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Abstract—Spice models of controlled resistances that change over time according to a given law under the influence of 

a control voltage are proposed. A SPICE model is a text-description of a circuit component used by the SPICE 

Simulator to mathematically predict the behavior of that part under varying conditions. Models can operate in the 

modes of a given current or a given voltage. The presented models of controlled resistances can also be used to create 

models of controlled capacitances and inductances. Models of controlled elements can be part of models of multi-

element electrical circuits. Model inclusion diagrams and simulation results are presented.  
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I. INTRODUCTION 

Dynamic measurements of physical quantities, the size of 

which changes during measurement are increasingly used. 

The dynamic measurement, is a method in which data is 

recorded over a specified time interval, allowing the change 

in the value of the measured quantity to be studied at 

different points in time, but in static measurement, the data 

is obtained about a physical quantity at a specific point in 

time. The data obtained from dynamic measurement can 

provide greater insight into a process or phenomenon. The 

range of sensors with characteristics allowing for dynamic 

measurements is expanding. Examples include various 

pressure sensors [1], which convert changes in time of a 

physical quantity - pressure - into changes in time of sensor 

parameters: electrical resistance, capacitance or inductance. 

Using measuring transducers based on operational 

amplifiers [2], [3], time-varying sensor parameters are 

converted into electrical signals. In this case the parameters 

of the signals, for example, the instant values of frequency 

or voltage amplitude, are proportional to the time varying 

physical quantity. The time-varying resistance can be 

included in theinput circuit of the operational amplifier of 

the measuring transducer or in its negative feedback circuit, 

so models of time-varying resistances operating in different 

energy modes: a given voltage or a given current are 

required. To reproduce the required laws of change in 

resistance over time, it is necessary to generate the 

appropriate control voltages. The purpose of this work is to 

create Spice models 

II. METHOD 

The controlled resistance model R2 (t) in the given current 

mode (in Figure 1 is highlighted by the dotted line) is 

included in the negative feedback circuit of the operational 

amplifier, represented by the macro model X1. Model R2 

(t) is obtained as a result of a series connection of the 

source resistance and a voltage source controlled by voltage 

E1. (Voltage-controlled voltage source). 
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Fig. 1: Model of an operational amplifier with controlled 

resistance in given current mode. 

The output voltage of the operational amplifier  tU out

is determined by the voltage drop across the resistance 

)(2 tR , which changes over time as the voltage 

 tU E 1 of the  source   E1 changes under the influence 

of the control voltage  tU E 2  of  the source E2. The 

required law of change in resistance over time can be 

reproduced by specifying the corresponding analytical 

description of the change in time of the control voltage 

 tU E 2 : 
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   tURtR E 22 2  …………(1)                            

Therefore, the controlled resistance can be considered as an 

Impedance Converter in voltage [6]. The output voltage of 

the operational amplifier: 

       tUUtUUtR
R

U
tU ERER

R

out 12222
2

2
  (2) 

Output voltage of the source E1: 

   tUUUtU ERRE 2221  ……. 
(3) 

The source E2 in the program PSpice [5] is described by: 

E2 7 0 VALUE= < expression>}(4) 

As follows from Figure 1 and formula (3), the voltages 

controlling the source E1 are the voltages 2RU between 

nodes 2 and 6 and  tU E 2 between nodes 7 and 0. 

U P P V P V P V P V VE1 0 1 2 6 2 7 0 3 2 6
2

4 2 6 7 0         , , , , ,
(5) 

At,P0  0; P1  1; P2  0; P3  0; P4   1: 

U V V VE1 2 6 2 6 7 0  , , ,
                        (6) 

The source E1 is described by the sentence: 

E1 3  6  POLY(2)  (2,6)  (7,0)  0  1  0  0  –1.               (7) 

from zero to 1ms. The As an example, the model of a 

resistor )(2 tR  is considered, the resistance of which 

varies linearly from 1 kΩ to 10 k Ω in a time interval 

ttR  63
2 109101)(  

Let the initial resistance be 2R  10 Ω. Then 

𝑅2(𝑡) = (0.1 + 0.9 ⋅ 103 ⋅ 𝑡) ⋅ 𝑅2;  𝑈𝐸2(𝑡) = 0.1 + 0.9 ⋅

103 ⋅ 𝑡. 

Figure 2 shows the results of simulation of the considered 

circuit when a pulse of negative polarity with an amplitude 

of 5 V is applied to the input; 1R 10 kΩ; operational 

amplifier – AD823. The dotted line shows the output 

voltage of the amplifier when the initial resistance 2R  

10 kΩ is connected to the negative feedback circuit; solid 

line – when the controlled resistance 𝑅2(𝑡) = (0.1 + 0.9 ⋅

103 ⋅ 𝑡) ⋅ 𝑅2is turned on 
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Figure 2 – Results of simulation of an amplifier with a 

controlled resistance in the given current mode 

The control voltage  tU E 2
 can be specified not only 

by an analytical expression, but also obtained at the output 

of a controlled source, the transfer function of which is 

specified using the Laplace transform. The output voltage 

of such a source according to the .TRAN directive is 

calculated as the convolution of the input effect with the 

impulse response of the source (Duhamel integral)[8],[10]. 

To form the input actionin theform of a unit step function, 

an additional voltage source is introduced. 

The model of controlled resistance )(1 tR in 

thegivenvoltage mode (in Figure 3 is highlighted with a 

dotted line) is included in the input circuit of the 

operational amplifier. The model is obtained as a result of 

parallel connection of the original resistance and the 

current-controlled current source, F1 [7],[9]. 
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Figure 3 – Model of an amplifier with controlled 

resistance in given voltage mode 

The output voltage of the operational amplifier  tU out

is determined by the current through the resistance 

)(1 tR , which changes over time as the current
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 tI F 1 of the source F1 changes under the influence of 

the current  tI E 1  of the control voltage source E1. The 

required law of change in time of resistance )(1 tR can be 

reproduced by specifying the corresponding analytical 

description of the change in time of control current 

 tI E 1
 

 tI

R
tR

E1
1

1
)( 

                                     (8) 

Therefore, the controlled resistance )(1 tR can be 

considered as an Impedance Converter for current [6]. 

Output current of the source F1: 

    1111 RERF ItIItI                      (9) 

The control current  tI E 1
 is generated using a voltage 

source E1 loaded onto a unit resistance R3. Current-

controlled current source F1 can only be controlled by 

currents from independent voltage sources [5]. Therefore, 

to implement (9), the model includes independent voltage 

sources V4 and V5 with zero EMF, used as “current 

sensors”: 14 RV II   and 15 EV II  .Output 

current of the sourceF1: 

5441 VVVF IIII 
…………(10)

                                

Source F1 is described by the sentence: 

F1  1  2  POLY(2)  V4  V5  0  –1  0  0  –1       (11) 

Let us consider the model of a resistor )(1 tR , the 

resistance of which is described by the same expression as 

in the previous example: 

ttR  63
1 109101)(  

Let the initial resistance be 10 kΩ. Then the output 

voltage of source E1 should be described by the 

expression: 

𝑈𝐸1(𝑡) =
𝑅1 ⋅ 𝑅3

𝑅1(𝑡)
=

1

0.1 + 0.9 ⋅ 103 ⋅ 𝑡
 

Figure 4 shows the results of simulating the circuit 

presented in Figure 3 under the same conditions as in the 

previous example. 
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Figure 4 – Results of simulation of operational 

amplifier with a controlled resistance in the given 

voltage mode. 

The presented models of controlled resistors can also be 

used to create models of controlled capacitances and 

inductances operating in the modes of a given current or a 

given voltage. As an example, let us consider a model of a 

capacitance converter during the period of electrical 

oscillations (Figure 5). The circuit is a relaxation self-

oscillator, which includes an integrator and a comparator. 
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Figure 5 – Model of capacitance converter during the 

period electrical vibrations 

The capacitance of a capacitor connected in the negative 

feedback circuit of the integrator operational amplifier 

changes over time under the influence of the control voltage 

 tU E 2 : 

 tU

C
tC

E 2
1

1
)( 

 …………………(12) .                                     

The period of electrical oscillations in the circuit changes in 

proportion to the change in capacitance )(1 tC . At   :

42 RR   

)(12)( 1 tCRtT                          (13)                                
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functional dependence of resistance on time is described by 

the expression: 

Figure 6 shows the timing diagrams of the output voltages 

of the integrator (macromodelX1) and comparator 

(macromodel X2), built on AD823 operational amplifiers. 

At  421 RRR 20kΩ, 3R 3 kΩ,

910101 C F, 𝑈𝐸2(𝑡) = 0.2 + 0.2 ⋅ 103 ⋅ 𝑡 in the 

time interval from zero to 6 ms, the controlled capacitance 

)(1 tC  decreases from
91050   F to 7.143 ⋅ 10−9 

F.Accordingly, the period of electrical oscillations in the 

circuit decreases. 

Models of controlled elements can be part of models of 

multi-element electrical circuits. 
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Figure 6 – Simulation results of capacitance converter 

during the period of electrical oscillations 

III. CONCLUSION AND FUTURE SCOPE 

The given examples demonstrate the possibility of using the 

proposed Spice models of controlled elements to simulate 

measuring transducers of object parameters that change 

over time according to a given law under the influence of a 

control voltage .The models of controlled resistors can also 

be used to create models of controlled capacitances and 

inductances operating in the modes of a given current or a 

given voltage. 
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