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Abstract – The output of this research is an interactive
software package developed to enhance and expedite the
design of waveguides and cavity resonators through the
computation and visualization of the electric and mag-
netic field distribution. 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 or magnetic mode, mode numbers, operating fre-
quency, 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 compo-
nents 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 dis-
tribution are generated and displayed. Field distributions
can be displayed as static images or video animations
using appropriate sequencing of computed field values at
different plane cuts. The software provides all necessary
warning messages for invalid input parameters. Mathe-
matical expressions of the field components used in this
software were derived from the classical solution of the
wave equations using the separation of variables tech-
nique in cartesian coordinates for rectangular configura-
tions and cylindrical coordinates for all other configura-
tions. Results obtained using this software were validated
against values found in the literature for similar types of
problems, and results show perfect agreement.

Index Terms – Cavity Resonators, Educational Software,
EM Fields, Waveguides.

I. INTRODUCTION
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 can-

not be seen directly [2], only its effects can be observed.
Nowadays, technology is growing faster, and millimeter
and sub-millimeter waves applications require a combi-
nation of active and passive devices. Usually, waveguide-
based transmission lines are preferred in the design of
low-loss filters, hybrid couplers, power dividers, anten-
nas, etc. [3]. These applications require microwave
devices to operate at higher frequencies (above 100
GHz). For operating at these frequency bands, waveg-
uide size needs to be smaller and tolerance requirements
need to be tightened. In medical applications, there is a
growing need for wireless sensing systems [4]. Passive
wireless sensors such as those used in harsh environ-
mental conditions are generally composed of resonant
circuits [5]. Cavity resonators are the most used compo-
nent 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 con-
sume less power, conventional manufacturing is becom-
ing more and more challenging every day [6]. To the
demands for small size and low-power consumption,
microwave engineers must fully understand electromag-
netic wave propagation inside waveguides and cavity res-
onators.

WGC (version 2.1) was developed in 1994 to com-
pute and visualize EM field distribution inside waveg-
uides and cavity resonators using an interactive BASIC
language for a personal computer running DOS oper-
ating system [7]. 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 advance-
ments in computing technology and operating systems.
Several software packages for designing and simulat-
ing 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
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introduced in [8, 9]. CST studio suite has been used for
similar design problem [10–12] and similarly HFSS as
in [13–15]. These software packages are not only expen-
sive, but they also require substantial memory and com-
putational resources to compute and visualize field com-
ponents inside such configurations of waveguides and
cavities. Other software packages like COCAFIL [16]
and XFDTD [17] are available, but they require sub-
stantial memory and computational resources. A web
application to visualize the field pattern inside waveguide
has been recently introduced in [18], but it is limited to
waveguides with rectangular and circular cross-sections.
The software package introduced here WGC (version
3) aims to overcome those challenges. It 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 waveg-
uide 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 anima-
tions (using appropriate sequencing of computed field
values at different plane cuts) 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 oper-
ation 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 exe-
cutable on all modern computer families with installed
MATLAB version 2021a and later versions. No internet
connectivity is needed to run this software. The package
can be downloaded from ACES site, software section.

II. MATHEMATICAL DERIVATION OF
FIELD EQUATIONS

The objective of this section is to introduce different
configurations of waveguide and cavity resonators used
in WGC (version 3). The mathematical expressions of
the field components are derived from the classical solu-
tion of the wave equation using the separation of vari-
ables technique.

Seven different cross-sections are considered in this
software. These are rectangular, circular, sectoral, baffle,
coaxial, sectoral coaxial, and baffle coaxial (see Fig. 1).

The electromagnetic wave is propagating along the z-
axis and the boundary walls are assumed to be per-
fectly conductive. The waveguides and the cavity res-
onators are filled with homogeneous, isotropic, and loss-
less material with permeability denoted by µ and permit-
tivity denoted by ε . The field equations for TE and TM
modes are obtained after solving the Helmholtz wave
equation inside the guide using the separation of vari-
ables 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 [19].

Fig. 1. Different cross-sections of waveguides and cavity
resonators.

Rectangular Cross-Section: The fields in a rectangular
waveguide and cavity resonator consist of several propa-
gating modes which depend on the electrical dimensions,
the type, and the position of excitation. Assuming the
inner dimensions of the rectangular waveguide are a and
b and d along the x, y, and z axes as shown in Fig. 2.
A rectangular waveguide supports TM or TE mode but
not TEM mode because a hollow rectangular waveguide
does not have any inner conductor.

Circular and Coaxial Cross-Section: For the cross-
section of circular waveguide and cavity, the radius is
denoted by a and for the coaxial cross-section, a is the
inner radius and b is the outer radius. The parameter d is
the dimension along the propagation of waves as shown
in Fig. 3.

Sectoral and Sectoral-Coaxial Cross-Section: The
geometry of sectoral and sectoral-coaxial cross-section
are shown in Fig. 4. The only difference is the value of m.
For sectoral and sectoral-coaxial cross-section subscript
m is a rational number.
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Fig. 2. Dimensional parameters of a rectangular waveg-
uide or a cavity.

Fig. 3. Dimensional parameters of a waveguide or a cav-
ity: (a) circular; (b) coaxial.

Fig. 4. Dimensional parameters of a sectoral and a
sectoral-coaxial waveguide or a cavity.

Baffle and Baffle-Coaxial Cross-Section: When a con-
ducting plate is inserted into a hollow cylindrical waveg-
uide or cavity resonator, then the baffle configuration is
created (see Fig. 5). The field equations for these config-
urations are similar to the circular except for the value of
φ0. For baffle and baffle-coaxial waveguides and cavity
resonators φ0 = 2π .

Fig. 5. Dimensional parameters of a circular baffle and a
baffle-coaxial waveguide or a cavity.

III. SOFTWARE DESIGN
This section 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
[21, 22]. Then in MATLAB App designer, two win-
dows are created to access the cross-sections of different
waveguides and cavity resonators and later seven differ-
ent windows are designed for seven different configura-
tions of waveguides and cavity resonators.

MATLAB App Designer Platform: App designer helps
to design professional apps. Simple drag and drop visual
components in the app designer window help to lay-
out the design of the graphical user interface (GUI)
and to use the integrated editor to quickly program its
behaviour. 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 compo-
nents from the component library. Each component has
callback options that allow commanding individual com-
ponents 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 cod-
ing problems using the Code Analyzer. Standalone appli-
cations can be created by using MATLAB Compiler and
Simulink Compiler to share them royalty-free with other
users [20].

Graphical User Interface Development: Our software
has nine different windows. The first window is called
the main menu which will guide users to the next option
menu. There a user can select which cross-section of a
waveguide or a cavity they want to select. After that, the
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user will be able to generate figures or create movies for
different modes of operation in a waveguide or a cavity.

Layout and Operation of the Software: The layout of
the software is mainly categorized into four main win-
dows. Those are Main Window, Geometry Selection, and
Parameters Screen and Output Screen (Figure and Video
Creation). Each of them is described below.

Main Window: The window that will appear when a
user starts the software is called the main window (shown
in Fig. 6). In this window at the top of the left corner,
there is a button called help. If the user selects this but-
ton, 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 “Get Started”. When the user presses
that button, it will lead to the next geometry selection
window.

Fig. 6. Main window of WGC software.

Geometry Selection: The geometry selection (Options
Menu) window is shown in Fig. 7. Seven different cross-
sections are included. Those are rectangular, circular,
sectoral, baffle, coaxial, sectoral-coaxial, baffle-coaxial
cross-sections. When the user clicks any button beside a
picture, the next window will open the parameters win-
dow of this picture geometry, and this geometry selection
window will close automatically.

Parameters Screen: The parameters screen window is
different for different geometry selections. Each of them
has a waveguide or a cavity selection button, mode
choice option, input for waveguide and cavity dimen-
sions, operation frequency, and plane cut option. Also,
there are cut-off, resonant frequency calculator option
which depends on the dimensions of the cross-sections

Fig. 7. Geometry selection window.

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 dif-
ferent 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 or
video creation. Users can save their works as a picture
as well as a video. The drop-down menu of the figure
or video creation buttons, contains 5 different options.
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 “Check”, “Run”, and “Return”
buttons. The “Check” button checks all the input param-
eters. If there is an error in the input parameters, this
“Check” button will show warning messages. Also, if
the user puts some wrong inputs while trying to find
the cut-off and resonance frequency for waveguides or
cavity resonators, this “calculate” button will also show
some warning messages. Initially, the “Run” button is
kept deactivated so that users can easily understand the
mistakes if they do any by pressing the “Check” button.
If there is no error, the “Run” 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 status. The “Return” button will get
the user return back to the geometry selection window
to work further with the app. The parameters screen for
rectangular cross-section is shown in Fig. 8.
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Fig. 8. Parameters screen window for rectangular waveg-
uides and cavities.

Figures of EM Fields: When the user selects the “Cre-
ate Figure” button, initially, it is selected for the vec-
tor 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.

Video Animations of EM Fields: The video creation
option is pretty much like the figure creation option.
The animation is created using an appropriate sequenc-
ing of computed field values at different plane cuts. For
creating a video, more time is needed than figure cre-
ation. So, at that time a progress bar and successful bar
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.

IV. ILLUSTRATED EXAMPLES
This section provides illustrated examples of soft-

ware functionality. Each parameters screen 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 9 shows different options and dropdown menus

Fig. 9. Different options in parameters screen window.

in the parameters screen widow. Initially the “Run” but-
ton is disabled. If all inputs are valid, then after clicking
the “Check” button no error is shown and that enables the
“Run” button. The “Return” button will take users back
to the geometry selection window. For invalid inputs,
users will be warned by showing error messages. While
checking the error, the software automatically disables
the “Run” button, and this makes the user understand
that some corrections need to be done. Figure 10 shows
a warning message for invalid input in the mode number.

Figures for Waveguide: For valid inputs, some figures
of the coaxial and sectoral-coaxial waveguide for differ-
ent views are shown here in Figs. 11–14.

Fig. 10. Checking the error message for invalid mode
number.



453 ACES JOURNAL, Vol. 38, No. 6, June 2023

 

Figures for 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 baffle and baffle-coaxial cavity as shown in 

Figs. 14-17. 

 

    
 

 
 

Fig. 11. Vector and field strength of E-Field or H-Field 

for 𝑇𝑀12 mode of a coaxial waveguide. 

 

 
 

 

 

Fig. 12. Vectors and field strength for 𝑇𝑀12 mode in 

the 60° plane cut of a coaxial waveguide. 

 

 
 

Fig. 13. Cross-sectional vector fields for the 𝑇𝑀11 

mode of a 90° sectoral coaxial waveguide. 

 

 
 

Fig. 14. E-Field and H-Field strength at the cross-

section of a  90° sectoral coaxial waveguide for 𝑇𝑀11 

mode. 

 
 

Fig. 15. Cross-sectional vector fields for the 𝑇𝑀122 

mode of a baffle cavity. 

 

 

 
 

𝑇𝑀12 Mode 
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Fig. 11. Vector and field strength of E-Field or H-Field
for T M12 mode of a coaxial waveguide.

 

Figures for 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 baffle and baffle-coaxial cavity as shown in 

Figs. 14-17. 

 

    
 

 
 

Fig. 11. Vector and field strength of E-Field or H-Field 

for 𝑇𝑀12 mode of a coaxial waveguide. 

 

 
 

 

 

Fig. 12. Vectors and field strength for 𝑇𝑀12 mode in 

the 60° plane cut of a coaxial waveguide. 

 

 
 

Fig. 13. Cross-sectional vector fields for the 𝑇𝑀11 

mode of a 90° sectoral coaxial waveguide. 

 

 
 

Fig. 14. E-Field and H-Field strength at the cross-

section of a  90° sectoral coaxial waveguide for 𝑇𝑀11 

mode. 

 
 

Fig. 15. Cross-sectional vector fields for the 𝑇𝑀122 

mode of a baffle cavity. 

 

 

 
 

𝑇𝑀12 Mode 

Inner radius, 𝑎 = 1 cm 

Outer radius, 𝑏 = 4 cm 

𝑓𝑐 = 25.43 GHz 

𝑓 = 26 GHz 

𝑇𝑀11 mode 

90°sectoral-coaxial 

Inner radius, 𝑎 = 1 cm 

Outer radius, 𝑏 = 4 cm 

𝑓𝑐 = 24.5 GHz 

𝑓 = 26 GHz 

𝑇𝑀122 Mode 

Radius, 𝑎 = 5 cm 

Length, 𝑑 = 9 cm 

𝑓𝑟 = 6.86 GHz 

𝑓 = 7 GHz 

Fig. 12. Vectors and field strength for T M12 mode in the
60

◦
plane cut of a coaxial waveguide.
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Fig. 13. Cross-sectional vector fields for the T M11 mode
of a 90
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Fig. 14. E-Field and H-Field strength at the cross-section
of a 90

◦
sectoral coaxial waveguide for T M11 mode.

given for baffle and baffle-coaxial cavity as shown in
Figs. 15–18.

This section provided illustrated examples
(Figs. 11–18) for various cross-sections of waveg-
uide and cavity resonator configurations. For rectangular
cross-section, users can view the field pattern in x-y, x-z
and y-z axis. For cylindrical cross-sections, users can

Fig. 15. Cross-sectional vector fields for the T M122 mode
of a baffle cavity.
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       This section provided illustrated examples (Figs. 

10-17) for various cross-sections of waveguide and 

cavity resonator configurations. For rectangular cross-

section, users can view the field pattern in x-y, x-z and 

y-z axis. For cylindrical cross-sections, users can view 

field distribution in x-y axis and in any arbitrary angle 

between 0° and 360°. However, since the sectoral 

cross-sections limits the geometry structure with the 

angle 𝜙0, users can observe field pattern between 0° 

and 𝜙0 degrees. If users input in the view angle is 

greater than the sectoral angle 𝜙0, for sectoral and 

sectoral-coaxial cross-sections, WGC will show 

warning messages. 

 

V. CONCLUSION 
       Coding languages used to build WGC (version 

2.1) are no longer available and the major advanced in 

computer technology, rendered the software unusable. 

This research is the rework and major update of the 

waveguide and cavity software (WGC version 2.1). 

The revival of the software was essential to compute 

and visualize the electric and magnetic fields inside 

waveguides and cavity resonators on current 

computing platforms. Several enhancements were 

made to make the software more powerful and user-

friendly. 

       The software package presented in this paper 

WGC (version 3) has been developed in the MATLAB 

App designer platform. WGC’s graphical user 

interface (GUI) is easy to use and self-explanatory. 

The main window provides information about the 

software and the contact info of the authors. Users are 

able to select one of the seven cross-sections listed by 

names along with graphical representation. Based on 

selected cross-section, the appropriate parameters 

screen is displayed to allow the user to enter physical 

dimensions, operating frequency and select how to 

visualize the results. Warning messages are generated 

for invalid input parameters. WGC allows users to 

save the computed field values for comparison and 

validation against theoretical calculations and 

measurements. 

       Performance evaluation of WGC through 

comparisons with HFSS and CST’s computational 

time and memory requirements for similar waveguides 

and cavity resonators problem, may be conducted for 

benchmarking purposes. Future work also includes 

research on the development of mathematical 

expressions for dielectric, partially filled, and rigid 

waveguides and cavity resonators for inclusion as 

modelling options in the software. 
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Fig. 16. E-Field and H-Field strength at the cross-

section of a baffle cavity for 𝑇𝑀122 mode. 
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Fig. 18. E-Field and H-Field strength at the cross-

section of a baffle-coaxial cavity for 𝑇𝐸212 mode. 

 

       This section provided illustrated examples (Figs. 

10-17) for various cross-sections of waveguide and 

cavity resonator configurations. For rectangular cross-

section, users can view the field pattern in x-y, x-z and 

y-z axis. For cylindrical cross-sections, users can view 

field distribution in x-y axis and in any arbitrary angle 

between 0° and 360°. However, since the sectoral 

cross-sections limits the geometry structure with the 

angle 𝜙0, users can observe field pattern between 0° 

and 𝜙0 degrees. If users input in the view angle is 

greater than the sectoral angle 𝜙0, for sectoral and 

sectoral-coaxial cross-sections, WGC will show 

warning messages. 

 

V. CONCLUSION 
       Coding languages used to build WGC (version 

2.1) are no longer available and the major advanced in 

computer technology, rendered the software unusable. 

This research is the rework and major update of the 

waveguide and cavity software (WGC version 2.1). 

The revival of the software was essential to compute 

and visualize the electric and magnetic fields inside 

waveguides and cavity resonators on current 

computing platforms. Several enhancements were 

made to make the software more powerful and user-

friendly. 

       The software package presented in this paper 

WGC (version 3) has been developed in the MATLAB 

App designer platform. WGC’s graphical user 

interface (GUI) is easy to use and self-explanatory. 

The main window provides information about the 

software and the contact info of the authors. Users are 

able to select one of the seven cross-sections listed by 

names along with graphical representation. Based on 

selected cross-section, the appropriate parameters 

screen is displayed to allow the user to enter physical 

dimensions, operating frequency and select how to 

visualize the results. Warning messages are generated 

for invalid input parameters. WGC allows users to 

save the computed field values for comparison and 

validation against theoretical calculations and 

measurements. 

       Performance evaluation of WGC through 

comparisons with HFSS and CST’s computational 

time and memory requirements for similar waveguides 

and cavity resonators problem, may be conducted for 

benchmarking purposes. Future work also includes 

research on the development of mathematical 

expressions for dielectric, partially filled, and rigid 

waveguides and cavity resonators for inclusion as 

modelling options in the software. 
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Fig. 18. E-Field and H-Field strength at the cross-section
of a baffle-coaxial cavity for T E212 mode.

view field distribution in x-y axis and in any arbitrary
angle between 0

◦
and 360

◦
. However, since the sectoral

cross-sections limits the geometry structure with the
angle φ0, users can observe field pattern between 0

◦

and φ0 degrees. If users input in the view angle is
greater than the sectoral angle φ0, for sectoral and
sectoral-coaxial cross-sections, WGC will show warning
messages.

V. CONCLUSION
Coding languages used to build WGC (version 2.1)

are no longer available and the major advanced in com-
puter technology, rendered the software unusable. This
research is the rework and major update of the waveg-
uide and cavity software (WGC version 2.1). The revival
of the software was essential to compute and visualize
the electric and magnetic fields inside waveguides and
cavity resonators on current computing platforms. Sev-
eral enhancements were made to make the software more
powerful and user-friendly.

The software package presented in this paper WGC
(version 3) has been developed in the MATLAB App
designer platform. WGC’s graphical user interface (GUI)
is easy to use and self-explanatory. The main window
provides information about the software and the contact
info of the authors. Users are able to select one of the
seven cross-sections listed by names along with graph-
ical representation. Based on selected cross-section, the
appropriate parameters screen is displayed to allow the
user to enter physical dimensions, operating frequency
and select how to visualize the results. Warning messages
are generated for invalid input parameters. WGC allows
users to save the computed field values for comparison
and validation against theoretical calculations and mea-
surements.

Performance evaluation of WGC through compar-
isons with HFSS and CST’s computational time and
memory requirements for similar waveguides and cav-
ity resonators problem, may be conducted for bench-
marking purposes. Future work also includes research
on the development of mathematical expressions for
dielectric, partially filled, and rigid waveguides and cav-
ity resonators for inclusion as modelling options in the
software.
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