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Abstract  The study of Electromagnetics is required in most electrical engineering graduate and undergraduate curricula. 

Traditional methods for teaching Electromagnetics are abstract, theoretical and filled with large number of mathematical 

equations. Thus, they are not anymore appropriate. The solution is to provide to both professors and students an interactive 

software with a simplified graphical interface to best teach and learn fundamentals of Electromagnetism. Interactive re-

sources have demonstrated that they were attractive and encouraged the students to be active and autonomous. The aim of 

this work is to present such interactive software. This software introduces the students to fundamentals of Electromagnetics 

and provides them with better ways to understand complicated concepts. It uses the calculation functions of Matlab, com-

bined with the powerful graphical user interfaces of Java. 
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1. Introduction 

The electromagnetic theory based on Maxwell‟s equations 

in integral and differential forms is considered to be funda-

mentally important in the undergraduate education of elec-

trical and electronic engineers. The typical pattern for an 

undergraduate course is that of progression from static field 

concept to the dynamics laws, followed by applications. 

Most undergraduate books, whether inductive[1] or axio-

matic[1], first develop the theory of completely static electric 

and magnetic fields and ending up with dynamic electro-

magnetic field theory[1]. The electrical engineering de-

partment at Umm Al Qura University is developing a course 

sequence that will allow students to get essential basics of 

Electromagnetics. However, the electromagnetic Engineer-

ing education, in particular requires the assimilation of large 

amount of math by the students. The very nature of the study 

of electromagnetics requires development of a strong theo-

retical foundation. For students, this is often challenging[2]. 

Thus, many students prefer not to study Electromagnetics if 

given a choice. They question its relevance since interesting, 

„real world‟ problems are difficult to cover in an introductory  

course[3]. They also complain that Electromagnetics is too 

theoretical and abstract, that is simply another mathematics 
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field course with a jumble of dry, uninteresting and confus-

ing equations[3].  

The most notable changes in how we teach EM are the 

visualization and animations of fields through software and 

instrumentation which have strongly impacted the way stu-

dents learn Electromagnetics and its applications, today[4]. 

A number of researchers have suggested the use of comput-

ers to assist in teaching Electromagnetics[3,5]. Electro-

magnetic softwares can be considered as a possible supple-

ment to traditional electromagnetic courses[6]. The ability to 

add visualizations, rapid solutions and practical skills into 

the curriculum is appealing[6]. Many packages exist which 

prove to be extremely powerful and useful in this approach, 

but they are so powerful and general that they often need a 

university course by themselves to be mastered and even 

their basic utilization can be too long to learn within a stan-

dard course devoted to Electromagnetics[7]. 

A solution can be made by costuming specific programs, 

with a simplified possibly graphical interface, which can be 

presented very quickly leaving the greatest possible time to 

learn Electromagnetics.  

The purpose of this work is to present an interactive 

Electromagnetics software called EMSoft (Electro Magnet-

ics Software). It is a combination of Matlab and Java. Matlab 

is an efficient software which put the powerful calculation 

function, visual and program designing together in an easy 

used development environment. Java is a cross-platform 

program development language which is created by Sun. It is 

the most advanced program language which also has the 
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richest characteristic and has the most powerful function. In 

EMSoft, Matlab is used for all calculation functions, visua-

lization and scripting, and java is used to generate useful 

interactive User Interfaces. 

The remainder of the paper is organized as follow: section 

2 introduces the concept of the EMSoft and its environment. 

In this section the main interface and the main features of this 

software are presented. Section 3 illustrates how to use 

EMSoft by considering 4 detailed examples. These examples 

are respectively chosen from the vector analysis filed, from 

the electrostatics field, from the magnetostatics field and the 

last example is to illustrate advanced applications. Finally, 

the overall paper conclusion is drawn in Section 4. 

2. The EMSoft Computer Software En-

vironment 

The core of EMSoft has been developed under MATLAB 

for Windows applications. As the m-files written for 

MATLAB are not compiled into binary form, students are 

also able to see the inner structure of the program and have 

the chance to see how an Electromagnetics software is im-

plemented on a computer. This can inspire some students to 

make their own program or even develop their own software.  

JAVA is one of the most popular programming languages 

at present. It has huge libraries to develop useful and po-

werful interfaces. For the development of interfaces JAVA 

has been used. So, JAVA is combined with Matlab to give 

more ability and flexibility to EMSoft. The structure of 

EMSoft is given in Figure 1. 

When EMSoft starts, the first window that appears is the 

Model Navigator as shown in Figure 2 This is a starting point 

where the user can use models from the existing library 

(Model library) or create new models (User Library). Two 

other tabs allow the use of this software for other applica-

tions (Advanced and Assignments Tabs). 

 

Figure 1.  EMSoft environment. 

2.1. Model Library 

There are four main Library Models which are namely:  

Vector Analysis: Vector analysis is a mathematical tool 

with which EM concepts are most conveniently expressed  

 

and best comprehended. Actually, students must first learn 

vector analysis rules and techniques before they can confi-

dently apply it. Since most students taking this course have 

little exposure to vector analysis, this library model will 

considerably improve students understanding of vector 

analysis. In this model library, students can test and/or ex-

tend their knowledge on the basic concepts of vector algebra 

in the main coordinate systems (Cartesian, cylindrical and 

spherical). This model library will also help students to be 

familiar with operations on vectors; starting from basic 

principle like addition, subtraction, and multiplication (dot 

product, cross product, triple scalar and vector products) and 

going through integration and differentiation including im-

portant principles as gradient, divergence, rotational and 

Laplacian. 

Electrostatics: The important properties of time indepen-

dent static electric fields are exposed in this second model 

library. It includes forces between stationary charges, elec-

tric field (due to point charges, line charges, surface charges 

and volume charges), electrostatic potential, electric dipoles, 

flux lines, equipotential surfaces, and the electric energy. So, 

this library model exposes clearly the two basic laws of 

Electrostatics; Coulomb and Gauss laws. 

Magnetostatics: In this model library the students can re-

view the magnetic effects that will be encountered if the 

charge is in motion with a constant velocity that can be de-

scribed as being a current. So, several procedures to calculate 

the magnetic field can be used. Forces between two current 

elements can also be calculated in this model. This model 

makes an emphasis on Biot-Savart and Ampere laws.  

Time Varying Electromagnetic fields: This model is an 

extension of the static electric and magnetic fields to time 

varying fields. Students can explore mostly two new con-

cepts: the electric field produced by a changing magnetic 

field and the magnetic field produced by a changing electric 

filed (Faradays and Maxwell works).  

Each one of these major four models is composed of several 

sub-Models. For example, the main model Electrostatics is 

composed of sub-models as Coulomb‟s force, Ampere‟s 

circuit law, and so forth. The selection of an appropriate 

sub-Model opens a new interface and allows to put (or/and 

change) the different parameters, then run the simulation 

(see section 3). The results can be exposed as numerical 

values (magnitudes of forces for example) or as a 3 dimen-

sion rotatable drawing (for example, position of points or 

vectors, forces, flux lines, etc.). 

2.2. Usez 

For example, if the students have a project in which they 

will combine different library models, or work with par-

ticular or advanced models, for easy access, they can create 

their own user model libraries. If a model image is saved 

along with a description they appear in the Model Navigator 

when the specified user model is selected. If there is HTML 

based documentation for the model, the Documentation 

button allows viewing it. 
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Figure 2.  The main interface of EMSoft 

2.3. Advanced 

This tab can be used in students research projects, where 

solving partial differential equations (PDE) is needed. Stu-

dents can choose between finite differences and finite ele-

ments methods to solve their problems. In future develop-

ment of the software the magnetic moment method can also 

be integrated. 

2.4. Assignments 

Added recently to EMSoft, this tab is a very interesting 

part of the program. It is very useful for both students and 

professors.  

In the case of students, they can generate homework as-

signments using the assignments library. They can simulate 

test exams (by generating test exams where the problems are 

selected or randomly chosen from a specified list of prob-

lems) or they can check their answers in actual exams by 

submitting the exam to the program corrector. However, not 

all exams can be submitted to the corrector. 

For professors, they can generate some problems to put 

into the exams.  

Web-based learning tools are indispensable in modern 

teaching, especially when the ability to reveal extra infor-

mation on demand is an excellent tool for stimulating and 

engaging students. This is why this part of the software 

should be extended o the web. 

2.5. Settings 

In this tab the students can choose the language (English 

or French). In this version of EMSoft English and French are 

the languages that exist but this can be extended to Arabic, 

Spanish, Italian, German, etc.). This tab allows changing the 

look of the EMSoft by changing the general Look and Feel, 

the background and the fonts (style and color). In this tab the 

students can also change the unit systems and put the one that 

fit their needs. 

2.6. Postprocessing and Exporting Data 

EMSoft provides tools for plotting and postprocessing any 

model quantity or parameter: 

Surface and contour plots (for example: electric and 

magnetic field densities, electric and magnetic fluxes, etc.). 

Arrow plots (for example: electric and magnetic forces, 

EM fields, etc.). 

Cross-section plots and numerical interpolation. 

Animations (for example: the electric field of a moving 

charge, the variation of magnetic forces on a rotating current 

element, etc.) 

Export solution data to text files and script workspace.  

Postprocessing allows the students to analyze results and 

make the link between the concepts taught during the lecture 

and their exploitations (more details are given in section 3). 

EMSoft supplies a number of tools for zooming, orbiting, 

and panning to adjust the view of a model for postprocessing, 

and general visualization. 

2.7. Help 

A full documentation of EMSoft is available with the 

software. In this help several examples can serve as a start 

point for students to be familiar with the program. 

3. Examples and Applications 

Example 1: Illustration of the gradient, the divergence 

and the rotational using EMSoft scripting and Interfaces. 

Assume that there exists a surface that can be modeled 

with the equation: 

𝑧 = 𝑥𝑒− 𝑥2+𝑦2  (1) 
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Let‟s use EMSoft to illustrate the profile, to calculate and 

plot this field. The gradientCartesian2D command is used to 

compute the gradient of z in the 2 D Cartesian coordinate 

system. It gives: 

𝛻𝑧 = ((1 − 2𝑥2)𝑒−𝑥2−𝑦2
,−2𝑥𝑦𝑒−𝑥2−𝑦2

, 0) (2) 

The contours with the same value are connected together 

and the resulting field is indicated in Figure 3 (a). The length 

of the vectors and their orientation clearly indicate the dis-

tribution of the field in space as shown in Figure 3 (a).  

The divergence of the 2D vector field:  

𝑨 = 𝑒− 𝑟 𝛼  2
𝒓 

(3) 

where r has as components x and y so 𝑟2 = 𝑥2 + 𝑦2 and 

𝛼 =const is present in Figure 3 (b). In addition to the di-

vergence scalar contours Figure 3 (b) shows the plot of the 

2D vector filed by EMSoft. 

Using EMSoft, the rotational of the 2D vector field: 

𝑨 = 𝒆− 𝒓 𝜶  𝟐𝝎 × 𝒓 
(4) 

where r has as components x and y so 𝑟2 = 𝑥2 + 𝑦2 and 

𝝎 0,0, 𝜔  is illustrated in Figure 3 (c) by contours. While the 

plot of the 2D vector filed is illustrated by arrows. 

 
(a) Illustration of the gradient using arrows and contours 

 
(b) Illustration of the divergence using arrows and contours 

 
(c) Illustration of the rotational using arrows and contours. 

Figure 3.  Illustration of the gradient, the divergence and the rotational 

using EMSoft. 

We can use also the EMSoft interfaces to calculate the 

gradient of a scalar. Let‟s find the gradient of the following 

scalar field: 

𝑉 = 𝑒−𝑧 𝑠𝑖𝑛 2𝑥  𝑐𝑜𝑠ℎ 𝑦 
(5) 

Using the interface shown Figure 4 (a) we can enter the 

expression of the scalar V. The result is calculated and dis 

played in Figure 4 (b) and given in (6). 

∇V =
𝜕𝑉

𝜕𝑥
𝑎𝑥 +

𝜕𝑉

𝜕𝑦
𝑎𝑦 +

𝜕𝑉

𝜕𝑧
𝑎𝑧              (6) 

= 2𝑒−𝑧 𝑐𝑜𝑠 2𝑥  𝑐𝑜𝑠ℎ 𝑦  𝑎𝑥 + 𝑒−𝑧 𝑠𝑖𝑛2𝑥  𝑠𝑖𝑛ℎ𝑦  𝑎𝑦

− 𝑒−𝑧 𝑠𝑖𝑛 2𝑥  𝑐𝑜𝑠ℎ 𝑦  𝑎𝑧  

 
(a) The gradient Interface 

 
(b) Results interface 

Figure 4.  Calculation of the gradient of a scalar using EMSoft. 

Finding the divergence of a given vector can also be per-

formed using EMSoft. If we take for instance the vector Q 

(in cylindrical coordinates) given by: 

𝑸 = 𝜌 𝑠𝑖𝑛 𝜙  𝒂𝝆 + 𝜌2𝑧 𝒂𝝓 + 𝑧 𝑐𝑜𝑠 𝜙 𝒂𝒛 (7) 

Using the interface shown in Figure 5 (a) we can enter the 

3 components of the vector Q. A check is automatically done 

to identify in which coordinates system the vector is given 

(in this case; cylindrical coordinates). Then, the calculations 

are performed with respect to this coordinate system. The 

result is calculated and displayed in Figure 5 (b) and given in 

(8). 

∇. 𝑸 =
1

𝜌

𝜕

𝜕𝜌
 𝜌𝑄𝜌 +

1

𝜌

𝜕𝑄𝜙

𝜕𝜙
+

𝜕𝑄𝑧

𝜕𝑧

= 2 𝑠𝑖𝑛 𝜙 +  𝑐𝑜𝑠 𝜙 

(8) 

 
(a): The gradient Interface 

 
(b) Results interface 

Figure 5.  Calculation of the Divergence of a vector using EMSoft. 

Example 2: Illustration of Coulomb‟s law using EMSoft 

interfaces 

A full documentation of EMSoft is available with the 

software. In this help several examples can serve as a start 

point for students to be familiar with the program. 

Coulomb‟s law states that if there are N point 

charges Q1, Q2 , … , QN  located, respectively, at points with 

position vectors  𝐫1 , 𝐫1, … , 𝐫N , the resultant force F on a 

charge Q located at point r is the vector sum of the resultant 
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force 𝐅 exerted on Q by each of the charges Q1 , Q2, … , QN . 

Hence: 

𝐅 =  
QQi 𝐫 − 𝐫i 

4πε0 𝐫 − 𝐫i 
3

N

i=1

 

(9) 

To illustrate this fundamental EM law, let‟s calculate the 

force on a 1nC charge located at P(1, 1, 1) caused by four 

identical 3nC charges located at  P1(1, 1, 0) , P2(−1, 1, 0) , 

P3(−1, −1, 0) and P4(1, −1,0)as show in Figure 6(a). 

The Figure 6 (b) shows the interface to edit such problem 

by giving the amount of charges and where they are located. 

The results are illustrated in Figure 6 (c). This result interface 

gives the force exerted by each of the four charges Q1, Q2, 

Q3  and Q1  on Q (where the force has to be computed). 

Each force is represented in the table by its three components 

and its magnitude. 𝐅 =  Fx , Fy , Fz , F [N]. The last column of 

the table corresponds to the resulting force which is the sum 

of all forces. 

 
(a) Point charges and position vectors 

 
(b) Coulomb‟s force calculation interface 

 
(c) Results interface 

Figure 6.  Illustration of Coulomb‟s law using EMSoft. 

Example 3: Illustration of Biot-Savart‟s law using EM-

Soft. 

The Biot-Savart‟s law states that the magnetic field pro-

duced by a straight infinite filamentary conductor is given by 

𝐇 =
1

4πρ
𝐚ϕ  

(10) 

Finding the vector 𝐚ϕ in this equation is not always easy. 

A simple approach is to determine 𝐚ϕ as: 

𝐚ϕ = 𝐚l × 𝐚ρ  (11) 

where 𝐚l  is a unit vector along the line current, ρ is the 

perpendicular distance between the line current and the point 

where the magnetic field is computed and 𝐚ρ  is the unit 

vector along the perpendicular line from the line current to 

the field point. 

Our experience in teaching Elcetromagnetics shows that 

students have many difficulties to identify ρ and 𝐚ρ . To 

compute ρ and 𝐚ρ  they have to imagine the whole confi-

guration in 3D which is not evident for all students. EMSoft 

can help students to visualize the whole configuration in 3D 

with different views (top, bottom, right left and perspective 

views). 

To show that let us take a basic example, a current fila-

ment carrying 15 A in the 𝐚z  direction lies along the entire z 

axis. The question is to find H in cartesian coordinates at 

P(2, −4, 4). 

From Figure 7, it is clear that the four shown views help to 

compute ρ and 𝐚ρ . One can see the projections of the point 

P on the line carrying the current. Thus; 

𝐚ρ =
1

 20
 2𝐚x − 4𝐚y  

(12) 

And 

ρ =  22 + 42 =  20 (13) 

The current line is along the z axis, thus, 𝐚l = 𝐚z . So: 

𝐚ϕ = 𝐚z ×
1

 20
 2𝐚x − 4𝐚y =

1

 20
 4𝐚y + 2𝐚x  

(14) 

The magnetic field created at P is equal to: 

𝐇 = 0.477 𝐚𝐱 + 0.239𝐚𝐲 A/m (15) 

Example 4: Illustration of Advanced applications. 

For advanced applications the design of the synchrounes 

electrical machine is selected as an example. The Finite 

element method (FEM) is applied to the synchrounous ma-

chine with saillent and non saillent configurations. 

 

 
Figure 7.  EMSoft views window. 
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Figure 8.  EMSoft Advanced applications. 

Figure 8 shows the main steps (geometry drawing, 

meshing, resolution and postprocessing) for the design and 

modeling of such machine by using the FEM. 

Electromagnetic design problems usually involve a large 

number of varying parameters. A designer (or a student) can 

use different kinds of models in order to achieve optimum 

design. Some models, e.g., finite-element model, can be very 

precise: however, it requires large computational costs (i.e., 

CPU time)[8]. Therefore, the designer should use a screening 

process to reduce the number of parameters in order to re-

duce the required computational time. The benefits of this 

technique are tremendous[9].  

For an efficient use of the DOE methodology, it has been 

implemented in the form of interactive tool called Design of 

experiments Tool. It receives the output from the simulation 

model and automatically processes this output using the 

DOE technique. Thus, this tool can be used interactively via 

EMSoft either to give advice to the user conducting the 

simulation study, or else to directly control simulations. 

5. Conclusions 

The complexity of problems from the field of EM makes 

their understanding and study difficult for students. Com-

puter programs like EMSoft allow students to better under-

stand the main EM topics. EMSoft is simple, flexible and 

powerful software for helping students to overcome the 

challenge imposed by EM courses. 

While using Matlab in EMSoft gives a powerful modeling 

environment by using all Toolboxes already there in, JAVA 

and its huge API Libraries are used for the development of 

EMSoft interfaces. 
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