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3nilicHeHO iHTerpyBaHHsl PiBHSIHHS BHMYIIEHOI0 KOJHMBAHHA 3apsily B rapMoHiiiHoMYy
eJIeKTpoMardiTuomy ocumiorpagi. byio orpumano touni Bupasn QyHkuiii oOMiHy cuHYyco-
inHoro JKepesia i oMmiuHOro onopy AJs ocuuiiorpaga edeprii i Bu3HaueHo GpyHKLi0 Kopesmii
3 1l CIEKTPOM KOJIMBAHb.

Integrating the equation of forced vibration of the charge in the harmonic
electromagnetic oscillator was carried out. The exact expressions for functions of oscillator
energy exchange with sinusoidal source and Ohm’s resistors were obtained and function
correlation with its oscillation spectrum was determined.

Introduction. Vibrations of the harmonic electromagnetic oscillatblEfMO) have been quite
sufficiently studied, and the corresponding results have been generalised in a great number of monographs
including [1-4]. Nevertheless, the kinetics of the development of oscillator energy exchange with Ohm’s
resistors and an external sinusoidal electromotion fdE&&-) has not been thoroughly investigated, and
this fact determined the objective of this work. Its topicality confirmed that relaxation processes of
oscillator energy playing an important part not only in the phy$&a], but also at the study of more
general issueg, 8].

General relations. In this work, one-dimenssional vibrations HEMO in the external sinusoidal
sin Qt
force potentialU (t) = Uo[ SQJ are considered. It is know, that vibration of charge are described by
co

the differential equation
U ()

d%q(t) . datt) 2 .. U@
2 T reoa =" 1)

having solution
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cogQt — ¢)j @

aQ y ,t)=(Acosot+ B sinmt)expt) + ym[sin(Qt )
Ug/L

a)g —0?

damping amplitude of the charge vibrations, which is displaced by phase bypvalpdQ, ») relative to the

lo —gme2sin — #0m CO
impact of the external source, and\= g — O, COS§, B =-2 Amé2SN§ + Goy = /4m €O g

1)
constants of integration, if at the initial moment the oscillator had cukgeat the point having charggy .

Wherew( is resonance frequency of the oscilla(cﬂ;/ = %) Om = is factor of the linear

The conservation of energy is known as:

_L[dq(y,t))z , Loga®t )
2 dt 2

=Wo + QQ,7, 1)+ A(Q2,7.1). ®3)

Where Q(Q,7,t)=-2L '[( dalr ’t)j dt is the dissipative Rayleigh function, which describes the
process of energy exchange between the electromagnetic oscillator and the Ohm's resistors, and

AQ,y,t) = J(%)U (Q,t)dt is energy exchange between the electromagnetic oscillator, whose frequency

of natural vibrations equals)2 = a)g - 7/2, and the external fordd (Q2,t) with the impact frequenc{2,
respectively.

Theoretical results. After integrating (3), taking into account (2), the active function is conveniently
presented as a sum of two addends:

AQy . t)=A Q7 1)+ A (Q7r.1), 4
where

UgGpn© tsm¢+icos{2§2t— )

ALQr)=—"""—

tsmqﬁ—ﬁcos{ZQt—w |

Ao Q.7 t):ﬂe—ﬂ 0, 81 COSA,t+ 55 SinA Lt ‘0, 83 COSA_t + 54 SINA_t
Ve 2 01 COSA t+ 55 SinA Lt 51COSA, t+5,snA Lt )’

-1 O1=—ya1—A, o, Oo=—yoo+A_aq,
A+=a)iQ,®l2=[)/2+A%r] 1=—ra1-Ayap, Sp=—pax+Aiom
- - O3=—ya1—A_ay Ox=—yar+A_aq,
a1 =-yA+wB ay =—-)B-0A.
Rayleigh function can also be conveniently presented as a sum, but of three addends:

QL y.1)=QQy.1)+QQ.y.10)+Q3(27.1) ()

where
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—2% 0!12 +0!§ 1 2 2
QQ,y,)=-21e + -7 @i —a5 W Daqoy coSL2ut
—4y 4ord
0
1 .
t———sif2(Qt - )]
+ (w @12 —a% )— Yoy )sinZa)tJ}, Q@ Q1) =—7Lq%£22 20 ,

t+%sir{2(§2t ~9)]

[61sinA,t+65 cosAth]j ([03 SiNA_t +6, cosA_t])
2

Q7,0 =2/LgnQe 10 _ . ,
Q7,9 =20 { 1([95cosA_t—965|nA_t] [97COSA_t—98$|nA_t]}

O1==yf1+ A Ba 0=y - A, p,

O3==1B3+A_fa Oa=-yBa—A_ps3,
f1=01C0Sp —axpSing, fo =aqSing —ao COSP,
P3=-01C0Sp —apSing, P4 =-01SN¢+ayCOP,

Discussion.Kinetics of vibrations charge in the undamped HEM@n this casey =0, and the
following conclusions can be drawn from expressions (4)—(5):
a) Atlow frequenciesQQ({wg, in the course of time, energy exchange between the external source

and the undampeHEMO takes on the character of pulsations lasting= % , each of them consisting of

pulse stringsA(Q,t) lasting z; :2 each.
@9
Vibrates with frequencyA_, the vibrations being modulated with long-wave oscillations having

period o Their maxima form during those intervals of time, when the impulse of energy transfer from

the source to the oscillator is in phase with the amplitude of its vibrations. If the corresponding oscillations
of functions A(Q2,t) and q(Q2,y,t) come to be in antiphase with time, minima of long-wave modulation

of the vibration spectrum form during the given intervals of time (Fig. 1). Therefofe({(aiy pulsation
of the amplitude of forced vibrations of the oscillator does not occur.

qp }
%Zzyyt)tg \AAAA“*‘ AA Ah,,ﬂg A,/&,f 1A
o] | TPV MR

-10

t
=
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Fig. 1. Q = 00750g, T =%. W@ 7, )= W (@,7,1)+ Wy (Q,7,1)

b) Spectrum of the pulsations of the amplitude of the forced vibrations of undatip®
forms at the higher frequencies of the source impact on the oscillator and is the most clearly observed

on approaching the condition of resonan€g— @q. In this case (Fig. 2), the oscillator performs

forced vibrations with period, =A£' and period of pulsations of the amplitude of these vibrations
+

is defined by the envelope of functioh(Q2,t), which already has periodis :Aﬁ. Minima of the

pulsations’ amplitudes of the oscillator vibrations form due to the energy transfer backwards from the
oscillator to the source. During these intervals of time the oscillator stops vibrating, because during
these intervalsA(Q2,t X0 and total dynamic energy of the oscillaldr(Q2,t) - 0. At the resonance

coincidence of the frequencief? =g, is observed and the period of the amplitude pulsation
increases without limit.

860

Q(Q ,v,t)

W(Q,v,t)

AlQ,y,1)

- 860
0 t 2

T(Q)
Fig. 2. = 0950, T = i—”

Kinetics of energy relaxation of damped HEM®n this caser # O, therefore, the oscillator exchanges

energy both with the Ohm’s resistors and the source of external excitation. Thus, the distinguished three
components of functio(Q2,7,t) have completely different characters of time dependence.

The first componentQy (Q2,7,t), describes the dynamics of the Ohm’s resistors to the natural

vibrations of the lineaHEMO. For freeHEMO, function Ql(Q,y,t)|Q=O =Q(y,t) is the envelope of its

total energy [5]. Therefore, phase-plane portrait of free damped vibrations at co-ordinates

2.36k 164J

10 L.o1(0 7,1

0.1.QAQ,v,1)
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0,800

where Tq is the corresponding time for a co-ordinate of the oscillator. Starting of the sinusoidal source

has oscillating character. Time of the energy relaxation during vibratigns 2Tq,

does not change general character of dynamic spec@m,t). The second par®, (r,t) is negative
and gradually increases with time. It describes energy loses of the oscillators in the Ohm’s resistors due to
their forced vibrations. The third componen®s(y,t) starts vibrating with time and expresses

interference of vibrational states of tHEMO and of the sinusoidal source (Fig. 3). In order to sustain
forced vibrations in the system, functioh((2,7,t) needs to be actuated. It also consists of two parts, the

first one, Al(Q,y,t), describing forced impact of the source on the oscillator, the second one,
Ao (Q,y,t), — interference of the vibrational states of the oscillator and the source.

Fig. 3. X ~ 0040 = 01w,
@0
Analysis of spectrafy (Q2,7,t) and Ay (Q2,7,t) (Fig. 4) shows that componerft, (Q2,7,t) has
oscillating character and damps rapidly with time, whereas forced power of the syufey,t) rises
with time and compensates loses in the oscillatory circuit, causing steady-state oscillations to arise in it.

19Q ¢

AL,y ,1)
A2(Q,y 1)
10y(Q ,v,t)_

—13d

0 t 15
Fig. 4. 2~ ~ 0040 = 01w,
@Q

Frequency spectrum of forced vibrations HEM®ig. 5,a, computed spectra of power functions
Q(Q,y,t) and A (Q,7,t) are adduced as an approbation of the results obtained in this work. It is seen

that Q(Q,y,t =T) determines the known spectrum of energy absorption by the oscillator, whereas
A(Q,y,t =T) defines dispersion of the reaction of the oscillating circuit to the external source impact.

Suppression mechanism of the unlimited increase of the forced vibrations’ amplitude at the
resonance coming has become clear as well. As it can be seen from Bigurier the specified

U Q. . o
conditions, components of the active functioa(Q,y,t)=0qutS|n¢, and the dissipative one,

q(Q,y,t) = —;/Lq,%QZt, are precisely correlated and mutually compensate each other.
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Fig. 5. -/~ ~ 004
a0

Conclusions.1. At low-frequency impact of the external source on the oscillator, energy exchange
between them has the character of pulsations. Maximum of the modulation of the forced vibrations’
spectrum forms on the condition that impulse of energy transfer from the source to the oscillator is either in
phase or in anti-phase with the vibrations’ amplitude of the latter.

2. In the mode of steady-state oscillations, interference effects in the processes of energy exchange
of the oscillator with the interacting systems are suppressed by the damping processes and are not to be
taken into consideration.
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