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CHAPTER

ANTENNAS

1.1 INTRODUCTION

An antenna is defined by Webster’s Dictionary as ‘‘a usually metallic device (as a
rod or wire) for radiating or receiving radio waves.”” The IEEE Standard Definitions
of Terms for Antennas (IEEE Std 145-1983)* defines the antenna or aerial as ‘‘a
means for radiating or receiving radio waves.”” In other words the antenna is the
transitional structure between free-space and a guiding device, as shown in Figure
1.1. The guiding device or transmission line may take the form of a coaxial line or a
hollow pipe (waveguide), and it is used to transport electromagnetic energy from the
transmitting source to the antenna, or from the antenna to the receiver. In the former
case we have a transmitting antenna and in the latter a receiving antenna.

A transmission-line Thevenin equivalent of the antenna system of Figure 1.1 in
the transmitting mode is shown in Figure 1.2 where the source is represented by an
ideal generator, the tramission line is represented by a line with characteristic impe-
dance Z,, and the antenna is represented by a load Z, [Z, = (R, + R) + jX4l
connected to the transmission line. The Thevenin and Norton circuit equivalents of
the antenna are also shown in Figure 2.21. The load resistance R; is used to represent
the conduction and dielectric losses associated with the antenna structure while R,,
referred to as the radiation resistance, is used to represent radiation by the antenna.
The reactance X, is used to represent the imaginary part of the impedance associated
with radiation by the antenna. This is discussed more in detail in Sections 2.13 and
2.14. Under ideal conditions, energy generated by the source should be totally trans-
ferred to the radiation resistance R,, which is used to represent radiation by the antenna.
However, in a practical system there are conduction-dielectric losses due to the lossy
nature of the transmission line and the antenna, as well as the due to reflections
(mismatch) losses at the interface between the line and the antenna. Taking into
account the internal impedance of the source and neglecting line and reflection (mis-
match) losses, maximum power is delivered to the antenna under conjugate matching.
This is discussed in Section 2.13.

*]EEE Transactions on Antennas and Propagation, vols. AP-17, No. 3, May 1969; AP-22, No. 1, January
1974; and AP-31, No. 6, Part II, November 1983.
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