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Abstract

The high-frequency (HF) band of the electromagnetic spectrum lies in the 3-30-MHz range and is
characterized by electromagnetic waves with wavelengths in the 10-100 m range. Electromagnetic waves
in this frequency band are widely used in communications, navigation, and scientific applications due to
their unique propagation characteristics. HF waves can travel long distances through multiple reflections
off the ionosphere and ground, enabling reliable skywave communication, which is critical for maritime,
aviation, and military operations. This band is also used in amateur radio, international broadcasting, and
emergency communication systems, offering a global reach. Additionally, HF is used in over-the-horizon
radar systems for beyond line-of-sight monitoring and surveillance and in ionospheric studies to understand
and predict space weather effects on radio propagation.

In this lecture, we will first have a brief review of the characteristics of the earth’s ionosphere that are
important to propagation of HF waves and discuss three important modes of propagation of electromagnetic
waves at these frequencies. These include the ground wave, near vertical incidence skywave (NVIS), and
long-range skywave. Subsequently, we will have a brief discussion on noise at the HF band and discuss the
different sources of noise that are important to operation at these frequencies. Following this, we have a
brief discussion of the fundamental limitations of electrically small antennas that become particularly
important for antennas with physically constrained dimensions at the HF band. We will then discuss the
principles of designing compact HF antennas. Particular emphasis will be placed on illustrating the effect
of the presence of earth on the performance of vertically and horizontally polarized HF antennas as well as
the challenges of designing impedance matching networks with reduced loss and enhanced power handling
capability. We will also briefly discuss the fundamental design principles that can be used to achieve
compact, directional antennas at the HF band. This lecture is meant to be educational and its target audience
are first year graduate students or senior undergraduate students as well as practicing engineers who are nor
familiar with the basics of HF communications or challenges involved in designing HF antennas.
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