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Abstract

The article considers the self-inductance of reactiements

1. Electrical self-induction

To the laws of self-induction should be carriedsi laws, which
describe the reaction of such elements of radibrieal chains as capacity,
inductance and resistance with the galvanic comoredb them of the
sources of current or voltage. These laws are #wshof the theory of
electrical chains. The results of this theory canpbstponed also by the
electrodynamics of material media, since. such anedn be represented in
the form equivalent diagrams with the use of suements.
the motion of charges in any chain, which forcenthto change their
position, is connected with the energy consumptioom the power
sources. The processes of interaction of the poseewrces with such
structures are regulated by the laws of self-indact

Again let us refine very concept of self-intlac. By self-induction we
will understand the reaction of material structumggh the constant
parameters to the connection to them of the sowtesltage or current.
to the self-induction let us carry also that cashen its parameters can
change with the presence of the connected powercsour the energy
accumulated in the system. This self-induction vk aall parametric [1].
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Subsequently we will use these concepts: as cugenerator and the
voltage generator. By ideal voltage generator wé wnderstand such
source, which ensures on any load the lumped \aliaternal resistance in
this generator equal to zero. By ideal current ggne we will understand
such source, which ensures in any load the assigoecknt, internal
resistance in this generator equally to infinitheTideal current generators
and voltage in nature there does not exist, siote the current generators
and the voltage generators have their internastaste, which limits their
possibilities.

If we to one or the other network element @mirthe current generator
or voltage, then opposition to a change in itsiahistate is the response
reaction of this element and this opposition isagisvequal to the applied
action, which corresponds to third Newton's law.
if at our disposal is located the capacify, and this capacity is charged to

a potential differenc&) , then the charge), accumulated in the capacity,
Is determined by the relationship:
Q., =CU. (1.1)

The charge Q. , depending on the capacitance values of capaaitdr

from a voltage drop across it, we will call stitiet flow of electrical self-
induction.

When the discussion deals with a change irchage, determined by
relationship (1.1), then this value can change with method of changing
the potential difference with a constant capaayher with a change in
capacity itself with a constant potential differenor and that and other
parameter simultaneously.

If capacitance value or voltage drop acrosiepgend on time, then the

current strength is determined by the relationship:

_dQC,U __ouU 0C
Tt 'Cat +U ot
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This expression determines the law of electricdf-isduction. Thus,
current in the circuit, which contains capacitoande obtained by two
methods, changing voltage across capacitor witbatstant capacity either
changing capacity itself with constant voltage asraapacitor, or to
produce change in both parameters simultaneously.

For the case, when the capaclty is constant, we obtain known

expression for the current, which flows through ¢hpacity:

ouU
| =C,——. 1.2
When capacity with the constant stress on it chenge have:
oC
| =U, —-. 1.3

This case to relate to the parametric electric#tis@uction, since the
presence of current is connected with a changehis parameter as
capacity.

Let us examine the consequences, which edoaperelationship (1.2).

If we to the capacity connect the direct-curremegator| ,, then stress on

it will change according to the law:
|t
u=-2. 1.4
C (1.4)
Thus, the capacity, connected to the source otdaarent, presents for it

the effective resistance

R= CLl : (1.5)
which linearly depends on time. The it should b&eddhat obtained result
is completely obvious; however, such properties capacity, which
customary to assume by reactive element they vegrthé first time noted

in the work [1].



This is understandable from a physical poinview, since in order to
charge capacity, source must expend energy.
The power, output by current source, is deteethin this case by the
relationship:
P(t) Lot (1.6)
Cl
The energy, accumulated by capacity in the timeve will obtain, after
integrating relationship (1.6) with respect to timee:
|,°t°
2C,

Substituting here the value of current from relagioip (1.4), we obtain the

W, =

dependence of the value of the accumulated indpadity energy from the

instantaneous value of stress on it:
1

WC :§C1U2.

Using for the case examined a concept of the fldwthe electrical

induction
@, =CU =Q(U) (1.7)

and using relationship (1.2), obtain:

4o 0Q(U) w9
o dt ot '

I.e., if we to a constant capacity connect the s@wf direct current, then
the current strength will be equal to the derivatf the flow of capacitive

induction on the time.



Now we will support at the capacity constaimess U,, and change

capacity itself, then

0C
It is evident that the value
_(acY"
F?C = (Ej (1.10)

plays the role of the effective resistance [1].sTtesult is also physically
intelligible. This result is also physically intigilible, since. with an increase
in the capacitance increases the energy accumutatednd thus, capacity
extracts in the voltage source energy, presentingt fresistive load. The
power, expended in this case by source, is detedrby the relationship:
P(t) :%—?Uf (1.11)
from relationship (1.11) is evident that dependomgthe sign of derivative
the expendable power can have different signs. Whererived positive,
expendable power goes for the accomplishment efreat work. If derived
negative, then external source accomplishes wbikging capacity.

Again, introducing concept the flow of the eleati;mduction

®. =CU, =Q(C),

obtain

0,

=5

(1.12)

Relationships (1.8) and (1.12) indicate that rdigsss of the fact, how
changes the flow of electrical self-induction (dej; its time derivative is

always equal to current.



Let us examine one additional process, whaahlier the laws of
induction did not include, however, it it falls wrdfor our extended
determination of this concept. From relationshig/Y 4t is evident that if
the charge, left constant (we will call this regithe regime of the frozen
electric flux), then stress on the capacity carclenged by its change. In

this case the relationship will be carried out:
CU =CU,=const,

where C andU - instantaneous values, afd) andU - initial values of

these parameters.

The stress on the capacity and the energynadated in it, will be in
this case determined by the relationships:
_CY,

C 1)
2
_1 (CUo)°
2 C '

U (1.13)

We

It is natural that this process of self-inducti@nde connected only with a
change in capacity itself, and therefore it faligler for the determination
of parametric self-induction.

Thus, are located three relationships (1.8)12) and (1.13), which
determine the processes of electrical self-indactive will call their rules
of the electric flux. Relationship (1.8) determindse electrical self-
induction, during which there are no changes incidgeacity, and therefore
this self-induction can be named simply electricsglf-induction.
Relationships (1.3) and (1.9-1.11) assume the poesef changes in the
capacity; therefore the processes, which correspgrithese relationships,

we will call electrical parametric self-induction.
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2. Current self-induction

Let us now move on to the examination ofgh@cesses, proceeding in
the inductance. Let us introduce the concept ofltve of the current self-

induction
®L,I =LI.

If inductance is shortened outed, and made fronmthterial, which does

not have effective resistance, for example fromstingerconductor, then
@ , =Ll,=const,
where L, and |- initial values of these parameters, which areted at

the moment of the short circuit of inductance witie presence in it of
current. This regime we will call the regime of thezen flow [1]. In this

case the relationship is fulfilled:
|, L
| :%, (2.1)
wherel andL - the instantaneous values of the correspondirenpeters.
In flow regime examined of current inductioenrains constant,
however, in connection with the fact that currenthe inductance it can
change with its change, this process falls underttie determination of
parametric self-induction. The energy, accumulatedhe inductance, in
this case will be determined by the relationship
w = L(Lh)° _ 1 (consty
-2 L 2 L

Stress on the inductance is equal to the derivatfvihe flow of current

induction on the time:



d@L,I _ al al_
. _LEHW'

let us examine the case, when the inductanceanfristantlL,

U=

ol

do
designating®, = L |, we obtainU :d—t'. After integrating expression

(2.2) on the time, we will obtain:

Ut
| =—. (2.3)
L,
Thus, the capacity, connected to the source otdaarent, presents for it
the effective resistance
R:%, (2.4)
which decreases inversely proportional to time.
The power, expended in this case by sourcejetermined by the

relationship:
Ut

This power linearly depends on time. After integmatrelationship (2.5) on
the time, we will obtain the energy, accumulatethminductance of
_1ui’

2 L
After substituting into expression (2.6) the vatiestress from relationship
(2.3), we obtain:

W, (2.6)

m4:%gﬁ.



This energy can be returned from the inductanaetimt external circuit, if
we open inductance from the power source and tmemineffective
resistance to it.

Now let us examine the case, when the curignvhich flows through

the inductance, is constant, and inductance its®if change. In this case

we obtain the relationship

oL
Thus, the value
oL
R(t) =3 (2.8)

plays the role of the effective resistance [1].id¢he case the electric flux,
effective resistance can be (depending on the efgderivative) both

positive and negative. This means that the indeetaten how derive
energy from without, so also return it into theezrtl circuits.

Introducing the designatio®, = LI, and, taking into account (2.7),

we obtain:

da,

Y=k

(2.9)

Of relationship (2.1), (2.6) and (2.9) we wekll the rules of current
self-induction, or the flow rules of current seiduction. From
relationships (2.6) and (2.9) it is evident thatjrathe case with the electric
flux, the method of changing the flow does notuefice eventual result,
and its time derivative is always equal to the egappotential difference.
Relationship (2.6) determines the current self-atiden, during which there
are no changes in the inductance, and therefoctantbe named simply

current self-induction. Relationships (2.7,2.8) umss the presence of



changes in the inductance; therefore we will catthsprocesses current

parametric self-induction.
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