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In this lecture, we study the general case of radiation from z-directed spatial currents.  The far-field 
radiation equations that result from this treatment form some of the foundational principles of all 
antenna engineering.  In fact, after this lecture, a student should be able to look at most types of 
antennas and, regardless of type or construction specifics, be able to infer the basic radiation 
pattern from the size and shape.
In the later section of the talk, we simplify the analysis to include the special (but very important) 
case of the general wire antenna.  Concentrating on results for the half-wave dipole, we 
demonstrate how a radiator more realistic than the ideal Hertzian dipole operates.  We close with a 
thorough summary of the most common types of wire antennas and their radiation and electrical 
parameters.
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So let’s simplify this expression for a case of current distribution I(z) that exists only on the z-axis.  
This corresponds to the case of a wire antenna, which is one of the most common instances in basic 
antennas.  The most common of these common antennas is the half-wave dipole (HWDP), because 
it is a compact, efficient radiator with many different implementations in practice.  It may be used 
by itself or as the radiative element in a reflector (dish) based antenna.

Note that we can start by defining the z-directed current density Jz in terms of the simpler 1-D 
current distribution I(z) with units of Amps by “collapsing” the current density onto the z-axis with 
two delta functions with respect to x and y.  The simplified expression for magnetic potential is a 
single integration of this current with respect to a single complex exponent kernal.  Here more than 
before is the very straightforward “Fourier Transform” relationship between current distribution 
and pattern.

For a HWDP, the current is non-zero over a λ/2 region, where it is in-phase and sinusoidally-
tapered in amplitude.  This is basically the standing-wave current pattern at the end of an open-
circuited transmission line whose last λ/4 ends have been bent backwards.
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Here is the solution for the HWDP electric and magnetic fields.  Note the similarity to the Hertzian/
ideal dipole radiator:  the fields are at a maximum along the azimuth (theta = 90 degrees).  The 
fields have a null along the z-axis (theta = 0 or 180 degrees).  The antenna pattern is 
omnidirectional, having no dependence on azimuth angle, phi.

Note, however, that the overall elevation cut of the pattern is somewhat more “squinted” than the 
ideal dipole due to the cos(pi/2cos(theta) term in the expressions.  This slightly more complicated 
expression gives a half-power beamwidth of 78 degrees to the HWDP, as opposed to the 90 
degrees for the ideal dipole.
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