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Since joining the faculty in 1984, I had only taught ECE 311 Electromagnetics two times before 

becoming the ECE Associate Head for Education in the Fall of 2008. (I will refer to this course as 

ECE 30411, which it was renumbered to the Fall 2019 semester.) One of my duties as Associate Head 

was making teaching assignments. I had instructors assigned for all courses except for ECE 30411 

that Fall 2008 semester. To complete teaching assignments, I assigned myself to teach ECE 30411. 

As Associate Head my responsibility was Education. I wanted to have informal discussions 

with our undergraduates to find out their perceptions of being a student in ECE. I started to meet for 

lunch with groups of 4-5 students from my ECE 30411 class. One of the first things I learned was 

how much the students in ECE dreaded taking ECE 30411! Most students want to find and memorize 

algorithms to solve problems they will encounter on exams rather than develop mental models of the 

concepts. ECE 30411 uses vector calculus to represent and manipulate electric and magnetic fields. 

Because students look for algorithms to solve problems, along with the vector calculus nature of 

30411, the course becomes a mathematical abstraction. The students do not develop mental models 

with which to envision electric and magnetic fields. They do not learn concepts, just procedures. This 

is a difficult and uninteresting approach. 

Taking a course in electromagnetics should be an interesting, and enjoyable, experience for 

ECE students. Even though my field is microelectronics and not electromagnetics, I decided to 

continue to teach ECE 30411 to find ways to make the course the best experience my students would 

have in their undergraduate careers. (From comments in my evaluations I have been successful.) 

For students to develop the mental models, I decided I had to help them visualize what was 

happening. I did this by developing demonstrations. For the demonstrations to be memorable they 

had to be simple and made from ordinary items. 

Over the last 10 years, I have developed about 50 novel demonstrations that facilitate the 

learning of the course concepts. I can do many of these in class because they are simple and don’t 

take up too much precious class time. I then decided to video the construction and operation of the 

demos to provide to the students on Blackboard, now on Brightspace. This way the students could 

watch a demonstration they saw in class, and I could include construction details with which the 

students could build the demos if they chose. (Many students have told me they have built some of 



these demonstrations.) After the semester, I was being contacted by students wanting access to the 

videos, which were on the Brightspace site and no longer available to them. To provide access, I 

started a YouTube channel. This channel has had broad impact with over 23,000 subscribers and 4.4 

million views. I answer several questions every day from viewers all around the world. 

Let me describe three of these demonstrations with screenshots from the Youtube videos that 

illustrate the novel nature of these demonstrations. 

AC Generator 

 

 

 

 

 

The figure on the left shows a plastic water bottle that has had the ends cut off and on which a 

wire has been wound. In the center figure we see the water bottle rotated 90 degrees, so we are looking 

down the center of the bottle. A small diameter dowel rod has been inserted on which are attached 

two magnets. In the figure on the right a green light emitting diode has been attached to the two ends 

of the wire. Rotating the dowel rod rotates the magnets producing a changing magnetic field inside 

the coil, which produces a current in the coil and turns on the green light emitting diode. This gives 

the students a mental image of “Faraday’s Law,” which is no longer just a mathematical abstraction. 

This is the principle used at utility power plants to produce electricity. 

                                                 Loudspeaker 

 

 

 

 

In the figure on the left we see a wire that has been formed into a coil taped to the bottom of a 

cup. The wire is also attached to the output of a CD player. The signal from the CD player produces 

a current in the coil. This current in the coil produces a magnetic field. The strength of this magnetic 



field varies with the strength of the current, which varies with the output of the CD player. The figure 

on the right shows a permanent magnet held near the coil on the cup. The strength of the attraction 

between the permanent magnet and the coil varies with the signal from the CD player vibrating the 

bottom of the cup and producing remarkably excellent music. 

Magnetic Field of a Coil 

 

 

 

 

 

 

 In the figure on the left we see a coil has been wound through two holes in a piece of plastic 

so that the plastic goes down the center of the coil. In the middle figure iron filings have been sprinkled 

on the plastic. Passing a current through the coil generates a magnetic field that rotates the iron filings 

as seen in the figure on the right. The students “see” the magnetic field. 

With over 23,000 subscribers I receive many notes and comments. Below is an email I 

received concerning my YouTube channel from a community college professor: 

 

 
 



Below is another note I received from a disability officer at Pensacola State College where 

they are captioning my YouTube videos for their students. 

 

I often receive notices from YouTube of copyright infringement of my videos. This is where 

someone has embedded part, or all, of one of my videos into their videos. If someone is obviously 

just doing it to market my video as their own, I submit a removal request. When someone has used 

my video in a video they have created for their own class, which has happened often, I will not 

submit a remove request because my goal is for a broad learning impact and to call attention to 

electric engineering at Purdue. 

My students respond very favorably to the demonstrations and the videos as can be seen in 

the following sampling of student comments. 



 

I think the demonstrations are very beneficial to giving the students a visual connection to what 
often is hard to visualize. (Fall 2020) 

The videos that demonstrate devices that can be made using the principles introduced in this class 
help keep my attention. (Fall 2020) 

The demonstrations are extremely interesting to watch and help reinforce concepts in this class. 
(Spring 2021) 

I really liked the demos in the class. I felt I was able to actually understand many of the concepts 
which I previously had failed to learn properly in my other classes (Fall 2021) 

This class was the most fun I had all semester. The demonstrations were really engaging and the 
extra time took to really make the math less abstract was really helpful. (Spring 2022) 

the in-class experiment demonstrations are really interesting and helpful in learning the key 
concepts. (Fall 2022). 

The demo's in class really help with my undsertanding [sic]. I've covered a lot of these topics briefly 
a few different times during my education so far and this is the first time i've [sic] understood any of 
it. (Fall 2022) 

To summarize: 
 
1. The demonstrations facilitate learning by providing students with a visual image of the 

course concepts.  

2. The demonstrations are novel in that very simple items are used to construct them. 

3. The broad impacts are that not only are they benefiting the students at Purdue taking 

ECE 30411, students and teachers around the word are utilizing the videos of the 

demonstrations. 

4. The student comments show they feel these demonstrations allow them to learn the 

concepts, the material is not just abstract equations anymore. 


