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The importance of course projects in basic sciences and general engineering subjects is 
recognized by many university teachers, including the authors of this paper. In order to 
improve the quality of training the students of the Faculty of Electronic Engineering and 
Technology in the subject of the Theoretical Foundations of Electrical Engineering a change 
in the syllabus has been proposed in the paper, namely: removing the course project from 
third to the fourth semester. In this way the course project may include additionally important 
and interesting topics taught in both semesters.  
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1. INTRODUCTION 
Teaching the Theoretical Foundations of Electrical Engineering aims basic 

concepts, laws, methods and theorems for circuits and fields analysis to be given in 
systematized form [1, 2]. This subject is taught to the Faculty of Electronic 
Engineering and Technology (FEET) second year students. The third semester 
syllabus includes a course project using the Student version of ORCAD PSpice. 

Traditionally, the course project consists of several parts that are topically 
connected with the lectures and seminars [3]. In this way, however, the range of 
problems considered is too limited. The limitation is due to the number of topics 
included in lectures of the third semester. In practice the topics could be the 
following: 

1. DC analysis in a complex electric circuit; 
2. AC analysis in a complex electric circuit, mutual inductance included; 
3. Resonance phenomena. 
In such a manner, many interesting from practical point of view topics, such as 

Periodic Nonsine Steady-State, General Two-Ports Networks, Transients, are not 
included in the course project.  

In order to improve the quality of education a suitable change in the syllabus for 
the FEET students could be very useful, namely: removing the course project from 
third to the forth semester. Thus, the significance and the usefulness of the course 
project will be much increased [4]. 

2. THE COURSE PROJECT NOW  
2.1 DC analysis  
Students get accustomed to the PSpice together with the first assignment of the 

course project, which is a DC analysis of a complex electric circuit as the one of 
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Fig.1. The assignment usually includes finding all branch currents through General 
Nodal Analysis (GNA) or Loop Analysis (LA) and then, for the sake of verification 
the results, consumed and delivered powers are compared. All the students are given 
a circuit with the same graph but different values of resistors and voltage sources. 

To analytically solve the circuit of Fig. 1 the following set of equations based on 
the LA are written: 
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Then, applying the GNA results in the two equations for the nodal voltages 
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where 22 EV = . 
Next, the Shematics is used to introduce the given circuit to a PSpice simulation. 

Numerical results for the branch currents and for the nodal voltages are directly 
portrayed on the scheme (Fig. 2) after  and  keys activated. The direction of a 
given current can be determined after clicking on its numerical value. 

       
Fig. 1                Fig. 2 

The output file after simulation contains a lot of information that is explained in 
detail to the students. The consumed power is given at the end of the output file 

. The results for the currents and nodal 
voltages obtained analytically are not given since they completely coincide with the 
ones obtained through the PSpice.  

This example is very useful for practicing the two basic methods for circuit 
analysis, generalized Ohm’s law, Joule’s law on one hand and one type of PSpice 
analysis (Bias Point Detail) on the other hand. 

2.2 AC analysis for one particular frequency 
The second assignment is an AC analysis of an electric circuit with one sinusoidal 

voltage source (Fig. 3) with frequency srad /1000=ω . The unknowns are current 
phasors and complex power. The latter is necessary for confirmation the equality of 
delivered and consumed power. 
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To analytically find the solution it is necessary for the students to know how to 
simplify a given circuit and how to find currents in a two-node circuit [1]. Using the 
phasor concept the following numerical results are obtained: 
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Delivered complex power is VAjIES gen 56189.2237 +==
∗

&& . This result is sufficient to be 
compared with the PSpice one. 

    
         Fig. 3         Fig. 4 
In order to analyze this circuit for one frequency an independent voltage source 

(VSRC-type) should be introduced and the AC Sweep analysis for one particular 
frequency ( Hzf 155.159= ) should be implemented. Built-in functions R() and IMG() 
to find a real and an imaginary part of a complex number are used. The results 
concerning the currents 1I&  and 3I&  are:   ;   

. 
The equality of delivered and consumed power is checked up with a creation of 

specific “macroses” for the average power P and the reactive power Q according to 
the formulae ϕϕ sin,cos UIQUIP ==  . The average power ”macros”, for example, is 

. Using both “macroses” the delivered power 
is found:    . 

This example shows quite clear the one-to-one correspondence between sine 
quantities and their phasors. Students learn how to use phasors and how to turn them 
to their instantaneous values, how to find average and reactive power and finally how 
to use one new analysis in PSpice environment (AC Sweep for one frequency). 

2.3 Resonance phenomena 
The third assignment is for analyzing resonance phenomena in a particular circuit 

(Fig. 4) and visualizing some frequency responses. The frequency of the voltage 
source varies in a stated interval. For this example .sin2100)( Vtte ω=  In order to 
find out series and parallel resonance frequencies one should determine the 
equivalent impedance ( eZ ) and the equivalent admittance ( eY ) of the circuit and 
nullify their imaginary parts. 

The equivalent impedance eZ  is ,
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and the two series resonance frequencies are HzfHzf rr 63.532,16.2128 21 == . The 
equivalent admittance eY  is the reciprocal of eZ  and we find the parallel resonance 
frequency to be Hzfr 23.19493 = . 

PSpice is used for visualizing the amplitude-frequency response (AFR) and phase-
frequency response (PFR) of the current. Visualized is also the imaginary part of the 
current in the frequency interval of 10 Hz to 10 kHz. The AC Sweep analysis is used 
with 100 points for a decade for better image of the graphs. The results are presented 
in Fig. 5. 

 
Fig. 5 

3. THE CHANGE IN THE COURSE PROJECT – USEFUL AND NECESSARY  
3.1 Frequency responses of a two-port 
It is proposed a new assignment that requires determination both AFR )(ωUK  and 

PFR )(ωψU  of a first-order electric circuit analytically and with the PSpice. The RL-
circuit of Fig. 6 is considered as an example. Two cases are studied: first the circuit is 
open and second – the circuit is loaded with a capacitor ( FC µ502 = ). Another variant 
is to consider an RC-circuit – open and loaded with an inductance. 

              
                  Fig. 6      Fig. 7 
In order to analytically find the frequency responses one should find the 

expression for an open-circuit complex voltage gain 
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The AFR )(ωUK  is the )(mod ωUK&  and PFR )(ωψU  is the )(arg ωUK& . The complex 

voltage gain under load is .
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An independent voltage VSRC and AC Sweep analysis are introduced in order to 
fulfill a simulation with the PSpice. The results for both cases are given in Fig. 7. 

3.2 Characteristic parameters of a two-port 
Following the example considered above it is naturally to find the input 

impedance of two cascaded RL-circuits (Fig. 8). The input impedance is found for 
srad /1000=ω . A possible problem could be finding the propagation coefficient 

βαγ j+=& . 

                 
    Fig. 8    Fig. 9          Fig. 11 
In accordance with the two-port theory [1] transmission parameters A, B, C and D 

are found. Since the two-ports are identical it follows that 
.1;08.004.0;10;8.04.1 21212121 =−=Ω=−= −−−− DSjCBjA  

The equivalent A-matrix for the combined circuit is given by the matrix product 
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A two-port is said to be match loaded if the output impedance 2loadZ  is equal to its 

characteristic impedance 2cZ , i.e. Ω+=== 2623.5891.422 j
CA
DBZZ cload  and its input 

impedance 1inZ  equals to 1cZ , i.e. Ω+=== 3783.4937.1411 j
CD
ABZZ cin . 

     
Fig. 10         Fig. 12 

Transmission parameters of the equivalent two-port are found with PSpice using 
the open-circuit output voltage and the short-circuit output current [3]. The open-
circuit output voltage is found when a load resistor with a very high value is 
connected to the output ( Ω=∞ MR 1005 ) and for the short-circuit output current – the 
value is very small: Ω= µ150R  (Fig. 8). In order to find 1cZ  and 2cZ  the following 
“macroses” are created (Fig. 9). The graphs of the real 2cR  and the imaginary part 2cX  
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of the impedance 2cZ  are given in Fig. 10. It is clear that the 2cZ  has resistive-
inductive character that corresponds to an inductor with an inductance mHL 2623.55 = . 

To check equality 11 cin ZZ =  a resistor with resistance Ω== 891.425 cRR  and an 
inductance of mHLL c 2623.525 ==  are connected in series with the two-port output. 
The “macroses” in Fig.11 are defined. The graphs of 1inR  and 1inX  are given in Fig.12. 

3.3 Transients 
 A basic theme considered in a project is transients in a first-order circuit activated 

with different voltages. As an example the input voltage of the circuit of Fig. 13 is 
constant and the switch closes at 0=t . A non-homogenous equation holds for the 
circuit [2] and its solution for currents )(2 tiR and )(3 ti R  is 
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   Fig. 13    Fig. 14 

The results of the PSpice simulation are given in Fig. 14. Comparison between 
analytical and numerical solution is made at mst 2= . The analytical results are 

AiAi RR 5046.4,244.3 32 ==  and the PSpice results are: AiAi RR 5003.4,2418.3 32 == . It is 
seen that there is a negligible difference. 

4. CONCLUSION  
The importance of the course project for the students may be generalized as 

follows: 
- the students get accustomed to software that is used during next semesters; 
- the teaching topics become easily understandable through visualization the 

processes in electric circuits; 
- a given problem is solved for a very short time; 
-  receiving family characteristics through variation the parameters of electric    

circuits. 
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