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Blessing or Curse, Teaching with CAD Software

Abstract

Computer-aided design (CAD) software packages are indispensible tools for scientists and
engineers, and thus they are often introduced in many science and engineering courses.
Depending on how they are used in class, these software packages can be very helpful or rather
harmful to students’ learning. With the understanding of theories, people can have deep insight
and wide perspective of technical problems. On the other hand, a computer can simulate a well
specified problem and give out the detailed solution. Therefore, human and the computer can
complement each other and solve many problems effectively. CAD software packages are used
in several courses in our department, including Electromagnetics and Electronic Circuits. We
find that they can get students more interested in the subject, as well as help students to visualize
physics concepts and also better understand the theories.

I. Introduction

CAD software packages are widely used in many science and engineering courses, such as
Electromagnetics and Electronic Circuits. Many physical laws are expressed in the form of
partial differential equations, such as Maxwell’s equations. Unfortunately, there is no closed-
form solution for most practical problems. With the help of CAD software, students can
overcome this mathematical barrier. In addition, the capability in solving these equations can
help students visualize the invisible physical variables, such as the distribution of electric and
magnetic fields'. Furthermore, students can investigate practical devices by simulation, which
can increase their interest in learning the abstract theoryz’ 3,

In many engineering applications, there are many variables entangled together, such as in
electronic circuits, and it also defies human’s capability to solve them. In addition, many active
electronic devices, such as transistors, have nonlinear behaviors, which further complicate the
analytical approach. However, such problems can be efficiently simulated with the simulators in
CAD software packages. Therefore, many engineering designs rely heavily on computer
simulation, so it is imperative to teach students how to use these indispensible CAD tools*”.

Although CAD software provides huge benefits in the fields of science and engineering, it could
also cause some negative effects for students if used without precaution. Because many software
packages are so powerful, some students believe that the traditional process of learning
fundamental concepts and theories can be bypassed and replaced. However, in industry engineers
often face a vast design space and endless possibilities, therefore, the first step in choosing the
design scheme relies on human insight and intuition. When the design space is narrowed down to
a small range, CAD software can be used to further optimize the design.
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From a certain point of view, the functionality of CAD software is just like a telescope, which
has a clear but narrow vision. On the other hand, the astronomers need to decide where to look,
which requires knowledge and experience. In addition, powerful telescopes can sometimes
export artifacts, which need to be discarded from credible images. Similarly, the CAD software
packages can also give unreasonable results, and one will be misled without a good
understanding of the theories.

II. Teaching Electromagnetics

Electromagnetics is a rather challenging topic for many physics and engineering students, as the
electric and magnetic fields are invisible and the mathematics is very complicated. Therefore,
without the help of CAD software, students often feel that this abstract theory has little
connection with the real world. As a result, students tend to memorize a few equations, but
cannot apply them in practical problems. There are many advanced EM field simulation software
packages available, and we adopted QuickField™, which is very easy to use and its limitation in
2D simulation is not an issue for this class.

The first project assigned in this course was in the area of electrostatics, and the topic was
capacitive sensor. As the capacitance depends both on the geometry and the dielectric material,
students designed many kinds of sensors. The simplest one is a pressure sensor based on a
parallel capacitor, which is shown in Fig.1. The distance between the two capacitor plates is
related to the external pressure; the higher the pressure, the larger the capacitance. On the other
hand, the idealized theoretical model often assumes the electric field is confined between the two
plates, but the simulation result shows clearly there is a wide range distribution of the fringe
field. In addition, students can also investigate the electric charge distribution on the plates,
electrostatic potential energy density and the total capacitance.

Fig. 1. Potential and field around a parallel plate capacitor.

The second project assigned in this course was in the area of magnetostatics, and the topic was
on the effect of ferromagnetic material in a magnetic field. Many applications are related to this
topic, such as the transformer and the antenna of an AM radio. First, students put two small
magnets in space and found the distribution of the magnetic field by simulation. Second, a
ferromagnetic material bar with the relative permeability p, = 100 was put underneath the two
magnets, and it was found that the magnetic field lines funneled into this bar just like water flows
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through a hose. Third, another ferromagnetic bar was put on top of the two magnets, which is
shown in Fig. 2. Then the magnetic field distribution was investigated by changing the relative
permeability (u,) of the top bar in the range from 1 to 1000. If p, is pretty low, there is little
effect to the distribution of the field. Unlike the situation in electric field, the presence of non-
ferromagnetic metals, such as aluminum and copper, has little effect on the distribution of static
magnetic field. On the other hand, materials with high relative permeability can change the field
distribution significantly. Figuratively speaking, materials with a high permeability are just like
shortcut paths. As a result, the magnetic field is crowded into them, which is shown in Fig. 2(b).
In addition, the software can also calculate the attraction force from the magnets.

(a) (b)
Fig. 2. Ferromagnetic material in magnetic field, (a) p, = 10, (b) p, = 1000.

The effectiveness of teaching Electromagnetics with CAD software is assessed in several
different ways. There are two major objectives in this course: 1) understand the concepts and
theories, 2) be able to solve problems with them. The first objective is addressed by the

Conceptual Survey in Electricity and Magnetism6, which was administered at the beginning and
the end of the semester.
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Fig. 3. Results of the conceptual survey.
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Fig. 3 shows the result of this assessment: There are 32 problems, and eleven students
participated in the survey, the average score increased from 10.6 to 15.1. The data was analyzed
with the Student’s T-Test, and the result is p < 0.0012, which indicates the significant
improvement of the knowledge level in this subject’.

In addition, such a survey can also reveal which concept is especially challenging for the
students. For example, most students know that an enclosed conductor shell can shield an
external electric field, but they think that it can also shield the field created by charges inside it.
Therefore, this issue will be addressed the next time this course is offered. As a matter of fact,
this problem can be conveniently analyzed with Gauss’ law, or it can be learned by simulation
with the software.

Second, the final exam scores are compared with the same class taught two years ago, which is
an indicator of students’ ability in solving problems. The average scores are 72.9% (previous)
and 68.3% (current), respectively. Although these numbers are not significantly different and the
class size is rather small, it implies a small downward slide. It is believed that the introduction of
CAD software can increase students’ interest in this subject; at the same time, it also made some
students pay less attention to the challenging analytical skills in solving problems. In order to
prevent students from getting software dependent, design projects were assigned during the
second half of the course.

Finally, students’ opinions were sought in the class evaluation process; in general they had very
positive opinion of incorporating the CAD software in this course. One student wrote: “The
software was very helpful in comprehending the concepts of Electromagnetism. Even though it
was limited to 2-D, it was still a great visual aid and learning tool”. Another student wrote: “/
enjoyed the simulation problems. However, I felt that we should have had more time with them,
and started using them at the beginning of the class rather than the end”. Although most
students enjoyed using the software, some of their simulation results had fatal flaws. Without a
good understanding of the theory, these students were not able to identify the spurious results.

One of the challenges in teaching this course is the time constraint. Although the students had
learned vector calculus as a prerequisite, most of them still had a hard time in understanding and
using these formula and theorems. Therefore, a comprehensive review of vector calculus was
needed at the beginning, which took about 30% of class time. In addition, during class some
applications of electromagnetics were introduced, which also cut into the precious lecture time.
Furthermore, teaching the usage of the software and discussing the design projects also took
away some lecture time. As a result, there was rather limited time to cover more material during
a semester. On the students’ side, they need to spend considerable amount of time in learning
how to use the CAD software package, as well as working on the design projects and writing lab
reports. Hence, there is a time conflict between learning the theories and working on the projects.
Comparatively speaking, learning the theories is difficult, but learning how to use a software
package is relatively easy, and thus some students were biased towards the latter. It was noticed
that the attendance rate dropped a little after the CAD software was introduced. This correlation
needs to be further investigated.
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III. Teaching Electronic Circuits

Another course in which computer simulation is extensively used is the analog electronics
course. From the beginning of the course during the review of basic circuit analysis techniques
through the detailed study of diode and transistor circuits, students are assigned weekly
homework problems that they must work out analytically and then also by simulation. For many
years we had used MicroCap as our simulation tool, but recently we switched to using Multisim.

For each problem, students must write a detailed discussion comparing and contrasting the
results of the simulation with their manual analysis. This last step is critical for helping students
adequately reflect on what the simulation is producing and whether or not the results are sensible
and in reasonable agreement with their manual analysis. Experience has shown that these kinds
of exercises truly reinforce for students the distinction between simple device models used in
manual analysis and more detailed device models used in computer simulations. They also
prepare students for professional practice by helping them gain basic proficiency with circuit
simulation software.

IV. Conclusion

We believe that CAD software is a useful tool in teaching science and engineering courses, if it
is used complementarily. First, it can overcome the challenging mathematical barrier and connect
theory with reality. Second, it is helpful for student to visualize the invisible concepts and better
understand their spatial distribution. Third, it can be used to design and simulate practical
devices and investigate the influence of the design parameters. However, overuse of CAD
software can be harmful to students, and their attention is shifted from understanding the
concepts and theories to the skill in manipulating the software tools.

Reference

1. Y.Huang, B. W. Yang, R. Adams, B. Howell, J. Z. Zhang, and K. Burbank, “Teaching electromagnetic fields
with computer visualization”, Proceedings of The 2008 IAJC-1JME International Conference.
http://www.ijme.us/cd_08/PDF/209_eng107%?20section%203.pdf

2. L. Sevgi, “A new electromagnetic engineering program and teaching via virtual tools”, Progress In
Electromagnetics Research B, vol. 6, pp. 205-224, 2008.

3. F. Urbani, J. R. Iglesias, I. Lee, J. F. Trevino, “An electromagnetic structure simulator for innovative
engineering technology”, Proceedings of the 2004 American Society for Engineering Education Annual
Conference & Exposition. http://soa.asee.org/paper/conference/paper-view.cfm?id=20659

4. P.C. Wankat, “Integrating the use of commercial simulators into lecture courses”, Journal of Engineering
Education, vol.91, no. 1, pp. 19-23, 2002.

5. T. Impelluso, T. Metoyer-Guidry, “Virtual reality and learning by design: tools for integrated mechanical
engineering concepts”, Journal of Engineering Education, vol. 90, no. 4, pp. 527-534, 2001.

6. D.P.Maloney, T. L. O’Kuma, C. J. Hieggelke, A. van Heuvelen, “Surveying students’ conceptual knowledge
of electricity and magnetism”, Phys. Educ. Res. Am. J. Phys. Suppl., vol. 69, no.7, S12-23, 2001.

9'GeZ'GT abed



7. L.Ding, N. W. Reay, A. Lee, and L. Bao, “Effects of testing conditions on conceptual survey results”, Phys.

Rev. ST Phys. Educ. Res., vol. 4, no. 1, 0100112, 2008.

/'GEZ'ST abed



