
Lab Manual 

Aim of Experiment: 

Measurement of the dielectric constant and loss tangent of materials in microwave frequency band 
using a rectangular waveguide cavity 

Requirement: 

You have to install a LabVIEW Run time Engine on your computer to run the exe file in order to 
perform the experiment. The Run Time Engine can be downloaded free of cost from the following link: 
http://joule.ni.com/nidu/cds/view/p/id/1101/lang/en 

Knowledge Required for the Experiment: 

 Rectangular Cavity Resonator  
 Resonant frequency 
 Quality factor, Q 
 Cavity Perturbation Technique 
 Loss factor )( ''

rε and dielectric constant )( '
rε  

Objective of Experiment: 

The main objective of the experiment is to measure the dielectric properties of the sample material 
using Cavity Perturbation Technique. This technique is applicable for low loss samples and volume of 
the sample inserted should be very small in comparison to the volume of the empty cavity. This 
experiment shows how a piece of sample material affects the center frequency (f) and quality factor 
(Q) of the cavity. From these parameters, the complex permittivity or permeability of material can be 
calculated at a single frequency. For calculation of these parameters, we used cavity perturbation 
method. 

Theory: 

Resonant Cavity: To provide a resonant circuit at UHF and higher frequencies, an enclosure 
completely surrounded by conducting walls is required. Such a shielded enclosure confines 
electromagnetic fields inside and furnishes large areas for current flow. Thus, eliminates radiation and 
high-resistance effects. These enclosures have natural resonant frequencies and a very high Q 
(Quality factor), and are called cavity resonator.  

 

Fig.1 Rectangular Cavity 
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Cavity has both ends short circuited. Designation of TE and TM modes in resonator cavity is not 
unique because we are free to choose x or y or z as the "direction of propagation"; that is, there is no 
unique "longitudinal direction".  For example, a TE mode with respect to the z-axis could be a TM 
mode with respect to the y-axis. A three-symbol (mnp) subscript is needed to designate a TM or TE 
standing wave pattern in a cavity resonator. Like waveguides, different modes having the same 
resonant frequency are called degenerate modes. TMmnp and TEmnp are always degenerate if none of 
the mode indices is zero. The mode with lowest resonant frequency for a given cavity size is referred 
as the dominant mode. 

Resonant frequency: The resonant frequency of a cavity can be defined as :  

 

(Hz) 

 

Where, integers m,n,p denote the number of half-wave variations in the x, y, and z direction, 
respectively. 

Quality Factor ,Q of a resonator, is associated with the loss factor of the cavity resonator and is 
defined as: 

 

The Quality factor, Q of a cavity resonator is extremely high in comparison with that obtainable from 
lumped L-C resonant circuits. For high values of Q, it can also be find out as: 

 

where, fr is the resonant frequency, and Δf is the bandwidth taken at the 0.707 of the peak frequency. 
The fig.2 shows the measurement of Δf at the 0.707 of the peak frequency and the peak frequency 
corresponds to resonant frequency. In the figure,  ,  denotes the resonant frequency of empty 
cavity and cavity filled with dielectric sample respectively.  

 
Fig.2 Measuring Quality Factor at 0.707 of peak value 



Cavity Perturbation Technique: As we know, that a piece of sample material affects the resonant 
frequency (fr) and quality factor (Q) of the cavity. From these parameters, the complex permittivity (εr) 
or permeability (µr) of material can be calculated at a single frequency. There are many different types 
of cavities and methods. For calculation of these parameters, most widely used method is Cavity 
Perturbation Technique. This method uses a rectangular waveguide with iris coupled end plates, 
operating in TE10n mode. For a dielectric measurement the sample should be placed in a maximum 
electric field and for a magnetic measurement, in a maximum magnetic field.                   

 
       Fig.3 Sample inserted in a rectangular cavity 

The Fig.3 shows a rectangular cavity resonator inserted with a sample. If the sample is inserted 
through a hole in the middle of the waveguide length, then an odd number of half wavelengths 
(n=2k+1) will bring the maximum electric field to the sample location, so that the dielectric properties 
of sample can be measured.  

The cavity perturbation method requires a very small sample such that the fields in the cavity are only 
slightly disturbed to shift the measured resonant frequency (fr) and cavity quality factor, Q. In this 
experiment, a rectangular waveguide for TE107 mode (7 half wavelength long at the designated 
frequency) with a hole drilled exactly at the middle of the waveguide length and the two iris-coupled 
end plates is considered. The dimension of the iris hole is typically b/2.2, where b is the narrow 
dimension of the waveguide cross section. When the resonator is loaded with a sample, it shifts the 
resonant frequency (fr) and the resonance curve broadens, which results in a lower quality factor (Q). 
The Fig.4 shows the comparison of resonant frequency fr of three different samples with the empty 
cavity. 

  
Fig.4 shows comparison between measurements of three different samples with empty cavity 



After calculating the resonant frequency and quality factor for various samples, values of ε'
r and ε"

r 
can be obtained as: 

 

 

        Vc  is the volume of the empty cavity  
      Vs  is the volume of the sample inserted 
      fc   is the resonant frequency of the empty cavity 
      fs   is the resonant frequency of the sample inserted 
      Qc is the quality factor of the empty cavity 
      Qs is the quality factor of the sample inserted 

Here we designed the resonator of for volume  
Vc=32.516 cm3, Volume of the empty cavity 
Vs=0.046 cm3, Volume of the cavity where sample is to be inserted. 

CST Simulation: 

First step of the experiment is to design a rectangular waveguide cavity resonator in the designated 
frequency band. The design should then preferably be validated before fabricating the actual sample 
holder in order to carry out the required measurements. At present, there are, however, a number of 
numerical methods, which can simulate the exact geometry of the structure quite accurately, and 
whose accuracy has been tested against the measured data. It is mainly due to this reason that the 
scattering coefficient data of the sample in the present situation has been generated using the 
numerical simulation. A special care has been taken to refine the mesh size especially in the areas of 
interest so that the simulated data quite accurately represent the real experiment scenario. The major 
steps for the design of the cavity resonator in order to perform the actual measurement of the 
dielectric properties of the material under test are as follows:  

1. Design a waveguide for TE107 mode (7 half wavelength long at the designated frequency) with 
a hole drilled exactly at the middle of the waveguide length. 

2. Design two iris coupled metal plates to close the ends of the waveguide. The dimension of the 
iris hole is typically b / 2.2, where b is the narrow dimension of the waveguide. 

3. Drill a small hole at the middle of the waveguide length in order to insert the sample through it. 
The dimensions and geometry of the hole would be same as that of the sample, which is to be 
measured. The dimensions of the sample are chosen in such a way that its volume is typically 
less than 1 percent of the total volume of the cavity. 

Procedure: 

Please download the files shown on the left to perform the actual experiment. It has a compressed 
folder containing one exe file and one folder named ASCII. The exe file is the LabView file that will 
run on Lab VIEW Run time Engine. Place the ASCII folder on your computer before running the exe 
file. 



Step 1: Select the type of cavity either cylindrical cavity or rectangular cavity. 

Step 2: Browse the ASCII folder on your computer. 

Step 3: Now select the sample material for which you have to calculate the dielectric constant and the 
loss factor. 

Step 4: Run the VI up to see the S21 vs frequency response for the empty cavity and the sample 
material chosen from the list of sample materials. 

Step 5: Using the perturbation technique, the dielectric constant (ε'
r), loss factor (ε"

r) and the quality 
factor (Q) of the sample has been calculated. 

Step 6: In case, you wish to see the dielectric constant (ε'
r), loss factor (ε"

r) and the quality factor (Q) 
of other sample materials then click stop and repeat steps 1,2,3 and 4 before running the program 
again. 

Task: 

1. Observe the 3-dB bandwidth for empty cavity and note down the resonant frequency. Repeat 
the same steps for cavity filled with Teflon and compare the two results. 

2. Observe the graph of the empty cavity and the cavity filled with samples, and note down the 
shift in resonant frequency, loss tangent and dielectric constant of the materials. Use the 
formulae to calculate the loss factor, dielectric constant and compare with experimental values. 

Summary: This experiment shows the application of cavity perturbation technique for the estimation 
of material dielectric constant. This also measures the loss tangent of materials in microwave 
frequency band. Basically, here we perform comparison of the responses of empty cavity and the 
cavity filled with sample material. 
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