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Actuality:

 
Expert assessments of the growing demand for energy resources, 

convincingly presented by numerous works of the international organization "International Energy 
Agency" and discussed at relevant world-class forums, emphasize the development of the 
electric power industry as a necessary and relevant condition for successfully solving the 
problems of modern scientific and technological progress.

 
Purpose:

 
The purpose of the work is to propose and justify the workability of a pulsed resonant 

amplifier of active electric power, consisting of two series contours with common capacitive 
energy storage, including analysis and numerical assessments of the main characteristics of 
ongoing electromagnetic processes.

 
Formulation of the Problem:

 
This work was initiated by the current energetics needs, due to the 

depletion of natural resources and the rapidly growing needs of the world economy.  
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Pulse Resonance Active-Power Amplifier. Offer 
and Justification of Workability

Yu. V. Batygin α, S. O. Shinderuk σ & E. O. Chaplygin ρ

Abstract- Actuality: Expert assessments of the growing 
demand for energy resources, convincingly presented by 
numerous works of the international organization "International 
Energy Agency" and discussed at relevant world-class forums, 
emphasize the development of the electric power industry as a 
necessary and relevant condition for successfully solving the 
problems of modern scientific and technological progress. 

Purpose: The purpose of the work is to propose and justify the 
workability of a pulsed resonant amplifier of active electric 
power, consisting of two series contours with common 
capacitive energy storage, including analysis and numerical 
assessments of the main characteristics of ongoing 
electromagnetic processes. 

Formulation of the Problem: This work was initiated by the 
current energetics needs, due to the depletion of natural 
resources and the rapidly growing needs of the world 
economy. 

Methodology: When deriving the main analytical relationships 
to justify the fundamental possibility of resonant amplification 
of active electric power, it turned out to be sufficient to confine 
ourselves to the proposal and study of an amplifier circuit with 
a single excitation of a current pulse in the load. The 
mathematical apparatus of research is a set of provisions and 
methods for calculating transient processes in electrical 
circuits with active-reactive elements. 

Novelty: For the first time, with a theoretical and experimental 
justification of the workability, a circuit of a pulsed amplifier of 
the active electrical power of a harmonic signal was proposed, 
consisting of two series contours with common capacitive 
storage. The first of them is a reactive power amplifier, and the 
second is a converter of reactive power into active power 
released when the excited current flows in any electrical load. 

Main Results: With the justification of capacity, a circuit of a 
pulsed resonant active electric power amplifier is proposed, 
consisting of two series circuits with common capacitive 
energy storage. Analytical dependencies are obtained for the 
main characteristics of the ongoing electromagnetic 
processes and it is shown that the phenomenon of voltage 
resonance allows one to achieve an increase (by more than an 
order of magnitude!) in the active power of a harmonic voltage 
source. Based on the analysis, numerical estimates, and 
experimental testing, the workability of the proposed circuit of 
a pulsed resonant amplifier of active electric power is 
substantiated. 

Practical Significance: A method for resonant amplification of 
the active electric power of harmonic signals is proposed. On 
a practical example, indicating the specific values of the circuit 
elements, its workability is illustrated. The results obtained can 
be used as the basis of a real technical device for obtaining 
resonant electrical energy from the surrounding space. 

Author σ: e-mail: s.shinderuk.2016102@ukr.net 

Keywords: harmonic signals, series circuits, voltage 
resonance, pulse mode, active electric power 
amplification. 

I. Introduction 

he expert estimates of the growing need in power 
resources are convincing in the multiple works of 
the International Energy Agency that has been 

fairly recognized for reliability of various forecasts on the 
global economic development. The prospective analysis 
results discussed at the relevant global forums 
specifically point out the development of the electric-
power industry as a prerequisite for successful solving 
the tasks of the modern scientific-technical progress. 
According to the thought leaders, by 2060, the share of 
electricity in all end-consumption sectors will have to 
increase by more than twice [1]. In the background of 
the depleted natural resources, the so-called alternative 
power sources become rather important and significant. 
The known developments include wind generators, solar 
cells, gravity-driven systems, etc. However, their multiple 
advantages do not surpass the limited practical use of 
such sources that is, primarily, due to low productivity 
and considerable dependence on climatic conditions. 

Along with the given offers on using the Earth 
and Sun energy, the studies of resonance phenomena 
are becoming more relevant, this may provide for 
considerable increase in the power output of technical 
systems of specific purpose. 

Resonance, as a key to the “energy burst” in 
oscillatory systems of any physical nature, was first 
noted in the works by Nikola Tesla. Based on this idea, 
he created an “Apparatus for producing electric currents 
of high frequency and potential” (1896) with extra high 
voltage conversion ratio (k>1000) [2]. The ideas of N. 
Tesla were then developed in a number of scientific 
articles and monographs [3-7]. 

Thus, in work [3], electric oscillations are 
excited by the sea-waves energy conversion. The 
authors of the cited work substantiated the usability of 
the offer and showed that this was in the resonant mode 
of the circuit designs with the resistance-reactance 
components where considerable increase in the power 
output took place. 

The work [4] offered the resonance switching of 
several power sources and loads to be used in the 
integrated power supply systems. According to the 
authors, the main advantage of such decision is, first of 
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all, significant savings of power resources due to loss 
reduction in the resonant modes. 

The resonance power converters of the solar 
cells in the space vehicles are described by the authors 
of the work [5]. The specific character of the performed 
study is the impact of vacuum on the output 
characteristics of the electrical equipment with 
resistance-reactance components in the resonant 
mode. 

The works [6, 7] can be combined by identical 
from the physical point of view approaches to creation 
of resonance reactive-power amplifiers. This, the 
Ukrainian patent [6] protects the circuit design solution, 
where the series parallel RLC-circuits are switched into 
the circuit of the high-frequency sine voltage source. 
According to the author, the multiple reactive power 
increase of the output signal should be in the regime of 
the current resonance. The other approach to the same 
task is offered in the work [7]. It offers the idealized 
circuit design with two inductive coupled series resonant 
circuits. The idealization with zero active resistance of 
the output circuit shows possible considerable increase 
in the reactive power of the harmonic output signal. The 
general disadvantages of the last offers are essential 
difficulties in their usability. 

The work [8] is devoted to the creation of the 
resonance reactive-power amplifier that offers a scheme 
with real series contours and adjustable inductive 
coupling between them. The authors conducted the 
theoretical analysis of the existing processes and, in 
contrast to the previously cited works [6, 7], the 
successful practical approbation of the amplifier model 
version was implemented. The opportunity of the 
reactive power amplification by more than ~ 33÷35 
times was demonstrated by experiment. 

As to the usability of the mentioned 
developments, for example, the magnetic pulse 
attraction of thin-wall metals being the basis for the 
modern repair technology of the body components of 
vehicles can be referred to [9]. Introduction of the 
resonance amplifier as an element of the electrical 
circuits for the capacitor storage charge and the 
discharge to the attraction tool winding will provide for 
meeting the basic requirements for the modern 
processing technologies [10, 11]. 

The next step to solve the problems of the 
modern electric-power industry is the creation of the 
harmonic-signal active-power amplifiers. Such devices 
can operate in the single excitation mode of the current 
pulse in a load or in the mode when the current in the 
load is represented as the continuous subsequence of 
the recurring signals. 

The purpose of the work is to propose and 
justify the workability of a pulsed resonant amplifier of 
active electric power, consisting of two subsequent 
contours with a common capacitive energy storage, 

analysis of ongoing electromagnetic processes and 
numerical estimates of their main characteristics. 

    
 

This paper is offering and studying the electrical 
scheme of the amplifier with single excitation of the 
current pulse in the load what is quite sufficient for 
substantiation of a practical possibility of the resonant of 
the active electrical power amplification. 

a) Electrical Circuit, Principle of Operation 
Fig. 1a shows the electrical circuit of the pulse 

resonance active-power amplifier. It consists of two 
series circuits with common capacitor storage С. 

Circuit 1 is a subsequent R1L1C-contour (L1 – 
inductance, R1 – active resistance of conductors, 
including inductor winding). In the voltage resonance 
mode, the capacity С is charged till the specified voltage 
level UC0. The stored electric energy will be equal to 

( )2
0 0 / 2CW C U= ⋅  (Fig. 1b). 

 

a 

       

                     b                                                  c 

Fig. 1: Electrical circuit of the pulsed resonance amplifier 
of the active electrical power (а); the series contour of 
the harmonic-signal reactive-power amplification (b); the 
series contour with the active load of the amplifier – Rl 
(с) 

Circuit 2 is the active-reactive R2L2C-contour 
(L2–inductance, R2– total active resistance of all contour 
elements, R2=Rc+Rl, Rc,Rc – active resistance of the 
conductors, including inductor winding, Rl– active load 
of the amplifier). In the voltage resonance mode, the 
charged capacity С is generating the active power in the 
load – Rl(Fig. 1c). 

The pulsed operation mode of the proposed 
resonance power amplifier is implemented by single 

Pulse Resonance Active-Power Amplifier. Offer and Justification of Workability
G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

Vo
lu
m
e 

X
xX
II
I 
Is
su

e 
I 
V
 er
si
on

 I
  

  
 

  

26

Y
e
a
r

20
23

 © 2023    Global Journ als

(
)

F

II. Subject of Investigations. Problem
Statement



changeover of switches K1,2 in the circuits. With the 
closed loop circuit K1 and open circuit K2, the capacitive 
storage С is charged to the specified voltage level (Fig. 
1b). Should mark in contrast to the known chargers [6, 
9, 10], the proposed series contour, in the voltage 
resonance mode, provides for charging the capacity to 
the voltage that considerably exceeds the source 
voltage (by the number of times being equal to the 
tuned-circuit Q-factor). Further on, the switch К1 opens, 
and the switch К2 closes. The capacity С is discharged 
to the active load Rl(Fig. 1c). 

From the physical point of view, series contour 
1 is the reactive power amplifier [6, 8], and contour 2 is 
the reactive-to-active power converter. 

b) Problem Formulation 

• Own resonant frequencies of the first and second 
circuits are – 1 11/ L Cω = ⋅ and 2 21/ L Cω = ⋅ , 

respectively. 
• The circuit 1 is excited by harmonic voltage 

E(t)=Em·sin(ω1·t), with the frequency being equal to 
own frequency of the first series circuit ω1 and 
amplitude Em (t – time). 

• The charge circuit 1 Q-factor should be quite large 
(Q1=(ω1·L1)/R1>>1), to ensure minimum power loss 
and maximum possible voltage capacity С. 

• The discharge circuit 2 Q-factor (Q2=(ω2·L2)/R2 –var) 
in accordance with the charge circuit 1 Q-factor 
should ensure maximum possible active power 
amplification in the load Rl. 

• We suppose that the load resistance is much more 
than the resistance of the other discharge circuit 
elements, thus, Rl>>Rc and R2 ≈ Rl. 

• Corresponding to the operation principle of the 
proposed scheme of the amplifier of the active 
power, the theoretical description of its operation 
provides for considering the transition processes in 
each of its individual contour. 

III. Design Ratios, Qualitative Analysis

a) Charge circuit 1 of the capacitive storage C (Fig. 1b) 
In the Laplace image space, the equation of the 

state relative to the voltage on the capacitive storage at 
the zero initial conditions is as follows [7, 12]: 

       (1) 

where p – is a variable in the Laplace space, 
UC(p)=L{UC(t)}, UC(t) – is the voltage on capacity, 
δ1=R1/2L1 – is the attenuation factor, E(p)=L{E(t)}, E(t) – 
is the harmonic voltage of the source. 

According to the problem statement made, the 
energy dissipation in the charge circuit is minimum that 
means sufficient small value of the relative attenuation 
factor δ10=δ1/ω1=1/2Q1<<1 and provides for neglecting 

the second-order additive components relative to value 
~ δ10. 

In this case, the voltage original across capacity 
С, as it follows from equation (1), with the involved time 
dependence for exciting voltage of the source E(t), will 
be described by expression [12]: 

     (2) 

After calculating the integral in (2), neglecting 

the ~ 2
10δ −  order additive components and 

introducing a new variable φ = ω1t – the excited signal 
phase, we obtain that 

 (3) 

The current in circuit 1 is determined by 
differencing the ratio (3) [7, 12]. Considering the voltage 
resonance condition Q1=(ω1·L1)/R1=1/(ω1·C)·R1 when 
neglecting the ~ 1/2Q1 values, we obtain that 

     (4) 

The reactive power of the signal in the capacity 
C is determined as the product of expressions (3) and 
(4) [12]. 

                   (5) 

As it follows from (5), in the established mode at 
φ>>1/2Q1 the amplitude ratio of the power output of the 
charge circuit to the power input of the voltage source is 
proportional to Q1 that evidences the reliability of the 
ratios obtained for voltage, current and power. 

The reactive power amplification ratio, as the 
relation module of the  capacity power (5) to the voltage 
source power, will be described by the following 
dependence: 

           (6) 

Note: Power amplitude of the voltage source with the 
voltage resonance in the series contour of charge is

2
0 1/m mP E R= . 

The qualitative illustration of the obtained 
dependences of the charge voltage and the reactive 
power amplification ratio from the power source voltage 
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phase till the moment of the charge finish  for the charge  
circuit with the Q-factor of Q1=5.0 is given in Fig. 2. 

 

а 

 

b 

Fig. 2: Capacity charge voltage (a) and reactive power 
amplification ratio (b) (φ1 – phase at the time of the 
charge finish) 

As it follows from the dependences in Fig. 2, the 
first maximum of the charge voltage is ahead of the 
amplification ratio maximum. Thus, we have UC≈1.0 at 

φ1≈32 rad., while K1≈0.8 with the same phase value 
when the charge finish (time moment the circuit 
opening!). That is, in this resonant circuit, the energy 
accumulation also continues after the first maximum of 
the charge voltage. The reactive power amplification 
ratio can reach maximum only at the circuit opening 
time that correspond to the positive or negative 
maximums of the charge voltage. 

b) Discharge unit 2 of the capacitive storage C 
(Fig. 1b) 

At the charge circuit opening time and the 
discharge circuit closing time, the voltage of the 
capacitive storage, as it follows from (3), will be 
determined by the dependence: 

         (7) 

It is of practical interest to consider the modes 
when the circuit can have no inductance (L2=0), that is, 
the capacity is discharged directly to the active load or 
when the active load is connected via the solenoid with 
the fixed inductance value (L2≠0). 

i. Capacitor discharge to active load (L2=0) 
We suppose that the aperiodic capacitor 

discharge starts immediately upon charge finish. The 
current in the active load considering (7) will be 
described by the following dependence [7, 12]: 
 
 

2 ( )ϕ =J                                                                             (8)

The instant signal power (8) in the load resistance R2 is determined by the ratio [7, 12]: 

                                                                                                                (9) 

The maximum amplification ratio is determined as maximum ratio of the power output in the load to the 
source power at φ1 → (π·n, n = 0, 1, 2, …) >> 2Q1 and φ = φ1: 

                                                                                                 (10) 

It follows from (10) that with certain selection of the element base of the proposed circuit, it is possible to 
strengthen the instant harmonic signal power, as: 

( ) ( )
1

1

1
2

0 1 1 11 cos ,Q
C C mU U E Q e

− ⋅ϕ
⋅

 
 = ϕ = − ⋅ − ⋅ ϕ  
 

( ) ( ) ( ) ( )11
1 21

11
21

2 1
2

1

1 cos

.

C RQmE Q
J e e

R

− ⋅ ϕ−ϕ− ⋅ϕ
ω ⋅ ⋅⋅

 
⋅  ϕ = − ϕ  

 
ϕ ≥ ϕ

( ) ( ) ( )

( ) ( ) ( )11
1 21

2
12

2 2 2
2

2 21
2 2

11 cos

m

C RQ

E Q
P J R

R

e e
− ⋅ ϕ−ϕ− ⋅ϕ

ω ⋅ ⋅⋅

⋅
ϕ = ϕ ⋅ = ×

 
 × − ⋅ ϕ ⋅  
 

( ) ( )1 1
2 1 , 0,1,2........ 2 21

2max 1
0 2

n n Q

m

P RK Q
P R

ϕ → π⋅ = >>
ϕ = ϕ

= = ⋅

Pulse Resonance Active-Power Amplifier. Offer and Justification of Workability
G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

Vo
lu
m
e 

X
xX
II
I 
Is
su

e 
I 
V
 er
si
on

 I
  

  
 

  

28

Y
e
a
r

20
23

 © 2023    Global Journ als

(
)

F



                                        (11) 

Note: ( )1 1/L C Z= − is the wave resistance of the 

charge circuit. 
For quantitative illustration of the obtained 

ratios, some preliminary estimates can be made. For 
example, for the charge circuit 1 Q-factor of Q1=5, as it 
follows from the graph in Fig. 2a, the charge length can 
be minimally estimated by the value φ≤32≈5 of the 
power source voltage periods. 

The calculations for phase distribution of the 
discharge current (8) with the same conditions and 
variations in the relative value of the active load 
R1/R2=var are given in Fig. 3. 

 

Fig. 3: Phase dependence of the discharge current rated 
to the maximum, 1 – R1/R2 = 0,1; 2 – R1/R2 = 0,05; 3 – 
R1/R2 = 0,025 

As it follows from the calculations, the duration 
of the discharge current gets closer to the relevant 
duration of the charge of the capacitive storage with 
quite large load resistance values. But the increased 
load resistance at the constant voltage of the capacity 
charge  means the decreased output signal power. 

Therefore the discharge circuit design with the 
capacity connected immediately to the active load is of 
poor efficiency for the resonant amplification of the 
active power due to rather small duration of the 
discharge current in the load. 

ii. Capacity discharge through inductance to the 
active resistance, L2 ≠ 0 

In contrast to the previous considerations, since 
the amplifier circuits can work at different frequencies, 
the characteristics of the existing processes are better to 
be expressed not in the phase but in the time functional 
ratios. 

We suppose that the variable capacity 
discharge in the voltage resonance mode starts 
immediately upon charge. The current in the active load 

considering at 2 2/ 0.5>> ⋅L C R  considering (7) will be 

described by the following exponentially-damping 
harmonic time dependence [7, 12]: 

        (12) 

where t is the current time, t1 – is the end time of the 
capacity charge and the start time of the capacity 

discharge, 2 21/ L Cω ≈ ⋅ and 

Q2=(ω2·L2)/R2=1/(ω2·C)·R2 – is own frequency and 
tuned-circuit Q-factor in the representations that 
correspond to the voltage resonance in the discharge 
circuit. 

The momentary signal power (12) in the load 
resistance R2 is determined by the ratio [7, 12]: 

     (13) 

The maximum amplification ratio is determined 
as maximum ratio of the power output in the load to the 
source power amplitude at (ω1·t1)→(π·n,n = 0,1,2…) 
>> 2Q1. 

                  (14) 

It follows from (14) that with certain selection of 
the element base of the proposed circuit, it is possible 
to strengthen the instant harmonic signal active power. 
In contrast to the analog previously considered, the 
amplification ratio contains dependence on the squared 
ratio of the charge and discharge circuit Q-factors that 
provides for additional opportunities for efficient 
implementation of the proposed circuit. 

For quality illustration of the time dependence of 
the active power in the load, we write (13) with 
normalization to power accumulated in the capacity at 
the discharge initial time: 

     (15) 
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The calculation results are given in Fig. 4, where 
Q2=10, φ=ω2·(t–t1), φ2=ω2·(t2–t1)=10·(2·π) – the phase 
length of the specified interval of the discharge process, 
t2 – end time of discharge. 

 

Fig. 4: Phase dependence of the power in the active 
loaded amplifier 

The following indicators of the proposed 
amplifier at the specified length interval of the discharge 
process can be obtained from the dependence in Fig. 4. 

• The maximum amplification ratio of the mean active 
power can reach: 

а) if {Q1/Q2=10, R1/R2=1, 2Q2>>π}, we obtain 2maxK
≈15.2; 
б) if {Q1/Q2=50, R1/R2=0,1, 2Q2>>π}, we obtain 

2maxK ≈38.0. 

• When selecting the amplifier circuit parameters, the 
mandatory exceedance of the charge circuit Q-
factor in contrast to the similar discharge circuit 
value (Q1/Q2) >> 1 should be used as reference. 

• The allowed ratio of the active resistances of the 
charge circuit and the load value (R1/R2) is corrected 
by the assumed ratio of the circuits Q-factors 
(Q1/Q2) of amplifier, in general. 

IV. Numerical Estimates 

We perform calculations that illustrate the 
potential efficiency of the proposed amplifier using the 
example of the model with discharge to load through 
inductance with single-time synchronous activation/ 
deactivation of switches of the charge and discharge 
circuits. The parameters of the accepted model are 
taken from analogs given in work [8]. 

a) Circuit Operation 
i. The schematic circuit of experimental model No.1 

is given in Fig. 1а. 
ii. In the initial position, the switch K1 is closed, the 

switch K2 is open. 
iii. Efficiency of charge circuit 1: 

a. With the switch K1 closed and the К2 open, the 
voltage source E is connected, the capacity 
charge С takes place. 

b. When charged, the switch K1 open, the capacity 
С remains charged to the maximum possible 
resonant voltage UC0=E·Q1, where Е is the 
source voltage. 

iv. Efficiency of discharge circuit 2: 

a. Simultaneously with the switch K1 opening in 
charge circuit 1, the switch K2 closes in charge 
circuit 2. 

b. The active power of the amplified input harmonic 
signal is determined in the load resistance Rl≈R2. 

b) Circuit Components 

i. Harmonic signal reactive power resonant 
amplification unit 

a. Harmonic voltage generator E(t)=Em·sin(ω0·t), 
Em≈1…10 V amplitude, ω0=2·π·f0, f0=25000 Hz 
– operating frequency. 

b. Inductance L1=172.8 µH. 
c. Capacity C=0.234 µF. 
d. Active resistance R1=0.46 Ω. 
e. Q-factor Q1=(ω1·L1)/R1≈59. 

Note: Own design frequency of circuit 1: 

1 1 1 01/ 2 25000f L C f= π⋅ ⋅ ≈ = Hz. 

ii. Active load connection unit 

a. Inductance L2=172.8 µH. 
b. Capacity C=0.234 µF. 
c. Active resistance of conductors Rc=0.46 Ω. 
d. Active load resistance Rl=5 Ω or Rl=10 Ω. 
e. According to the accepted assumption, the total 

active resistance of the circuit is R2≈RƖ. 
f. Q-factor Q2=(ω2·L2)/R2≈5. 

Note: Own design frequency of circuit 2: 

2 2 2 01/ 2 25000f L C f= π⋅ ⋅ ≈ = Hz coincides with 

resonant frequency of the charge circuit f1. 

c) Calculations 

i. Charge voltage on the capacitive storage 
The design curve in Fig. 5 makes it possible to 

know the charge voltage for capacity that can be 
obtained depending on the charge time. This, the 
maximum voltage established by the charge circuit Q-
factor requires charging for ~ 0.004 sec that makes 
~ 100 source voltage periods for the assumed 
frequency of ~ 25 kHz. However, 50% of maximum 
voltage is achieved for much shorter time ~ 0.05 sec 
(almost by one order of magnitude lower than the 
charge time before maximum). 
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Fig. 5: Envelope of the maximum charge voltage 
normalized to the source voltage amplitude depending 
on the charge time 

ii. Amplification ratio (14) 

a. At R2=5 Ω 

2

2

2
22max 2 22max 2

1
5,0

1

Q

Q

J R R
K e

RE
R

π
−

⋅

≈

 
 

⋅ = = ⋅ ≈ 
  
 

8.6. 

b. At R2 = 10 Ω 

2

2

2
22max 2 22max 2

1
2,5

1

Q

Q

J R RK e
RE

R

π
−

⋅

≈

 
 

⋅ = = ⋅ ≈ 
  
 

12.4. 

iii. Discharge current as function of a variable 
φ=ω2·(t–t1) 

 

Fig. 6: Functional dependence of the current in the load 
normalized to the maximum 

To summarize the results obtained, the 
dependences in Fig. 2, 5, 3 and 6 should be referred to. 

Thus, the curves in Fig. 2 and Fig. 5 illustrate 
the capacity charge C to the specified voltage level UC0 
for any discharge circuit 1 design. The graphs in Fig. 3 
and Fig. 6 describe the capacity discharge C to the 
active load in the absence and presence of inductance 
in discharge circuit 2. 

For practical use, the comparison of 
dependences for various design solutions for output 
circuit in Fig. 3 and Fig. 6 is of particular interest. As it 
follows from calculations, when the inductance is 

connected in the discharge circuit, the duration of the 
current pulse in the load increases significantly. The 
noted fact allows us to recommend this circuit solution 
for operation not only in the pulse mode but also in the 
periodic mode of the proposed active power amplifier. 

V. Experimental Approbation 

The operability of the proposed circuit of a 
pulsed amplifier of the active electric power of a 
harmonic signal and the reliability of the results of a 
theoretical study of the occurring electromagnetic 
processes were verified experimentally. 

a) The element base of the amplifier (the circuit 
diagram is shown in Fig. 1) 

i. Circuit charge No.1: 

a. The sinusoidal voltage source with amplitude – 
1=mE V and working frequency – f1= 25000 Hz; 

b. The inductance – 1 172 2L .= μH; 
c. The capacity  – 0 234C .= μF; 
d. The active resistance of the circuit elements – 

1 0 55=R . . 

ii. Circuit discharge No.2: 

a. The inductance – 2 1 172 2= =L L . μH; 
b. The capacity – C = 0.234 μF; 
c. The active resistance of the circuit elements – RC 

= 0.55Ω. 
d. The load active resistance – Rl = 5.6 Ω. 

b) Experimental Results 

i. Work of the experimental model 
The element base of the experimental model of 

the active electric power amplifier ensures its operation 
in the voltage resonance mode with an operating 
frequency of ~25 kHz. The choice of the proposed 
scheme is explained by its relative simplicity. The 
peculiarity consists in the cyclical repetition of the 
"charge – discharge" processes, which is ensured by the 
synchronized operation of electronic switches – 12K . At 
a given minimum voltage on the capacitance –C, the 
key K1 closes and K2 opens. The capacity is being 
charged. At a given maximum voltage on the 
capacitance, the key K1 opens and K2 closes. Through 
the inductance – 1L  the capacitance – С is discharged 

to the active load – lR . 
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Fig. 7: A typical oscillogram of the voltage across the 
capacitance, 1 −t is a charge time (in terms of 

theoretical consideration – 1t t= ∆ ), 2 −t is a discharge 
time 

ii. Measurements and Calculations 

a. The voltage amplitude of the source – is 1=mE
V, the working frequency – is 1 24930≈f Hz; 

b. The voltage on the reactive elements of the 
charge circuit: the amplitude on the inductance – 
is 

1
48 2=LU . V, the amplitude on the 

capacitance – is 48 6=CU . V (
1
≈L CU U , but 

they have opposite directions what is verified the 
voltage resonance regime!); 

c. The current amplitude in the charge circuit – is

1 1 8≈J . А; 

d. The enter power amplitude – is 1 1 8≈P . W; 
e. Q-factor of the charge circuit as the ratio of the 

average voltage on the reactive elements and the 
amplitude of the source voltage, – 1 48 4=Q . (the 
calculation value ~ is 49.18); 

f. The amplification of reactive power on the 

capacitance – is
( )2

0

1

2
48 096

⋅ ⋅
= =

⋅
C

C
m

U f C
K .

E J
π

; 

g. The current amplitude in the discharge circuit – is 

1 1 7≈J . А;   

h. The power amplitude in the load – is 15 8≈lP . W; 

i. Q-factor of the discharge circuit – 2 4 8≈Q . ; 
j. The coefficient of the amplification of active 

power in the load – is 8 7≈K . . 

Summary 

• The measurement results are quite close to the 
previously obtained numerical estimates of similar 
quantities. 

• The experiments performed have demonstrated the 
workability of the proposed circuit of a pulsed 
resonant amplifier of active electric power. 

VI. Conclusions 

1. A scheme of the pulsed resonant amplifier of the 
active electric power is proposed, consisting of two 
series circuits with a common capacitive energy 
storage. 

2. Analytical dependences for the main characteristics 
of the occurring electromagnetic processes are 
obtained and it is shown that the phenomenon of 
voltage resonance allows to achieve an increase (by 
more than an order of magnitude!) of the active 
power of a harmonic voltage source. 

3. On the basis of the analysis, numerical estimates 
and experimental testing, the viability of the 
proposed circuit of a pulsed resonant amplifier of 
the active electric power is substantiated. 

References Références Referencias 

1. International Energy Agency, Energy Technology 
Perspectives 2017. Catalysing Energy Technology 

Transformations. France: IEA Publications, 2017. 

2. N. Tesla, My Inventions and Other Writing, Dover 
Thrift Edition, N.Y.: Dover Publications, 2016. 

3. C. Bostrom, B. Ekergard, and M. Leijon, “Electric 
resonance-rectifier circuit for renewable energy 
conversion,” Applied Physics Letters, vol. 100, no 4, 
pp. 043511-, 2012. 

4. G. V. Pavlov and A. V. Obrubov, “Resonant 
converters in energy efficient electrical systems,” 
Jenergosberezhenie, jenergetika, jenergoaudit. 
Special'nyjvypusk, vol. 1, no 9 (128), pp. 13-23, 
2014. 

5. A. V. Osipov, Yu. A. Shinyakov, M. M. Chernaya at 
al., “Resonant converters of solar battery energy,” 
Reshetnevskie chtenija, vol. 1. no 19. pp. 290-292, 
2015. 

6. UA Patent 103215, 2015.01. “The resonant power 
amplifier.” Assignee: Yu.M. Likhovid, 10.12.2015. 

7. K. S. Demirchyan, L. R. Neyman, N. V. Korovkin et 
al., Theoretical foundations of electrical engineering, 
4-e izd, vol. 1, Saint Petersburg: Piter Publ., 2003. 

8. Yu. V. Batygin, S. A. Shinderuk, E. A. Chaplyginet 
al., “The resonant amplifier of the reactive electrical 
power. Suggestion, calculations, practical 
approbation,” Lighting Engineering & Power 
Engineering, vol. 2, no 58, pp. 20-27, 2020. 

9. Y. V. Batygin and A. V. Gnatov, “The features of the 
electrical magnetic forces excitation in the magnetic 
pulse sheet ferromagnetic metal working,” 
Tekhnichna Elektrodynamika, no 1, pp. 71-77, 2012. 

10. Yuriy Batygin, Marina Barbashova, Oleh Sabokar, 

Electromagnetic Metal Forming for Advanced 

Processing Technologies. 2018. Springer 

International Publishing AG part of Springer Nature. 

– 94 P. 

Pulse Resonance Active-Power Amplifier. Offer and Justification of Workability
G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

Vo
lu
m
e 

X
xX
II
I 
Is
su

e 
I 
V
 er
si
on

 I
  

  
 

  

32

Y
e
a
r

20
23

 © 2023    Global Journ als

(
)

F



11. Thomson, J. J., Elements of the Mathematical 
Theory of Electricity and Magnetism. Publisher: 
Wentworth.2016. 

12. L. Kantorovich, Mathematics for Natural Scientists. 
Fundamentals and Basics. 2018. Springer Nature, 
Switzerland AG. – 526 P. 

 

Pulse Resonance Active-Power Amplifier. Offer and Justification of Workability

© 2023    Global Journ als 

G
lo
ba

l 
J o

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

Vo
lu
m
e 

X
xX
II
I 
Is
su

e 
I 
V
 er
si
on

 I
  

  
 

  

33

Y
e
a
r

20
23

  
 

(
)

F


	Pulse Resonance Active-Power Amplifier. Offer and Justification of Workability
	Author
	Keywords
	I. Introduction
	II. Subject of Investigations. Problem Statement
	a) Electrical Circuit, Principle of Operation
	b) Problem Formulation

	III. Design Ratios, Qualitative Analysis
	a) Charge circuit 1 of the capacitive storage C (Fig. 1b)
	b) Discharge unit 2 of the capacitive storage C (Fig. 1b)

	IV. Numerical Estimates
	a) Circuit Operation
	b) Circuit Components
	c) Calculations

	V. Experimental Approbation
	a) The element base of the amplifier (the circuit diagram is shown in Fig. 1)
	b) Experimental Results

	VI. Conclusions
	References Références Referencias

