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Abstract 
This paper describes the author's experience in teaching the module “Electrical Energy Systems” to 
stage 2 Electrical and Electronic Engineering students at University College Dublin, Ireland. This is a 
challenging module for a variety of reasons, including the large number of topics to be taught; the 
large number of students enrolled in the module; and the lack of motivation of the students that are not 
going to choose the Electrical Engineering programme in stage 3. The paper describes the teaching 
approach adopted by the author and compares it with previous approaches. Methodological 
challenges as well as student feedback are also discussed in the paper. 
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1 INTRODUCTION 
This paper describes the author's experience in teaching the module “Electrical Energy Systems” to 
stage 2 Electrical and Electronic Engineering students at University College Dublin, Ireland. This is a 
challenging module for a variety of reasons. First, the module is offered at a stage at which students 
have seen only very basic concepts of electric and electronic circuit theory. Then, most students are 
not going to specialize in energy systems, but rather the electronic and telecommunications, and are, 
hence, not so motivated to study and understand concepts related to energy conversion and electrical 
machines. Another challenge is the large number of students, about 170, which consistently 
complicates the logistic of laboratory activities and tutorials. Last but not least, the module has to 
“touch” several methodologies, including steady-state ac circuits, energy conversion, electrical 
machine modelling and power system analysis. To further complicate the challenge, the matter above 
has to be taught in a way as simple and as interesting as possible. 

The main motivation for creating an “Electrical Energy Systems” module in a stage 2 is to try to 
increase the number of students that choose to pursue Bachelor of Engineering (BE) and Master of 
Engineering (ME) Electrical Energy Engineering programmes. The current situation, in fact, is that the 
vast majority of students prefer to specialize in Electronic Engineering. The ratio is 4 to 1, even 5 to 1 
in some years. It is relevant to note that the number of power system students is relatively low 
everywhere in the world compared to electronic engineering and informatics students. This paper also 
provides a reflection on the reasons why the electrical energy systems field is not very appealing for 
the students and, based on such a discussion, attempts to define a proper didactic approach for the 
considered “Electrical Energy Systems” module. 

The author has implemented the concepts discussed in the paper in the academic year 2016/17 at 
University College Dublin. This fact allows reporting in the paper the effects of the proposed 
methodological and didactic approach based on real-world statistics and comparing 2016/17 with 
previous years when such approach was not implemented. The comparison is based on students’ 
feedback and author’s 15 year long experience in teaching in BE and ME Electrical Energy Systems 
programmes. 

The paper provides the following contributions.  

• A discussion on why electrical energy topics are less attractive than electronic ones. The 
discussion considers both general idiosyncratic aspects of electrical engineering as well as 
issues that are specific to the Electrical and Electronic Engineering programme at UCD.  

• A detailed taxonomy of the methodological and didactic challenges and some proposed 
solutions for a module that has to capture the attention of stage 2 students with still no proper 
“engineering” forma mentis. Several practical examples actually implemented during the 
lectures are provided in the paper to support such a discussion. 
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• Relevant students’ feedback and statistics on the effects of the adopted didactic approach 
based on the module “Electrical Energy System” taught by the author at University College 
Dublin. 

The remainder of the paper is organized as follows. Section 2 outlines the structure of the engineering 
programmes at UCD that include the module “Electrical Energy System”. The background and the 
perspective of the students attending the modules are also discussed in this section. Section 3 
outlines the content of the module as it has been taught in the academic year 2016/17 as well as the 
changes with respect to previous years. Section 4 discusses the challenges encountered by the 
author while teaching the module; proposed didactic solutions through some examples; and relevant 
student feedback to date. Finally, Section 5 duly draws conclusions and discusses future plans for the 
“Electrical Energy System” module. 

2 ENGINEERING PROGRAMMES AT UCD THAT INCLUDE THE MODULE 
“ELECTRICAL ENERGY SYSTEMS” 

“Electrical Energy Systems” is a core module for three major programmes at UCD, namely, 
Mechanical, Electrical and Electronic Engineering. The latter two share same modules up to stage 3, 
time at which the students has to choose their major, i.e., electrical or electronic.  Moreover, the three 
programmes share stage 1, where students are expected to learn a variety of very basic concepts, 
such as calculus, linear algebra, physics and chemistry. During stage 1, very introductory modules on 
mechanics and electrical and electronic engineering are provided to the students. During stage 2, the 
three programmes include the mandatory module “Electrical and Electronic Circuits”, which is offered 
in term 1 and provides basic circuit theory concepts, such as Kirchhoff laws and Thevenin theorem. At 
this point, the path of Mechanical Engineering students and E&E ones start to differ substantially (see 
also Figure 1). Mechanical Engineering students focus for the rest of stage 2 and for the first half of 
stage 3 on matters mostly related to mechanics. It is only in term 2 of stage 3 that they encounter the 
module “Electrical Energy Systems”. On the other hand, E&E students attend “Electrical Energy 
Systems” in term 2 of stage 2 while, in parallel, they also attend core modules such as “Electronic 
Circuits” and “Engineering Electromagnetics”. There is, at least, one year difference between 
Mechanical Engineering students and E&E ones. Surprisingly enough, E&E students do not attend 
other modules on electrical machines or any other aspect of “power” engineering and so do not have a 
better preparation than Mechanical Engineering students when they attend the module “Electrical 
Energy Systems”. One can thus argue that Mechanical Engineering students, being one year older, 
are in a slightly better position to attend the module “Electrical Energy Systems” compared to E&E 
students. 

  
Figure 1: UCD engineering pathways 

In terms of future perspectives, Mechanical Engineering students and students that will choose the 
Electronic Engineering programme might not take any other electrical power modules until the end of 
their undergraduate studies. Students that choose to pursue the ME in Energy Systems Engineering, 
which is offered by the School of Mechanical Engineering, can take as options some modules from the 
ME in Electrical Engineering, such as “Power Systems Dynamics and Control”, and in the past also 
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“Power Systems Stability Analysis” (currently discontinued).1 However, in the last 4 years, only one 
student actually did so. Moreover, the module on electrical machines is not an option for 
undergraduate and master students in mechanical engineering. Electronic Engineering students have 
also the same options if they choose the master in electronic engineering but, in practice, no student 
in electronics actually attend any other module that discusses “electricity” and “energy” together. For 
students that will choose the Electrical Engineering programme, “Electrical Energy Systems” is just the 
first of a series of modules on electrical machines and energy. We cite, for example, “Electrical 
Machines” (stage 3, term 1); “Power System Engineering” (stage 3, term 2); and “Power System 
Dynamics and Control” (stage 4, term 1). It is interesting to note, that “Electrical Machines” is not a 
core module, but, in practice, every student that decides to pursue the Electrical Engineering path has 
to take it as it is a requisite for several modules in stage 4. 

A relevant remark is that the grades of the modules of the first two years do not contribute to the GPA 
of ME Electrical and Electronic students. This fact clearly affects the attitude of the students, in 
particular, those that will select the Electronic Engineering programme. 

The remainder of this paper will focus in particular on didactic challenges related to stage 2 Electrical 
and Electronic Engineering students. A discussion on Mechanical Engineering students and the 
didactic challenges to teach them the module “Electrical Energy Systems” is discussed in [1]. 

3 CONTENT OF THE MODULE “ELECTRICAL ENERGY SYSTEMS” 
“Electrical Energy Systems” is intended to be an introductory module on ac circuits, magnetic circuits 
and energy conversion, electrical machines and power systems. It includes 30 hours of theoretical 
lectures, 6 hours of tutorials, and lab activities, for a total of 5 ECTS credits. Due to time limitations, 
each topic is necessarily just outlined and only very basic definitions and concepts are presented. All 
topics are explained both theoretically and with problem worked on the blackboard. 

The module is divided into six parts. 

• Part I: AC circuits. Fundamental units and notation. Algebra of complex numbers. Phasors and 
phasor diagrams. Definition of active and reactive power in single-phase circuits. Power 
triangle. Balanced and unbalanced three-phase circuits. Single-phase equivalent of balanced 
three-phase circuits. Definition of active and reactive power in three-phase circuits. Milligan and 
Bucherot theorems.  

• Part II: Magnetic circuits and energy conversion. Definition of magnetic flux and mmf. Ampere’s 
law. Definition of reluctance, self-inductance and mutual inductances. Electrical equivalent of 
linear magnetic circuits. Faraday’s law. Magnetic saturation. Losses in magnetic circuits. Energy 
and coenergy in magnetic circuits. Determination of forces in magnetic circuits. Applications: 
electromechanical relay, ammeter and reluctance motor.  

• Part III: Transformers. Equivalent circuit and approximated circuits of single-phase transformers. 
Open-circuit and short-circuit tests. Voltage regulation. Efficiency. Equivalent circuit of three-
phase transformers. Vector groups and phase displacement of three-phase transformers.  

• Part IV: Induction machine. Ferraris' theorem. Definition of synchronous angular speed, pair of 
poles, slip factor and equivalent electrical load. Equivalent circuit of the induction machine. No-
load and blocked-rotor tests. Torque/slip characteristic. Maximum and start-up torques. Wound-
rotor and squirrel cage induction machines. Start-up with external resistance on the rotor. Effect 
of changing the number of pairs of poles. Constant voltage/frequency start-up.  

• Part V: Synchronous machine. Definition of synchronous reactance and armature resistance. 
Armature reaction. Load angle. Operation as inductance, condenser, resistance and generator. 
Voltage regulation. Excitation curve. Poitier model. Blondell two-reaction model. Active and 
reactive power expressions. Qualitative evaluation of the stability of the machine operating 
points.  

• Part VI: Power system analysis. Motivation of three-phase systems (vs. single-phase systems 
and dc systems). Motivation of high-voltage transmission systems and need for different voltage 
levels. Steady-state approximated models of transmission lines, transformers, loads and 

 
1 The interested reader can refer to [2] and [3] for further details on these two modules. 

7870



generators. One-line diagram. Computation of active and reactive powers and power factors, 
voltage drops and losses. Per unit system. Outlines of power flow analysis. 

Basic suggested bibliography includes references on electrical machines [4, 5], and power systems [6, 
7]. Learning outcomes of the module are: basic concepts of steady-state ac circuits, main electrical 
machines (transformers, induction motors and synchronous generators) and power system analysis. 

Theoretical lectures are accompanied by lab activities. These are divided into two parts: (i) open-
circuit and short-circuit test of a 3 kVA transformer; and (ii) power flow analysis with PowerWorld 
software tool [8]. Labs on the transformer are organized similarly to what described in [9], whereas a 
discussion on the didactic value of computer-based labs for power system analysis is discussed in 
[10-12]. 

Due to the high number of students, labs start in week 3 of the module and end in week 12 and there 
are 3 weekly sessions, 2 groups per session. One group runs the test on the transformer and the other 
group utilizes PowerWorld. This arrangement is necessary as there are only 4 available transformers 
and a maximum of two students per transformer is allowed. 

The need to coordinate between lectures and labs complicates the presentation of the matter. It is 
desirable, in fact, that students attend the labs after attending the lecture on transformer tests. The 
introductory lab on power flow analysis, on the other hand, does not require previous knowledge as it 
is aimed at teaching how to use the GUI of PowerWorld software tool. 

3.1 Content of “Electrical Energy Systems” in Previous Years 
The intrinsic difficulties to teach this module to poorly motivated and not yet mature students has led to  
change often the lecturer. This has also led to a lack of continuity of the material and the exam papers, 
which clearly does not contribute to the popularity of the module among the students. 

There have been several attempts in the past to make the module more attractive to students, either 
“simplifying” its content or introducing topics that are supposedly more interesting to students which 
are not into energy systems and electrical engineering. 

Reducing and simplifying the content of the module has the drawback of leaving out key-concepts of 
electrical machines and power systems, but gives some immediate advantage by reducing the 
pressure on the students. It often happens, in fact, that the acceptance of a module is roughly 
proportional to its difficulty. On the other hand, removing content leads to some undesirable longer 
term issue, i.e., the fact that students that choose Electrical Engineering in stage 3 and after that the 
ME in Electrical Energy Systems, lack of some fundamental basis that have to be provided by 
following modules. The problem is thus just shifted, not actually solved. The other drawback is that 
mechanical engineering students, which will not attend any other “electrical” module, will lack, likely 
forever, of some fundamental knowledge of the functioning and behaviour of electrical machines 
and/or power systems. This, in turn, reduces the skills and the competitiveness of such students when 
they will look for a job. 

The other approach, i.e., to include material that is expected to be of interest for the students can be 
achieved also by removing some fundamental concepts. For example, in the past years, the topic on 
induction machines was removed from the module and other topics where consistently shortened, to 
make room to lectures on renewable energy integration, electricity market and load frequency control. 
These topics were supposed to be appealing for students as they are currently quite relevant for 
power system research as well as of high interest for industry. Unfortunately, the lack of proper basis 
(e.g., power system operation and automatic control) prevents students to take fully advantage of 
these topics and, as a consequence, the effect was quite the opposite as the expected one, i.e., 
students complained (more than usual) about the content of the module. 

It is worth noticing that, at UCD, students' complaints are considered important and, thus, often taken 
into consideration as they may impact on the quality reviews of the programmes and, in turn, on the 
raking of the university. This has clearly some potential drawback and can lead to the dangerous trend 
to try accommodating students’ wishes. This attitude is not immune to risks, especially when students 
are considered “clients” rather “users”. In any case, a discussion on university policies with regard to 
student complaints is out of the scope of the paper. 
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4 CHALLENGES TO TEACH “ELECTRICAL ENERGY SYSTEMS” 
This section describes the main challenges encountered in teaching the module “Electrical Energy 
Systems” and a point-to-point list of proposed solutions. The chapter also reports some feedback from 
the students, in particular those with electrical and electronic engineering. 

4.1 Didactic Challenges 
The content of the module as it is currently designed is challenging for the students for several 
reasons, as follows. 

4.1.1 Lack of a proper mathematical background 
Despite the module “Electrical and Electronic Circuits” is mandatory for all students and it provides the 
basic knowledge of ac circuits and phasors, most students appear to be unable to properly handle 
complex numbers, which is one of the main requisite to properly understand the concepts introduced 
in “Electrical Energy Systems” and the basic tool to solve problems. Complex numbers and phasors 
are fundamental to solve steady-state ac circuits. Since electrical machines and power systems, as 
introduced in the module, are in turn steady-state ac circuits, a lack of understanding of these 
concepts prevents the students to appreciate and, possibly, like, any topic of the model at all. Another 
basic tool that most students appear to not master properly is trigonometry. Only very basic formulas 
are actually needed in the module, the most frequent one being the following: 

(sin!)! =
1 − cos 2!

2
 (1) 

Clearly, there is nothing to understand in trigonometric identities – one has just to remember the most 
common ones and deduce the others – but still trigonometry creates an additional obstacle for weak 
students to be able to understand important concepts. This also leads to the surprisingly conclusion by 
a large part of the students that the module is “difficult”.2 It is interesting to note that, while the module 
is actually challenging, most students do not even get to understand what the actual challenges are as 
they are blocked by the lack of knowledge of the required mathematical tools. 

4.1.2 Different methodologies 
The module requires the students to learn four different methodologies: circuit theory, energy 
conversion, electrical machines, and power systems. Methodology, in this context, refers to a “way of 
thinking” along with a set of physical laws, principles and a specific notation. 

Circuit theory is basically a mathematical theory (with theorems and axioms) and provides the basic 
“tools” to study electrical machines and power systems. Despite being purely mathematical, it is likely 
the easiest part of the module, at least, as perceived by the students, for many reasons. First, they 
have already attended at least one, but more likely two modules on circuits, and are thus familiar with 
Kirchhoff laws and elementary circuital elements, such as resistances and inductances. Then, it 
provides relatively simple procedures that can be applied mechanically, if not completely blindly (e.g., 
nodal analysis, which as a matter of fact, is also used in computer-based circuit simulators [14]). 
Finally, the quantities that appear in circuit equations, while coming along with units, do not generally 
have any physical implications for the students. 

Energy conversion is closer to physics and as such, includes a variety of laws based on the 
observation of physical phenomena (i.e., Ampere's and Faraday's laws). It is also a very formal and, 
often abstract matter. For example, the concept of “coenergy”, while very useful to solve problems, 
has not direct physical meaning and often remains fully unclear to students. 

Electrical machines are a pure engineering subject. In most universities, engineering subjects are 
encountered only starting from stage 3. The challenge is to be able to model the behaviour of a real-
world device (in this case, an electrical machine such as a transformer or an induction motor) by 
means of equations and/or an approximated circuit. This is, in turn, the “art” of modelling and implies a 
certain degree of maturity in understanding hypothesis, drawing simplifications when required and 
accepting engineering trade-offs. The module “Electrical Energy Systems” is the very first module that 

 

2 In [13], the author argues that “the main problem with imaginary numbers is their name. If −1 had been called “extended” 
instead of imaginary, perhaps it would not have given as many qualms to generations of students.” 
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presents an engineering methodological approach to the students and it is perfectly normal that they 
find this approach challenging. The other big challenge is that, when solving problems, numerical 
results have a very precise physical meaning. This could actually be utilised to understand whether 
the results is correct or, at least, sensible, but for many students the physical meaning of the results 
just adds to the difficulty of the problem. 

Finally, power system analysis, as the name suggests, is about “systems”, i.e., the study of the 
interaction of many different devices to obtain a certain goal. In this case, the goal is to produce, 
transmit and deliver electrical energy in the most efficient, secure and flexible way possible. The 
module only very briefly introduces “system analysis” concepts, but clearly these are quite hard to 
follow from students that still have to properly assimilate electrical machines concepts. 

Broadly speaking, stage 2 students are still not mature enough to properly grab engineering concepts 
such as “modelling” and have not developed yet the skill to synthesise a mathematical model or, which 
is the same, a circuit equivalent to a given set of information as provided in the problems. The variety 
of methodological approaches (and notations) that are introduced in the module is, in the opinion of 
the author, the true difficulty of the module. Typical engineering modules usually provide one 
methodological approach. In this case, instead, the four topics discussed above are conceptually very 
different. This certainly highly contributes to discourage the students, even those that are potentially 
interested in power systems. 

4.1.3 Learning approach 
The early stage at which the module is offered also implies that students have not yet, in most cases, 
found their own learning approach and often expect that the lecturer provides that to them through 
self-contained notes, a set of exercises and exam papers that closely resemble exercise solved in 
class. This is clearly in contrast with the topics, in particular, electrical machines and power system 
analysis, which require good skills in problem solving. At this point, one could argue that students 
should already have their own learning approach, refined during the years of the college. But, 
unfortunately, this is often not the case. 

4.2 Proposed Solutions 
This subsection presents some tentative solutions to the challenges illustrated above. Whether such 
solutions are actually also successful is discussed in the next subsection. 

4.2.1 Lack of a proper mathematical background 
There is probably little to do with respect to the lack of knowledge of complex numbers and 
trigonometric functions. Students should just study or refresh their skills on these topics. However, an 
approach that is often useful is to “translate” complex numbers and trigonometric functions into 
diagrams or schemes that can be more easily remembered by the students.  

With this aim, the well-known “power triangle” it is a good way to understand and remember the 
meaning of amplitude (the apparent power) and the phase angle (the power factor) of a complex 
number (complex power). The complex power ! is expressed as the complex number: 

! = ! + !" (2) 

where ! is the active power and ! is the reactive power. The power triangle is shown Figure 2. 

 
Figure 2: Power triangle, often used to illustrate the relationship between active,  

reactive and complex powers 

Another relevant example which illustrates how to avoid using trigonometric functions using a 
graphical approach is the calculation of the root-mean-square (RMS) value of a sinusoidal quantity. 
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By definition, the RMS of a periodic quantity !(!) with period ! is defined as follows: 

! =
1
!

!!(!)!"
!

!
 

(3) 

If !(!) is sinusoidal, (3) implies the calculation of the integral of the square of a sine or of a cosine. 
Using a graphical approach, however, with the only previous knowledge that the square of a 
sinusoidal function is still a sinusoidal function plus a constant average value (this can also be 
deduced by the trigonometric identity given in equation (1)) leads immediately to the solution without 
the need of any calculations (see Figure 3, where one can easily deduce that  ! = !!/ 2). 

 
Figure 3: Graphical determination of the RMS of a sinusoidal wave 

Of course, it is not always possible to solve geometrically or graphically a circuit problem (although 
phasor diagrams can handle a vast variety of situations). However, it is a strong belief of the author 
that such an approach should be given more relevance when teaching mathematical and/or 
engineering concepts as it greatly helps avoid possible computation errors.3 

4.2.2 Different methodologies 
The need to introduce different methodologies in the module and the lack of time to provide insights of 
any methodology greatly limits the effectiveness of possible remedial actions. The strategy that has 
been adopted is to try to illustrate same examples using different methodologies.  

The following is a very simple example. Let’s consider the circuit shown in Figure 4. 

 
Figure 4: Simple circuit example 

Basic circuit theory applied to the circuit of Figure 4 leads to the expression: 

!! = !! − !! − !"!  (4) 

In circuit theory, equation (4) is regarded simply as an equality consequence of Kirchhoff laws and 
constitutive relationships among voltages, currents, resistances and reactances. As far as circuit 
theory is concerned, equation (4) fully defines the circuit. The student is not asked whether the result 

 
3 It is well-known, for example, that the mathematician Benoit Mandelbrot was very fond of the graphical approach to solve 

mathematical problems. He, in fact, passed the admission exam to École Polytechnique using geometry rather than calculus 
[15]. 
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of this expression is acceptable form an engineering point of view. Actually, most circuit theory 
modules do not even attempt to discuss physical implications to the students.4 

Let’s now consider the point of view of electrical machines. Expression (4) can be now assumed to be 
an approximated model of a single phase transformer (or a single phase equivalent of a three-phase 
transformer). Parameters ! and ! have thus the meaning of the resistive losses and the leakage, 
respectively, of the windings of the transformer. As a model of the losses, ! and ! needs to be as 
small as possible but not smaller than that to prevent too high short-circuit current in case of a fault at 
the terminal bus of the transformer. These parameters are also responsible of the amplitude of the 
voltage drop between the primary and the secondary winding. Moreover, phase shift between the 
current and the voltage gives the power factor of the load connected to the transformer, which is 
needed to define the efficiency of the transformer along with parameters !,  !, and the nominal power 
and voltages of the transformer. From the electrical machine perspective, thus, the quantities involved 
in expression (4) have precise meanings and can take only a range of values to make sense and 
represent a feasible transformer. 

In power system analysis, equation (4) can represent a radial feeder, where !! is the voltage at the 
sending end (typically known and constant or obtained as the result of the computation of the 
Thevenin equivalent at a given network bus). ! + !" is the equivalent total impedance of the feeder, 
which generally includes transmission lines and/or cables as well as transformers. Depending on the 
voltage level, the ratio between ! and ! can differ consistently and so does the voltage level and, 
consequently the voltage drop from buses 1 to 2. In power system analysis, apart from the voltage 
drop, the most important information is the active and reactive power flows in the feeder and delivered 
to the load (assumed connected to the receiving end of the feeder, i.e., at bus 2). This lead to the 
definition of the circuit in terms of complex powers, namely,  

!! = !!!∗,  (5) 

where the expression of !∗ can be obtained from (4). Equation (5) is the simplest formulation of power 
flow equations [16]. Equation (5) can be used, for example, to decide whether the feeder is properly 
designed and is some reactive power compensation is needed to support the voltage at the load. It is 
important to note a crucial difference between (4) and (5): equation (4) is linear, while equation (5) is 
nonlinear. Both expressions are clearly derived from same Kirchhoff laws and constitutive impedance 
equations, yet they have a substantially different scope, number of solutions and purposes.  

The example above illustrates how the very same expression may take quite different meanings and 
raise different questions depending on its context (circuit theory, electrical machines or power system 
analysis). While this minimal example illustrates the variety of goals of the module and provides a 
glance of the different methodologies, it can also help understand why students can be confused by 
the topics covered in the module.  

4.2.3 Learning approach 
As discussed above, one would expect that, at stage 2 of their academic career, students should 
already have their own learning approach. If they do not, it is possible that they should really 
reconsider the idea to pursue an engineering degree. It can be useful, however, to suggest the student 
how to approach the problems that will be included in the mid-term and final exams. The procedure is 
quite conventional but it is worth to briefly outline it here.  

At the end of each topic, one or two lectures are dedicated to solve problems at the blackboard. The 
problems are selected to be as representative as possible of each topic. However most problems have 
a common structure and, hence, a common (i.e., general) solution procedure.  

The statement of the problem provides the parameters of the circuit and/or constraints. Considering 
again Figure 4, parameters are ! and !, while a constraints can be the voltage at bus 2 or the 
maximum current that can flow in the branch. Typical questions ask to determine some unknown 
quantity, e.g., the voltage at bus 1 that leads to have a given voltage at bus 2 under certain loading 
conditions. Another typology of questions is how to modify the given circuit (or machine, or power 

 
4 As a matter of fact, most problems that are encountered in circuit theory modules consider circuits without a specific physical 

meaning and quantities have “simple” values to allow for quick calculations and units are often neglected, e.g., !! = 1 + ! and 
! = 2 − !1.    
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system) to improve its behaviour. For example: determine the condenser to connect at bus 2 to raise 
the voltage to reduce circuit losses by a given amount. The solution requires to follows basically 
always the same steps: 

1 If not provided with the problem, draw the circuit that models the system under study. 

2 Write as many equations as the unknowns of the problem. If the unknowns are more than the 
equations, apply appropriate approximations to reduce the number of unknowns and make the 
problem solvable. Typically Kirchhoff laws provide the starting point. Then one has to add 
constitutive device equations, e.g., induction machine torque/slip factor equation or the 
expression of the efficiency of a transformer. 

3 Solve the system of equations defined above. This can be straightforward if all equations are 
linear or more involved in the case of power flow equations. 

4 Double check results. This is almost always possible in case of electrical machine and power 
system analysis problems. This step generally consists in observing the numerical results and 
checking if they satisfy engineering conditions. For example, if the voltage at bus 2 is lower than 
20% than the nominal voltage of the machine/system, the results is very likely incorrect. 

Whenever possible, the solution of the problem is completed with the proposal of an alternative 
formulation or approach to answer the same questions. This is often possible in electrical engineering 
problems. For example, Kirchhoff laws can be used to write different sets of equations of the same 
circuit. The solution of the same problem in different ways should help the students to consider the 
same problem from different perspectives and hopefully, provide them with a better overall 
understanding of the topic.      

4.3 Student Feedback 
Students can provide feedback both during the module and at the end of the term. Student delegates 
also meet the Head of the School to discuss most relevant concerns or problems that may have 
occurred during the term.  

Despite all efforts, the feedback on the module was not positive. As it happened other times in the 
past, most students consider that the module is very difficult to follow. Several students also had the 
feeling, clearly not based on evidence, that theoretical concepts are inconsistent with problem worked 
in class. This can be explained, very likely, considering that proposed problems are “engineering” 
ones, not simply the application of the rules and expression defined by the theory. In the problem-
solving procedure discussed above, the critical point is step 2 (see list in the previous subsection), and 
in particular “apply appropriate approximations to reduce the number of unknowns and make the 
problem solvable”. To be able to impose the correct approximation implies modelling skills, which the 
students are not used to and can be, at a first attempt, actually difficult to master.  

To the issue above, one has to add the fact that students are not used anymore to take notes during 
the lectures and, in this case, no slides where provided. It is in fact a strong belief of the author that 
basic engineering concepts should be derived step-by-step on the blackboard and does not appear 
“out of the blue” in their final from in a slide. Since most other modules are taught using slides, the 
apparently unconventional approach to use the blackboard is not appreciated by the students. And, 
since most students did actually not attend most of the lectures of the module, one can see from 
where the criticism originated. 

Despite the overall negative results, at the end of the term, one student contacted the author 
expressing his interest to learn more about electrical machines and power systems. While the interest 
of this single student in the module can in no way be considered a success, it is at least an indication 
that the methodological approach can work. 

5 LESSON LEARNED AND CONCLUSIONS 
The main lesson learned by the teaching of this module is that the content of the module is hard for 
the students to be properly assimilated. Electrical engineering concepts are not particularly difficult per 
se and certainly tractable if taken one by one. The amount of information provided by the module is 
probably too much for stage 2 students.  

Moreover, electrical engineering has also the great disadvantage to be considered “old” and “boring” 
by the students, in particular those that have already decided to choose electronic engineering. This 
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feeling is understandable: transformers and other electrical machines are a technology that was new 
about a century ago. A lecture on an induction motor cannot compete, in terms of appealing, with a 
lecture on a mobile phone or the “internet of things”. Then, especially in Ireland, it is much easier to 
find a job in fields related to electronic and telecommunications than in power engineering. 
Nevertheless, electrical machines and electrical energy systems are a fundamental part of anyone’s 
life, even though students often do not realize that.  

The main drawback of electrical energy systems is that, in order to get to the “interesting” part (e.g., 
wind turbines and load frequency control), one has to learn ac circuits, electrical machines and basic 
power system analysis concepts first. Unfortunately, most students give up in the way and never give 
electrical energy system a chance to actually become interesting. 
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