined by a skirt wite, as shown in the
figure,

Performance

The discone antenna shown in the photograph
was constructed in 1968, and it is still in use. [t has
survived more than one freezing-rain ice storm. The
entire antenna and all supporting wires on at least
one corasion were covered with 1/2-inch radial
thickness of ice. A J-element triband amateur
beam covered with this thickness of ice aiso
survived the ice storm buf it was unusable; it was
detuned too much by the ice sheath. The per-
formance of the discone was nnaffected by the ice.
15 fact at an operating frequency of ahout 14 MHz,
paradoxicaily, the SWR was marginally lower when
the antenna was covered with ice vompared to
normal. The antenna has no sharp corners or ends,
and it is operated at dc ground (the cone is
grounded and the disk is grounded through the
input coil of the receiver). Because of this the
antenna is essentially immune to precipitation
static due to electrically charged rain, such as
frequently falls in the Ottawa Valley during sum-
mer maonths. A log-periodic antenna is normally
used for hf communications at the Communt
cations Research Centre Amateur Radio Station,
VE3DRC. Under conditions of precipitation static
this antenna frequently builds up static-charge
noise leveis equal to a signal stiength of 34 to 59
ot a Drake R4C receiver, even though the antenna
is operated at dc ground. By conirast, there.is
apparently no static buildup on the discone
antenna. The noise levels are essentially that of the
atmospheric noise intensity of the dJdistant or
nearby thunderstorm,

The antenna exhibits most of the usual
characteristics of a vertical monopole. It is cer-
tainly and not surprisingly sanch superior in
performance to the horizontal log-periodic antenna
for communications over ground-wave ranges with
a mobile station using a short vertical whip, The
usual vertical monopole antennas have a character-
istic overhead null in the radiation pattern, and for
short-distance sky-wave communications 2 heorizon-
tal dipole is in general the best antenna. In our
experience, however, communication was always
possible with the discone, to distances bevond that
over which the ground wave could bhe received,
pravided of course that the ionosphere would
reflect a frequency of 7 MHz (the lowest frequency
for which the antenna could be used). While there
is certainly a null overhead, it is not a very deep
utie, and with a lincar amplifier at the base station
the mobile could always copy the base station if
the base station could copy the mobile,

The antenna has been used for many hundreds
of contacts on four amateur bands, 40. 20, 15 and

(Continued on page 56)



{t Seems ...
(Continued from page 9)

license at the entry level which would he
more attractive to prospective amateurs. The
main objection to the FCC-proposed (fom-
municator is that it is a “something-for-
nothing” license; it grants so many desirahle
privileges that few people will want to
upgrade, Also, because it requires no famil-
larity at all with the Morse cade, Communi-
cator licensees might not be encouraged to
upgrade, The League's proposed alternative,
called the Basic Amateur license, provides
teasonable privileges as compared with re-
guirements for the license. A novel feature
of the Basic Amateur exam s the inclusion
of hasic yuestions on the broad range of
upportunities available to amateurs with
higher classes of license, to ensure that new
amateurs are awdre of the desirability of
upgrading. We feel that this approach will
attract large numbers of the kind of new
amateurs who will be encouraged to seek the
more fertile fields of the higher grades of
amateur license.

Although the FCC proposal hus been
promoted as one having lttle negative
impact on present licensees, in fact the
present holders of all classes of license
{except Advanced and Novice) stand to lose
privileges if it is e¢nacted without change.
The League is firmly opposed to further
erosion of privileges already earned. includ-~
ing the renewability of the licenses.

Further details on the League’s response
to Docket 20282 will be found elsewhere in
this issue, including the cover, The impor-
tant fact to note here is that the position
adopted by the Board was worked out on
the basis of detailed reference to the mem-
bership opinion survey. A strong spirit of
cooperation enabled individuzal members of
the Board to adjust their positions and
response so lhat the overall position taken
by the Board was unanimous., We feel it is
truly representative of the majority opinion
of League membership. We believe that
amateur radio has spoken so clearly in this
matter that there can be liifle reason for a
delay in its conclusion along the lines pro-
posed by the League,

And when the final report and order is
gnnounced, the League i3 ready to proceed
with strong support of this unified approach
to licensing and amateur privileges, We are
committed to the adoption of League pro-
grams which will encourage the revitalization
and growth of the amateur radio service.

~ WIRU
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Discone Antenna
{Continuéd from page 14)

10 meters, as well as on a number of frequencies
outside amateur bands. The performance of the
antenna ts difficult to assess yuantitatively. Com-
pared to a logpericdic antenna, which has =z
theoretical gain of §3.5 dB above isotrapic (dBi),
we should anticipate a ¢hange of two to three 8
uttits when switching from one antepna to the
other. This is assuming that the gain of the discone
is not going to be greater than 2.14 dBi (the gain of
a dipole antenna) and that an § unit is equal to 5
dB of signal change. At frequencies nexr the low
end of the range, 7 MHz, the signal change is
usnally greater, being 3 to 4 S units. This scems
reasonable, At 7 MHz the angle of maximum
radiation for the log-pertodic antenna occuss at 32°
abave the horizon, whereas low-angle radiation
from the discone is optimum at this frequency, At
14 MHz the angle of maximum radiation for the
Ing periodic decreases to 107 above the horizon,
whereas the discone radiates somewhat less effi-
ciently at low angies. The relative gain between the
two antenmas is therefore z tunction of frequency
and distance and more particularly the elevation
angle of the downcoming sky wave and the relative
response of the antenna at that angle.

In an article in a recent issue of GST, Wintzer”
discusses experiments with simplified wire dis-
cones, While none of the experimental arrange-
ments viilized a sufficient number of wires o
simulate a discone very well, nevertheless a reason-
able performance was achieved on spot frequencies
in some amateur bands. The aidvantages of a true
Jiscone antenna can be obtained wifhout von-
structing the “unwieldy monster” that Wintzer
suggests it must be, and one cgn certainly claim
that the discone is a sensible alternative for a
manopole, The 4-band broadband frequency range
with low standing-wave ratio and no critical tuning
of traps and inter-trap spacing should appezl to
many. {n the eyes of the antenna man, the discone
is a beauty to behoid; birds also love it as rows of
them are usually seen sitting of the disk spreaders.
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