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This paper describes an experiential learning experience to teach undergraduate 
electromagnetics and antenna theory using a hand-held RF analyzer and other basic 
laboratory apparatus. The analyzer contains both an RF source and a spectrum analyzer.  
The RF source serves to enable SWR measurement, time domain reflectometry to 
measure cable losses and cable lengths.  Because the RF analyzer has both a generator 
and spectrum analyzer, we can readily measure patterns of various antennas. 
  
The capabilities and portability of the RF analyzer facilitates student understanding of the 
radiation patterns of the dipole, vertical, Yagi and phased array antennas.  In our course, 
students build and then quickly test several different types of antennas and thus become 
knowledgeable of the radiation patterns of the various antennas.  This of course 
reinforces the theory taught in lectures.  In a similar vein, students can observe the effects 
of different matching systems and how they affect the radiation pattern.  For example, in 
the case of antennas that use the Gamma match and coaxial cable – an inherently 
unbalanced system, they often observe an asymmetrical pattern.  On the other hand, if 
they use the T-match, and balun, they observe a symmetrical radiation pattern. 
 
In another module, we initially discuss the voltage-current pattern of a half-wave dipole 
where its theoretical impedance at center is 70 ohms, and therefore, under test, provides a 
low SWR for coaxial lines.  We then discuss the periodicity of the voltage current profile 
such that at odd harmonics of the original half-wavelength frequency, the impedance at 
center is still 70 ohms producing a low SWR.  These statements are confirmed by a lab 
where we show that a half-wavelength dipole at 7 MHz, will give nearly unity SWR at 7 
MHz and its odd harmonics. Similarly, the lab confirms the theory that at even 
harmonics, the SWR is significantly greater than unity since the voltage-current profile of 
even wavelengths the feed impedance is thousands of ohms.  Finally, we can use the 
analyzer to design an off-center fed dipole that will optimize the SWR at multiple 
frequencies.   
 
Finally, the user friendliness and portability of a modern RF analyzer greatly augments 
the laboratory experience, improves laboratory productivity and thus allows for 
additional experiments not otherwise done in the past.  This answers the question stated 
by many engineering students, “Now that we have this wonderful EM theory, what can 
we engineers do with it?”  


