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Improvement of Classroom Teaching of
Electromagnetics by Means of an Electronic Book

K. W. Eric Cheng Member, IEEEX. D. Xue, K. F. Kwok, and T. K. Cheung

Abstract—This paper discusses techniques used to develop antion, the exercises must be simple, straightforward, and taught
electronic book about electromagnetics. The techniques are basedthrough the lecture notes. Some electromagnetic design exam-
on problem-based leaming, which is the latest method used for o il he useful for students to understand applications of
teaching. This method, together with engineering tools, is well . . } . . .
suited for teaching these subjects to students in Asia. The pro- d€vices in practical points of view [3]. The Web-based inductor
posed techniques allows teaching to be not limited to paper study design program is included, allowing students to design induc-
by allowing the use of multimedia methods and computational tors using magnetic cores to enhance their learning interest. All
electromagnetics. This enables the users to have a variety of meansiye programs are available on the Internet. The students use the
for the study of these areas. The embedded computing software ¢ ilv desian induct S f students h
and the design program also enhance the users’ interest. programs to easily design inductors. Surveys of students have

found that they like this method of teaching and that it can arouse
their learning interest. So far, there have been very few publica-
tions on Web-based teaching of electromagnetics, and the re-
I. INTRODUCTION lated ones are found in [4] and [5]. The focus of this paper is to
ITH THE extensive developments in muItimediafntrOduce the usgge_and t_he_ technology of_thls_ new e-learning
. . . . software tool which is optimized for education in electromag-
computing, and the Internet, the teaching of engineering . .
courses such as electromagnetics and machines is no longer ™"
restricted to the blackboard or simply lecture notes. Teaching
these subjects is difficult in university undergraduate courses

because they consist of many professional areas and complexPBL

mathematics. The classical teaching model is the face-to-face Bl has been used in many disciplines for years. The defi-
method, which is typically a spoon-feeding approach. Todayition of PBL also varies according to the course, teaching, and
different teaching methods have been introduced to hafarning methods. The problems proposed for learning are usu-
teachers. One of these is called problem-based learning (PBHy tailor-made for the course or the objectives of the topics.
[1], [2]. This method has been applied in many disciplineStudents, after knowing the objectives, can study a problem
including economics, law, and accounting and is proven poposed by the teacher. From this, the students then develop
provide advantages over classical teaching. This paper examewledge through problem solving. Usually students will work
ines the above method for implementation in an electroniegroups so that they can exchange ideas while they are solving
book. A number of implementation methods including som@e problems. Many researchers have also confirmed that stu-
Java programs have been written for the establishment of thelgats are stimulated to develop the skills to learn and process
techniques. In order to enrich the electronic book, a numberinformation [2]. On the other hand, students may feel PBL is
engineering techniques are implemented. The graph plottimgp demanding, especially if it is applied directly without mod-
program is one of the advanced functions in the software. ification because it requires students to learn a subject through
electromagnetics subjects, there are a lot of complex equatitimair own study. This is especially difficult for Far-Eastern stu-
that cannot be easily understood unless a graphic displaydeits who have been using classroom teaching for a long time.
the equation is given. Graph plotting is implemented to solvéhe proposed PBL used in the electronic book requires mod-
this problem. It plots any equations under investigation witlfication. The modified PBL is to give necessary information
adjustable ranges based on the equation input by students. to the students but still retain some degree of self-searching. A
As successful teaching materials, interactive exercises playsgties of learning tools is included in the electronic book in or-
important role in software. After lecture notes have been regtinized steps. The main difference of the proposed electronic
it is necessary to try a simple exercise to evaluate whether #@ok in the teaching of electromagnetics is that it consists of not

students have grasped a concept. In order to attract user intefddy the Web-based teaching materials but also the following:
interactive exercises, oral forms of notes, multilingual notes, d a
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Electromagnetics Exercise
1. The electeic field strength inside a hollow metal sphere is:

nal to the distane

Fig. 3. An example of a multiple choice exercise.

C. Interactive Exercises

Fig. 1. A window for graph plotting. Lack of interactive exercises can affect many students be-
cause they need to apply theories and concepts that they have
learned to practical cases. It also provides interactive means to
enhance their learning interest. Interactive exercises force them
into an unfamiliar learning environment that is quite different
from that of conventional classroom teaching. This feature en-
courages students’ self-learning in the Web and it provides a
flexible time and location for the students who want to study.
Three types of exercises have been programmed. These are mul-
tiple choice questions, true and false questions, and fill-in-the-
blanks questions. The advantage is that this provides an inter-
active test for the students. The students can obtain correct con-
cepts by working through these exercises.

v The program of the exercise is designed to give solutions

Keyboard

Wirite to Eq_uati’éﬁ/Tree

/

Read From Equation Tree

ssssss

) o |:| when the user finishes the questions at any time. It can also
T e display the score of the exercise. The questions, answers, and
‘/ explanations are stored in a database Paradox which is very

easily entered into, even without knowledge of the database.
The program generates the questions automatically. A moni-
e bt toring diary system has been developed. Teachers can monitor
the activity of students and hence closely understand the stu-
dents learning progress. The scores of the students can also be
B. Graph Plotting calculated automatically. Th_ere_fore, the exercise can also be
_ o used as a Web-based examination.

Graph plotting, as the name implies, can produce a graph augig 3 shows a browser display of the exercise programmed
tomatically from an equationinserted by the users with the Spegs oy iiple choice questions. It can be seen that four choices
ified 2 domain. This can help students to clearly understand h A provided to users. The number of choices can also be pro-

the dependent variables change with the independent variables . -4 An explanation of an answer can also be provided
and their relationship with the coefficient/equation. The dev then the students need it. A text field is provided for the stu-

opmt_ant of quality graphic plotting is requisite to presenting Vients to enter the answer.
sual ideas clearly. Currently, there are many software packages
for graph plotting such as MathLab. However, they work °R
Windows only and are not Web based. Fig. 1 shows the devel-
oped Web-based graph plotting tool. The Web-based inductor design program developed for stu-
The principle of operation of the software is as follows. Thdents lets them understand the design of an electromagnetic de-
software quickly reads the user’s input at the text field as showige. This program automatically checks the database that stores
in Fig. 1 and converts it into a “string.” Then, through lexicaf complete series of the magnetic core information and does the
analysis, the “string” is broken into tokens. The equation treegglculation for designing an inductor. Students can understand
built following the equation syntax in priority. With a series othe concept of a magnetic device and this is followed by some
points plotted in a line, the graph is generated. The scaling d#sign examples. The program can be accessed on the Internet
the X andY axes is also controllable. This enables any type ahywhere in the world. Internet communication allows the stu-
graph to be plotted out and illustrated easily. Fig. 2 illustrateents to study the program in their own time and at any location.
the programming method. The number of users is not limited as the university server is ca-

Fig. 2. Graph plotting programming method.

Web-Based Inductor Design
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@ Magnetic inductor Design Magnetic inductor Design
{ Using Power Cores ) ( Using Power Cores )
* Caleulationn | & Cajeulation: " Calculation Step 1:
T This page is a calculation program for using power cores to design inductors N
Undate data You can step-by-step find the suitable inductor in this program * Tadats dnia Input Data:
» Materials " ~ Materials . - . -
& Update data: ] & INDUCTORS (- papama et ) ¥ S
» Core This page is only for the webmaster use. Please don't enter. [~ Core property | -DC Curent 4
property % Wire Tabl “nAC Current (L F3
& Materials: S o Becipency (k0 | —
o Wire Table In this page you can see the properties, advantages / disadvantages and ~ Catalog B " ruirar
. applications to the different materials. e L = JLE BB
s Catalog * Related links “Tery e
» Related links & ('()I:l‘ Property: o ] e S
In this page you can see the characteristics of cores and accessories. | "7 = | E——
» About Us % Wire Tabl Axt gap (men) [
£ Wire Table: b :
In this page you can see the size, diameter and resistance in different gauges # Ticnd B3t Primary, Fecoedny.
of wire, Core Max size (mm) L B w o H F
A
& Catalogs: St
In this page you can see the different companies’ product catalogs,
such as those from Philips, Siemens and TDK etc. =
EEm | @ wme
PR o B
Fig. 4. Index page for Web-based inductor design. Fig. 5. Design page.
pable of handling more than one class of students logging on Si-prmrmr— ——— o

multaneously. The program also has a range of design options ;=% = 224 ase s e 3 o054
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Students can therefore play with the options to have a better un- @ @

Magnetic nductor Design
{ Using Power Cores ) FEEEN CEREE

derstanding of the electromagnetics design concept and exper
iment with it. The program is also designed in such a way that |, ...

Step 2
teachers can easily update the database. i | i SHHE
One important element is that students can learn the B-H Ioop'z;:;% e — =T
and calculation of the magnetic field, core loss, eddy- current | werae | FEE i IS7 % T
loss, saturation field, relative permeability, core geometry, |t | vz i)
inductance calculation, winding resistance, and relationship| ..., <
with the current flow. Therefore, a design program can actually oo =
let students understand the topics much better. The design exam
ples also relate to applications including filtering, interference
suppression, delaying pulses, storage of energy, pulse trans
formers, general-purpose transformers, power transformers,” o
and tuning. Because the design programs between inductors ggts  sejection of the core material.
transformers share a lot of common procedures, the Web-based
program has also been developed for transformers as well.
The design and usage of the program can be itemized as fofErmr s e o CERE
lows. e —— e
« Fig. 4 shows the introduction of the program in a Web @ e ]
page ) Select Care Type:
« Fig. 5 shows the input page of the design program whereg: csciaon - ‘Q E’ g‘
students can try a list of the input parameters. They arg "™ ||-=ws 3 cpe=a o
required to fill in the required parameters. They can alsofﬁw % @ ¢q nl
input the maximum allowable core size to limit the shape| v || - 2 |m=m ==
of the core. [——
« The Step 2 page as shown in Fig. 6 is for selecting the type f i ""a‘:"’ 'i. F- g
of core materials. The program uses the types of applica i ™ m _: i m
tions to classify the different types of materials. Nine ap- # u o
plications such as filtering, interference suppression, de =D e g | E |opwes
laying pulses, storage of energy, pulse/general purpos M— - -
transformers, power transformers, tuning, and ferrites fora= e

telecommunications are implemented.
The next step, as shown in Fig. 7, is to select from
images of different types of cores. Each type of core has

1%'9. 7. Selection of the core type.

a selection button and a decision button below the image ¢ In the core property page one can see the properties of
and is hyperlinked to a more detailed description as shown the different types of cores, bobbins, and accessories in a
in Figs. 8 and 9. comparative table. The table compares different types of
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Fig. 8. Core description. Fig. 10. Calculated output data page.
) I1l. CONCLUSION
@-leix
HFED WHD WAD ENRFY IAD HED - - N | .
SN DA Or ukar gwe J% ST B0 A new type of computer-aided program for classroom and
D[] mop- e carningt.co palyu. i ] PEE |83 R RHETHE &) Wmlov GIEITHER 4] Wudowsbiadn . . R . s .
E distance learning is presented. It improves students’ learning
@ and interest. Surveys show that students like this method and
Wi that it has improved their understanding of the subjects. A new
i media of teaching, that is a product of fashionable Web-based
R software for teaching electromagnetics, is required. By linking
ey advanced multimedia techniques in the Web-based environ-
[ ment, high-efficiency, quality, convenient, and systematic
Related lnks software is produced. The electronic book is designed in a
[Fab T PBL manner with the assistance of interactive software and
students can now study electromagnetics more interactively.
The software is integrated with examples, equation plotting,
on-line exercises, animation, and Web-based inductor design.
I - The next development of the electronic book is to extend the

Fig. 9. Core property page.

®

teaching to other engineering subjects. The whole program is
operated under a standard Web browser and is fully indepen-
dent of the underlying operating system. Also, no installation

is necessary and all interactive html/Java programs are written

core in different properties such as magnetic shieldingiy 5 focus on making them very user friendly. Therefore, the
The database also allows the parameters including cofig,gram can be accessed via the World Wide Web and/or by a

standardization, air-gap with tuner, cost of core, cogip-.ROM on standalone PCs by students and professionals.
of winding and assembly, heat dissipation, and uniform

cross section to be changed. Students can easily study
the electromagnetic design based on the properties of th?l] 3. Heywood

cores.
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