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Abstract—The paper investigates the behavior of 

unidirectional two-port equivalent circuit composed of an 
electronic gyrator with Antoniou operational amplifier and a 
reciprocal two-port built by a transversal resistance (RT). From 
the analysis of two-port equations standpoint, by correct choice 
of circuit conductance, the two-port can operate as an ideal or 
a lossy gyrator. Due to the interest in practical aspects of 
energy transfer from one terminal to other, an analysis of the 
two-port parameters for the unidirectional circuit diagram is 
performed. The validity of the tested circuit results obtained 
analytically and through numerical simulation PSpice has been 
verified experimentally, in two cases, with equal and different 
transfer conductance. 
 

Index Terms—gyrator, operational amplifiers, simulation, 
transfer functions, two-port.  

I. INTRODUCTION 

A two-port circuit is unidirectional if the transfer of 
electromagnetic energy has a single direction [1]. The 
unidirectional condition from port 11' to 22' implies that the 
no-load impedance (Z10), and short circuit impedance (Z1k), 
at port 11' are equal (Z10=Z1k), the energy being transferred 
from input port 11' to output port 22'. Taking into account 
the unidirectional condition, the no-load transfer impedance 
(Z12), and the short circuit transfer admittance (Y12) are zero 
(Z12=Y12=0), the voltage (U1), and current (I1), at port 11' 
are independent on the output voltage (U2) and current (I2), 
at port 22' [2]. In this case, the energy transfer in reverse 
direction doesn’t take place (see Figure 1). 

 
Figure 1. Graphical representation of a two-port 
 

This behaviour of the two-port equivalent diagram can be 
symbolized as 1*2, respectively 21*, where the 
asterisk shows that the circuit is supplied from port 11’ to 
port 22’ [3].  



Taking into account the considerations above, the 
unidirectionality condition can be written as in relationship 
(1), where (e) is the index for the equivalent two-port 
circuit: 

 In terms of structure, a unidirectional two-port can be 

implemented through an appropriate combination of a 
gyrator with a reciprocal two-port.  

01212  ee GR   (1) 

In unidirectional two-port, in which the energy is 
transferred from ports 11’ to 22’ only, the determinant of 
chain matrix A is null, det[A]=0. In this equivalent circuit, 
the input impedance (Ze1) is independent of the receptor 
impedance (ZR). This implies that the no-load impedance 
(Ze10), and short circuit impedance (Ze1k) have equal values 
(Ze10= Ze1k) [4-7].  

Indeed, the equivalent input impedance of a two-port can 
be decomposed twofold as in relationship below: 
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It is noticeable that, if det[A]=0 it results the equality of 
equivalent impedances (Ze1=Ze10=Ze1k), respectively, the 
equivalent two-port transfer impedance and transfer 
admittance are null (Ze12=Ye12=0). These equations are the 
characteristics of unidirectional two-port [8].  

II. ANALYSIS OF A GYRATOR BUILT WITH OPERATIONAL 

AMPLIFIERS  

An example of gyrator with operational amplifiers is 
shown below, in Figure 2 [9-10].  

Figure 2. Antoniou Gyrator with operational amplifiers  
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Assuming that the open loop gain is infinite for the two 
operational amplifiers, the equations of Antoniou gyrator 
can be detracted as follows: 
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The two-port parameters ensuing from equations (3) have 
the following expressions: G11=G1-G2·G4/G3; 
G12=G2·G4/G3; G21=-G4; G22=G4-G5·G7/G6, where (G11) and 
(G22) are the conductance in short circuit to terminals 11’ 
respectively 22’, (G12) and (G21) are the transfer 
conductance in short circuit. Due to the fact that the product 
of transfer conductance is negative (G12G21<0), it can be 
concludes that the analyzed schematics has a gyrator like 
behaviour [11].  

By choosing certain values of two-port parameters which 
depend on conductance (G1...G7), the obtained gyrators can 
be either ideal or with losses [12-13]. Depending on chosen 
values of conductance (G1...G7), the resulting transfer 
conductance can be equal (|G12|=|G21|), or unequal 
(|G12|≠G21|). In order to obtain an ideal gyrator, the 
conductance in short circuit from the terminals 11’ and 22’ 
have to be zero (G11=G22=0), which can be expressed as 
(G1·G3=G2·G4) and (G4·G6=G5·G7).  

The boundary condition for ideal gyrators can be meet, 
either by choosing an equal conductance in a circuit 
(G1=G2=...=G7=G), in which case the transfer conductance 
will be equal in numerical value (G12=G and G21=-G), or by 
choosing certain values for the two conductance groups 
(G1=G2=G6=G7=G' and G3=G4=G''), in which case the 
transfer parameters will have different numerical values 
(G12=G' and G21=-G''). 

Similarly, the selection of conductance values in circuit 
can be examined in order of obtaining a gyrator which is not 
ideal, (G11≠0, G22≠0). For example, if it is selected the 
conductance to have the same values (G2=G3=G5=G7=G) 
and (G1, G4, G7) are chosen to meet the inequality 
(G1>G4>G7), the conductance (G11) and (G22) will be 
positive and non-zero, and the transfer two-port parameters 
in short circuit will have equal numerical values (G12=G4, 
G21=-G4).  

The ideals gyrators are lossless due to the fact that the 
losses corresponding to parameters (G11) and (G22) are zero, 
which is advantageous for the energy transfer between the 
terminals.  

The option of building ideal gyrators with operational 
amplifiers should be specially mentioned because this 
possibility doesn’t exist when the circuit is built with Hall 
gyrators, given their natural lossy behaviour [14-15].  

III. THE ANALYSIS OF AN UNIDIRECTIONAL CIRCUIT 

In regards to the possibility of obtaining a unidirectional 
two-port circuit, in the literature, two main circuit diagrams 
are mentioned (Figure 3a and Figure 3b).  

In Figure 3a, the reciprocal two-port component is 
represented by longitudinal resistances (RL) and (R'L).  

In Figure 3b the reciprocal two-port component is built by 
a T-two-port. Since the resistances (r) and (r') do not 

actually occur in the unidirectionality condition, they could 
be omitted out of the circuit, therefore from the reciprocal 
two-port in T only the transversal resistance (RT) would 
remain.  

 
Figure 3. Unidirectional two-port with longitudinal resistances (3a) and 
transversal resistance (3 b) 
 

The circuit diagram with equal longitudinal resistances 
(RL=R'L) is usually mentioned when the gyrator is based on 
the Hall Effect (see Figure 4).  

Figure 4. A unidirectional two-port gyrator with Hall gyrator 
 

By introducing an ideal transformer into a unidirectional 
circuit diagram, the gyrator is galvanically separated from 
the reciprocal two-port [16-18]. In addition, the two-port 
components of the unidirectional circuit can be regarded as 
two-port in the equivalent circuit, which simplifies the 
analysis [19-20].  

The resistance matrix ([R]) of a Hall gyrator is presented 
in the equation (4), below, where (B) is magnetic induction, 
and (S0) is no-load sensitivity of Hall gyrator:  
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Having analytically expressed the resistance matrix [R], 
the conductance matrix of the Hall gyrator [G] can be 
written under the form of relationship (5), where it is taken 
into account that the product of transfer resistances is lesser 
than zero, R12·R21<0: 
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The equivalent conductance matrix [Ge] is obtained by 
summing the conductance matrices of the two-port 
components ([Ge]=[G]+[GL]) as it is developed in the 
equation (6), where [GL] is the conductance matrix of the 
reciprocal two-port longitudinal resistances [21-24]: 

 





































LL

LL

ee

ee
e

RR

RR
GG

GG

GG

GG
G

11

11

2

1

2221

1211

2221

1211  (6)

 

 88 

[Downloaded from www.aece.ro on Sunday, February 11, 2018 at 21:39:34 (UTC) by 125.70.148.55. Redistribution subject to AECE license or copyright.]



Advances in Electrical and Computer Engineering                                                                      Volume 16, Number 1, 2016 

   

    





























LL

LL
e

RBSRR

R

RBSRR

BS
RBSRR

BS

RBSRR

R

G

2

1

2

1
2

1

2

1

][

2
02010

10
2

02010

0

2
02010

0
2

02010

20

 

The unidirectionality condition given by the transfer 
conductance of equivalent circuit equal with zero (Ge12=0) 
is met if the longitudinal resistance is expressed as in 
equation (7): 

 
 BS

BSRR
RL

0

2
02010

2


   (7) 

Regarding the Hall gyrator as part of a unidirectional 
circuit diagram, it should be mentioned that, because of the 
large losses in Hall plate, the direct attenuation in these 
circuits is relatively high, thus the interest in them is mostly 
theoretical [25-27].  

The aim of the paper is to analyze the problem of 
unidirectional circuit built with a gyrator with operational 
amplifiers as an anti-reciprocal element. In the current 
literature, this solution was not reported. 

Referring specifically to an Antoniou gyrator with 
operational amplifiers, from the circuit equations it results 
that the conductance matrix ([G]), is defined as in equation 
(8): 
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By properly sizing the circuit and selecting all resistances 
to equal value, for instance (R), a theoretical ideal gyrator 
can be obtained with the following conductance parameters: 
G11=G22=0, G12=G, and G21=-|G21|=-G, where G=1/R. In 
this case, in order to build the unidirectional circuit diagram 
are serially connected the operational amplifiers gyrator 
with a transversal resistance (RT), (see Figure 5) [28-30].  

Figure 5. A unidirectional two-port gyrator with transversal resistance (RT) 
 

By summing the resistance matrices of the serial two-
ports, the equivalent resistance matrix [Re] is obtained and it 
can be expressed as in the equation (9), below:  
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 This relationship (9) is simplified if the gyrator is ideal 
(R10=0, R20=0). The circuit can become unidirectional if is 
satisfied the condition expressed as in equation (10):  

 

12RRT     (10) 

By knowing the equivalent resistance matrix ([Re]), the 
equivalent conductance matrix ([Ge]) can be computed as in 
relationship (11), where the denoted det[Re] is the 
determinant of the equivalent matrix (12):  
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The short circuit conductance of the equivalent two-port 
supplied at port 11' can be written under the form of 
relationship (13): 
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If RT=|R12|, the equation (13) is given by the following 
equation: 
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This equation verifies the equality of the equivalent 
conductance (Ge1k=Ge10). The equivalent unidirectional 
circuit parameters being known, the transmission constant 
(g1c), can be determined. In this case, the transmission 
constant is equal to the attenuation constant (a1c), due to the 
resistive nature of the circuit, therefore the common 

equation 2120101 /2ln eeec RRRa  is applied. Conversely, 

the attenuation constant of a unidirectional electronic circuit 
is infinite, )( 1 ca  because of the fact that the transfer 

equivalent resistance (Re12), which is present in the 

denominator of the relationship 1220 / eR10eR2c  2ln eRa , is 

zero [31-32]. 

IV. THE DEVELOPMENT OF THE TWO-PORT 

UNIDIRECTIONAL CIRCUITS WITH OPERATIONAL AMPLIFIERS 

THROUGH NUMERICAL SIMULATION WITH PSPICE 

Considering a unidirectional circuit built with operational 
amplifiers and a transversal resistance, structure which 
meets the conditions: G21=-|G21|<0 and G12>0, derived from 
gyrator equations (3), the gyrator circuit can be calculated to 
have a passive behaviour. The schematic of Antoniou 
gyrator with operational amplifiers was build using 
components parts from the PSpice Library. 

The simulation profile was set as in the cases a and b, 
where it was taken into account the relationships resulting 
from the resistance matrix transferred to conductance matrix 
of ideal two-port, R12=-1/|G21| and R21=-1/|G12|: 
- case a: G12=1 mS; G21=-1 mS,  
  respectively R12= - 1 kΩ; R21= 1 kΩ; 
- case b: G12=2 mS; G21=-1 mS,  
  respectively R12= - 1 kΩ; R21= 0.5 kΩ,  

The case (a) corresponds to a first set of equal 
conductance, namely: (G1=G2=...=G7=G), case where, the 
gyrator equations (3) lead to two-port parameters 
G11=G22=0 and G12=G21=G, specific to ideal gyrator. The 
two-port resistance parameters corresponding to 
conductance are: R11=R22=0, R21=-R12=R, where R12=1/G. 
Setting the voltage U=1V, and the frequency f=950Hz, the 
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results obtain by running the simulation in case R=G-1=1 
kΩ, are presented in Table I. The two-port parameters of the 
ideal gyrator are obtained analytically (column one), 
through PSpice simulation (column two), and 
experimentally (column three). 

 
TABLE I. THE VALUES TWO-PORT PARAMETERS OF IDEAL 

GYRATOR, IN THE CASE A 
Analytical PSpice Experimental 

f=950Hz, U=1V 
Obs. 

G11=0 G11=0,0007.10-3 G11=0,18.10-3 
G12=1.10-3 G12=1.10-3 G12=0,99.10-3 
G21=-1.10-3 G21=-1.10-3 G21=-0,88.10-3 

G22=0 G22=0,0005.10-3 G22=0,16.10-3 
R11=0 R11=0,0005.103 R11=0,18.103 

R12=-1.103 R12=-1.103 R12=-1,1.103 
R21=1.103 R21=1.103 R21=0,98.103 

R22=0 R22=0,0007.103 R22=0,2.103 

 
 

Ideal 
Gyrator  

2112 GG 

 

 

In the case b, the two-ports parameters are R11=R22=0 and 
R12=-R'', R21=R', where R'=1/G', R''=1/G''.  

The first column of Table II contains two-port parameters 
values consequential to the calculation, the second column 
includes the parameters obtained experimentally, and the 
third one contains data gathered through PSpice simulation 
in sinusoidal steady-state at 1kHz, R'=R'''=2kΩ and 
R''=3kΩ.  

 
TABLE II. THE VALUE OF TWO-PORT PARAMETERS OF AN IDEAL 

GYRATOR, IN THE CASE B  
Analytical PSpice Experimental 

f=950Hz, U=1V 
Obs. 

G11=0 G11=0.0014.10-3 G11=0.3.10-3 
G12=2.10-3 G12=2.10-3 G12=1.99.10-3 
G21=-1.10-3 G21=-1.10-3 G21=-0.89.10-3 

G22=0 G22=0.0005.10-3 G22=0.12.10-3 
R11=0 R11=0.0002.103 R11=0.07.103 

R12=-1.103 R12=-1.103 R12=-1.09.103 
R21=0.5.103 R21=0.5.103 R21=0.49.103 

R22=0 R22=0.0007.103 R22=0.19.103 

 
 

Ideal 
Gyrator  

2112 2 GG 

 

 

For the two-port transfer parameters (G12, G21 and R12, 
R21), the same values were obtained experimentally as 
analytically and in numerical simulation, whereas the 
parameters defined at the ports (G11, G22 and R11, R22), 
obtained through PSpice simulation are not null. They are 
however negligible compared with the transfer parameters, 
being approximately 10-3 times lower. These values 
correspond, in fact, to an ideal gyrator. Therefore, it can be 
conclude that, when the assumptions detailed above are  
taken into account, the essential features of the analyzed 
circuit are characteristic for the ideal gyrator.  

Modifying, within certain limits the working frequency, 
could be regarded as a slight change of the parameters 
values defined at ports, but negligible compared to the 
transfer parameters. Consequently, the next step is to 
calculate the input equivalent resistance in no-load regime 
(Re10), based on subsequently on calculating the input 
conductance in short circuit (Ge1k), respectively, the 
equivalent resistance in short circuit (Re1k=1/Ge1k). This 
reasoning leads to the equation (15), where it is taken into 
account that R12=-|R12| and R21=|R21|: 
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For both referred cases, (a) and (b), the equivalent 
resistance expressions (Re1k), become as follows:  

case a: Re1k=1/RT       
case b: Re1k=0.5(1+1/RT)    
Based on these equations, the graphic dependence 

between the equivalent resistance in short circuit (Re1k), and 
transversal resistance (RT), for the two cases (a, b) can be 
visualized.  

V. EXPERIMENTAL VERIFICATION UNIDIRECTIONAL 

CIRCUIT WITH OPERATIONAL AMPLIFIERS 

To experimentally verify these results, the authors made a 
unidirectional circuit based on schematic from Figure 5 
using Antoniou gyrator with operational amplifiers type 
AD712. Basically, the electronic assembly represents the 
cases (a) and (b) previously analyzed through calculation 
and numerical simulation based on PSpice. In order to 
determine the resistance parameters experimental tests were 
conducted in no-load regime, at the frequency of 950Hz, and 
by applying 1V voltage. The values of resistors (R1...R7), 
from Antoniou gyrator in the cases (a, b) are covered in 
Table III.  

 
TABLE III. THE VALUES OF RESISTORS FROM  

ANTONIOU GYRATOR 
Variable for each case  

Case R1 
[kΩ] 

R2 

[kΩ] 
R3 

[kΩ] 
R4 

[kΩ] 
R5 

[kΩ] 
R6 

[kΩ] 
R7 

[kΩ] 
a 1 1 1 1 1 1 1 
b 0. 5 0. 5 1 1 1 2 2 

 

The two-port transfer parameters of gyrator in no-load 
regime (R12, R21), determined by calculation and through 
experiments are summarized in Table IV, below. 

 
TABLE IV. THE TWO-PORT TRANSFER RESISTANCES R12 AND R21 

OF GYRATOR DETERMINED BOTH ANALITYCALLY AND 

THROUGH EXPERIMENTS FOR THE TWO CASES (A, B) 
R12 [kΩ] R21[kΩ]  

Case Analytical Experimental Analytical Experimental 
a -1 -1.08 1 0.98 
b -1 -1.09 0.5 0.49 

 

The no-load regime resistance at the input port (R10) was 
determined experimentally on the basis of equivalent 
diagrams configuration for cases (a) and (b). The values 
obtained are R10≈0.1kΩ for configuration in case (a), 
respectively, R10≈0.7kΩ for case (b).  

The deviations of the transfer parameter values in the no-
load regime and the ones determined experimentally (see 
Table IV) are considered acceptable. Moreover, in this type 
of gyrator, the transfer resistance in no-load regime (R12) is 
negative, respectively, the transfer conductance is greater 
than zero (G12>0), which means that, in order to obtain a 
unidirectional two-port circuit diagram, should be 
considered the circuit with transversal resistance.  

The characteristics Re10(RT), and Re1k(RT) are visually 
represented in Figure 6, from the data gathered in Table V.  

 
TABLE V. EXPERIMENTAL VALUES OF THE EQUIVALENT 

RESISTANCE IN NO LOAD REGIME (RE10), AND THE EQUIVALENT 

RESISTANCE IN SHORT CIRCUIT (RE1K) DEPENDING ON THE 

TRANSVERSAL RESISTANCE (RT).  
FOR CASE (A) 

RT 
[kΩ] 

U1 
[V] 

Ie10 
[mA] 

Ie1k 
[mA] 

Re10 
[kΩ] 

Re1k 
[kΩ] 

0.1 1.02 5.65 0.12 0.18 8.50 
0.3 1.02 3.49 0.30 0.29 3.40 
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0.5 1.02 2.09 0.51 0.48 2.00 
0.8 1.02 1.30 0.85 0.78 1.20 
1 1.02 1.05 1.05 0.97 0.97 

1.2 1.02 0.84 1.28 1.22 0.80 
1.5 1.02 0.70 1.68 1.45 0.60 

 

Table V comprises values of the equivalent resistances 
determined through experiments for case (a) operating in the 
no-load regime (Re10), and in short circuit (Re1k). 

The transversal resistance (RT), for which the two-port 
circuit diagram becomes unidirectional corresponds to the 
intersection of the equivalent resistances characteristics 
Re10(RT), and Re1k(RT).  

The graphic in Figure 6 demonstrates that this condition is 
met if RT=1kΩ. The characteristics of equivalent resistances 
values obtained experimentally are Re10=Re1k=0.97kΩ, for 
the transfer resistance RT=1kΩ.  

 
Figure 6. Characteristics Re10(RT), and Re1k(RT) for the case (a)  
 

Similarly, in Figure 7, the values of resistances Re10(RT), 
and Re1k(RT) are graphically represented for the case b, when 
the two-port transfer parameters are not equal, based on the 
experimental results summarized in Table VI.  

 
TABLE VI. EXPERIMENTAL VALUES OF THE EQUIVALENT 

RESISTANCE IN THE NO LOAD REGIME (RE10), AND THE 

EQUIVALENT RESISTANCE IN THE SHORT CIRCUIT (RE1K), 
DEPENDING ON THE TRANSVERSAL RESISTANCE (RT).  

FOR CASE (B) 
RT 

[kΩ] 
U1 
[V] 

Ie10 
[mA] 

Ie1k 
[mA] 

Re10 
[kΩ] 

Re1k 
[kΩ] 

0.1 1.01 8.77 0.17 0.11 5.94 
0.3 1.01 3.32 0.45 0.30 2.24 
0.5 1.01 2.00 0.65 0.50 1.55 
0.8 1.01 1.45 0.90 0.69 1.12 
1 1.01 1.01 1.01 1.00 1.00 

1.2 1.01 0.84 1.08 1.20 0.93 
1.5 1.01 0.60 1.20 1.68 0.84 

 

The equivalent circuit diagram becomes unidirectional for 
the same transfer resistance value as in case (a), that is, 
RT=1kΩ (See Figure 7). 

When a gyrator is ideal it is discernible that the 
transversal resistance (RT) is dependent on the equivalent 
resistance (Re10). This can be visualized in both analyzed 
cases (a, b) as a straight line crossing the origin.  

The results obtained by PSpice simulation are displayed 
in Figure 8. 

The value of the transfer resistance, which was 
experimentally determined, in the instance where the 
electrical diagram becomes unidirectional, corresponds to 
the value of this resistance obtained analytically and through 
numerical simulation PSpice.  

The calculated data and the experimental results are 

consistent each other, which implicitly confirms the 
hypothesis of counting as ideal the operational amplifiers in 
the analyzed diagram.  

In fact, experimentally determined characteristics are 
practically overlapping the characteristics obtained 
analytically and through PSpice simulation. 

Figure 7. Characteristics Re10(RT), and Re1k(RT) for the case (b)  
 

Figure 8. The dependence of the equivalent resistance in no-load (Re10), and 
equivalent resistances in short (Re1k), on the transversal resistance (RT)  
 

VI. CONCLUSIONS 

A two-port circuit is unidirectional if the energy is 
transferred in one direction only.  

In a unidirectional two-port, where the transfer of 
electromagnetic power takes place only from ports 11' to 
22', the chain matrix determinant is zero (|A|=0) and the 
input impedance is independent of the load impedance. This 
entails that the conductance in no-load and short circuit 
conditions against both ports are equal to each other 
(Ge10=Ge1k).  

The unidirectional circuit necessary contains a gyrator 
and resistors connected transversal or longitudinal 
depending on the type of gyrator used.  

The passive unidirectional two-port schemes can use Hall 
generator as gyrator component. In this type of 
unidirectional circuits, which entails a longitudinal 
resistance, the Hall gyrator acts as a lossy gyrator (G11≠0, 
G22≠0).  

When the gyrator component is an Antoniou operational 
amplifier, by an appropriate choice of resistors, the gyrator 
behaves as ideal (G11=G22=0). In this type of circuit, the 
resistance is transversally connected.  

The unidirectional equivalent two-port circuit diagram 
built with operational amplifiers as gyrator structure was 
simulated in PSpice and verified experimentally.  
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The obtain results through the use of these two methods 
are consistent to each other and with the calculated ones.  

Although the two cases (a, b) are different, the value of 
the transversal resistance (RT) is the same.  

In the b case, the circuit diagram becomes unidirectional 
for the same transversal resistance value as in the case (a), 
that is, RT=1kΩ, which confirms experimentally the validity 
of the proposed circuit  

The good agreement between obtained data validates that 
the studied circuit is unidirectional and permitted to consider 
the enclosed gyrator as ideal.  

The main finding of paper is that this circuit with 
Antoniou operational amplifiers and transversal resistor 
behaves as unidirectional two-port. The advantage of this 
configuration is that it allows the use of an ideal gyrator in 
the structure of unidirectional circuits, improving the 
performance and increasing the energy transfer from a port 
to another. Due to high input impedance and low output 
impedance characteristics, gyrators with operational 
amplifiers may be used to implement transfer functions 
characteristics of active filter in a limited frequency 
spectrum. 
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