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Summary  The deviations of the circuit characteristics from their nominal values are random quantities and appear as a result 
of different destabilizing factors.  With designing frequency selective circuits, two mutually connected problems are solved. 
The one is a study on the possible variations of circuit characteristics with given probability indices for the instability of the 
characteristics of their elements. The other is to synthesize the circuit   and to determine the nominal parameters of its 
elements considering the requirements for stability of its characteristics. Both problems are solved by the methods of the 
theory of circuit sensitivity. The paper presents a new approach to theoretical probability analysis of the characteristics of 
frequency selective circuits depending on the relative changes of their parameters.  
 
1. INTRODUCTION  

With designing frequency selective circuits, it is 
necessary to meet severe requirements    put not only 
to their frequency characteristics, but also to the 
admissible deviations from the nominal values, i.e. 
stability of those characteristics. As a result of the 
random variations of the circuit parameters causing 
those deviations they also are of a random nature.   
Each random quantity is determined by the law of 
distribution of probabilities [2] or its numerical 
characteristics – the moments of the first and second 
order [2]. With a normal Law of distribution of 
parameter variation probabilities, the law of 
distribution of the circuit schematic function is also 
normal. If the deviations of parameters do not 
subject to the normal law of distribution and are very 
small, then as a result of a theorem of the theory of 
probabilities [1], it can be assumed that the summed 
law of distribution of circuit function is close to the 
normal one. Hence, it is sufficient to determine the 
mathematical expectation and dispersion of the 
circuit schematic function. They are determined on 
the base of the theory of circuit sensitivity [3]. 

 

2. DETERMINING THE PROBABILITY 
CHARACTERISTICS FROM THEIR 
NOMINAL VALUES 

The probability characteristics (moments) of the 
deviation from the nominal values of the schematic 
function of the kind [1,5]: 
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where � is an independent variable: frequency, time, 
complex variable �, 
             { }nyyy ,....1=�

 is the vector of the 
parameters of circuit elements, are defined on the 
base of the method of moments [5]. 

Let iy∆  , ni ...1= , are the variations of the 
circuit parameters appearing as a result of different 
destabilizing  factors. Then the relative change of the 

circuit function towards its nominal value can be 
presented in the order of T-series [2] in the kind of: 
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are the circuit sensitivity functions of  the first and 
second order related to the nominal parameters iy . 

Let deviations iy∆  are independent random 
values with a normal law of distribution of 
probabilities, with zero mathematical expectation  
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the probability characteristics of the schematic 
function variations are expressed from (2) in the 
kind of: 
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With small and statistically independent relative 

deviations 
i

i

y
y∆

, with mathematical expectations mi 

and dispersions   2
iσ , it can be assumed  [5] that the  

probability characteristics of the law of distribution  
of schematic function variations are: 
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The relative variations of the parameters 
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that appear as a result of different external factors 
can be presented in the kind of [5] : 
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where 0θθθ −=∆  is the deviation of a given 
operational condition (e.g. temperature) from its 
normal value, 0θ , iα  is the factor of influence (e.g. 
temperature coefficient) of the element with a 
parameter iy  , n – number of elements.  

If the factors of influence are random values with 
a with a normal law of distribution, mathematical 

expectation 0iα  and dispersion 2
0id , the probability 

characteristics of the variations of parameters can be 
presented in the kind of: 
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In case that [ ]�� θθθ ∆∆−∈∆ , , it can be 
written that 
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where    θα ∆= 0iim    and  22
0

2 θσ ∆= ii d  are the 
boundary values of the mathematical expectation 
and the dispertion of its deviation iy∆ , � λ∈[-1,1]. 

On the base of dependencies (6), (7), (11) and 
(12) for the probability characteristics of the circuit 
schematic function variations it is obtained that: 
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The dependencies obtained (13) and (14) give a 
possibility to solve the problems of analysis and 
synthesis of the frequency selective circuits with 
considering the variations of their parameters. 

The worked-out dependencies of the probability 
characteristics of the schematic function variations 
have been applied to LC circuit. The reactive 
elements are under relatively  equal conditions 
related to the influence of environment. It is 
considered [1] that the temperature coefficients, the 
coefficients of aging and others influencing on the 
deviations of the elements factors are approximately 
one and the same for the elements of one kind. 
Because of that the probability characteristics of the 

deviation of their parameters are the same. In that 
sense, let set: 
 Li mm =   , Li σσ =   , Lni ,...1= .         (15)                                                                                         
for all inductivities of  Ln number in the  LC circuit 
in expressions (13) and (14). Analogously: 

�i mm =   , �i σσ =   , �ni ,...1= .       (16)                                                                                        
is fulfiled for  �n  nuber of capacities. 

Then the probability characteristics of the 
schematic function variations are as follows: 
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  It is seen that the sums of the sensitivity 
functions by elements of one and the same kind of 
the reactive chain characterize the average  
deviation, and the sums of their squares characterize 
the dispersion of the deviation with each value of the 
independent variable �.  

 
3. EVALUATION OF ACCURACY WITH 
DETERMINING PROBABILITY 
CHARACTERISTICS 

 
The worked-out equations (17) and (18) can be 

used for analysis  of the stability of frequency 
selective circuits. However, these dependencies are 
approximate as they have been obtained as a result 
of Taylor’s limitation to the second member in 
equation (2). The authenticity  of the analysis 
depends on the size of the variations of parameters 

iy∆ . The absolute deviation of the schematic 
function can be expressed from equation (2) in the 
kind  of: 
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 On the base of the dependency (19), the 
approximate kind ( )ω1F  of the chain frequency 
characteristics with variations of its parameters 
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where   ( )ωF ′   and  ( )ωF ′′  are its derivatives by 
frequency from then  first and second order. 

On the other side, the frequency characteristic 
variations can be determined as [3]:  
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respectively   
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The relative value with determining the 
variations of the frequency characteristic can be 
defined as: 
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4. CONCLUSION 
 

The approach suggested for probability analysis 
of the frequency characteristics is based on the 
summed relative sensitivities of circuits in regard to 
the deviations of their parameters. They are 
determined by the schematic function properties and 
are one and the same for all schematic solutions 
implementing the given function, i.e. they are 
invariant to the particular circuit implementation. 
Because of that the mathematical expectation of the 
schematic function variations is equal to all 
equivalent transformations in the element bases 
assumed.  However, the sums of the squares of 
sensitivity functions determining dispersion do not 
depend on both the schematic function  kind   and  
the particular implementation of the frequency 
selective circuit. 

The approach proposed can be applied also to the 
time characteristics of chains. The obtained 
dependencies for the relative error with determining 
the characteristics can be used with the analysis and 
synthesis of filtrating chains with stable 
characteristics. 
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