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ABSTRACT 

 

Waveguides and cavity resonators play an important role in microwave applications and 

optical systems. Applications include filters, antennas, and electromagnetic sources, such as 

magnetrons and lasers. They can also be used to enhance the sensitivity of sensors. 

Electromagnetic (EM) simulation helps optimize device configuration for better performance in 

the desired frequency band. With the aid of simulation software expensive reworks can be 

avoided. The computation and visualization of EM fields inside waveguides and cavity 

resonators is challenging even in simple rectangular cross sections. This problem becomes more 

complex when dealing with circular, sectoral, and coaxial geometries. The research presented in 

this thesis provides an efficient and cost-effective solution to these challenges; An interactive 

software (WGC version 3) that has been developed to enhance and expedite the design and 

testing process through the computation and visualization of the electric and magnetic field 

distribution inside waveguides and cavity resonators.  

The software features a user-friendly interface through which users can select one of seven 

different configurations and specify parameters of their design, such as structure dimensions, 

Transverse Electric (TE) mode or Transverse Magnetic (TM) mode, mode number, operating 

frequency, number of points of any of the field components along the x, y, and z axis for 

rectangular structures, and any 2D plane angles between 0° to 360° for cylindrical structures. 

Both transverse and longitudinal field components can be visualized in vector, color contour or 

both. The software makes it easy for users to see how the changes of physical dimensions and 

operating frequency affect the field distribution. Moreover, the user interface allows users to 

select how visualizations of the field distribution are generated and displayed. Five selection 
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options are made available: electric and magnetic field with vector; electric field vector; 

magnetic field vector; electric field strength; and magnetic field strength. Field distributions can 

be displayed as static images or video animations using appropriate sequencing of computed 

field values. The software provides all necessary warning messages to users for invalid input 

parameters. 

The software has been designed in MATLAB App Designer platform. The executable code 

has been tested and verified on a personal computer (PC) platform running Windows 10 

operating system. Mathematical expressions of the field components used in this software were 

derived from the classical solution of the wave equations using the separation of variables 

technique in cartesian coordinates for rectangular configurations and cylindrical coordinates for 

all other configurations. Results obtained using this software were validated against values found 

in the literature for similar types of problems, and results show perfect agreement. 

The work developed in this thesis makes it possible for microwave engineers to quickly 

model and obtain information about the performance of their designs. It has great potential in 

enhancing the teaching and learning of microwave engineering. Visualizations produced by the 

software can greatly improve learnersô ability to understand how electromagnetic waves 

propagate through guided structures. Furthermore, it provides a cost-effective alternative to 

commercial software packages, such as Ansys High Frequency Structure Simulator (HFSS), and 

Computer Simulation Technology (CST) Studio Suite for such applications. 
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CHAPTER 1 

INTRODUCTION 

 

       In many microwave applications, electromagnetic waves need to be guided from one 

location to another using waveguides and cavity resonators. A waveguide is a hollow conductive 

metal pipe used to carry high-frequency radio waves, particularly microwaves. Rectangular 

cross-sections are the simplest and most commonly used waveguides. Circular metallic tubes are 

appropriate for applications such as radars. Coaxial waveguides are well suited for long-distance 

transmission because the central conductor is shielded from external electrical noise by the outer 

conducting material. On the other hand, cavity resonators consist of a closed metal structure that 

confines electromagnetic waves in the microwave region. These electromagnetic waves bounce 

back and forth between the walls of the cavity. Understanding the electromagnetic wave 

distribution inside waveguide and cavity resonators helps microwave engineers in the design 

manufacturing, testing and installation of electronic components in systems used to transmit and 

receive microwave signals. 

1.1  Motivation and Background 

       The history of the development of waveguides is more than 100 years old. It was first 

discovered by George C. Southworth who played an important role in radar system design [1]. 

An electromagnetic field cannot be seen directly [17], only its effects can be observed. 

Nowadays, technology is growing faster, and millimeter and sub-millimeter waves applications 

require a combination of  active and passive devices. Usually, waveguide-based transmission 

lines are preferred in the design of low-loss filters, hybrid couplers, power dividers, antennas, 
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etc. [2].  These applications require microwave devices to operate at higher frequencies (above 

100 GHz). For operating at this frequency bands, waveguide feature size needs to be smaller and 

tolerance requirements need to be tightened. In medical applications, there is a growing need for 

wireless sensing systems [16]. Passive wireless sensors such as those used in harsh 

environmental conditions are generally composed of resonant circuits [3]. Cavity resonators are 

the most commonly used component in passive wireless sensors. For cavity resonators, EM 

waves bounce back and forth between the cavity walls which produce field oscillations. 

Evanescent-mode cavity resonators inherently fulfill the need for high frequency passive 

wireless sensor applications because the size can be greatly reduced. But, with the growing 

demand for high speed, smaller size devices that consume less power, conventional 

manufacturing is becoming more and more challenging every day [4]. To the demands for small 

size and low-power consumption, microwave engineers must fully understand electromagnetic 

wave propagation inside waveguides and cavity resonators. 

1.2  The Need for Software 

      WGC (version 2.1) was developed by Dr. Atef Elsherbeni and Dr. Clayborne Taylor, Jr. in 

1994 to compute and visualize EM field distribution inside waveguides and cavity resonators 

using an interactive BASIC language for a personal computer running DOS operating system [5].  

The executable code of the software was available for the IBM-PC computer family, but it is no 

longer useable due to recent changes and advancements in computing technology and operating 

systems. Several software packages for designing and simulating microwave devices and 

transmission lines, such as Ansys HFSS, CST, and ADS are being used nowadays. For example, 

the design and simulation of a coplanar and air-gap waveguide transmission line using ADS has 

been introduced  in [6, 7]. CST Studio Suite has been used for similar design problem [8, 9, 10] 
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and similarly HFSS as in [11, 12, 13]. These software packages are not only expensive, but they 

also require substantial memory and computational resources to compute and visualize field 

components inside such configurations of waveguides and cavities. Other software packages like 

COCAFIL [14] and XFdtd [15] are available, but they require substantial memory and 

computational resources. A web application to visualize the field pattern inside waveguide has 

been recently introduced in [26], but it is limited to waveguides with rectangular and circular 

cross-sections. The software package introduced in this thesis aims to overcome those 

challenges. WGC (version 3) allows users to visualize the electric and magnetic field distribution 

inside several types of waveguides and cavity resonators (rectangular, circular, coaxial, baffle, 

sectoral, sectoral-coaxial, and baffle-coaxial) almost instantaneously on current PC platform. 

Advantages of using this software include the ability to model a wide variety of waveguide and 

cavity resonators, less memory requirements and computation time. WGC (version 3) features a 

user-friendly interface that makes easy for users to quickly model, compute and generate figures 

and video animations of the EM field distribution within their design structure to assess the 

performance of their design.  

       WGC (version 3) allows user to observe the change of electric and magnetic fields 

distribution for different dimensions of the physical or electrical parameters of the cross-sections 

at different plane cuts. Also, users do not need to limit their interest in any specific mode of 

operation or order. They have a lot of flexibility in choosing among shapes, dimensions, mode 

numbers, plane views (x-y, x-z and y-z). Moreover, this software is capable of generating video 

animations of field distribution as the view angle and position changes. The code is executable 

on  all modern computer families with installed MATLAB version 2021a and later versions. No 

internet connectivity  is needed to run this software. 
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1.3  Thesis Organization and Overview  

       This Thesis work is divided into five chapters. 

Å Chapter 1 provides the motivation and background information and highlights the 

significance of this work. 

Å Chapter 2 presents the theoretical foundation and mathematical formulations used to 

compute and visualize EM fields inside various waveguides and cavity resonator 

types. 

Å Chapter 3 provides software design details and describes the graphical user interface. 

Å Chapter 4 presents examples of different waveguide and cavity resonator models and 

simulations results. 

Å Chapter 5 summarizes the research and development of  WGC and introduces future 

directions for research. 
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CHAPTER 2 

MATHEMATICAL DERIVATION OF FIELD EQUATIONS 

 

       The objective of this chapter is to introduce the field equations for different configurations 

of waveguide and cavity resonators used in WGC (version 3). The mathematical expressions of 

the field components are derived from the classical solution of the wave equation using the 

separation of variables technique. 

2.1  Waveguide and Cavity 

       Waveguides and cavity resonators play an important role in microwave applications [18]. 

Waveguides have definite boundaries which direct the propagation of electromagnetic waves and 

prevent them from scattering outside the guide. On the other hand, cavity resonators can be 

considered short-circuited transmission lines and are constructed by short-circuiting the 

waveguides. The boundary walls of waveguides and cavity resonators are highly conductive 

materials and, thus, the electromagnetic energy is confined [19]. The modes of wave propagation 

in the waveguides and cavity resonators can be classified into two types: transverse electric (TE) 

mode and transverse magnetic (TM) mode. 

2.2  General Equations Derivation 

       General equations of the propagating field components inside waveguides and cavity 

resonators are presented in this section. Seven different cross-sections are considered. These are 

rectangular, circular, sectoral, baffle, coaxial, sectoral coaxial, and baffle coaxial (see Figure 

2.1). The electromagnetic wave is propagating along the z-axis and the boundary walls are 
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assumed to be perfectly conductive. The medium inside the waveguides and the cavity resonators 

are filled with homogeneous, isotropic, and lossless material with permeability denoted by ‘ and 

permittivity denoted by ‭. The field equations for TE and TM modes are obtained after solving 

the Helmholtz wave equation inside the guide using the separation of variables technique. For 

rectangular geometry, the Cartesian coordinates system is considered and for the circular, 

sectoral, baffle, coax, sectoral coax, and baffle coax, the cylindrical coordinates system is used 

[20].  

 

    

        Rectangular               Circular                   Coaxial                        Sectoral 

  

                              Baffle                Sectoral-Coaxial         Baffle-Coaxial 

Figure 2.1: Different cross-sections of waveguides and cavity resonators. 

 

2.2.1  Rectangular Cross-Section 

       Rectangular waveguides are one of the earliest types of transmission lines which are 

commonly used for the transport of radio frequency signals at frequencies in the SHF band (3ï30 

GHz) and higher [21]. On the other hand, rectangular cavity has been commonly used in 
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Electron Paramagnetic Resonance (EPR), Nuclear Magnetic Resonance (NMR), and Magnetic 

Resonance Imaging (MRI) experiments, [22]. The fields in a rectangular waveguide and cavity 

resonator consist of several propagating modes which depend on the electrical dimensions, the 

type, and the position of excitation. Assuming the inner dimensions of the rectangular waveguide 

are ὥ and ὦ and Ὠ along the x, y, and -z axes as shown in Figure 2.2. A rectangular waveguide 

supports TM or TE mode but not TEM mode because a hollow rectangular waveguide does not 

have any inner conductor. TEM mode is characterized by electric fields and magnetic fields 

perpendicular to each other and perpendicular to the direction of propagation. If a TEM mode 

exists inside a waveguide, it must have at least two conductors so that the electric fields can have 

a start and an end. For a hollow waveguide, there is no inner conductor, hence electric fields 

create loops and that is why TEM mode is not an option in this configuration. 

 

 

Figure 2.2: Rectangular cross-section of a waveguide or cavity. 

 

       For ὝὉ modes in rectangular cross-section of a waveguide or a cavity, the field equations are 

given by: 

 

Ὠ 
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Here, 

‍

ừ
Ừ
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“ὰ

Ὠ
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                                                  ςȢρσ 

‍ ‫ ‘‭Ƞ    ‍ ‍ ‍                                                                     ςȢρτ 

where ‘ and ‭ are the permeability and the permittivity of vacuum, respectively. 

‘ τ“ ρπ  H/m; ‭ ψȢψυτρπ F/m 

‍
ά“

ὥ
Ƞ     ‍

ὲ“

ὦ
                                                                             ςȢρυ 

       In most of the equations there are two entries. The top part is for waveguides and the bottom 

one is for cavity resonators. The variables ὥȟὦȟὨ in these equations are the dimensions along ὼȟώ 

and ᾀ axes, respectively. The values of ά and ὲ starts from 0 but cannot be equal to 0 at the 

same time for TE modes. For TM modes the values of ά and ὲ ρȟςȟσȟȣ The constants ὃ  

and ὄ  are the amplitudes of the mode designated by the integers ά and ὲ. And for the cavity 

resonator subscript ὰ πȟρȟςȟσȟȣ for TM modes and ὰ ρȟςȟσȟτȟȣ for TE modes. Like 

waveguides the constants ὃ  and ὄ  are the amplitude of the mode designated by integers 

ά, ὲ and ὰ. The value of ά, ὲ and ὰ is the half-period variation of the field components along 

ὼȟώ and ᾀ axis, respectively. The cut-off frequency, Ὢ of a rectangular waveguide is calculated 

as Ὢ
   

Ѝ
 and for the rectangular cavity, the resonant frequency is given by Ὢ

   

Ѝ
; 

where  

‍ ‍ ‍ ‍                                                                     ςȢρφ 
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2.2.2  Circular and Coaxial Cross-Section 

       For the cross-section of circular waveguide and cavity, the radius is denoted by ὥ and for the 

coaxial cross-section, ὥ is the inner radius and ὦ is the outer radius. The parameter Ὠ is the 

dimension along the propagation of waves as shown in Figure 2.3. 

 

               

(a)                                                                                            (b) 

Figure 2.3: Cross-section of a waveguide and cavity, circular (a) and coaxial (b). 

 

       The field components for ὝὉ modes can be written as 
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And for the Ὕὓ modes, the corresponding field components are 
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In the above equations the prime indicates the derivative of the function with respect to its full 

argument. Here the function  

Ὣ ‍”
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       In equation (2.31) ὐ indicates the Bessel function of first kind and ὣ  indicates the Bessel 

function of second kind. ὢ  and ὢ  in equation (2.29) are the zeros of Ὣ ‍” and 

Ὣ ‍”, respectively. The  and  are the constant for TM and TE coaxial cross-

sections, respectively. The derivative of equation (2.31) can be written as 
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where from [28], 

ὐ ‍” ὐ ‍”
ά

‍”
ὐ ‍”                                                           ςȢσσ 

and ὣ ‍” can be obtained in the same way as ὐ ‍” shown in equation (2.33).  

       To find the zeros of equations (2.31) and (2.32), one needs to find the zeroes of the Bessel 

function. The approximation of the first three roots of any order Bessel function were generated 

using a least-squares fit of the roots. The approximation is used to start the iteration of Halley's 

method. Details about finding zeros of Bessel function is documented in Appendix A1. 

       For both TE and TM mode in circular and coaxial cross-section of waveguide subscript ά

πȟρȟςȟσȟȣ and subscript ὲ ρȟςȟσȟτȟȣ For cavity, ὰ is defined by ὰ ρȟςȟσȟȣ for TE modes 
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and ὰ πȟρȟςȟσȟȣ for TM modes. The cut-off frequency of a waveguide is denoted by Ὢ  and 

the resonant frequency of a cavity is denoted by Ὢ. Ὢ is calculated as  

Ὢ
‍

ς“Ѝ‘‭
                                                                       ςȢστ 

and the resonant frequency, Ὢ is given by 

Ὢ
‍ ‍

ς“Ѝ‘‭
                                                              ςȢσυ 

 

2.2.3  Sectoral and Sectoral-Coaxial Cross-Section 

The field expressions for sectoral and sectoral-coaxial cross-section are similar to the field 

equations presented in section 2.2.2. The geometry of sectoral and sectoral-coaxial cross-section 

are shown in Figure 2.4. The only difference is the value of ά. For sectoral and sectoral-coaxial 

cross-section subscript ά is a rational number and it is written by 

ά
ὴ“

‰
                                                                                  ςȢσφ 

 

                   

Figure 2.4: Sectoral and sectoral-coaxial cross-section of a waveguide and cavity. 
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       Here, ὴ is an integer whose value is defined as ὴ πȟρȟςȟσȟȣ for TE modes and ὴ

ρȟςȟσȟȣ for TM modes and ‰  is the sectoral angle. The interpretation of ὴ is similar to the 

integer ά for circular and coaxial cross-section. Besides, to satisfy the boundary conditions at 

‰ π degree only in the Ὕὓ mode field expressions, ÃÏÓά‰ should be replaced by 

ÓÉÎά‰ and the term ÓÉÎά‰should be replaced by the ÃÏÓά‰. The  Ὕὓ mode field 

equations are given here for better understanding. 
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The field components for ὝὉ modes can be written as 
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2.2.4  Baffle and Baffle-Coaxial Cross-Section 

       To enhance the directivity of EM fields a conducting plate is places inside the hollow 

waveguides and cavity resonators (see Figure 2.5) and these configurations field equations are 

similar to the section 2.2.3 except for the value of ‰ . For baffle and baffle-coaxial 

waveguides and cavity resonators ‰ ς“.  

 

 

Figure 2.5: Circular baffle and baffle-coaxial waveguide and cavity resonator. 
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CHAPTER 3 

SOFTWARE DESIGN 

 

       This chapter provides the design configuration of the software which will visually represent 

the electric and magnetic field distribution inside waveguides and cavity resonators for different 

modes of operation. The full software package is designed in the MATLAB App designer 

platform. First, field equations in this document have been verified with existing figures 

documented in [24, 25]. Then in MATLAB App designer, two windows are created to access the 

cross-sections of different waveguides and cavity resonators and later seven different windows 

are designed for seven different configurations of waveguides and cavity resonators. 

3.1  MATLAB App Designer Platform 

       App designer helps to design professional apps. Simple drag and drop visual components in 

the app designer window help to layout the design of the graphical user interface (GUI) and use 

the integrated editor to quickly program its behavior. App designer has two view options, one is 

design view and another one is code view. In the design view window, one can easily layout the 

visual components from the component library. Each component has callback options that allow 

commanding individual components separately. Callback functions allow working in the code 

view window. Also, the code view window has property, functions, and app input arguments 

options which give the freedom to work in multiple app window settings. App Designer can 

automatically check for coding problems using the Code Analyzer. Standalone applications can 

be created by using MATLAB Compiler and Simulink Compiler to share them royalty-free with 

other users [23]. 
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3.2  Graphical User Interface Development 

       Our software has nine different windows. The front window is called the main menu which 

will guide users to the next option menu. There a user can select which cross-section of 

waveguide and cavity they want to select. After that, the user will be able to draw figures or 

create a movie for a different mode of operations in waveguide and cavity. 

3.2.1  WGC flowchart  of the Software 

This software works in a sequential way. When a user puts all the information correctly, then this 

software will create a figure or video of the electromagnetic field inside the waveguide or cavity 

for different modes of operation. If the user fails to put the right information, then the software 

will give warnings and tell the user what needs to be done. The flowchart of this software is 

given below. 
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Figure 3.1: WGC (version 3) flow chart. 
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3.3  Layout and Operation of the Software 

       The layout of the software is mainly categorized into four main windows. Those are Main 

Window, Geometry Selection, and Parameters Screen and Output Screen (Figure Creation and 

Video Creation). Each of them is described below. 

3.3.1  Main Window 

       The window that will appear when a user runs the software is called the main window. In 

this window at the top of the left corner, there is a button called help. If the user selects this 

button, he/she will find two options there. One is about the app and the other will help the user 

find the contact details of the authors. In the main window, there is a big button called ñGet 

Startedò. When the user presses that button it will lead him/her to the next window. The figures 

that are shown in Figure 3.2 are originally in Gif format and those are generated by using this 

software. The main window is shown here as a figure (see Figure 3.2). 

 

 

Figure 3.2: Main window of the software. 
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3.3.2  Geometry Selection  

       In the geometry selection (Options Menu) window, there are seven different cross-sections 

are included. Those are rectangular, circular, sectoral, baffle, coaxial, sectoral-coaxial, baffle-

coaxial cross-sections. For better understanding, each of the cross-sections has been shown in the 

figure format. When the user clicks the button beside those pictures, the next window will open, 

and this geometry selection window will close automatically. The geometry selection window is 

shown in Figure 3.3. 

 

 

Figure 3.3: Geometry selection (Option Menu) window of the software. 

 

3.3.3  Parameters Screen 

       The parameters screen window is different for different geometry selections. Each of them 

has a common waveguide or cavity selection button, mode choice option, input for waveguide 

and cavity dimensions, operation frequency, and plane cut option. Also, there are cut-off, 
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resonant frequency calculator option which depends on the dimensions of the cross-sections of 

waveguides and cavity resonators. The waveguide and cavity selection button will enable or 

disable some options (which are not needed) in the parameter screens. In the waveguide and 

cavity dimension box, three different units (cm, mm, and inch) are added in the drop-down 

menu. There is also an input for the number of points along the x, y, and z-axis. It will give the 

users the flexibility to see the propagation of electromagnetic waves as to how they want to see 

them. In the bottom of the left corner, there are two options for figure creation and video 

creation. Users can save their works as a picture as well as a video. In the figure creation and 

video creation buttons, there are 5 different options in the drop-down menu. These are vector 

plot, E-field strength, H-field strength, E-field strength with vector, and H-field strength with 

vector. At the end of the right corner of the window there are three buttons called ñCheckò, 

ñRunò, and ñReturnò buttons. The ñCheckò button checks all the input parameters. If there is an 

error in the input parameters, this ñCheckò button will show users warning messages. Also, if the 

user puts some wrong inputs while trying to find the cut-off and resonance frequency for 

waveguides and cavity resonators, this ñcalculateò button will also show some warning 

messages. Initially, the ñRunò button is kept deactivated so that users can easily understand the 

mistakes if they do any by pressing the ñCheckò button.  If there is no error, the ñRunò button 

will be activated and the user will be able to see the picture or the video according to his/her 

options selection. Right below the Create figure and Video box, there is a text area where the 

user can see the message about the current figure or video creation. The ñReturnò button will get 

the user back to the geometry selection window to work further with the app. The parameters 

screen for rectangular cross-section is shown in Figure 3.4. 
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Figure 3.4: Parameters screen window for rectangular waveguide and cavity. 

 

3.3.4  Figures of EM Fields 

       When the user selects the ñCreate Figureò button, initially, it is selected for the vector plot. 

But the user can change the view option by pressing the drop-down menu just beside the button. 

After creating one figure the user does not need to exit the figure window to see another 

configuration of input parameters. This will help the user to compare figures by placing them 

side by side. And after that, the user can save those images in whichever directory they want to 

select. 

3.3.5  Video Animations of EM Fields 

       The video creation option is pretty much similar to the figure creation option. For creating a 

video, more time is needed than figure creation. So, at that time a progress bar and successful bar 
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are included so that the user can understand that the video is being created, and it will take some 

time. When the video creation is completed, a success message will appear and telling the user 

that the movie creation is successful. In the next chapter, all of these processes and how the 

software is working will be described.  

3.3.6  Programming and Special Functions 

       Before implementing the code in the App Designer platform, code for all cross-sections has 

been written as MATLAB script. Figures are validated against values found in the literature for 

similar types of problems, and results show perfect agreement with each other. Field equations in  

previous chapters have been used to create figures and video animations of all configurations. 

Code for the rectangular geometry is straight forward and no special functions are needed. But 

for the circular and all other cross-sections, a special function is used to generate the zeros of the 

Bessel function. The function is called ñbesselzeros.mò for circular, sectoral and baffle cross-

sections and ñgmzeros.mò for coaxial, sectoral-coaxial, and baffle-coaxial cross-sections. The 

procedure for computing the Bessel function is described in Appendix A. 
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CHAPTER 4 

ILLUSTRATED EXAMPLES 

 

       This chapter provides illustrated examples of software functionality. For both waveguide 

and cavity resonators, the cross-sections can be grouped into two categories: rectangular, and 

circular. Sectoral cross-sections of ωπЈ, ρψπЈ, and ςχπЈ are part of full circular cross-sections, 

coaxial cross-sections have a conducting core inside the circular cross-sections. For the baffle 

configuration, a conducting plate is placed inside the circular cross-section.  

4.1  Waveguide 

       Each of the parameters screens has the option to switch between waveguide and cavity. The 

default position of the switch is for waveguide. When a user slides the switch to cavity, the red 

light next to it turns green and the green light next to the waveguide turns red. When the user 

changes the switch position back to waveguide, the light color will change again. This way, a 

user receives feedback from the software confirming which of the two configurations is active. 

Figure 4.1 shows light color is changes as the switch moves from waveguide to cavity. 

  

 

 

Figure 4.1: Light color change with switch position. 
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4.1.1  Rectangular Waveguide 

       Step by step operation of the software for the rectangular waveguide is shown below. 

Step 1: Click ñGet Startedò button in the main window. 

 

 

Figure 4.2: Illustrated example of how to start with the software. 

 

Step 2: Choose ñRectangularò push button for working with rectangular cross-section. 

Step 3: Enter valid inputs and check all of them by clicking ñCheckò button. 
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Figure 4.3: ñRectangularò push button selection in the option menu. 

 

 

Figure 4.4: Initial parameters screen window for rectangular cross-section. 
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Figure 4.5: All valid inputs for rectangular waveguide. 

 

       In Figure 4.5 all inputs are valid and those are marked with green circle. After clicking the 

ñCheckò button no error is shown and that enables the ñRunò button.  

 

 

Figure 4.6: Drop-down menu for plotting different figures. 
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       Figure 4.6 shows the drop-down menu for different figure creation options. As mentioned in 

previous chapter, user can create video or figure in five different ways: electric and magnetic 

field with vector; electric field vector; magnetic field vector; electric field strength; and magnetic 

field strength. Now, we enter invalid inputs to check warning messages in the parameters screen 

of the rectangular waveguide.  

 

 

 

Figure 4.7: Checking the error message for invalid mode number. 

 

       For TE mode, ά and ὲ values can be 0 but not at the same time. This error message clearly 

tells the user what the correction should be. While checking the error, the software automatically 

disables the ñRunò button and this makes the user understand some corrections need to be done. 

Similarly, some other error messages are checked in the below. 
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Figure 4.8: Other error messages for rectangular waveguide. 



30 

 

       For valid inputs, some figures of the rectangular waveguide for different views are shown 

here. Figures 4.9 shows the vector plot, Figure 4.10 shows field strength of the rectangular 

waveguide at x-y plane for ὝὉ mode. 

 

 

  

 

Figure 4.9: Vector plot of rectangular waveguide at x-y plane for ὝὉ mode. 

 

ὝὉ Mode 

a = 6 cm 

b = 3 cm 

x-y plane cut in ïz = 8 cm 

Cutoff frequency, fc = 1.58 GHz 

Operating frequency, f =2.0 GHz 
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Figure 4.10: E-field and H-field of rectangular waveguide at x-y plane for ὝὉ mode. 

 

       Vector plot of rectangular waveguide at x-z plane is shown in Figure 4.11 and in Figure 

4.12, field strength is presented for ὝὉ mode. 

 

Figure 4.11: Vector plot of rectangular waveguide at x-z plane for ὝὉ mode. 
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Figure 4.11 continued. 

 

 

 

       And Figures 4.13 and 4.14 show the vector plot and E and H-field strength inside the 

rectangular waveguide, respectively. At the y-z plane, the electric field is zero and that is clearly 

noticeable in these figures where the magnetic field is circulating around the boundary walls.  
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Figure 4.12: E-field and H-field of rectangular waveguide at x-z plane for ὝὉ mode. 

 

 

Figure 4.13: Vector plot of rectangular waveguide at y-z plane for ὝὉ mode. 

 

 

Figure 4.14: H-field of rectangular waveguide at y-z plane for ὝὉ mode. 

 

       Now, the TM button is selected in the mode selection box. For that, again cut-off frequency 

has been calculated and the operating frequency is kept higher than that of the cut-off frequency. 

Figures 4.15 shows the vector plot of the electric and magnetic field inside the rectangular 

waveguide, Figures 4.16 shows field strength at x-y plane for Ὕὓ  mode. Figure 4.17 and 
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Figure 4.19 show the vector plot at x-z and y-z plane for the same mode number, respectively, 

and Figure 4.18 and Figure 4.20 show field strength of those. 

 

 

 

 

Figure 4.15: Vector plot of rectangular waveguide at x-y plane for Ὕὓ  mode. 

 

Ὕὓ Mode 

a = 6 cm 

b = 3 cm 

x-y plane cut in ïz = 8 cm 

Cutoff frequency, fc = 1.76 GHz 

Operating frequency, f =2.0 GHz 
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Figure 4.16: E-field and H-field of rectangular waveguide at x-y plane for Ὕὓ  mode. 

 

 

 

 

Figure 4.17: Vector plot of rectangular waveguide at x-z plane for Ὕὓ  mode. 
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Figure 4.18: E-field and H-field of rectangular waveguide at x-z plane for Ὕὓ  mode. 

 

 

 

 

Figure 4.19: Vector plot of rectangular waveguide at y-z plane for Ὕὓ  mode. 

 

 

Figure 4.20: E-field and H-field of rectangular waveguide at y-z plane for Ὕὓ  mode. 
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4.1.2  Circular Waveguide 

       Like rectangular waveguides, steps are similar to the circular waveguide till the parameters 

screen. In the parameters screen, some inputs are different. For circular waveguides, users need 

to only input the radius of the waveguide in the waveguide dimensions box. Switching over TE 

and TM mode will give the different values of cut-off frequency for the same mode number. Just 

like rectangular waveguide, the ñCheckò button will verify whether the inputs are valid or not. 

For any invalid input, the ñRunò button will remain disabled. If there are no errors, pressing the 

ñCheckò button will enable the ñRunò button for execution.  

 

 

Figure 4.21: Initial parameter screen window for circular waveguide. 
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Figure 4.22: Parameters screen showing input and disable options for circular waveguide. 

 

       Figures 4.21 and 4.22 show the parameter input options and disable field for waveguide 

selection mode. All green circles indicate input fields and red circles indicate disable fields. For 

wrong mode number, both the check button and cut-off frequency calculate button show error 

messages. Mode number ὲ cannot be zero in both TE and TM mode of operation for circular 

waveguide. Putting the value of ὲ π in the parameters screen, the error message is shown in 

Figure 4.23. 
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Figure 4.23: Error message for invalid mode number in circular waveguide. 

 

If every input is valid, then the ñCheckò button enables the ñRunò button (see Figure 4.24). 

 

 

Figure 4.24: For all valid input ñRunò button is activated.  
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Some examples of electric and magnetic fields distribution inside circular waveguide at different 

plane cut are shown in Figures 4.25, 4.26, 4.27, and 4.28. 

 

 

             

Figure 4.25: Vector plot of circular waveguide at x-y axis for Ὕὓ  mode. 

 

       Figure 4.25 shows the vector of electric and magnetic fields inside the circular waveguide. 

Field maps are also shown in Figure 4.26. This figure shows where the E-Field and H-Field are 

strong. The field distribution in Figure 4.26 is identical because the field strength of both electric 

Ὕὓ Mode 

Radius, a = 5 cm 

x-y plane cut in ïz = 8 cm 

Cutoff frequency, fc = 3.66 GHz 

Operating frequency, f =5.5 GHz 
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and magnetic fields is denser in the same location. The differences can be observed using the 

vector plots as the arrow directions are different. 

 

   

Figure 4.26: E-field and H-field of circular waveguide for Ὕὓ  mode. 

 

 

 

Figure 4.27: Vector plot of circular waveguide for Ὕὓ  mode at φπЈ plane. 
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Figure 4.27 continued. 

 

       Field vectors at φπЈ plane angle are presented in Figure 4.27 for Ὕὓ  mode. Contour plot 

helps user understand the field strength inside the hollow waveguide and that is shown in Figure 

4.28. 

 

  

Figure 4.28: E-field and H-field of circular waveguide for Ὕὓ  mode at φπЈ plane. 

 

4.1.3  Coaxial Waveguide 

       In the coaxial waveguide a conducting core is placed inside the hollow cylindrical 

waveguide. This conducting core helps to active the TEM mode in this transmission line. The 

parameters screen is shown in Figure 4.29. For the coaxial cross-section, an extra dimension is 

included in the waveguide and cavity dimension box. The dimension of the inner radius ὥ is the 

radius of the conducting core and the outer radius is ὦ.   
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Figure 4.29: Parameters screen of coaxial waveguide. 

 

       Like circular waveguide, the software will generate some warning messages for invalid inputs. 

The cavity switch enables the mode number ὰ, length in -z axis Ὠ and the resonance calculate 

button. The vector plots and field strength for Ὕὓ  mode is shown in Figures 4.30 and 4.31. 

 

              

Figure 4.30: Vector plot of coaxial waveguide for Ὕὓ . 

Ὕὓ Mode 

Inner radius, a = 1 cm 

Outer radius, b = 4 cm 

x-y plane cut in ïz = 8 cm 

m = 1 

n = 2 

Cutoff frequency, fc = 25.43 GHz 

Operating frequency, f = 26 GHz 
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Figure 4.30 continued. 

                   

 

Also here, the field maps are identical but the arrow direction is different. Figure 4.32 shows the 

vectors and field strength of coaxial waveguide at φπЈ plane angle for Ὕὓ  mode. 

 

  

Figure 4.31: E-Field and H-Field of coaxial waveguide for Ὕὓ . 
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Figure 4.32: Vectors and field of coaxial waveguide at φπЈ plane angle for Ὕὓ  mode. 
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Some other vector plots for different modes in coaxial waveguide are shown below. 

           

(a) Ὕὓ                                                              (b) ὝὉ 

                  

(c) Ὕὓ                                                              (d) ὝὉ 

Figure 4.33: Vector plots of coaxial waveguide for (a) Ὕὓ  (b) ὝὉ (c) Ὕὓ  (d) ὝὉ. 

 

4.1.4  Sectoral Waveguide 

       When the cylindrical waveguide is cut with different angles then it is called the sectoral 

waveguide. Sectoral waveguide can be any arbitrary angle from 1 to σφπЈ. The parameter screen 

of the sectoral waveguide is shown in Figure 4.34. Here, ‰  is the sectoral angle and ὴ is the 
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integer for mode number. For TE mode ὴ πȟρȟςȟσȟȣ and for TM mode ὴ ρȟςȟσȟȣ Some 

figures for ωπЈ and ςχπЈsectoral waveguide are documented here and compared with the 

previous work presented in [25]. 

       Parameters screen of the sectoral waveguide is shown in Figure 4.34. The angle‰ for the 

sectoral cross-section is arbitrary and that gives users flexibility to select any angle from 0 to 

σφπЈ. 

 

 

Figure 4.34: Parameters screen for sectoral waveguide. 

 

       Some field vectors of sectoral waveguide at different ‰  angle are shown in Figure 4.35. 

Here ωπЈand ςχπЈsectoral angle is selected. Figure 4.36 shows the field strength inside these 

sectoral waveguides. ὝὉ mode is selected for both structures. Cutoff frequency is calculated 

for ωπЈ sectoral waveguide and ςχπЈsectoral waveguide is 5.07 GHz and 2.15 GHz, respectively. 

Operating frequency is selected 6 GHz ωπЈ sectoral and 3 GHz for ςχπЈsectoral. 
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(a) ωπЈ sectoral  

             

(b) ςχπЈ sectoral 

Figure 4.35: Vector plot of (a) ωπЈand (b) ςχπЈsectoral waveguide for ὝὉ mode. 
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Figure:4.36: E-Field and H-Field for ωπЈ and ςχπЈsectoral waveguide for ὝὉ mode. 

 

4.1.5  Baffle Waveguide 

       As previously mentioned in chapter 2, that a baffle waveguide is created by the insertion by 

a metal plate into the hollow circular waveguide. The parameters screen of the baffle waveguide 

is shown in Figure 4.37. All the parameters here are as same as circular waveguide only 

difference is the parameter ὴ. Mode number ά is replaced here by ὴ because the value of ά is 

non integer for the baffle waveguide. 
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Figure 4.37: Parameters screen of Baffle waveguide. 

 

       Field pattern has been verified for the ὝὉ mode. Vector plots and field strength for both E-

Field and H-Field are shown in Figure 38 and 39, respectively. 
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Figure 4.38. :Vector plot of Baffle waveguide for ὝὉ mode. 

ὝὉ mode 

Radius, a = 5 cm 

Cutoff frequency, fc = 1.11 GHz 

Operating frequency, f = 2 GHz 
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Figure 4.39. : E-field and H-field of baffle waveguide for Ὕὓ  

 

       To validate our work, vector field pattern of some modes of operation were analyzed and 

compared with the figures documented in [24]. Those figures are given below. 

 

      

                        (a) ὝὉ                                (b) ὝὉ                                        (c) ὝὉ 

Figure 4.40: Field vectors for (a)  ὝὉ (b) ὝὉ (c) ὝὉ mode in baffle waveguide. 

 

4.1.6  Sectoral-Coaxial Waveguide 

       Sectoral-Coaxial waveguide is combination of sectoral and coaxial cross-sections. Like 

sectoral cross-section this is also for an arbitrary angle from πЈ to σφπЈ. As the conducting core is 



53 

 

placed inside the waveguide, from the center to radius of the conducting core no field vectors are 

present. The parameters screen of this cross-section is shown in Figure 4.41. Illustrated examples 

have been given for ωπЈand ρψπЈ sectoral-coaxial waveguide in Figure 4.42 and 4.43.   

 

 

Figure 4.41: Parameters screen for sectoral-coaxial waveguide. 
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Figure 4.42: Field vectors of ωπЈ and ρψπЈ sectoral coaxial waveguide for Ὕὓ  mode. 

Ὕὓ mode ωπЈsectoral-coaxial 

Inner radius, a = 1 cm 

Outer radius, b = 4 cm 

Cutoff frequency, fc = 24.5 GHz 

Operating frequency, f = 26 GHz 

Ὕὓ mode ρψπЈ sectoral-coaxial 

Inner radius, a = 1 cm 

Outer radius, b = 4 cm 

Cutoff frequency, fc = 18.3 GHz 

Operating frequency, f = 20 GHz 
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Figure 4.43: E-Field and H-Field of ωπЈand ρψπЈ sectoral-coaxial waveguide. 

 

4.1.7  Baffle-Coaxial Waveguide 

       In the baffle-coaxial waveguide a conducting core and a metal plate is placed into the 

cylindrical waveguide as shown in Figure 2.5. Parameters screen of baffle-coaxial waveguide is 

shown in Figure 4.44. Like coaxial waveguide, it has inner and outer radius and since the baffle 

is inserted, the mode number m is replaced with ὴ as the value of m is non integer. 
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Figure 4.44: Parameters screen of baffle-coaxial waveguide. 

 

Field vectors are shown in Figure 4.45. 

  

Figure 4.45: Field vectors of baffle-coaxial waveguide for ὝὉ mode. 

 

ὝὉ ƳƻŘŜ 

LƴƴŜǊ ǊŀŘƛǳǎΣ ŀ Ґ м ŎƳ 

hǳǘŜǊ ǊŀŘƛǳǎΣ ō Ґ п ŎƳ 

ŦŎ Ґ уΦту DIȊ 

Ŧ Ґ ф DIȊ 
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Figure 4.45 continued. 

 

               

 

       Electric and magnetic field intensity is shown in Figure 4.46. 

 

  

Figure 4.46: E-Field and H-Field of baffle-coaxial waveguide for ὝὉ mode. 
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4.2  Cavity  

       Switching to cavity mode, activates some input parameters in the parameters screen. Those 

input parameters have no function in the waveguide mode and that is why those are inactive in 

the waveguide mode. Illustrated examples have been given for rectangular and circular cavity. 

4.2.1  Rectangular Cavity 

       Figure 4.47 shows the parameters screen for the rectangular cavity option. Green circles are 

activated after switching to the cavity and the red circle is deactivated. Proper valid input will 

draw electric and magnetic field distribution inside this shape. As in waveguide mode, warning 

messages are generated for invalid inputs. 

 

 

Figure 4.47: Parameters screen for rectangular cavity. 
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       For some valid inputs, field distribution inside the rectangular cavity at different plane cuts 

is shown in Figures 4.48, 4.50, and 4.52. Electric and magnetic field strength at different plane 

cuts is shown in Figures 4.49, 4.51, and 4.53. 

 

 

 

 

Figure 4.48: Vector plot of rectangular cavity at x-y plane for ὝὉ . 

 

ὝὉ  ƳƻŘŜ 

ŀ Ґ с ŎƳ 

ō Ґ о ŎƳ 

Ř Ґ ф ŎƳ 

Ȅπȅ ǇƭŀƴŜ Ŏǳǘ ƛƴ πȊ Ґ у ŎƳ 

wŜǎƻƴŀƴŎŜ ŦǊŜǉǳŜƴŎȅΣ ŦǊ Ґ нΦлс DIȊ 

hǇŜǊŀǘƛƴƎ ŦǊŜǉǳŜƴŎȅΣ Ŧ ҐнΦл DIȊ 
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Figure 4.49: E-field and H-field of rectangular cavity at x-y plane for ὝὉ . 

 

 

 

 

Figure 4.50: Vector plot of rectangular cavity at x-z plane for ὝὉ . 


