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Annotation. Problem. The problems of the electric power industry, caused by the depletion of the
natural resources of the planet and the need to replace them, initiate the development of new physical
and technical solutions with the practical use of the known natural phenomena. Goal. The purpose of
this work is to propose to introduce an additional source of a harmonic signal (voltage or current) into
the circuit of a resonant amplifier of electric power, to obtain calculated analytical dependencies for
numerical estimates of the characteristics of ongoing electromagnetic processes, which make it possible
to give a fundamental justification for the real performance of the proposed circuit as a whole, taking
into account the interaction of all its functional components. Methodology. This work, ultimately,
involves the use of resonant phenomena in circuits with active-reactive elements and their theoretical
analysis using the mathematical apparatus of the theory of electrical circuits. Results. It is proposed to
implement the resonant amplifier circuit in the form of four active-reactive closed circuits inductively
coupled to each other. Moreover, in a practical embodiment, inductive couplings can be carried out
using HF ferrites. The first circuit is the input circuit with the harmonic power source to be amplified.
The second circuit generates amplified reactive power in the "voltage resonance™ mode. The third
circuit with an additional harmonic voltage source outputs reactive power from the second circuit in
the "current resonance™ mode. The fourth circuit, inductively coupled to the third circuit, contains the
output load of the entire resonant amplifier. This is a resistor that simulates the release of active power.
Originality. Physically, the introduction of an additional source in the third circuit is equivalent to the
creation of a "negative active resistance", which makes it possible to create conditions for excitation of
current resonance with the minimum possible distortion and, ultimately, to reduce the reverse effect on
the amplifying processes in the second circuit (reactive power amplifier). The analysis and numerical
evaluation of the characteristics of the proposed scheme of the active electric power resonant amplifier
showed its fundamental viability. Practical value. As an example, calculations of currents and voltages
in the circuit of an experimental model were made, which enabled to formulate recommendations for
the selection of elements of a real active electric power amplifier with high efficiency for low-resistance
output loads.

Key words: resonance amplifier, inductive connections, additional harmonic signal source, resonance
of currents and voltages, active-reactive circuit.

Introduction resonant phenomena appearance in the heat pro-
cesses, the electrical circuits and much other.
Their analysis leads to the fundamental question
formulation about a source the energy of which
allows fulfilling a work what is impossible in tra-
ditional understanding of the physical processes
cause-effect tie. There are different hypothesizes
the essence of which consists in some universal
substance existence which posses by the great en-
ergetic potential (for example, it can be the “dark

As it follows from the information generalization
represented in the different scientific publications
the resonance can be a key to the energetic spike
in the oscillatory systems of the different physical
nature. For example, the historical facts of the
bridge constructions mechanical destroying are
well known to the world science but they are non-
obvious in the sense of the their physical causal-
ity. There are many analogical questions to the
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matter”, the “physical vacuum”, the ether etc.). In
dependence on the realization conditions this po-
tential can become apparent in a sharp burst kind
of the thermal energy, of the nuclear energy and
finally of the electromagnetic energy [1-3]. Not
stopping on the works dedicated to the funda-
mental questions of our Universe structure the
undoubted interest of the world public to the
known technical elaborations which are directed
to solution of the modern power engineering
problems should particularly extracted [4].

Analysis of publications

The efficiency of the electric resonance-rectifier
circuit for the renewable energy conversion is an-
alyzed in the work [5]. The scientific edition [6]
is dedicated to a concise technical overview of
energy technology: the sources of energy, energy
systems and frontier conversion. Here are the ad-
vanced converters, catalysts, fuel cells, mem-
branes, metal-hydrides, refrigerators and M.H.D.
solar cells, finally. The articles [7, 8] illuminate
the theoretical investigations of the electromag-
netic processes in Tesla transformer which was
the first technically realized suggestion of the
voltage resonant amplifier. The got results and
the numerical estimates agree well with the qual-
itative conclusions of the Great Inventor. Appear-
ance of the Patent [9] is conditioned by the prac-
tical interest to the power resonant amplify. The

subject of the invention is related to the impact
excitation systems in the electrical power engi-
neering but It can find application in the uninter-
rupted power supply units, in the electromagnetic
vibration transmitting apparatuses etc. Finally,
the work [10] is dedicated to the experimental
justification of the electrical power resonant am-
plifier workability. To the authors opinion the
main result of the conducted investigations is the
experimental fact when the output reactive elec-
trical power exceeds more than ~33 times of the
source input power.

The practical interest represents a scheme
elaboration of the electrical energy resonant am-
plifier where (unlike the previous analogue!) the
active electrical power is generated which can be
used physically for the different works fulfilling.

The aim of the present investigation is the
scheme suggestion of the active electrical power
resonant amplifier, analysis and numerical esti-
mates of the flowing electromagnetic processes
characteristics for the principally justification of
the suggested scheme real workability.

Purpose and Tasks

Electrical scheme, action principle.

The electrical equivalent scheme of the sug-
gested resonant amplifier of the active electrical
power consisting of the four resonant circuits is
represented on Fig. 1.
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Fig. 1. Electrical equivalent scheme of the resonant amplifier of the active electrical power
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The first of them — 1 with source of the har-
monic voltage — E; is the amplifier input circuit.
Its current and voltage transmit to the second se-
rial circuit — 2 with help of the coupling trans-
former «Lit — Lor». Here the amplified reactive
power from the output element (the capaci-
tance — C;) transmits to input (the capaci-
tance — C3) of the parallel resonant circuit — 3.
The latter one is inductively coupled with the se-
rial circuit — 4 the output element of which is
modeled by resistor — R4. This is the load where
the amplified active electrical power is liberated.

The particularity of the suggested scheme
consists in what the parallel circuit — 3 contains
the additional source of the harmonic voltage —
E.. Its appointment consists in the conditions cre-
ation for the “current resonance” regime in which
a back influence on the serial circuit — 2 is ex-
cluded.

A relation of the active power in the output el-
ement of the circuit — 4 (load, resistor — R4) to the
power of the energy source in the input circuit —
1 is the quantitative index of the electromagnetic
energy conversion in suggested scheme of the
resonant amplifier of the active electrical power.

Problem formulation.

e The input serial circuit — 1 contains the capac-
itance — Cy, the inductance — Lit (the primary
winding of the coupling transformer between
the circuits 1-2), the active resistance — R; and
the source of the harmonic voltage
Ei(t) = Eisin(w - t) (E1 — is the amplitude,
o — is the angular frequency, t — is the time).

e The amplifying serial circuit — 2 contains the
inductance — Lo (this is the secondary wind-
ing of the coupling transformer between the
circuits 1-2), the capacitance — C;, (the output
element), the inductance — L, and active re-
sistance — R (this can be the resistance of the
winding inductances and coupling wires).

e The parallel circuit — 3 contains the capaci-
tance — Cs, the active resistance — Rs (the re-
sistance of the windings inductances and the
coupling wires), the inductance — L3 and the
additional source of the harmonic volt-
age — Ex(t) = Exsin (o - t) (E2 — is the ampli-
tude).

e The output serial circuit — 4 contains the in-
ductance — L4, the capacitance — C4 and the re-
sistor — R4 which models the amplifier active
load.

e The frequencies of all resonant circuits are
equal to each other resonant frequency.

W, =

[N

=, = = o —is the amplifier
Joe, ML P

Main calculation dependencies.

The calculation dependencies for the worka-
bility theoretical justification of the suggested
scheme are based on the physically “transparent”
phenomenological statements and the strict math-
ematical approach with the electrical circuit the-
ory methods usage [11].

We shall start from the “output” circuits of the
amplifier resonant.

According to the equivalent scheme on Fig. 1
the state equations in the serial and parallel cir-
cuits — 3 and 4 accept the view [11]:

Ry Jg +i0(Kgq /oLy ) 335 =0;
(ioks + Ry ) Iz +i0o( kggy/LaLy )34 - M
—-E, =Uc¢,;

where ka4 € [0, 1] — is the coefficient of the elec-
tromagnetic coupling level between the cir-
cuits — 3 and 4; J4— is the current in the circuit — 4
with the inductance — L., with the capaci-
tance— C, and the active resistance of the
load — Rg4; Js3, J3 — are the currents in branches of
the circuit— 3; Js3 — is the current in the branch
with the inductance — Ls,with active resistance
— R3 and additional source of the harmonic volt-
age — Ez; J3 —is the current in the branch with the
capacitance — Cs; Ucs — is the voltage on the ca-
pacitance — Cs.

The currents being excited can be found from
the linear algebraic equations system (1) [9].

io(key Ly )

J4 =—R—4-J33,

Jyz =7 Uey ¥ E: ;2
(ioks + Ry (L+ kG - Qs+ Qy )

J3 =10C;3-Uc,,

The current — J23 in the output from the capac-
itance — C, can be determined as sum the currents
in the branches of the parallel circuit taking into
account the resonance:
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[EZ +iUg, [Ql+k§4Q4B
3

Rs(iQa +(1+ k& Qs+ Q, ))

Jaz=Jd3+Jdg3 =

. (3)

From (3) we receive that for J,3 = 0 the next
condition has to be fulfilled:

Ezz—i‘ch'LQi+k§4‘Q4J- 4)
3

It should be marked that in practices, the nec-
essary voltage of the additional source can be de-
termined when the voltage amplitude variation
till to obtain the zero current in the input to the
circuit — 3 from the capacitance — C; in the circuit
-2.

With help of (2) and (4) we find the voltage
and current in the load active resistance — Ra:

L il
o [ )
3
Uc L -2
J4:R—3.[k34. L_4J.e 2.
4 3

Let us return to analysis of the condition (4).
If this condition is fulfilled the “current reso-
nance” regime is excited in the parallel cir-
cuit — 3. The current in the output from the capac-
itance — C; to the circuit — 3 is equal to zero (Jz3
= 0). The electromagnetic processes in the reso-
nant circuits — 2 and 1 are flowing independently
on the processes in the circuits — 3 and 4.

The last final conclusion allows analyzing ex-
citation of the circuit — 2 and 1 by the source of
the harmonic voltage — E; without any coupling
with the circuits — 3 and 4.

The state equations system has the view [11]:

()

1
(€)

oC,

where J1, — are the currents in the circuits — 1 and

2, correspondingly; My, =k, -\/Lir Ly — is the
mutual inductance, ki2 € [0, 1] - is the coefficient
of the electromagnetic coupling level between the
circuits 1-2; Los = (Lot + Ly — is the summary
inductance of the circuit — 2.

Under resonance conditions

1 1
{‘“‘LZS‘E}"(@L”‘E}“}
2 1

the equations system (6) accepts the view

The expressions for the currents being excited
can be got from (7).

Should mark that parameter — Z in (8) can be
interpreted as a module of the equivalent induc-
tive resistance. It ties the source power voltage —
E; with the resonant current — J, in the second cir-
cuit. And as it follows from the corresponding ex-
pression in (8) this tie has the strictly inductive
character.

Let us rewrite the corresponding expression
for J; separately for strict clearness in the further
analysis of the flowing electromagnetic pro-
Cesses.

J,=E SZ ;
oM,, )% +R R)
(( 12) 1 2 (8)
. E
J,=—i-—,
2 z
2
where 7 = (OMi2) +RaRy
oM;,

Should mark that parameter — Z in (8) can be
interpreted as a module of the equivalent induc-
tive resistance. It ties the source power voltage
— E; with the resonant current — J, in the second
circuit. And as it follows from the corresponding
expression in (8) this tie has the strictly inductive
character.

Let us rewrite the corresponding expression
for J; separately for strict clearness in the further
analysis of the flowing electromagnetic pro-
Cesses.

3, =—i-2, ©)

oM, '
Obviously, the functional dependence
Z = Z(wM12) has to have a minimum what deter-

mines a maximum of the current — J, as of func-
tion of the argument — (oMz12).

where Z =
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The necessary condition of the extremum ex-
istence for the function — Z = Z(oM12) is being
written in the view [12]:

dZ(oMp,) (oM, )’ —RR,
2

d(oMy,) ) (oMy,)

~0.(10)

As it follows from the expression (10), the
equivalent resistance module reaches the mini-

mum under (oM, ) . =+/R;-R, . And the cor-

responding resistance minimum will equal to —
Zin =24/R1 Ry .

In the terms of the parameters of the circuits —
2 and 1 the realization condition of the minimal

value of the equivalent resistance — Z has the
view:

CL)'klz'\/l-lT'I-zT :\/Rl'RZ' (11)

The estimate of the electromagnetic coupling
coefficient which provides the secondary current
maximum - Jomax follows from the expres-
sion (11).

K12—max :\/((D.Lﬂ)'(ﬂ)'LZT) |

Physically, the found minimum of the equiva-
lent resistance ting the secondary current with the
voltage — E; of the power source and determining
the maximum power amplifying can be explained
by the minimally possible return of the energy
from the secondary circuit — 2 to the primary cir-
cuit — 1. At that all this process is being provided
by the electromagnetic coupling level between
the circuits correspondingly to the formula (12).

(12)

lei;
2R,
Ug=-Brpee——=  (13)
1 oL
=|—=oL,|=-F, ——2_—.
oC, ' 2 /R R,

To calculate the integral coefficient of the ac-
tive electrical power conversion in the suggested
scheme of the resonant amplifier the formulas
should be written for the current in the circuit — 1
and the voltage in the “output element” — L, of
the circuit — 2.

Taking into account that U. =Uc,, after
substitution of the expression for Ug, to (5) we

find the voltage and current in the load active re-
sistance — Ra.

oL L
U, = E1'¢'{k34' L_4J;
2R, R, 3 (14)

J,=—E L K,, - L )
YT RROR L L

According to (13) and (14) the power ampli-
tudes in the circuit — 1, in the circuit — 2 and in
the circuit — 4 (the amplifier output of the active
electrical power) will be determined by the fol-
lowing dependencies.

_E.
im 2R1’
P _E_lzﬁ (15)
TR 4]
R L
P4m:E12'4R 2R ‘sz'[k324'|_—4j,
40 3

where Q, = (DIR'ZS — is the Q-factor of the circuit— 2.
2

The conversion coefficients of the electrical
power in the suggested scheme of the resonant
amplifier can be found as the relations of the cor-
responding values from the expressions (15):

a) from circuit — 1 to circuit — 2,

Ky, :h:&-
Am 2

b) from circuit — 2 to circuit — 4,
P, L 2 (16)
I:)Zm L3

¢) from circuit —1to circuit -4,

P Q, (L
1-4 le 2 ( L3 34 Q4

The introduced power — Pe, (of the additional

source) normalized on the power — P,,, which is

introduced from the circuit — 2 (under the reso-
nant conditions) is being determined by the ex-
pression:
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P,
I:)2 m

=[Qi3+k§4-q4} 17)

2
where P, =~ _jisthe power introduced from
ol

the circuit — 2 in the terms of the parameters of
the circuit — 3.

For practice, the formula allowing the effi-
ciency integral estimation of the amplifier in the
whole is interesting. It can be got as relation:

Q (@@{Lﬁ _ ]iJ (18)

Fn—Pe,|_Qp Las
2 Ls Qs

E.
K5 -
2m

where P,,, —is the output power in the load active

resistance in the terms of the amplifier parame-
ters.

As it follows from the formula (18) the active
power in the load which is determined with tak-
ing into account power of the additional source
can be considered as some efficiency conditional
characteristic which permits evaluating the mini-
mally possible value of the output power in the
scheme of the considered amplifier.

Analysis, numerical estimates

From physical consideration it is obvious that
for the amplifier efficiency maximum a contri-
bution of the power additional source in excit-
ing the “current resonance” in the parallel cir-
cuit has to be minimal. As it follows from de-
pendencies (4), (17) and (18), for this it is nec-
essary quite high Q-factor — Qs >> 1 and quite
weak electromagnetic coupling with the serial
circuit in aggregate with quite small Q-factor,

so that — kZ, -Q, <<1. Simultaneously, the de-

pendence for the power conversion coefficient
— (16), (17) and (18) demands increasing pa-
rameter — k2, -Q, .

The efficiency illustrations of the experi-
mental model of the active power resonant ampli-
fier are represented on Fig. 2, Fig. 3. The follow-
ing initial data were accepted for calculation:
o =2-7w25000 I'y, Lit = Lot = Lg = 14,8 mx[TH,
L, =169 mkI'H, R, = 0,35 Om, R1 = R3 = 0,1 Om,
ks =0,1.

Practically straight-proportional tie of the
conversion integral coefficient and the power of
the additional source follows from the calcula-
tions results on Fig. 2.

K 1-4
S
Lo

I —
g 10
R4,0m
Fig. 2. The amplifying efficiency of the active
power as function from the load re-

sistance without taking into account the
power contribution of the additional

o 2 4 §

source
(E;)
K14,K14
12F
10 \
5 \\\
K4
’ \ (Eg)
: K14
' I ——
:‘:l 1 4 ] 2 10
R4,0m

Fig. 3. lllustration of the additional source power
influence on the active power amplifying
in dependence on the load resistance

Really, a substitution of (17) into the expres-
sion for Ki-4 from (16) leads to the relationship:

_Q (L) ([P 1
et [sz[%m QJ' ()

Physically, this tie supposes the growth possi-
bility of the conversion coefficient but with the
simultaneous growth of the power of the
additional source.

Finally, last comment. The curves on Fig. 3
illustrate the output power falling down in the
dependence on the load resistance with and
without taking into account the power of the
additional source.
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Conclusion

The resonant amplifier scheme of the active elec-
trical power which is represented by the series of
the inductively coupled resonant circuits is sug-
gested.

The distinguishing particularity of the present
suggestion is introduction of the additional
source of the harmonic voltage what permits ex-
cluding the back influence of the output currents
and voltages on the processes of their resonant
amplifying.

The conclusions about the real workability of
the active power suggested amplifier are formu-
lated on the basing the numerical estimates and
the characteristics analysis of the flowing pro-
Cesses.
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BBeneHHsI 101aTKOBOI0 [sKepeJia TApMOHIYHOT0
CUTHAJIY B CXeMY Pe30HAHCHOI'0 MiJCHIIOBAa4Ya
€JICKTPHUYHOI IIOTYKHOCTI

Anomauyia. Ilpoénema. Ilpobremu enexmpoernepee-
MUKY, 3YMOGIEH] BUCHANCEHHAM NPUPOOHUX PECYpPCi6
niaxemu, i ix 3amiujeHHsa iHiyilooms po3pooKU HOBUX
Qi3uxo-mexHiyHuX piuieHv i3 NPAKMUYHUM BUKOPUC-
MAHHAM 8i00MUX npupooHux sasuwy. Mema. Memoro
odarnoi pobomu € npono3uyis 86ecmu 000amrKoge 0xce-
peno 2apMoniuH020 cusHary (Hanpyeu abo cmpymy) 6
cXeMy pPe30HaHCHO20 NIOCUNIO8Add eneKmpuiHoi no-
MYCHOCMI, OMPUMAHHS PO3PAXYHKOBUX AHANIMUY-
HUX 3an1edCHOCmel 015 YUCENbHUX OYIHOK Xapakmepu-
CMUK RPOMIKAIOYUX eIeKMPOMASHIMHUX NPOYecie, AKi
00360110Mb 0amu NPUHYUNOBE 0OIPYHMYBAHHS ped-
JIBHOT npaye30amuocmi 3anponoHo8anol cxemi 8 yi-
JIOMY 3 YPAXYBAHHAM 83AEMOOIL 6CIiX il (YHKYIOHATL-
Hux ckaadosux. Memooonozia. [lpuiinami ¢ pobomi
nioxoou 0o eupiuleHHs nOcmasneHoi memu 0a3y-
I0MbCA HA BUKOPUCIAHHA PE3OHAHCHUX A6UW ) KOH-
mypax 3 aKmuHO-peaKxmueHUMU eneMenmamy ma ix
meopemuyHull aHaniz i3 3any4eHHAM Mamemamuy-
HO20 anapamy meopii enekmpuuHux nawyiocie. Pe-
syaomamu. Cxemy pe3oHaHCHO20 RIOCUTIO8AYA NPO-
NOHYEMbCA peanizysamu 'y eueiaoi Yomupbox aKmu-
6HO-PEaKMUBHUX 3AMKHYMUX KOHMYPI8, Wo IHOYKmu-
6HO nos'a3ani migxc codoro. [Ipuuomy 6 npakmuyHomy
6apianmi GUKOHAHHS THOVKIMUBHI 38'A3KU MOJICYMb
30iticHIo8amMuUcs. 3a OONOMO20I0 BUCOKOYACHOMMHUX
Gepumie. Tlepuiuii KOHMYp € BXIOHUM KOHMYPOM i3
0orcepesom 2apMOHIUHOT ROMYHCHOCTI, AKY HEeOOXIOHO
niocunumu. J[pyauti KOHmyp 2enepyec nocuieny peax-
MUBHY NOMYICHICMb PENCUMI «PE3OHAHCY Hanpyey.
Tpemiti konmyp 3 000AMKOBUM 0ACEPETOM 2APMOHTY-
HOi Hanpyeu 30IUCHIOE 8UBCOEHHS PeAKMUBHOT NOm)y-
JHCHOCMI OpY2020 KOHMYPY 6 PedtCUMi «Pe30HAHCY
cmpymisy. Yemeepmuili KOHmMyp, iHOYKMUBHO NOB 534~
HULL 3 Mpemim KOHMYPOM, MICIMUMb GUXIOHE HABAH-
MANCENHS BCbO20 PE30HAHCHO20 niocumosaya. Lle pe-
3UCMOP, MOOENIOE GUBLIbHEHHS AKMUBHOI NOMYICHO-
cmi. Opucinansuicms. Dizuuno, gedents 000amKo-
6020 Odicepena 6 MmpemvoMy KOHMYPI eK8i8anNeHmHO
CMBOPEHHIO «HEe2AMUBHO20 AKMUBHO20 ONOPY», WO
00360718€ CMEOPUMU YMOBU 01 30Y0HCEeHHS Pe30HA-
HCy cmpymie 3 MIHIMANbHO — MOJICIUBUM

CNOMBOPEHHAM i, 8 KiHYeBOMY RIOCYMKY, 3HUUMU
360pOMHULL BNAUE HA NIOCUTIOBANbHI Npoyecu 8 Opy-
20My KOHmMYPpI (RiOcunoeay peaxmuHoi nomytCHo-
cmi). I[Iposedenuii ananiz ma wucenvHi OYiHKU XapakK-
MepucmuK 3anponoHo8aHoi cxemu pe3oHaHCHO20 Nio-
CUNIOBAYA AKMUBHOI eIeKMPUYHOT NOMYHCHOCMI NO-
kazanu i npunyunosy oiezoamuicme. Ilpakmuune
3Hauenna. Ak npukiad 6UKOHAHI PO3PAXYHKU CMpY-
Mi8 I Hanpye y cxemi eKCnepuMeHmanbHoi MOOeii, uo
003601UN0 chopmynosamu pekomeHoayii wooo 6u-
bopy enemenmis peanbHo2o 0it0Y020 NIOCUNI8AYA AK-
TMUBHOI eIeKMPUYHOI NOMYICHOCMI, WO MAE GUCOKI
NOKA3HUKU ePeKmusHocmi 01 HU3bKOOMHUX BUXIO-
HUX HABAHMAICEHD.

Knrouogi cnosa: pezonancnuii niocunogau, in0ykmu-
6HI 36 S13KU, 000AMKOBE 0IHCEPENO APMOHIYHO20 CUe-
HALY, PE30OHAHC CMPYMI6 ma HAnpy2, aKmueHO-peax-
TMUBHULL KOHMYP.
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