A Brief History of Horns

From Early History to
Latest Developments

by Vicente Rodriguez, ETS-Lindgren

Unlike so many technologies
in use today, horn antenna
history actually started more
than a hundred years ago.
This short article introduces
the reader to the history
of horns from the early
experiments of radio pioneers
to the “horn boom” during
the 1940s and 1950s. The
article ends with the latest
evolution of horn antennas.



FEATURE A Brief History of Horns

n antenna is a device that radiates and receives radio
Awaves. Although most readers are likely familiar with

what an antenna is, before we start our discussion on
a specific family or type of antenna, it is helpful to start by
defining what an antenna is. There are different methods or
mechanisms by which an antenna radiates. We all are familiar
with resonator antennas. Dipoles are a clear example of this
type of antenna. In resonant antennas, there is a movement
of charges as the energy changes between the electric field
and the magnetic field. This movement of the charges on the
antenna causes the field lines to vibrate, generating waves
that propagate in free space away from the resonant antenna.
Figure 1 shows this type of behaviour. Another mechanism by
which antennas radiate is by having an impedance transition
that causes the energy being propagated in a transmission line
to be launched into free space. Horn antennas are a travelling
wave antenna. Their method for radiation is based on a wave
impedance transition from the transmission waveguide or
line to the impedance of free space. Figure 2 shows this
mechanism of radiation on a horn antenna.

EARLY PIONEERS

We tend to think about electromagnetic technology as a
new or modern development. The fact is that more than
100 years ago the early pioneers in electromagnetism were

Figure 1: A modified shaped dipole (biconical) radiating;
an example of a resonant antenna.
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Figure 2: A pyramidal horn radiating;
an example of an impedance transition between
the transmission line and free space.
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experimenting with horn antennas. Sir Oliver Lodge (1851-
1940) demonstrated microwave waveguide transmission
lines in 1894. From there we just need to go one step further
to get a horn antenna. The man that took the step three years
later in 1897 was Sir Jagadish Chandra Bose (1858-1937).
Bose’s horn operated in the millimetre wave range and was
able to ring bells and ignite powder at a distance during

his experiments in Calcutta. His horn and waveguide were
circular. These experiments and use of horn antennas makes
Bose the father of this type of antenna and of millimeter
wave technology. Incidentally, Bose performed some of his
experiments in the 60 GHz range which is becoming popular
nowadays with the advent of Wireless HD technologies and
industry standards such as IEEE 802.15.3c for Personal Area
Networks (PAN) [1].

1930s TO MODERN DAY

As discussed in [1], many of these concepts invented in the
1890s faded away. Ideas such as parabolic reflectors and
waveguides faded. Horn antennas were no exception. By
1900, horn antennas faded away. The 1930s saw a return of
horn antennas and other discoveries in antenna technology
conducted by the 1890s pioneers. Horns were investigated in
detail, especially in the decimeter and centimeter range.
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The beginning of WWII brought an explosion in microwave
antenna development. The horn antenna is an ideal antenna
for these frequencies encountered during WWII so we saw
more development during this period.

The 2/1 ratio rectangular waveguide became the common
transmission line, although other ratios were used (Figure 3)
for the centimeter wavelength. The waveguide was then flared
creating the popular and common pyramidal horn shape.

To improve the radiation pattern of these pyramidal horns,
especially when being used to feed larger reflectors’ metallic
lenses (Figure 4); in some cases dielectric lenses were used.
Like horns, dielectric lenses are not a new development as
Bose and other pioneers also conducted experiments on this
type of structure.

LATER DEVELOPMENTS

One of the drawbacks of horn antennas is that they are large.
As we move to the UHF and VHF ranges, horns become
very large. A high gain horn operating in the 150 MHz range
can have a size exceeding 200 inches, or in the range of

124 inches, including apertures. Yet horns of this size are
sometimes used. The “Big Ear” used in the early days of
radioastronomy was a large shaped horn antenna. In high
field and pulse immunity testing, sometimes horns of those
dimensions are used. But in general, horns are not popular
at frequencies in the 100 MHz to 500 MHz range. Their
other drawback is their narrow band. The bandwidth of
horn antennas was first improved by the use of ridges. The
ridges improve the bandwidth in the same manner that they

Figure 3: A rectangular waveguide in the conning tower of a WWII U.S. Navy
Submarine. (Source: Author’s private collection)
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improved it in waveguide technology. Ridges support the
required radiating mode for a wider bandwidth.

Broadband antennas became important especially in the

test and measurement world. Broadband antennas, such as
bi-conical dipoles and log periodic dipole arrays, began to
be accepted. The use of broadband antennas reduced test
time since the technician did not have to stop the test and
adjust or change the dipole antenna for the next short band
of frequencies. As the use of broadband antennas expanded,
standards were changed to allow for the use of broadband
antennas - provided the measurements performed with these
antennas could be related to the half wave dipole. One of
the antennas required by [2] was a Double-Ridged Guide
Horn (DRGH) antenna for the 1 GHz to 18 GHz range. This
broadband horn has been an accepted antenna in the EMC
industry for over 40 years.

The Double-Ridged Guide Horn antennas and their cousins,
the dual polarized quad-ridged horn antennas, remained

as originally introduced for about two decades. With the
beginning of the new millennium, and the growth in
wireless technology, there is an added need for measuring
these wireless devices. Directive broadband antennas are
now the preferred technology. A series of improvements
have been made for these technologies, including the
introduction of Open Boundary Horn antennas that
increase the wavelength and stabilize the beamwidth of
the pattern [2-5]. The development of these open horns has
extended into the low frequencies where horns were rarely
used previously (Figure 5).
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Figure 4: Profile of a typical
metallic lens.
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What is the next step? Material technology is going to push,

in the opinion of the author, the next development in horn
antenna technology. Frequency selective materials can be used
to create broader band horns as suggested in [6]. Fabrication
techniques will also improve; for example, horns can be
fabricated of lighter weight dielectrics coated in conductive
surfaces. Whatever the direction taken in the future, the
concept and the laws describing their behaviour will be the
same as those that described the behaviour of Bose’s horn
antenna more than 100 years ago.

CONCLUSION

This article has provided a brief introduction to the history
of horn antennas. It is our goal that this will increase the
interest of the reader into the history of technology and
electromagnetic theory. The article has also briefly stepped
into the dangerous realm of guessing the future developments
of this technology. ll
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Figure 5. An Open Boundary Quad-Ridged Horn
antenna with an open cavity.
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