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CONICAL ANTENNAS
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Figure 1. Infinite biconical conductor fed by a �-gap generator.This article describes characteristics such as input imped-
ance, radiation pattern, and directivity gain of conical anten-
nas consisting of solid conducting cones, conducting conical

along the cone as follows:plates, or their modifications. Conical conducting structures
on which simple antenna elements such as dipole and a slot
are mounted are also described. An important general feature
of conical antennas is their lack of sensitivity to frequency
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variation, that is, their broadband characteristics. Note that
Figure 2 shows the characteristic impedance K versus thea conical horn antenna is described in HORN ANTENNAS.
half-cone angle 
.The history of the practical use of conical antennas is long.

Sir Oliver Lodge constructed a biconical antenna in 1897 and
made a wireless communication experiment, while a single BICONICAL ANTENNAS
cone antenna on the ground and a fan (flat triangular) an-
tenna were used by Marconi and others. The history of the Figure 3 shows the geometry of the biconical antenna. The
theory of conical antennas is also long. The spherical coordi- conducting antenna surfaces are defined by the conical sur-
nate is one of the few coordinates for which the method of faces � � 
 and � � � � 
, and the two spherical end surfaces
variable separation in electromagnetic field problems can be at r � a. The analytical procedure of the biconical antenna
applied. The conical surface is defined by a constant polar will be outlined below. In region I, the electric and magnetic
angle � � 
 in the spherical coordinate system. For this rea- fields are represented as a sum of the outward- and inward-
son conical antennas and biconical antennas, in particular, traveling TEM principal modes and an infinite number of
have been extensively investigated by Schelkunoff (1,2), complementary (higher) transverse magnetic (TM) modes. In
Smith (3), Tai (4,5), Papas and King (6), and many others. region II, the fields are represented by an infinite series of

In the limit as 
 � 0 and �, the biconical antenna is re- complementary radiating modes. Boundary conditions on the
duced to a vanishingly thin linear antenna that is very sensi- aperture indicated by the dashed lines in Fig. 3 and the end
tive to frequency (that is, of narrow bandwidth). As the cone
angle increases, the antenna shows broadband characteristics
that make it useful for practical applications.

Figure 1 shows an infinitely long, symmetric biconical con-
ductor with a half-cone angle 
 and an infinitesimally small
feeding gap (� gap). The antenna is assumed to be located in
free space. This structure can support the transverse electro-
magnetic (TEM) transmission line mode, that is, the outward-
propagating principal spherical wave mode expressed by

Hφ = 1
r sin θ

H0e− jβr (1)

Eφ = ηHφ (2)

where � � 2�/� (�: wavelength) is the free-space wave num-
ber and � � ��0/�0 is the free-space wave impedance. The
characteristic impedance K of the biconical transmission line
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is given by the ratio of the transmission voltage (i.e., the inte-
gral of E� along the cone-meridian) to the conduction current Figure 2. Characteristic impedance of a biconical transmission line.
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Figure 3. Symmetric biconical antenna. Figure 5. Measured input resistance of a conical unipole versus
length in electrical degrees showing broadband characteristics with
increasing cone-angle (from 10).

surfaces of the cone at r � a are used to obtain an infinite set
of linear algebraic equations from which the amplitudes of driven by a coaxial line has been numerically analyzed by us-
the complementary modes and the principal mode reflected ing the finite difference time domain method (9).
back at the aperture are determined. When the upper half-cone of the biconical antenna is

The input admittance of the biconical antenna is repre- mounted on an infinite conducting plane (ground plane), the
sented by the equivalent transmission line circuit as shown antenna forms a conical unipole having one half of the input
in Fig. 4, where K is the characteristic impedance given by impedance of the biconical antenna. Figures 5 and 6 [Brown
Eq. (3). The terminal admittance Yt represents the effect of and Woodward, Jr. (10)] show respectively the measured in-
the truncation of the biconical transmission line at r � a, that put resistance and reactance of a conical unipole having flat
is, the transformation of the outward-traveling TEM mode caps instead of spherical caps. It is clear that the antenna
into the complementary modes in both regions and the re- tends to have a constant input resistance and a small re-
flected TEM mode, which eventually determines the input ad- actance around zero versus frequency, showing broadband
mittance of the biconical antenna Yi. characteristics as the cone-angle is increased.

Schelkunoff (2) has formulated the above boundary value The radiation pattern of the biconical antenna has been
problem rigorously and has discussed in detail special cases computed by Papas and King (6) and by Bevensee (11). Figure
of a vanishingly thin antenna and a very wide-angle cone, or 7 shows the far-zone electric field pattern (6) for the cone
a spherical antenna with a very narrow equatorial gap. Tai angle of 
 � 30�. It is found that the patterns are not much
(4) has obtained the exact analytical solution of the terminal different from those of a straight wire antenna.
admittance of the vanishingly thin antenna, which has been Theoretical analysis of biconical antennas loaded with
found to be identical to the expression obtained ingeniously and/or immersed in dielectric, lossy, and ferromagnetic mate-
by Schelkunoff. Tai (5) has also made an important contribu-
tion to the development of the theory for biconical antennas
by applying Schwinger’s variational method. He has given the
first order variational numerical solution for the specific wide
cone-angles 
 � 39.23�, 57.43�, and 66.06�.

The recent development of computers has made feasible
the numerical solution of Schelkunoff ’s formulation. How-
ever, it is still not easy to solve the infinite set of linear de-
termining equations with reasonable accuracy because of slow
convergence of the infinite series when the cone-angle de-
creases. For example, 15 or more modes for 
 � 5� (7), and 13
modes for 
 � 5� (8) are necessary for computation of the
input impedance. A conical monopole above an image plane
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Figure 6. Measured input reactance of a conical unipole versus

K
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length in electrical degrees showing broadband characteristics with
increasing cone-angle (from 10).Figure 4. Equivalent circuit of a symmetric biconical antenna.
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Figure 7. Far-zone electric field patterns of a bi-
conical antenna, 
 � 30�. Patterns do not change
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rials has been provided by Schelkunoff (2), Tai (4), Polk (12), netic current loop) is equivalent to a small axial electric di-
pole. When the circumferential slot is not too close to the tip,and others. These topics are reviewed by Wait (13). The the-

ory of an asymmetric biconical antenna was also discussed by that is, apart by 2.5 wavelength (2
 � 30�), the radiation pat-
tern shows a rather complicated lobe structure (18). The coneSchelkunoff (2). The variational approach by Tai was ex-

tended to a semi-infinite asymmetric conical antenna con- excited with a circular disk at the tip is called a discone an-
tenna (19). This antenna is fed with a coaxial cable whosesisting of an infinite cone and a finite cone (14).

To reduce wind resistance and/or weight, a solid biconical inner conductor terminates on the center of the disk and
whose outer conductor terminates on the tip of the cone. Theantenna can be replaced by a skeletal conducting wire struc-

ture using several radial rods (15,16). It has been found, how- radiation pattern of the discone is similar to that of a dipole
antenna, but its input impedance bandwidth is exceedinglyever, by analysis using the moment method that a consider-

able number of wires (e.g., 16) is required to approximate the broad compared with an ordinary dipole antenna.
Figure 9 shows the measured input VSWR (for 57.6 � ca-solid biconical antenna.

ble) versus frequency of the finite conical antenna with differ-
ent exciting elements at its tip (17). The cone excited with a

ANTENNAS ON CONICAL STRUCTURE
conical element (an asymmetric biconical antenna) indicates
very broadband characteristics, particularly in lower-fre-

In practice, a conical structure on which simple antenna ele-
quency regions, without affecting the radiation pattern.

ments such as dipole, disk, cone, slot, or patch are mounted
to excite a cone is often used. The infinite cone excited with
an axial dipole at the tip has shown (14) that the strong radi- TRIANGULAR (BOW-TIE) ANTENNAS
ation occurs along the small-angle cone unless the dipole
length is about a half-wavelength. Figure 8 shows a finite A triangular plate antenna above a conducting ground plane

and a bow-tie antenna are shown in Figs. 10(a) and 10(b).wide-angle cone excited with a quarter-wavelength long and
a half-wavelength long dipole (17). Note that the maximum These antennas also possess broadband characteristics,

though not as broad as a solid conical antenna. The theoreti-radiation can be directed toward the horizontal plane by
proper choice of a and �0 at a desired frequency. A cone ex- cal characteristics of the bow-tie antenna have been obtained

numerically (20) by using the method of finite difference timecited with an axially symmetric circumferential slot close to
the tip (18) shows radiation characteristics similar to those of domain (FDTD). Figures 11(a) and 11(b) show the calculated

input impedance. The input impedance of the triangular platea dipole-excited cone, since a small circumferential slot (mag-
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Figure 10. (a) Triangular plate antenna and (b) bow-tie antenna.
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Figure 8. Far-zone electric field pattern of a tip-excited conical an-
tenna, �a � 50. (a) �0 � 90�, l � �/4; (b) �0 � 103.8�, l � �/4; (c) �0 �

103.8�, l ��/2. Radiation beam can be directed to horizon by slanting
a cone downward (from 17).

Figure 9. VSWR versus frequency of a
disk and a cone excited with a cylindrical
element or a conical element showing that
a cone excited with a conical element is
most broadband (from 17).
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Figure 11. Input impedance of a bow-tie antenna showing the broad-
band characteristics with increasing flare angle (from 20).
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5–16, 1956, and Corrections, 4 (3): 313, 1957.Figure 13. Directivity gain of a bow-tie antenna in x-direction

(from 20). 19. A. G. Kandoian, Three new antenna types and their applications,
Proc. IRE, 70W–75W, 1946.

20. Private communication from Y. He, T. Uno, and S. Adachi, 1997.
antenna above the ground plane is half of that of the bow-
tie antenna. SABURO ADACHI

The far-zone electric field patterns in the x-y plane and in Tohoku Institute of Technology
the x-z plane are shown in Figs. 12(a) and 12(b), respectively.
Note that the radiation is enhanced in the direction perpen-
dicular to the antenna plate for the antenna length 2h � �,
because the radiation from the antenna surface current is
added in phase in that direction. The theoretical directivity
gain of the bow-tie antenna in the direction of the x-axis is
shown in dBi in Fig. 13 versus the antenna length 2h/� for
various cone angles (20). It is noted here that the bow-tie an-
tenna can also be simulated by several radial wire rods as the
solid biconical antenna.
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