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Abstract. Currently, there is a need to design an open informational and 
educational environment that will ensure a decent level of organization of 
the educational process in the mixed and distance forms of learning, make 
it flexible and personalized. The use of the Mathcad mathematical package 
when solving problems is an effective tool for improving the quality of 
the professional education in general and physics in particular. Facilitating 
learning due to the automation of calculations increases the level of 
students' mastery of the physical essence of the tasks, the level of students' 
educational achievements, and their motivation for the learning process.

The purpose of the work is the development of methodical material 
for optimizing the process of learning physics, which should help students 
overcome barriers associated with the imperfect educational skills and 
skills in the field of mathematics, simplify mathematical calculations 
and focus all attention on the physical essence of the task. Calculations 
of the electrical circuits of the alternating current are quite typical tasks. 
Branched electrical circuits of the alternating current are described by 
cumbersome mathematical functions of a complex variable. They are well 
suited to illustrate the benefits of the Mathcad system. The algorithm for 
solving the problem in this case consists of three quarters of the analysis 
of the electrical circuit, and the mathematical calculation is reduced to the 
solution of the system of equations [14]. Their exact solution is quite a 
difficult task, however, to solve most engineering problems, it is enough 
to construct their approximate solutions. When calculating real electrical 
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circuits, it is necessary to take into account voltage fluctuations, changes in 
the parameters of electrical circuit elements caused by heating during the 
passage of current, accuracy classes of resistors, inductors, and capacitors. 
Therefore, such calculations are performed with approximate parameter 
values, so it is necessary to estimate the limit value of the calculation error. 
But with the general simplicity of setting the problem of error estimation, it 
is the mathematical calculation that causes significant difficulties, which is 
connected with the differentiation of cumbersome functions of a complex 
variable. A set of differential calculus functions is built into the Mathcad 
package, using which the student will successfully cope with the task, 
despite the complexity of its mathematical component.

A method of researching the frequency characteristics of the alternating 
current electric circuits is proposed. Its use makes it possible to determine 
the main frequency characteristics of an electric circuit quite effectively and 
to estimate their errors.

As a result of research, there is no need to explicitly find the roots of 
complex equations in this method. The resonant frequencies of the oscillating 
circuit are determined by the method of optimizing the mathematical 
model. The initial approximations of resonance frequencies are determined 
from the resonance curve and refined to the required accuracy by means of 
the Mathcad system. The limit values of the oscillating contour parameter 
errors are estimated by the classical method of logarithmization, which has 
been modernized for the function of a complex variable.

It was found that at resonant frequencies of the circuit, the value of 
the relative error of the current increases sharply. It is shown that for the 
function of the relative error of the current force in the electric circuit from 
the frequency � �� � �f 1  at the resonance frequencies of the circuit, a series 
of peaks is observed, which correlate with the change in the current strength 
on the resonance curve I f� � �2 � . 

Practical implications. In most cases, the problems of electromagnetism 
can be solved accurately using a wide range of analytical methods. However, 
to simplify calculations when investigating the frequency characteristics 
of the branched electric circuits and the oscillating circuits, it is advisable 
to use approximate numerical methods of the Mathсad system. Value/
originality. The proposed method can be useful in solving a number of 
applied problems in physics, radio engineering, and electrical engineering. 
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1. Introduction 
The full-scale war in Ukraine and the introduction of martial law had a 

detrimental effect on the field of education. Every citizen's right to education 
is under threat. Teachers once again faced the question of improving 
the teaching of educational material, expanding the possibilities of its 
acquisition and processing by students of higher education, regardless of 
the form of education. An increase in the number of hours for independent 
processing of educational material by students leads to a review of the 
methodical support of the educational process, modernization of practical 
classes with the active introduction of information technologies.

Computer mathematics systems include Mathematica, Derive, Mathсad, 
MatLab, Maple, and others. 

Consider the Mathсad system. The Mathсad mathematical package 
works under the Windows operating system. The Mathсad work window is 
similar to the Word work window. This allows a novice user to quickly learn 
how to work on a computer, implement various complex mathematical 
models, without delving into the intricacies of programming as in the 
traditional programming languages (Pascal, Python, C++, etc.). The main 
advantages of the Mathсad system over other systems [2; 6; 8; 12; 18]:

– generally accepted form of writing mathematical symbols, operations, 
formulas and graphs is used; 

– there is no hidden information, everything is displayed on the screen, 
the output results have the same appearance as on the display screen; 

– to enter simple mathematical expressions, it is enough to simply print 
them on the worksheet of the system. Writing equations is simplified with 
the help of special toolbars that contain various mathematical operators, 
operands and templates; 

– Mathсad makes it possible to build graphs, calculate derivatives and 
integrals or operate with other mathematical expressions, by filling in only 
the free fields in the proposed templates (special forms); 

– computational algorithms have a modular structure; 
– a library of mathematical functions and its own programming language 

are built into Mathсad; 
– Mathсad numerical algorithms use standard and well-studied reliable 

methods;
– performs calculations with functions of a real and complex variable; 
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– Mathсad numerical algorithms use standard and well-studied reliable 
methods;

– Mathсad has its own reference systems with detailed descriptions of 
all topics. With the help of reference books, you can study any topic, they 
are equipped with various illustrative materials; 

– a set of standard procedures and programs that are most often used in 
Mathсad is designed in the form of a set of easily accessible documents – 
“cheat sheets” (QuickSheet). To solve many specific problems, it is possible 
to find a suitable blank in the “cheat sheets” and transfer it to your working 
document; 

– Mathсad has its own Electronic Books, which contain a variety of 
information, a large number of useful formulas, constants and graphs, 
which are easily transferred to a working document; 

– carrying out mathematical calculations in numerical form (the result of 
calculations is a number) and analytical transformations over mathematical 
expressions (the result of transformations is an analytical expression); 

– the package has the ability to perform calculations with dimensional 
physical units in the international system of units (SI). 

The Mathсad system is a powerful and at the same time simple universal 
environment for solving problems in the various fields of science and 
technology [2; 6; 8; 9; 12; 18], mathematics and statistics [1; 5], physics 
and ecology [1; 7; 8; 14; 15; 17; 18], finance and economics [1; 5]. Mathсad 
remains one of the systems in which the description of the solution of 
mathematical problems is given using ordinary mathematical formulas and 
symbols. Mathсad allows you to perform both numerical calculations and 
symbolic transformations, has extremely developed graphic tools. 

Therefore, it is advisable to use the Mathсad system in physics when: 
– performing cumbersome calculations; 
– performing analytical transformations on expressions; 
– solving equations and their systems; 
– solving differential equations and their systems; 
– differentiation and integration of complex mathematical functions; 
– processing of physical experiment results and error estimation; 
– construction of graphs (two-dimensional, three-dimensional) based on 

the results of theoretical calculations or the results of a physical experiment; 
– modeling of physical phenomena. 
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The use of the Mathсad software package during the study of the academic 
discipline “Physics” makes it possible to effectively solve problems of the various 
levels of complexity, not only physical, but also professional, which require 
a complex mathematical apparatus. Quite often, cumbersome mathematical 
calculations relegate the essence of physical phenomena and processes to 
the background. The Mathсad system allows you to simplify cumbersome 
mathematical calculations, and therefore does not distract from the physical 
content of the task and saves time for its solution. Graphs constructed using the 
Mathсad system contribute to reliable assimilation of educational material and 
a deeper understanding of physical phenomena and laws.

As an example, consider the possibilities of using Mathсad in the process 
of studying the section “Alternating electric current”, namely, the calculation 
of branched electric circuits of alternating current, the study of frequency 
characteristics and the estimation of calculation errors, the knowledge 
of which is important in the future professional activity of specialists of 
various specialties of the Faculty of Engineering and Technology. 

In most cases, the problems of electromagnetism can be solved 
accurately using a wide range of analytical methods. However, to facilitate 
calculations in certain cases, it is advisable to use approximate numerical 
methods, in particular, optimization methods of the Mathсad system. 

Resonance is a mode of operation of an electric circuit containing inducta-
nces and capacitances, in which the reactance or reactance of the circuit is zero.

 X X XL C� � � 0.                                         (1)
In relation to the external circuit, the oscillating circuit acts as a purely 

active resistance, and therefore the voltage and current at the input of the 
circuit coincide in phase; accordingly, the reactive power at the circuit 
terminals is zero. The resonance mode can occur only when the frequency 
of external oscillations of the current is equal to the natural frequency of 
oscillations of the circuit. Therefore, the resonance frequency of the circuit 
is determined by the values of resistance, capacity and inductance. 

Resonance of voltage and current in alternating current circuits is 
described by a simple mathematical apparatus [11; 13; 16]. The calculation 
of branched circuits of the alternating current is conveniently carried out in 
a complex form. But the situation becomes much more complicated when 
analyzing the phenomenon of resonance in the alternating current circuits 
with mixed connections of inductors, capacitors and active resistances. 
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Calculations become cumbersome, therefore they require effective methods 
and it is advisable to carry them out on a computer. 

The ratings of the elements of electrical circuits (sources, resistors, 
inductors, capacitors) have certain tolerances, therefore, when examining 
the frequency characteristics of the alternating current circuits, in addition 
to the values of the resonance frequency, the current in the branches of the 
electrical circuit, and the voltage on the circuit elements, it is necessary to 
estimate the errors of these physical quantities [3]. 

A number of software have been developed to simulate the operation of 
electric circuits: Electronics Workbench, Multisim, Micro-Cap, Circuit Magic 
[6; 8]. They make it possible to obtain general frequency characteristics of 
electrical circuits, but when it is necessary to obtain detailed characteristics, 
they build mathematical models of the operation of electrical circuits and 
examine them on a computer. Matlab or Mathсad are most often used to do 
this. Simulink subroutine is built into Matlab for developing models. Elements 
of the SimPowerSystems built-in library are used to model electrical circuits 
in the Simulink routine. The system is quite a powerful software product, but 
it requires programming skills. Unlike Matlab, the Mathсad system has much 
less capabilities, but it has a graphical interface for entering information and 
does not require programming skills. In the Mathсad environment, the entries 
of mathematical expressions are close to the entries in ordinary mathematics, 
and the use of constants, variables and functions does not require additional 
explanations. The system has a large set of built-in functions, wide graphic 
capabilities, and enables working with complex variable functions. Therefore, 
the Mathсad environment has all the necessary set of mathematical tools for 
the study and calculation of electrical circuits of alternating current. 

 
2. Resonance in the simple electric circuits

Before analyzing the resonance of the complex electric circuits with a 
mixed connection of elements, we will first consider cases of the resonance of 
voltages and currents in the simple electric circuits (simple circuits). Note that the 
resonance of voltage and currents in the simple electric circuits and the resonance 
in the electric circuits with a mixed connection of elements is described by the 
same mathematical apparatus, and it is based on the same physical laws. 

In the simple alternating current circuits, there can be two types of 
resonance: voltage (series); currents (parallel). 
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Voltage resonance. Voltage resonance [11; 13; 16] is observed in an 
electric circuit with a series connection of inductors and capacitors (series 
oscillating circuit), Figure 1.

 

C1         L1                             R1                  C2

C3                    R3                  L2

R2

Figure 1. Voltage resonance

The resonance frequency of the circuit during voltage resonance is recog-
nized only by the value of the inductive and capacitive resistance of the circuit  
[11; 13; 16]. At resonance, the resistances of the reactive elements are the same:

X XL C= , 
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�,                                      (2)

�
�

� �
р

р� �
2

1

2 LC
�,                                    (3)

where L – is the total inductance, C – is the total capacity, vp – is the 
resonant frequency �p � � is the resonant cyclic frequency. 

At resonance, the resistances of the reactive elements are the same:

�
�

�р
р

L
С

L

C
� � �
1 � ,                                 (4)

where ���  is the wave resistance.
The voltage values across the inductor and the capacitor will be the same:

U UL C=  

U I L IL � �р р р� �,                                       (5)
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where Ip −  is the current at resonance. 
At resonance, the value of the voltage across the active resistance is 

equal to
U I RR = р �.                                               (7)

A physical quantity that is numerically equal to the ratio of the reactive 
voltage component (capacitance or inductance voltage) to the active one at 
resonance is called the Q factor of the circuit. 
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and the inverse of the factor is called the extinction coefficient: 

d
U

U

U

U

R

L
R L R

C

L

LR

L

R

C

� � � � � �
�

�
�р

р .�                     (9)

For the electrical circuit shown in Figure 1, we have: 

R R R R R
i
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�
�1 2 3
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1 2 1 3 2 3
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The total resistance of such an electric circuit in the state of voltage 
resonance is purely active in nature and the smallest in magnitude. 

Z R L
C

� � ��
�
�

�
�
�

2
2

1
�

�
,                                 (10)

Accordingly, the current and power consumed reach the highest values. 
Characteristic signs of the voltage resonance: 
– the total resistance of the electric circuit is minimal and equal to the 

active resistance of the circuit; 
– the effective value of the voltage on the active resistor is equal to the 

effective value of the applied external voltage; 
– voltage and current are in the same phases; 
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– the supplied energy is transmitted only to the active resistance; 
– useful power of the external source is maximum.
Resonance of currents. The phenomenon of setting the minimum 

value of the current in the unbranched part of the circuit with the parallel 
connection of circuit elements (inductance coils, capacitors) is called 
current resonance. 

~

R      L
CU

Figure 2. Resonance of currents

Resonance of currents is observed in an electric circuit with a parallel 
connection (parallel oscillating circuit), Figure 2. 

If the oscillating circuit is ideal, then the active resistance R = 0 and the 
resonant frequency

� �р � �0
1

LC
�.                                         (11)

In the real electric circuits, the active resistance of the inductance is  
R ≠ 0, so the resonant frequency is determined from the ratio [11; 13; 16]: 
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If the active resistance is included in the capacitor branch (Figure 3), 

 

R1=15 Ohm     L=0.4Hn

R2=85Ohm     C= 35µ𝐹𝐹𝐹𝐹

~

 
U=36V

Figure 3. Resonance of currents (general case)
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then the resonant frequency is determined from the ratio:
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Let's analyze the ratio (13). Resonance of currents can flow at 
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then the systems of inequalities must be fulfilled: 
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The systems of inequalities (15) are equivalent to the system of inequalities
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If R R1 2� � �, then the resonance is described by dependence (11) for 
an ideal circuit. 

An interesting case is when R R1 2� � �. The contour resonates at all 
frequencies and we observe the phenomenon of so-called “indifferent” 
resonance. 

When 
L C R

L C R

/

/

�
�

�1
2

2
2
0, resonance in the electric circuit does not occur. 

When the currents resonate in the branches of the inductor and the capacitor, 
a small current may flow, the value of which is determined by the active 
components of the resistance. If the inductor and capacitor are ideal, then there 
is no current in the branched part of the circuit, because the currents in the 
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inductor and capacitor are opposite in phase and compensate each other in the 
non-branched part of the circuit. However, the current in the inductance and 
capacity branches can reach much higher values than in the unbranched part. 

The dielectric of the capacitor may also be imperfect. Then the capacitor 
is shunted by an active resistance and losses in the capacitor must be taken 
into account.

Example 1. Construct a resonance curve and determine the resonance 
frequency for an electric circuit (Figure 3).

We can find the resonant frequency in two ways: analytical  
(equation 13) and numerical methods of the Mathсad system. The numerical 
method is reduced to the solution of the optimization problem [3].

For solving optimization problems, two functions minimize and 
maximize are built into Mathсad. The first function defines the arguments 
of the objective function for the minimum value, the second – the maximum 
value. The functions have the format: 

minimize (f, x, y), maximize (f, x, y), 
where f – is the name of the function, x, y – are the arguments of the function. 
The minimize and maximize functions are used in the Given block. 
The Given block has the following structure: 
– we define the target function; 
– we set the initial approximate values of the resonance frequency 

(initial values are found from the resonance curve); 
– we set the accuracy of calculations; 
– open the Given block; 
– we write down the restrictions imposed on the objective function 

through the signs of Boolean algebra; 
– we write an expression with the minimize or maximize functions to 

find the optimal value of the arguments of the optimization tasks (in the 
Given computing block, the minimize or maximize functions can only be 
used once); 

– we determine the optimal value of the function argument. 
We will make calculations using the Mathсad system (Listing 1).
Therefore, the results of calculations by two methods agree within the 

limits of error. 
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Listing 1
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3. Frequency characteristics of an alternating current circuit  
with a mixed connection of elements

Resonance in alternating current electric circuits with a mixed 
connection of elements has its own specific features [2; 3; 10]. Resonance 
phenomena can occur in individual branches or circuits of alternating 
current circuits with a mixed connection of elements (complex circuits), 
and the general frequency characteristic is the result of superposition of 
individual resonances on branches and circuits. The elementary processes 
occurring in the elements of such circuits have been studied and described 
in detail in the scientific and scientific-methodical literature, but their 
analysis presents a number of difficulties caused by computational 
procedures and process analysis. 

Consider an example (Figure 4).

 

I6       

I5 I7

~𝑈𝑈𝑈𝑈 

L1                  C1                    C3     R3

R2                                      L4                  R4

R1

L2

L3

L5

C2 C4

C5

I1         I5

I2

I5         I7

I6

I2       

I3 I4

I1 I5
I2

Figure 4. An electric circuit with a mixed connection of elements

For an electric circuit, investigate resonance characteristics. Determine 
the voltages and currents on the circuit elements at a frequency of 50 Hz and 
resonance frequencies. Estimate current errors in the unbranched section of 
the circuit. Electric circuit parameters: 

R Ohm R Ohm R Ohm R Ohm L1 2 3 4 14 0 1 12 0 3 8 0 2 7 0 1� � � � � � � �, , , , , , , ,� � � � � � � �� � � �0 4 0 002 0 1 0 0012, , , , ,� � �Hn L Hn

R Ohm R Ohm R Ohm R Ohm L1 2 3 4 14 0 1 12 0 3 8 0 2 7 0 1� � � � � � � �, , , , , , , ,� � � � � � � �� � � �0 4 0 002 0 1 0 0012, , , , ,� � �Hn L Hn , L Hn L Hn L Hn C3 4 5 10 35 0 002 0 4 0 002 0 1 0 0061 50� � � � � � �, , , , , , , , ,� � � � � � �� � � � �0 2 12 0 1 1 0 012 3, , , , , ,� � � � �µf C µF C µF 
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L Hn L Hn L Hn C3 4 5 10 35 0 002 0 4 0 002 0 1 0 0061 50� � � � � � �, , , , , , , , ,� � � � � � �� � � � �0 2 12 0 1 1 0 012 3, , , , , ,� � � � �µf C µF C µF  

C µF C µF U V4 55 0 1 15 0 1 220 5� � � � � �, , , ,� � � � � , � � �50 0 002, �Hz. 
Let's develop a mathematical model of an electric circuit. We will record 

mathematical functions and expressions in a form close to the format of the 
Mathсad system. The model is based on the symbolic method of calculating 
electric circuits. Let's replace the elements of the branches of the electric 
circuit with the complex resistances equivalent to them (Figure 5). 

Z3

~𝑈𝑈𝑈𝑈 

I1       I5

       I2         

I5         I7

I6

Z1
R1, L1, C1 R3, L3, C3

L4

C4

R4

L5

C5

R2

L2

C2
Z2 Z4 Z5

Figure 5. Equivalent electrical circuit

Let's determine the complex resistances of the branches of an electric 
circuit as a function of frequency. 
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Z R L
C

i5 2
1

24 5
5

� ��
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�

�
�

�

�
� ;                        (21)

where i � � �1  is an imaginary unit. 
By means of the equivalent substitutions, we will reduce the electric 

circuit to a simple form. 
Let's replace the complex supports Z4, Z5 with their equivalent Z45: 

Z3

~𝑈𝑈𝑈𝑈 

I1         I5

I2

Z1
R1, L1, C1 R3, L3, C3

R2,
L2,
C2

Z2 Z45

Z
Z Z

Z Z
45

4 5

4 5
�

� �
� �

� � � � � � � �
� � � � �

.                             (22)

Let's replace the complex supports Z3, Z45 with their equivalent Z345:

~𝑈𝑈𝑈𝑈

I1         I5

I2

Z1
R1, L1, C1

Z345Z2

Z Z Z345 3 45� � �� � � � � � � � .                              (23)

Let's replace the complex supports Z2, Z345 with their equivalent Z2345:
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Z
Z Z

Z Z
2345

2 345

2 345
�

� �
� �
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� � � � � .                            (24)

Let's replace the complex supports Z1, Z2345 with their equivalent Z: 

Z Z Z� � �� � � � � � � �1 2345 .                              (25)

~𝑈𝑈𝑈𝑈

I1         
Z

  So, the dependence of the total complex resistance of the electric circuit 
on the frequency is described by the function

Z Z Z� � �� � � � � � � �1 2345 ,
and, accordingly, the modulus of total resistance: 

Z Z� �� � � � � .                                            (26)
The dependence of the complex value of the current on the frequency in 

an electric circuit is described by the dependence 

F
U

Z
�

�
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,                                             (27)

and the current module 

F
U

Z
�

�
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.                                             (28)

We implement a mathematical model of an electric circuit in Mathсad 
(Listing 2).

~𝑈𝑈𝑈𝑈 

I1

Z1
R1, L1, C1

Z2345
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Listing 2 
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(Continuation of listing 2)
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Evaluation of errors
To find the error of the result of the experimental studies for a nonlinear 

functional dependence Z f a a a a ai m� � �� �� � 1 2 3, , , it is necessary to 
construct a composition of the distribution of the random and systematic 
errors. But its construction is cumbersome, so an empirical formula is used 
to estimate the confidence error: 

� � �P t S� � � � ,                                         (29)

where,           t
P P

S Z
P�

�
�

�
� � � � �

� � � � �
�

3

, S S Z
P

�

�
� � � � � �2

2

3
. 

The confidence limits of the non-excluded systematic error at the 
confidence probability are determined P by the formula:

� �P k
f

ai

m

i

i� � � �
�
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�
�

�

�
�

�
�
1

2

2 ,                                (30)

where, 
k P

k

k P

= =
= =
= =

1 0 9

1 1 0 95

1 4 0 99

 at 

 at

 at 

,

, ,

, ,

 P , m  – is the number of dependence 

parameters Z f a a a a ai m� � �� �� � 1 2 3, , , 
Θі – component of the non-excluded systematic error of the ith parameter.
The confidence limits of the random error at the confidence probability 

are determined P  by the formula: 
� P t S Z� � � � � �2 ,                                     (31)
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2 , t  – is the Student coefficient. It 

depends on the number of effective degrees of freedom fe  and the selected 
confidence probability Р [10].
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where m – is the number of arguments, ni –is the number of dimensions 
ai of the argument. 

The considered method is mainly used to estimate the errors of scientific 
research. When estimating the errors of a physical experiment or engineering 
calculations, the logarithm method is most often used [2; 3; 7; 10]. 

The logarithmic method gives an over-estimate of the error, so it is 
called the margin of error. Such an assessment is in many cases sufficient 
for technical purposes. Note that we will not be able to calculate its exact 
value, but can only estimate its limiting (maximum) value. For a more 
accurate assessment of the error, it is necessary to apply the apparatus of 
mathematical statistics and probability theory, to find the distribution of the 
composition of the distribution of the random and systematic errors.

The method of estimating errors for functions of a real variable is 
developed in detail and described in the literature [3; 10], however, the theory 
of errors of functions of a complex variable, which includes calculations 
of alternating current circuits, is not sufficiently covered in the literature. 
Let's consider a simplified method of estimating the marginal value of the 
error using the Mathcad system, while applying the well-known method of 
logarithm, modernizing it for the function of a complex variable:

– we write down the calculation formula as a complex function of 
several variables: 

g g  � � � � �x i ni , � 1 ,                                  (33)
– we logarithmize the function: 

g gx xi i� � � � ��� ��ln ,                                   (34)
– we find the partial derivatives of the function (34): 

g' gx
x

xi

i

i� � � �
�

� ��� ��ln ,                                (35)

– we find the components of the relative non-excluded systematic 
error through the modules of the products of the partial derivatives on the 
corresponding absolute systematic errors of the arguments ∆xi: 

�se i ix x� � � �g' � ,                                   (36)
– the limit value of the relative non-excluded systematic error is 

estimated by the ratio: 
� �s

i

n

se�
�
��

1

;                                         (37)
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– we find the components of the relative random error through the 
modules of the products of the partial derivatives on the corresponding 
absolute random errors of the arguments δxi : 

� �re i ix x� � � �g' ,                                     (38)

– the limit value of the relative random error is estimated by the ratio: 

� �r
i

n

re�
�
�
1

,                                            (39)

– the limit value of the total relative random error is estimated by the ratio: 

� � �� �s r
2 2 .                                          (40)

The errors estimated by ratios (37, 39) are significantly overestimated. 
In these ratios, we found the usual sum of the component mean values of the 
errors. If a systematic or random error includes four or more components 
and the largest of them have the same order, then the theory of errors 
recommends estimating their values by ratios: 
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The Mathсad system [3; 6; 7; 12; 18] has a complete set of tools for 
performing calculations with ratios (29-42), so we will evaluate the errors 
using the Mathсad system (Continuation of listing 2).
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A series of peaks is observed on the graph of the dependence of the 
relative error of the current force in the electric circuit on the frequency at 
the resonance frequencies of the circuit. 

A comparison of the graph of the dependence of the current force in 
the electric circuit on the frequency and the graph of the dependence of the 
relative error of the current on the frequency shows that at a frequency of  
v ≈ 116 Hz, a slight local maximum is observed on the graph of the relative 
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error. Therefore, a frequency of 116 Hz for this circuit may also be resonant, 
but this requires a detailed additional study of the resonance curve of the 
circuit (Listing 2). 

Continuation of listing 2

  
Therefore, a detailed study of the frequency interval 115-119 Hz  

shows that the frequencies 116,1 Hz and 117,38 Hz are also resonant. 

4. Conclusions
To study the frequency characteristics of an alternating current circuit 

(of an oscillating circuit) a method is proposed that makes it possible to 
determine the main characteristics of the circuit quite effectively and to 
evaluate their errors. 

In the proposed method, there is no need to explicitly find the complex 
roots of complex equations. The resonant frequencies of the oscillating 
circuit are determined by the method of optimizing the mathematical 
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model. Initial approximations of resonance frequencies are determined 
from the resonance curve and refined to the required accuracy by means of 
the Mathсad system. 

The limit values of the oscillating contour parameter errors are estimated 
by the classical method of logarithmization, which has been modernized for 
the function of a complex variable. 

It was found that at resonant frequencies of the circuit, the value of the 
relative error of the current increases sharply. 

The proposed method can be useful in solving a number of applied 
problems in physics, radio engineering, and electrical engineering. 

It is important that the use of the Mathcad system in the educational 
process when studying physics stimulates the student's work. To develop 
a working document of the Mathcad system, a student must know 
mathematics, clearly understand the essence of physical phenomena and 
the laws of their course. At the same time, the task can be conditionally 
divided into two components: mathematical and physical. Calculations 
are performed by the system according to the algorithm developed by the 
student. The algorithm is based on the laws of physical processes that are 
considered in the given problem. 

Therefore, the use of the Mathcad system during the study of the academic 
discipline “Physics” makes it possible to effectively solve problems of 
various levels of complexity, not only physical, but also professional, which 
require a complex mathematical apparatus. Graphs built using the Mathcad 
system contribute to the reliable learning of educational material and a 
deeper understanding of physical phenomena and laws. 
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