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Abstract 
This contribution is the continuity of the previous work presented in past editions of Edulearn 2016 and 
2018, where a toolbox coded in the MATLAB work environment was designed to analyze electrical 
circuits in a symbolic way, considering Laplace and time domains. The application of this work is 
carried out in the Industrial Engineer Degree, for students of the specializations of electronics and 
electricity. The computational kernel of the toolbox proposed has been improved; adapting the code to 
the new releases of MATLAB appeared in the last years. The present work shows new type of circuits 
where this methodology is applied, in particular the capability of the toolbox is extended to the two-port 
network theory. A couple of examples are analyzed in a systematic way to demonstrate the suitability 
of this toolbox to perform this type of analysis to this topology of circuits. 

Keywords: Innovation, technology, Education Software, MATLAB, symbolic, two-port network. 

1 INTRODUCTION 
The work presented in this contribution is the continuity of the development carried out in two previous 
papers presented by the authors [1] and [2]. In these contributions, a toolbox coded in the MATLAB 
work environment was presented to analyze electrical circuits in a symbolic way, considering Laplace 
and time domains. The theoretical introduction regarding the resolution procedure that is based on the 
method of mesh, mesh [3], [4] and [5], is omitted due to space reasons. The reader can consult [1] for 
a detailed explanation. 

The computational kernel of the toolbox proposed has been improved; adapting the code to the new 
releases of MATLAB appeared in the last years, being the 2017a version the one used for the current 
study [6]. Furthermore, the procedures of solving circuits have been updated thanks to the new type of 
file extensions .mlx of MATLAB. This type of extensions is denominated “live script”, that allows a 
better interaction experience between the code and the output with respect the classical way of runing 
code in MATLAB. This new type of scripts has improved drastically the user experience, a 
characteristic very appreciated for the case of the students who are accustomed to deal with rich 
visual mobile applications.  

Considering proved the success of the symbolic resolution of basic circuits showed in previous 
contributions, the present work shows new type of circuits where this methodology is explained and 
applied. Specifically, it has been focused on the natural extension of the Thevenin equivalents, that is, 
the scope of the Linear Two-port networks. Two examples are given, with the code of MATLAB 
explained and commented for a better understanding.  

2 METHODOLOGY 
It is going to be introduced the so-called generic branch, which structure is depicted in Fig. 1. In order 
to simplify its utilization, it is necessary to follow strictly the rules detailed. 

Every branch could have only one element of every type in the way indicated (current source will not 
have any other element connected in series) and the passive components (L and C) could have initial 
energy storage in form of current (for the coil), considering positive if it has the same sense than Ie 
(always it will be considered that the sense of this current is positive if exists through the terminal + of 
the voltage source Eg). 

The sense of Ie and Ir must be always coincident. For the sake of simplicity, the easy way is to assign 
the sense of Ir exiting from the positive pole of the source Eg and, in case that the current source 
would have the same sense that Ir, it will be assigned a negative value. With all of this, it will avoid 
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issues when the power of every branch or element would be defined (that will be considered 
consumed if they are positive and given if they are negative). 

  
Figure 1. Generic branch. 

There is a problem when there is a current source without any parallel element. In that case, the 
solution adopted is to place a symbolic resistance Rair (defined with the command “syms Rair” of 
Symbolic Toolbox of MATLAB, [6]). The computational kernel will apply (in an invisible way for the 
user) a limit when its value tends to infinite, before to show the results. 

Once the simulation is carried out, the next expression will be available: 

- Mesh impedance matrix: Zm_s 
- Mesh voltages vector: Um_s. 
- Mesh currents vector: Im_s, where Im_s(j) is the current flowing through the mesh j 
- Currents vector that flow through the voltage sources and/or the branch impedances: Ie_s 
- Branch voltages vector: Ur_s, where Ur_s(i) is the voltage in terminals of branch i. 
- In terminals voltage vector of every element: 

o UR_s: in terminals of the resistances. 
o UL_s: in terminals of the coils. 
o UC_s: in terminal of the capacitors. 

Since this contribution is only going to focus on the analysis of two-port network models in the Laplace 
domain, no results will be converted into the time domain.  That means that once all these values are 
calculated, the circuit can be considered as solved. 

In the case that some expression would need to be simplified, it can be used the order “simplify”. If it is 
needed to show the symbolic expression with a determined number of digits, it can be used the 
function “vpa(variable,num_dig)”. In order to substitute an output variable a parameter, for a specific 
value, it can be used the functions “eval” and “subs”. 

Obviously, all the names of the variables generated must be respected. For example, a circuit with 
one capacitor, it should not be assigned as symbolic value that same letter C, because it provokes a 
conflict with the vector C that contains all the possible assignations of capacitors of all the branches. A 
way to avoid this problem is set a value like C1, Cfilter, but never just C.    

 
Figure 2. Two-port network. 
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The field under study is the analysis of two-port network formed by passive elements, i.e., there is no 
active generator of voltage or current. It is a very important topic of the Electrical Engineering, and, 
specifically, of the Electrical Circuit Theory. It is assumed that the hypothetical reader of this work has 
a base knowledge about this topic so detailed explanations will be avoided in order focusing on the 
novelty about the symbolical resolution of two-port network circuits. 

For length reasons, only the parameters of impedance (Z) of a passive two-port network, Fig.2, and 
another similar case, where a dependent generator will be introduced, so the differences between 
both cases can be highlighted and explained. 

Once the two-port network under study is selected, the typical parameters of interest can be obtained 
like the matrix Z and Y (notice that matrix Z and Y are inverse matrix). In future contributions, it will be 
indicated how to obtain the rest of parameters of interest. 

3 RESULTS 
In this section, it is explained the application of calculus of impedance parameters (Z) of two-port 
networks through two examples. The methodology is similar to the used in [2] for the calculus of 
Thevenin equivalent, but with the difference that must be aggregated two different nomenclature to 
each one of the gates of the two-port network under study. It could proceed analyzing each case in a 
particular way but, at the risk of increasing the apparent complexity of the problem, it is more 
convenient to "systematize" the process to, in the long run, optimize this type of analysis (so that it is 
similar for all the parameters to study). 

In accord with this philosophy, once the two-port network to be analyzed is known, it will always be 
added / reserved (both at the input and at the output), two branches (r1 input and r2 output), which will 
contain the variables to be solved, to obtaining the requested parameters. Actually, to carry out the 
complete process, it has to be solved two similar (but different) circuits, thus obtaining parameters Z11 
and Z21 through the first circuit, and the other two (Z12 and Z22) using the second circuit (strict form, 
from which, this type of parameters are defined). 

According to this general method, there will be situations in which any of these two additional 
branches may be an ideal generator (sometimes of voltage, and sometimes of current). In the case of 
voltage, there will be no additional consideration, but if it is of current, it is recalled that the developed 
computational kernel does not allow a branch to contain only one current generator. In this case, we 
must always add a resistance in parallel to this generator, whose value will be assigned to the 
symbolic variable Rair (before indicating the results, the core performs, in a transparent manner for 
the user, a limit when Rair tends to infinite, to solve this problem). 

Also, sometimes, the branches r1 (input) and r2 (output) may be a short circuit (in this case, the 
logical action would be that branch was conformed only by a resistance R(1) or R(2), to the one that 
the value 0 will be assigned in its definition. Similarly, there will be times when the input or the output 
will be in an open circle, so now it will be proceeded to put in this branch a resistor of Rair value (so 
that the kernel will also make them tend to infinity transparently). 

Once these two circuits have been created (very similar, but not the same), it can be simulated and 
indicate how the four concrete parameters are obtained for each case. This part can be done directly 
on MATLAB, but it is preferred to generate an .mlx file to program it and leave it all ready, to execute it 
in a more elegant way. 

In the next section, it will be developed two basic examples to understand the standard procedure that 
is proposed. 

3.1 Example 1: Basic circuit with symbolic parameters. Impedance 
parameters (without dependent sources) 

The proposed current problem would be to find the Z parameters associated with the next two-port 
network model which configuration is depicted in Fig. 3: 
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Figure 3. Electrical circuit for example 1. 

According to the basic bibliography, the impedance parameters are defined as follows: 

!𝑉# = 𝑍##𝐼# + 𝑍#(𝐼(
𝑉( = 𝑍(#𝐼# + 𝑍((𝐼(

 

Obviously, one way to obtain the impedance parameters is as follows: If I2 is cancelled then it could 
be calculated Z11 and Z21 from the definition: 

𝑍## =
)*
+*

  ;  𝑍(# =
),
+*

 

So it would only have to put a current generator I1 on the input terminals, leaving the terminals of V2 
in open circuit and finally, calculate the values of V1 and V2. 

 
Figure 4. Electrical circuit for example 1 with added parameters. 

Note that, as indicated previously, since it cannot have a branch that only contains one current 
generator (generator ig (1)), it is added a resistance in parallel with the generator. That resistance 
must have infinite value (which is achieved in a hidden way to the user, provided that it is previously 
assigned the symbolic value Rair). Likewise, since terminals V2 are on the air, it is put another 
resistance of that same value, see Fig 4. 

Now it is used the ASCEM package created, arranging the order and direction of the branches of the 
complete circuit (remember that the branches r1 and r2 are saved for the input and output, 
respectively, and the rest, correlatively). In this case, it is chosen this topology (it is not unique): 

 
Figure 5. Topology selected for the electrical circuit for example 1. 

It is created the following file: Z001a1.m (script file created with MATLAB, although it can also be 
created with a typical text editor): 
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%%%%------------%%%%------------%%%%------------%%%%------------%%%%----------%%%% 
%Example Z001a1 
syms Rair  I1  L1  C1 
% Elements 
ig(1)= I1; R(1)=Rair;   % r1 
R(2)=Rair;   % r2 
C(3) =C1;   % r3  (C value can not be used, because C is the vector of Capacitors) 
L(4) = L1;    % r4  (ídem) 
% Topology of the circuit  
Mesh{1} = [-1, 3, 4];  % The signs of every Branch following the sense 
anticlockwise of the Mesh 
Mesh{2} = [-3, 2];  % [2,-3] it would work too, the order of the branchs is 
irreverent, only the sense matters.% End of script for parameters Z11 y Z21 
%%%%------------%%%%------------%%%%------------%%%%------------%%%%----------%%%% 

In a similar way, it could be obtained the parameters Z12 and Z22, canceling now I1, remaining: 

𝑍#( =
)*
+,

  ;  𝑍(# =
),
+,

 

So only have to put a current generator I2 on the output terminals, leaving the terminals of V1 in open 
circuit and finally, calculate the values of V1 and V2. 

 
Figure 6. Caption for the figure. 

Again, it has been added the "Rair" value resistors, to the input (so as not to have terminals not 
connected) and to the right (with the generator i (2)), so that the current generator is not isolated. 

The ASCEM package is applied again, arranging the order and direction of the branches of the new 
circuit. Again, the next topology is selected (it is not unique): 

The script file of this second circuit is created, with the name Z001a2.m and the following content: 

%%%%------------%%%%------------%%%%------------%%%%------------%%%%----------%%%% 
%Example Z001a2 
syms Rair  I2  L1  C1 
% Elements 
R(1)=Rair;               % r1 
Ig(2) = I2; R(2)=Rair;   % r2 
C(3) =C1;   % r3  (C value can not be used, because C is the vector of Capacitors) 
L(4) = L1;  % r4  (idem) 
% Topology of the circuit  
Mesh{1} = [-1, 3, 4];  % The signs of every Branch following the sense 
anticlockwise of the Mesh 
Mesh{2} = [-3, 2];  % [2,-3] it would work too, the order of the branchs is 
irreverent, only the sense matters. 
% End of script for parameters Z12 y Z22 
%%%%------------%%%%------------%%%%------------%%%%------------%%%%----------%%%% 
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Although it can be performed the execution manually, it is much more convenient to create a ".mlx" file 
(type "live script", see 2017a or later [6]). Note: the .mlx file should NOT be called the same as the file 
Z001a2.m, this creates confusion for MATLAB. 

Next, the content of a possible live script Z001.mlx is described: 

inicioSimple  
% Ask for number of branchs (nr), in this case:  
4 
% Ask for number of meshs (nm): in this case 
2 
% Ask for name of the script “.m” (DO NOT include the extension): 
Z001a1 
% Check “current folder”.  
% 
Push ENTER key 
%This ends the execution of script Z01a1.m and then continues the execution of the 
script .mlx 
Z11=simplify(Ur_s(1)/-Ir_s(1))  % Calculates value of V1 / I1 
Z21=simplify(Ur_s(2)/-Ir_s(1))  % Calculates value of V2 / I1 
%Some values are assigned, example R1 (1 ohmio), C1 (1/2 F) and L1 (1H)  
subs({Z11,Z21},{C1,L1},{1/2,1})   

The following results would be obtained 

𝑍## =
-*.*/,0#

-*/
  ;  𝑍(# =

#
-*/

 

%Continuation of the “live script” 
clc 
inicioSimple  % Executable script must be placed in the path of MATLAB 
% Ask for number of branchs (nr), in this case: 
4 
% Ask for number of meshs (nm): in this case 
2 
% Ask for name of the script “.m” (DO NOT include the extension): 
Z001a2 
% 
Push ENTER key 
%This ends the execution of script Z01a2.m and then continues the execution of the 
script .mlx 
Z12=simplify(Ur_s(1)/-Ir_s(2))  % Calculates value of V1 / I2 
Z22=simplify(Ur_s(2)/-Ir_s(2))  % Calculates value of V2 / I2 

The following results would be obtained 

𝑍#( = 𝑍(( =
1
𝐶#𝑠

 

% END of the “live script” 

3.2 Example 2: Basic circuit with symbolic parameters. Impedance 
parameters with dependent source. 

Find the Z parameters associated with the next two-port network showed in Fig. 7: 
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Figure 7. Electrical circuit for example 2. 

The procedure is analogous but taking into account now the novelty of the dependent source (in this 
case, a voltage source, controlled by voltage). Once the sources are added, Fig. 8, (same as in the 
previous case) the corresponding circuit for the calculation of Z11 and Z21 is obtained: 

 
Figure 8. Electrical circuit for example 2 with added parameters. 

Where the script file in this case will be Z002a1.m, whose content is shown below: 

%%%%------------%%%%------------%%%%------------%%%%------------%%%%----------%%%% 
%Example Z002a1 
syms Rair  I1  L1  C1 R1  V1  E ; 
% Elements 
ig(1)= I1; R(1)=Rair;   % r1 
R(2)=Rair;  % r2 
C(3) =C1;   % r3   
L(4) = L1;  % r4  (idem) 
R(5)=R1;e(5)=E;  % Voltage source controlled by voltage: E = 2*V1 
% Topology of the circuit  
Mesh{1} = [-1, 3, 4];  % The signs of every Branch following the sense 
anticlockwise of the Mesh 
Mesh{2} = [2, -4, -5];  %  
% End of script for parameters Z11 y Z21 
%%%%------------%%%%------------%%%%------------%%%%------------%%%%----------%%%% 
 

The circuit for the calculation of Z12 and Z22 is showed in Fig. 9: 

 
Figure 9. Circuit for the calculation of Z12 and Z22 in example 2. 
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And the content of the script Z002a2.m is 

%%%%------------%%%%------------%%%%------------%%%%------------%%%%----------%%%% 
%Example Z002a2 
syms Rair  I2  L1  C1 R1  V1  E ; 
% Elements 
R(1)=Rair; 
ig(2)= I2; R(2)=Rair;   % r1 
L(3) =L1;   % r3   
C(4) = C1;  % r4   
R(5)=R1;e(5)=E;  % Voltage source controlled by voltage: E = 2*V1 
% Topology of the circuit  
Mesh{1} = [-1, 3, 4];  % The signs of every Branch following the sense 
anticlockwise of the Mesh 
Mesh{2} = [2, -4, -5];  %  
% End of the script for calculating Z11 y Z21 
%%%%------------%%%%------------%%%%------------%%%%------------%%%%----------%%%% 

The file Z002.mlx will be basically the same as the previous one, only the names of the .m files 
created now will change for each circuit and the only novelty will be to include the following line, after 
the command 

inicioSimple      % for the script Z002a1.m 
E=solve(E/s==2*Ur_s(1),E);  % Solves the equation of the dependent source 
Z11=Ur_s(1)/-Ir_s(1); 
Z11=simplify(subs(Z11,{‘E’},[E])) 
Z21=Ur_s(2)/-Ir_s(1); 
Z21=simplify(subs(Z21,{‘E’},[E])) 
% With the next result: 

𝑍## =
-*.*/,0#

-*/
   ;  𝑍(# = −-*.*/,0(

-*/
 

inicioSimple      % for the script Z002a2.m 
E=solve(E/s==2*Ur_s(1),E);  % Same than previous circuit 
Z12=Ur_s(1)/-Ir_s(2); 
Z12=simplify(subs(Z12,{‘E’},[E])) 
Z22=Ur_s(2)/-Ir_s(2); 
Z22=simplify(subs(Z22,{‘E’},[E])) 
% Result: 

   𝑍#( =
#
-*/

  ;   𝑍(( =
-*5*/6#
-*/

 

% END of the “live script” 

4 CONCLUSIONS 
Following the proposed line, the previous scripts have been modified to adapt them to the 
modifications imposed by the latest versions of MATLAB (2017a is the one used for the current study). 

In this contribution, it has been focused on the natural extension of the Thevenin equivalents, that is, 
the scope of the Linear Two-port networks (passive). The procedure has been completely rigorous 
with the definition of the same, since it has been chosen to use its explicit mathematical definition, as 
a sequence of analysis 

This sequence is specified in the construction of the two-port network to be studied, leaving the 
branches of entrance (r1) and exit (r2) to be completed by the indicated procedure. Depending on the 
type of parameters, these two special branches may be simple resistors of null or infinite value, and/or 
an ideal voltage or current generator. It is from these two branches (once the system is solved) that 
the four requested parameters will be obtained analytically (if they exist, depending on the specific 
two-port network). 
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Two typical examples have been provided, where the parameters of impedance (Z) of the two-port 
network are obtained, the first of them purely passive (that is, formed by passive elements, of the type 
resistance, capacitor, coil, and magnetic coupling). The second example is an important extension, 
which allows the possibility of including dependent sources in the two-port network under study. The 
way in which the procedure has been systematized should not have serious disadvantages to obtain 
the parameters of interest. In principle, this analysis is carried out in the Laplace domain, since the 
temporal scope does not have much interest here. 

Due to lack of space, it has not been possible to include the study of other types of parameters of 
interest (such as h and g), but they will be included in future contributions. 
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