
CHAPTER 8

Any sufficiently advanced technology is indistinguishable from magic. 
Arthur Clarke’s third law 
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You can learn in Chapter 8 
Now we are almost ready to “fight” with more complex problems in microwave frequency range 
between 300 MHz and 300 GHz. At these frequencies, the wavelength is often comparable to the 
sizes of devices and their elements. It means that EM wave propagation effects become essential 
and manifest themselves in the form of radiation, interaction with charged particles in material 
atoms and molecules, dispersion, time delay, complicated dependency on the frequency of active 
and reactive energy stored in EM fields, and many others. We should remember that all of them 
could be estimated with vital accuracy through the numerical or analytical solutions of Maxwell’s 
equations as well as the measurements. Nevertheless, we will try to keep as much as possible the 
traditional and descriptive methodology based on lumped-element circuit theory. 

You will start your study from one of the uncomplicated RF elements called in-line resonator 
comprised of a section of the regular line of any type 
with two lumped discontinuities deployed in line and 
separated along it. The role of such discontinuity may 
play, for example, any of discontinuities you just have 
learned about in Chapter 7. The bounce diagram (analog 
of phasor diagram) offers you a physically observable 
illustration of EM wave interferences leading to multi-
resonance behavior in the frequency domain that is very 

distinctive for various RF devices.  

The next section introduces you to a large family of RF directional couplers and hybrids, probably, 
ones of the most common RF elements. We will teach 
you how the geometrical symmetry that is typical for 
that kind of devices becomes an enormously useful 
significantly simplifying so-called even-odd-mode 
analysis. Set of color drawings and CST computer 
simulations like shown here will help you to grasp the 

subject. The following comprehensive material introduces you to numerous applications of RF 
directional couplers and hybrids such as signal flow measurements, calibration and test procedures, 
power leveling, distributed antenna system (DAS), monopulse radar, frequency multiplexers, etc. 

The final section is devoted to RF and optical filters, the most vital component of RF and optical 
systems. Filters may come in many forms, sizes, and response types. Despite this and with rare 
exceptions, their development is based on the equivalent classical circuits. So we limit our task 
here to illustrate how to transform the synthesized lumped prototype into real microwave filter 
with minimal parameter regression. At present, the feed line filter technology practically reaches 
a level of state-of-art perfection, and the numerous computer-aided tools let entirely automate the 
whole process starting from specification and sensitivity analysis to PCB layout and the subsequent 
production. But you should keep a clear physical picture of what you are doing and would like to 
get. We hope that the information assembled in this section will help you to achieve your goals.    
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