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Discover the Discone
Is this the perfect aerial? Consider simple w ire construct ion,

easy one-time tuning, and flat swr from 3.5 to 28 M Hz.

•

tudes of the cones are 1/4
wave le ngt h. The e lec t ro
m agnetic fie ld flows o ut
wa rd from t he feed po in t
a long the su rfaces o f the
two cones unti l it reac hes
poi nts se p a ra ted b y 1/2
w a v e le n g t h , as show n.
Clea rly, this will be possible
at any frequency larger than
fmin, provided the vertices of
the cones come toge ther
precisely at the f eedpoint.

As t h e f re q u e ncy is
moved below fmin, it is no
longer possible to find two
points on the cone surfaces
se pa ra ted by 1/2 wave len gth
in space. Consequently. the
swr increases ra pid ly. When
t he frequency is lowered so
tha t the slant height, h. of
each cone is equa l to 1/4
wavelength, we say that the
bi-corucal anten na is a t fe
its cutoff point . The swr at
cutoff va ries depend ing on
the vertex angle of the
cones. Below fo the swr rises
with ex t reme steepness to
prohibit ive ly hi gh values .
Thus the bi-conical antenna
re pre sen t s an e lectrical
high-pass filte r with a lowest
practical frequency of fe.

A bi-eonical antenna ob
vious ly presents structu ral
prob lems at high frequen
cies although it is perfectly
prac tical at VHF. To reduce
the physical size of the an
tenna, the discone was de-

broadband types. which will
probably become more and
more popula r. Such anten
nas as the d ipole with tuned
feeders, th e rando m wi re,
the log periodic, and others
will be used by many hams
in pursuit of mu ltiband op
eration.

This a rticle desc ri bes the
t heo ry, d e s ig n, an d co n
st ruc tio n o f a b roadband
ve rti cal fo r th e ra nge 10
throu gh 30 MHz. This an
tenna is a n ada ptat ion of a
techn ique usually seen only
at VHF: the discone. This an
tenna d is plays vertica l po
lariza tion and excellent low
angle radia t io n; it need s no
rad ial system, and it has a
fa irly f la t , low sw r curve
over a continuous freq uency
ran ge . A theoretica l swr re
sponse is illustrated in Fig. 1.

Theory
The concept of the dis

cone originated with the no
tion tha t if an antenna could
be constructed whose di
mensions were specified by
angle measu res only, then it
would function independent
ly of the wavelength. The
bi-conical antenna (A in Fig.
2) is one such device. If the
two cones extend suffi
ciently above and below the
feedpoint . then resonance
can exist at any frequency
above fmin, where the alti-
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points over an eight-to-one
frequency range. Mu ltiband
antennas will become q uite
com p lic a t e d , exce p t fo r

. ~ .

"

,

•

,

••"

•

W ith the addition of the
new WA Re ba nds.

amateur rad io operators will
have HF allocations at eight

•

Fig. 1. Swr vs. frequency for a d iscone antenna ha ving a cut
off frequency of 10 MHz (do tted line). The po ints show
the results of a test at W l CV/4 using the antenna described
in this article. Any swr less than 3 was considered to lerable .

Fig. 2. Design of a bi-ccnicel antenna (A) and a d iscone (8).
The discone is a modified bi-conical antenna, in the same
wayan inverted ground-plane antenna is a modified vertical
d ipole.
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Fig. 3. Construction of the 1O-3Q.MHz discone. The slant
height is 23 feet. 8 inches; the squa re disk has a diagonal ra
dius of B feet. The supporting mast is 23 feet. 6 inches high.

veloped. Either the to p or
botto m cone m a y be re 
placed with a reflecting ra
dia l system, a nd t hen the
antenna will function over
the same frequency range
(p rovided t he re fl e c tor is
la rge enough). If we replace
the lower cone with a radial
system and bring the teed
point to ground level , we
have an antenna known as a
conical monopole . By re
placing the top cone with a
reflecting disk of suffic ie nt
size (B in Fig. 2l. we obtain
the discone. The discone is
to the bi-conical as an in
verted ground-plane anten
na is to a vertical dipole.

The discone is easier to
build than a conical mono
pole primarily because no
ground radial system is nec
essary. The high-current por
tion of the antenna is
elevated above ground . The
disk radiu s need be only
about 1/12 wave length at
the lo we s t usable fre
quency, fe.

Design

The antenna gets its na me
from the fact that it cons ists
of a disk on top of a cone.
Th e disk rad ius, r, is 0.08
wavelength at the cutoff fre
quency, fe, a nd the s la nt
height, h. is0.24 wavelength.
These dimensions a re free
space va lues.

Above te. the swr drops
from about 3.5 to almost a
perfect match at fmin. In the
ory , the sw r t hen rema in s
nea rly constant fo r severa l
octaves. Above about t he

third ha rmon ic of fe' the
maximum radiation begins
to occur at considerab le e l
evations a bove the horizon
tal; however, between fca nd
3f e the radiat ion ang le is
very low and therefo re is ex
cellent for ox work.

At 10 MHz. 0.08 wave
length in free space is 7 feet
10 inches, a nd 0.24 wave
le ngth is 23 feet 8 inc hes .
The slant he ight of the cone
is equal to the base diame
ter. making the pitch of the
cone 30 degrees from the
vertical. This value is not,
however, particularly c riti
cal . Oiscones may be built
with considerably larger or
smalle r vertex angles . The
value of 30 degrees was cho
sen since it appears to be
the most common value in
discone design .

At VHF, de cones usua lly
are made from solid metal
o r sc reen. For a d iscone with
fe = 10 MHz, th is would ob
viously be rid iculous. How
ever, a wire cage wi ll work
ve ry we ll at lo nger wave
le ngths provided the sepa ra
t io n be tween t he wir es is
sma ll. The design sc he me
for th e 10-to-30-MH z di s
cone is shown in Fig. 3. A
suggested list o f p ar t s is
given.

Initial Construction

The cente r support mast
for the HF discone is 23 feet
6 inc hes high . Alu m inu m
tubing works ve ry well fo r
th is purpose a nd is availa ble
in m o st ha rdwa re stores.
Three e ight-foot sections

ZHUU.

may be used, overlapping
th ree inches at the junc
tions . The top section is one
inc h 0.0.• the center sect ion
7It~·inch 0.0., and the bot
tom section one-inch 0.0.
The sec tions a re best se
cu red by slitting the end of
the larger piece with a hack
saw a nd clamping the two
sections togethe r with hose
clam ps.

The cone consists of 32
length s of wire . Uninsu lated
no. 22 wire is a good choice
for this purpose . The wire
need not be heavy; in fact,
heavy wire will make con
struction ve ry diff icult. Each
wire is approximate ly 23
fee t 8 inches long and sla nts
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down at an angle of about
30 degrees with respect to
the ve rtical mast . All t he
wires are joined at the base
of the cone with a n octago
nal ring.

To fo rm the base of the
octagonal cone, eight stakes
shou ld be dri ven int o the
ground at a dista nce of 15
feet from the base of the
support mast. (A ninth stack
s ho u ld be pl a c e d at the
point where the mast base
will be located, so the mast
ma y be slipped over it when
e rec ted.) The e ight cone
su p port st a kes sho u ld be
u n ifo rm ly a rra nged in a
manner suc h tha t lines from
a ny two ad jacent sta kes

/ 'UST

I

f('. MHz Bands covered, M r,ft. h, ft. Mast-
3.4 50, 40, 30, 20, 23.1 69.5 65

17,15,12, 10
6.9 40, 30, 20, 17 11.4 34.2 33

15, 12, 10
10.0 30,20, 17, 15, 7.9 23.7 23

12, 10
13.7 20,17, 15, 12, 5.7 17.1 17

'0
17.9 17,15,12,10 4.4 13.2 13
20.5 15,12,10 3.6 11.5 11
24.0 12, 10 3.3 9.9 9
27.0 10 2.9 6.7 6

- Minimum heights, In feet.

Tabfe 1. Discone dimensions for various frequencies fe.
(Vafues of fe are chosen slightly below the lower end of
the nearest amateur band.)
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Fig. 4. The ring for the apex of the cone is constructed using
no. 12 wire and four clam~and-screw-typeTV standoff in
sulators. The cone wires are attached in bunches of eight.
one bunch to the center of each side of the square.
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inches in diame ter with 10
to 15 turns. This will choke
off unwanted currents on
the outside of the coaxial
cable while leaving its per
formance as a feed line unaf
fected.

result. The wires should be
straight but no t under stra in
since they will co ntract in
co ld weathe r. Mount the
square disk at the top of the
support mast, using the spi
der. W rap the mast with tape
to get a tight fit.

Testing

Putting It Up O nce the discone is corn-
Attac h the center conduc- plete, you are ready to test it

tor of the coax ia l feed line for sw r. Results of testing at
(RG-S6/U, RG-8/U, or equiv- W1GV/4 are illustrated by the
alent) to the center of the points in Fig. 1 at 14, 21, and
disk, using a hose clamp a t 26 MHz. The swr is expected
the in ne rmost exposed to begin rising at about 12
meta l point of one of the ra- M Hz. In theory, it shou ld be
dial tubing sections. Attach about 3.5 at 10 MHz.
the outer co nd uc to r to the If the swr is a bit higher or
apex of the co ne . lower than the values shown

Have someone hold the in Fig. 1, it is probably be
top section of mast, com- cause of the grou nd conduc
plete with cone wires and tivity (which ca n ra nge from
disk a ttached, at the point ro tten to exce llent) and al so
w he re t he m a st is to be perhaps because of objects
erected. Attac h two of the suc h as trees a nd e lectr ica l
cone wires fro m each bunch wires in the near field of the
to adjacent radial stacks, us- an tenna . I n some cases ,
ing an insula tor and four ex- sha rp increases in sw r may
tra feet of wire. Raise the appea r mysteriously at cer
mast to its full height while tain freq uencies well above
keeping it vertica l(a steplad- fe. These cases a re usually
der is almost a necessity to attributable to resonances
do this! ). Tape the coaxia l in nearby objects suc h a s
feedline to the mast as it is other antenna towers and
rai sed . O nce t he m a s t is masts . Keep the discone as
fu lly extended, tighten t he fa r away as possible from
eight cone wires so that the other antenna structu res.
mast is ve rt ica l a nd is effec - Since the discone is a ver-
tivelv guyed by the wires - ti c all y-polari zed a nte n na
but don't pu ll the m exces- a nd ha s a b road ba nd re
sively tight. spo nse, it may pick up more

Const ruct a ring of wire by man-made noise than reso
connec ting the e ight cone nant (narrowband) or hon
wires together immediate ly zontal an tennas . A trans
above the insu la to rs . This match at the stat io n end of
octagona l ring will be two or the feed line will give the dis
three feet above the ground . c o n e s o m e se lee ti vitv.
Then attach the remai ning which shou ld he lp reduce
radia l wires to the ring in uni- this noise if it is a problem.
form fashion all around. As The transmatch a lso will re
with the o ther wires, do not duce harm oni c ra d ia ti on.
pu ll them too ta u t . Ea ch Hopefull y, your trans mitte r
bunch of e ight radial wires ha s enough harmonic atten
should run to two adjacent ua tion a lready, but the d is
sides of the octagona l co ne cone offe rs none at a ll .
rmg. If the swr is not reason-

The feedline sho u ld be ably low and flat (2 o r less
decoupled from the antenna above fmin) a nd there are no
a t the point where the cable known reso na nt structu res
crosses under the cone ring. nearby, check to be ce rta in
Otherwise there may be an- there a re no open or short
tenna currents on the feed- ci rcuits in the system. If the
line, with consequent prob- cone apex ring should hap
lems. W ind the ca ble into a pen to touch the me ta l part
t ight coi l a bout five or six of one of the TV standoffs,
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ho pelessly sna rled when the
mast is put up. Have some
o ne hold the to p sect ion of
the mast upright at its even
tual loca tion and fan the
cone wire s o ut a long the
ground in a uniform radial
arrangement.

The "d isk" is made from
four eight-foot sections of
one-inc h 0 .0 . a lu m in u m
tub ing, a q u a d s p ide r,
twelve ho se clamps, a nd
more no. 22 wire. Insert the
four sections of tu bing into
the spreade r hol e s of t he
qua d s p id e r so t hat they
form a n X. In Fig. 5 we see
how the wires are attac hed
to the fou r radial sect ions of
tubing to form the squa re
disk . The wires sho u ld be
pinched into a small U sha pe
at each point where they a re
clamped to the tubing. Three
concentric wire squa res will

Fig. 5. Radial leg of square disk. Three concentric square
rings of no. 12 wire jo in the radial tubing sections. The disk
is mounted at the top o f the mast using a plastic Quad
spider. The mast is wrapped with electrical tape to ensure a
tight fit for the spider and also to insulate the disk radials
from the mast.

Parts list

Aluminum tubing , 718 " 0.0., 8' long 1
Aluminum tubing , 1· 0.0., 8 ' long 6
Electrical tape, large roll 1
Ground stake, 2' long, minimum 9
Hose clamp. 1-114 " 15
Insulator, porcelain or glass, 4" 8
Spider hub, plastic" 1
Standoff, TV type, cramp-and-screw 4
Wire, un insulated no. 22. 1000 ft. rol l " " 1
Wire, uninsu lated no. 12, 5-ft. length 1

' Propagat ion Products, 1855 Cassat Avenue, Jacksonville
FL 32210
" Mouser Elec tronics, 11433 Woodside Avenue, Lakes ide
CA 92040

wou ld form a 4S-degree an
gie at t he center su p po rt
po int.

The c o ne apex is con
struc ted as shown in Fig. 4.
Four clamp-and-screw-type
Rad io Shack TV standoff in
sulators are mounted about
one foot below the top of
the mast. A length of no . 12
uninsulated sol id coppe r
wire should be run through
the sta ndoff holes and so l
dered at the ends to form a
squa re . Caution must be ex
erc ised to make sure the ring
does not short to the me tal
parts of the sta ndoffs (a nd
thus to the vertical mast).

To co mple te the cone,
c ut 32 lengths of no. 22 wire,
e ac h 24 feet long. Solder
them in bunches o f e ight to
the center of each side of
the apex squa re . This pre
ve nts them from becoming



• •

References
Bill Orr, Radio Handbook (nine
teenth edit ion) , Howard W.
Sams & Co., Inc ., 1972.
Reference Data for Radio Engi
neers (sixth edition), Howard W.
Sams & Co., Inc ., 1975.

o p e ra t o rs o nce we h a ve
access to six bands above
10MHz.

Of cou rse, there is noth
ing specia l about fe "" 10
MHz. larger o r smaller dis
cones may be constructed
to suit individua l desires and
needs. Table 1 gives the d i
mensions of the disk radius,
r, and the slant he ight, h. as
well a s s u gge s t e d ma s t
heights for discones hav ing
various va lues of fe. A dis-
cone for 80 th rough 10 me
ters is not out of the question
if you have a 65-foot tower
and a strong pairof legs! The
disk, while quite large, could
be s u p po rted wit h nylon
rope trusses. A lot of wire
wo uld be ne eded for the
cones! For se rious low-band
Dxers. though, such a svs
tern cou ld be more tha n
worth the effort .•

the swr will change dramati
ca lly. The rad ial tubing sec
tions of the d isk should not
short to the vertical mast in
side the plastic spider hub.
The cone wires should not
come in contact with fo liage
and sho u ld be insula ted
from ground. All wire joints
sho u ld be c a re f u ll y sol
dered .

Conclusion
The discone antenna de

sc ribed in thi s a rticle was
built and tested at W1CYI4
in the summer of 1981, a t
which time I had the good
fortune to be able to use near
Iy an ac re of real estate. Re
sults were as expected. The
anten na perfo rmed ve ry
well for DXon 20, 15, and 10
meters. This is undoubted ly
because of the low angle of
rad iation and the fact that
the feedpoi nt is well e le
va ted above t he le ve l of
most ne arby obstruc t io ns,
especia lly houses (which are
almos t a ll single-leve l st ruc
tures in Florida !). The dis
cone should be a great
conven ience for mul tiband
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