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Abstract

Until now, was considered that the capacity enductance are reactive
elements and cannot consume active power. In th& woes shown that
under specific conditions the capacity and indumacan be the effective
resistance, whose value depends on time. Thesabkfestures of capacity
and inductance made possible to obtain the wavatemqs of long lines. Is
shown also, that the electron beams can posselsthmtkinetic, and by
potential properties.

1. Electrical salf-induction

To the laws of self-induction should be catrithose laws, which
describe the reaction of such elements of radibrieal chains as capacity,
inductance and resistance with the galvanic cormmedb them of the
sources of current or voltage. These laws are #wshof the theory of
electrical chains. The results of this theory canplostponed 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-induct
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Again let us refine very concept of self-intiac. 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 casken its parameters can
change with the presence of the connected powearccesaow the energy
accumulated in the system. This self-induction wi eall parametric [1-
3]. Subsequently we will use these concepts: astigenerator and the
voltage generator. By ideal voltage generator wé waderstand 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, sinte the current generators
and the voltage generators have their internastaste, which limits their
possibilities.

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

a potential differencé) , then the chargeQ), accumulated in the capacity,

is determined by the relationship:
Q.u =CU. (1.1)

The charge QC,U, depending on the capacitance values of capaardr

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

When the discussion deals with a change inctis@ge, determined by
relationship (1.1), then this value can change with method of changing
the potential difference with a constant capaaityher with a change in
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capacity itself with a constant potential differenor and that and other
parameter simultaneously.
If capacitance value or voltage drop acrostepend on time, then the

current strength is determined by the relationship:

_dQ., _ . 0u oC
= dt 'Cat+uat'

This expression determines the law of electricdf-isduction. Thus,

current in the circuit, which contains capacitoandoe 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 capacity 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.

This case to relate to the parametric electricéftiiséuction, 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)
Cl

Thus, the capacity, connected to the source otda@rent, presents for it

the effective resistance



R= Cil : (1.5)
which linearly depends on time. The it should b&eddhat obtained result
iIs completely obvious; however, such properties capacity, which
customary to assume by reactive element they vegrthé first time noted
in the work [1-3].

This is understandable from a physical pointiew, 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)= It (1.6)
Cl
The energy, accumulated by capacity in the timeve will obtain, after
integrating relationship (1.6) with respect to timee:
1ot
2C,

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

We

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:



I :dCDU :aQ(U)
°  dt ot

(1.8)

l.e., if we to a constant capacity connect the @@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 constamess U,, and change
capacity itself, then
oC

It is evident that the value

oc\™
R = [Ej (1.10)

plays the role of the effective resistance [1-3]isTresult 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) :%—?Ul2 (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



9D,

=5

(1.12)

Relationships (1.8) and (1.12) indicate that rdigss of the fact, how
changes the flow of electrical self-induction (d&); 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 relationshipg/Y1it is evident that if
the charge, left constant (we will call this regithe regime of the frozen
electric flux), then stress on the capacity carclienged by its change. In

this case the relationship will be carried out:

CU =CU,=const,

whereC andU - instantaneous value€;, 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:

U :%, (1.13)
CU,)’
WC:% ( 0c:O) '

It is natural that this process of self-inducti@ande connected only with a
change in capacity itself, and therefore it faltgler 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

6



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 electricsélf-induction.

Relationships (1.3) and (1.9-1.11) assume the poesef changes in the
capacity; therefore the processes, which correspgrthese relationships,

we will call electrical parametric self-induction.

2. Current salf-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'l =LI.

If inductance is shortened outed, and made frommhaterial, which does
not have effective resistance, for example fromstingerconductor, then

@, =Ll,=const,
where L, and |;- initial values of these parameters, which arated at

the moment of the short circuit of inductance witie presence in it of
current. This regime we will call the regime of thhezen 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 undertlfie determination of
parametric self-induction. The energy, accumulatedhe inductance, in

this case will be determined by the relationship
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(L1I )" _ 1 (consty
2 2 L
Stress on the inductance is equal to the derivatfvihe flow of current

induction on the time:

_dd, Al oL
U= et e

let us examine the case, when the inductanceanfristantlL,

ol

do
designating®, = L |, we obtainU =—L After integrating expression

dt
(2.2) on the time, we will obtain:

=t (2.3)

L

Thus, the capacity, connected to the source otda@rent, presents for it
the effective resistance
:%, (2.4)
which decreases inversely proportional to time.

The power, expended in this case by sourcejetermined by the
relationship:

P(t) :tt . (2.5)

This power linearly depends on time. After integratrelationship (2.5) on

the time, we will obtain the energy, accumulatethminductance of

1U4?
WL :ET

(2.6)



After substituting into expression (2.6) the vatfestress from relationship
(2.3), we obtain:

WL:%Lilz.

This energy can be returned from the inductanaetime external circuit, if
we open inductance from the power source and tmesineffective

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 [1-33. IA the case the electric
flux, effective resistance can be (depending onstge of derivative) both
positive and negative. This means that the indeetatan how derive

energy from without, so also return it into theegral 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 wahll the rules of current
self-induction, or the flow rules of current satfuction. 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 egabpotential difference.
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Relationship (2.6) determines the current self-atiden, during which there
are no changes in the inductance, and therefotantbe 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.

3. New method of obtaining the wave equation, the potential

and kinetic flows of charges

The processes, examined in two previous pap#g; concern chains
with the lumped parameters, when the distributibpaiential differences
and currents in the elements examined can be a@esiduniform.
However, there are chains, for example the longslimnto which potential
differences and currents are not three-dimensiomaiform. These
processes are described by the wave equationshwarcbe obtained from
Maxwell equations or with the aid of the telegrapbguations, but physics
of phenomenon itself in these processes to ustislear.

We will use the results, obtained in the poasi paragraph, for
examining the processes, proceeding in the lorgg Jim which the capacity

and inductance are the distributed parameters.ukedssume that linear

(falling per unit of length) capacity and inducteraf this line are equdl,

and L,. If we to this line connect the dc power suppl,, then its front

will be extended in the line some by the speedand the moving
coordinate of this front will be determined by treationshipz=Wt. In
this case the summary charged capacity and the atynnductance, along
which flows the current, will change accordinghe taw [1]:
Ct)y=zC,=wt C,,
L(t) =zL, =vt L,.
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The source of voltagéJ, will in this case charge the being increased

capacity of line, for which from the source to tlokarged line in

accordance with relationship (11.9) must leak teent:

ocl) _
ot

This current there will be the leak through the dimtors of line, that

,=U, wWC,. (3.1)

possess inductance. But, since the inductanca®firi connection with the

motion of the front of stress, also increasescooedance with relationship

(2.7), on it will be observed a voltage drop:

oL@ _
ot

But a voltage drop across the conductors of lin¢han absolute value is

Us=I, viL,=vUC/L..

equal to the stress, applied to its entrance; theran the last expression
should be placed) =U,. We immediately find taking this into account
that the rate of the motion of the front of streath the assigned linear

parameters and when, on, the incoming line of @mstress of is present,

must compose
1

N

This expression corresponds to the signal velogity line itself.

v (3.2)

Consequently, if we to the infinitely long line awett the voltage source,
then in it will occur the self-expansion of elec#di pour on and the

currents, which fill line with energy. It is intesting to note that the

obtained result does not depend on the form ofithetion U, i.e., to the

line can be connected both the dc power supply thedsource, whose
voltage changes according to any law. In all thesses the value of the
local value of voltage on incoming line will be ertled along it with the
speed, which follows from relationship (3.2). Thissult was obtained

previously only by method of solution of wave egoiat This examination
11



indicates the physical cause for this propagatamd it gives the physical
picture of process itself. Examination shows tharyv process of
propagation is connected with the energy procesédke filling of line

with electrical and current energy. This processuce in such a way that

the wave front, being extended with the speed pfeaves after itself the

line, charged to a potential differendd,, which corresponds to the filling

of line with electrostatic electric field energyoWwever, in the section of

line from the voltage source also to the wave fitmt/s the current |,

which corresponds to the filling of line in thiscien with energy, which is
connected with the motion of the charges along ateductors of line,
which possess inductance.

The current strength in the line can be ole@irafter substituting the
values of the velocity of propagation of the wavent, determined by

relationship (3.2), into relationship (3.1). Aftmaking this substitution, we

will obtain
C
|1 = U1 E?’
/Lo . -
whereZ = |—= - line characteristic.
CO
In this case
_ oL _do,
U, =1 7 dt
So accurately
_ . 0C _da,
L =Us T w

It is evident that the flow rules both for the eéte@l and for the current
self-induction are observed also in this case.
Thus, the processes of the propagation otenpial difference along the

conductors of long line and current in it are caiteéd and mutually
12



supplementing each other, and to exist without edlchar they do not can.
This process can be called electric-current sp@otas parametric self-
induction. This name connected with the fact tHawvfexpansion they
occur arbitrarily and characterizes the rate of ghecess of the filling of
line with energy. From the aforesaid the connecbhetween the energy
processes and the velocity of propagation of theewfaonts in the long
lines becomes clear.

That will, for example, when as one of thedwetors of long line take it
did compress? Obviously, in this case the velooityropagation of the
front of stress in this line will decrease, sinbe tinear inductance of line
will increase. This propagation will accompany tipeocess of the
propagation not only of external with respect te #vlenoid pour on and
currents, but both the process of the propagationagnetic flux inside the
solenoid itself and the velocity of propagationtlwt flow will be equal to
the velocity of propagation of electromagnetic waveéne itself.

Knowing current and voltage in the line, itgessible to calculate the
specific energy, concluded in the linear capaany #he inductance of line.
These energies will be determined by the relatipssh
1

WC:2

CU/, (3.3)

1
W, =S Ll (3.4)

it is not difficult to see that\, =W, .

Now let us discuss a question about the daradf the front of electric-
current wave and about which space will occupg flont in line itself.

Answer to the first question is determined by thepprties of the very

. . .ou .
voltage source, since local derlvatlvgt— at incoming line depends on

transient processes in the source itself and ihdbaice, with the aid of
13



which this source is connected to the line. If phecess of establishing the
voltage on incoming line will last some timét, then in the line it will

engage section with the lengtivAt. If we to the line exert the stress,

which is changed with the time according to the IbJ/\(t), then the same

value of function will be observed at any pointtio¢ line at a distancez

y4
rel.un. of beginning with the delayy = v’ Thus, the function of

U (t,2)=U (t —éj (3.5)

can be named propagation function, since. it estadd the connection
between the local temporary and three-dimensionlles of function in
the line. Long line is the device, which convedsdl derivative stresses on
the time on incoming line into the gradients ineliiself. On the basis
propagation function (3.5) it is possible to eg&lbthe connection between
the local and gradients in the long line. It is ol that

dU(2) 1 U (t)

0z v ot
Let us note the fact that for solving the wave ¢igua of the long lines
02U 1 U
2 T2 2
622 Y gt (3.6)
l_1 0%
0z v* ot?
obtained from the telegraphic equations
ouU
= = —L a_l
0z ot
ol U’
—=-C —2=
0z ot

the knowledge second derivative voltages and ctgiismequired.
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But what is to be done, if to incoming linesigpplied voltage, whose
second derivative is equal to zero (case, whewahage of source it does
change according to the linear law)? Answer to qjuisstion equation (3.6)
they do not give. The utilized method gives ansaleo to this question.

With the examination of processes in the llomg figured such concepts
as linear capacity and inductance, and also cuwr@mi stress in the line.
However, in the electrodynamics, based on the M#xegations, there
are no such concepts as capacity and inductandehare are concepts of
the electrical and magnetic permeability of medium.the carried out
examination such concepts as electrical and magristids also was
absent. Let us show how to pass from such categasdinear inductance
and capacity, current and stress in the line th soacepts as dielectric and
magnetic constant, and also electrical and magffield. For this let us
take the simplest construction of line, locatedha vacuum, as shown in
Fig. 1.

Fig. 1. The two-wire circuit, which consists ofdwdeally conducting

planes.

We will consider thath > a and edge effects it is possible not to consider.
Then the following connection will exist betweere tlhnear parameters of

line and the magnetic and dielectric constants:
a
Lo = 'UOB (3.7)
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b
CO 2505,

where L, and &, - dielectric and magnetic constant of vacuum.

The phase speed in this line will be determinethleyrelationship:

JLCo W HeEo

C,

where C- velocity of propagation of light in the vacuum.

The wave drag of the line examined will be equal

_a K _2a
“=bye b2

where Z, = /% - wave drag of free space.
0

(3.8)

This with the observance of the conditi@an=b we obtain the equality

L, = 14,. This means that magnetic permeabilityy plays the role of the

longitudinal specific inductance of vacuum. In tbése is observed also the

equality C, = &,. This means that the dielectric constafytplays the role

of the transverse specific capacity of vacuumhia interpretation botis,

and &, acquire clear physical sense.

The examination of electromagnetic wave in tbeg line can be

considered as filling of space, which is been ledatbetween its

conductors, special form of material, which presdrg electrical and

magnetic fields. Mathematically it is possible tnsider that these fields
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themselves possess specific energy and with thdintais possible to
transfer energy by the transmission lines.

If we to the examined line of infinite lengtbr, of line of that loaded
with wave drag, connect the dc power suphly, then the field strength in

the line will comprise:

U
E, =—,
¥ a
and the current, which flows into the line from the@wer source, will be

determined by the relationship:

| = E :a_Ey (3.9)
Z Z '
Magnetic field in the line will be equal to the spg& current, flowing in
the line
qol o
b bz

substituting here the valué, we obtain

H ==L (3.10)

The same connection between the electrical and etiagireld exists also
for the case of the transverse electromagnetic syavieich are extended in
the free space.

Comparing expressions for the energies,absy to see that the specific
energy can be expressed through the electricatregphetic fields

1 1
§ﬂo"'x2 =§€oEy2- (3.11)
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This means that the specific energy, accumulatethén magnetic and
electric field in this line is identical. If the kees of these energies are
multiplied by the volumes, occupied by fields, thiée obtained values
coincide with expressions (3.3-3.4).

thus, it is possible to make the conclusion timathe line examined are
propagated the same transverse plane waves, las free space. Moreover
this conclusion is obtained not by the method dbtsmn the Maxwell
equations, but by the way of examining the dynapnacesses, which are
related to the discharge of parametric self-indurctiThe special feature of
this line will be the fact that in it, in contrastthe free space, the stationary
magnetic and electric fields can be extended, hig tase cannot be
examined by the method of solution of Maxwell's a&gpns.

If we to the line exert the stress, whichhsueged in the course of time

according to any lawJ (t) = ak,(t), the like of analogy (3.5) it is possible

to write down

VA
E,(2)= Ey(t —Ej. (3.12)

Analogous relationship will be also pour on for thagnetic.

Is obvious that the work(t)U (t) represents the poweP, transferred
through the cross section of line in the directonlf in this relationship
current and stress was replaced through the temssbnmagnetic and
electrical pour on, then we will obtaiP =abE H,. The work E H,
represents the Poynting vector. Certainly, all ¢heslationships can be
written down also in the vector form.

Thus, all conclusions, obtained on the bagighe examination of

processes in the long line by two methods, coincidéerefore

subsequently, without risking to commit the errof$undamental nature, it
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is possible for describing the processes in thg lores successfully to use

such parameters as the distributed inductance apdctty. Certainly, in

this case one should understand ti&f and this L, some integral

characteristics, which do not consider structurerfmm. It should be noted

that from a practical point of view, the applicatiof the parametersC,

and L, has important significance, since. can be apprateiy solved the

tasks, which with the aid of Maxwell equations cainipe solved. This, for
example, the case, when spirals are the conduatdransmission line.
The importance of the obtained results consistgha fact that it is
possible, without resorting to the Maxwell's eqolas, to solve the
problems of propagation, is also shown that inlding lines and in the free
space the electromagnetic processes are extenttetheifinal speed.

The regularities indicated apply to all forwistransmission lines. For
different types of lines the linear parameters déepen their sizes. For an
example let us examine the coaxial line, whosealineapacity and

inductance are expressed by the relationships:

2TE,

In(—Dj Lo 25—}}'”(%)

G, =
d

where D and d the inside diameter of the cylindrical part of theaxial
and the outer diameter of central core respectivEhe introduced linear
parameters, can be named field, since the discudgals with that energy,
which is stored up in the electrical and magnetad$. However, the
circumstance is not considered with this approacht tbesides field
inductance there is still a kinetic inductance, akhis obliged to kinetic
energy of the moving charges. In the real transomsdines kinetic
inductance is not calculated on the basis of teaswn, that their speed is
small in view of the very high density of curremtrigers in the conductors

and therefore field inductance always is considgrgieater than kinetic.
19



with the current! \which flows along the center conductor of coakia,
energy accumulated in the specific inductance amelf inductance are
connected with the relationship

WL:%LOIZ ”°| (djlz

We will consider that the current is evenly distitiied over the section of
center conductor. Then kinetic energy of chargethénconductor of unit
length composes

md*nmv?

8

where N _m V- electron density, their mass and speed respéctive

. _ nevrrd’ o |
If one considers thdt = —2 . thenitis possible to write down

W, =

_ 1 5 4y, (D \n’evird®
W =3kl _4n|n(dj 16

From these relationships we obtain, that to the,caken
W, =W,

the condition corresponds

m _ 4y, (D)
nez_ In(d)d

m
where L, = & - Specific kinetic inductance of charges.

Hence we find that the fulfillment of condii® is necessary for the
kinetic beams
8m
d%e’y, Uy
in such a way that the flow would be kinetic, ix@essary that the specific

n<

kinetic inductance would exceed linear inductanebich is carried out
20



with the observance of the given condition. Frons ttelationship it is
possible to estimate, what electron density inflt& corresponds to this of
the case.

. D
Let us examine the concrete examples Luv  In [—j =2, then for

d
the electron density in the beam must be satisfiecdondition of
n< 8mD - 10—20%.
e’ 14, In (dj d? M

Such densities are characteristic to electron begaamsl they are

considerably lower than electron density in the duamtors. Therefore
electron beams should be carried to the kinetigvdlowhile electronic

current in the conductors they relate to the paefiows. Therefore for

calculating the energy, transferred by electromagrfeslds they use the
Poynting vector, and for calculating the energgnsferred by electron
beams is used kinetic energy of separate chargess. dll the more

correctly, when the discussion deals with the datmn of the energy,

transferred by ion beams, since. the mass of icasynimes exceeds the
mass of electrons.

Thus, the reckoning of the flows of chargesobe or the other form
depends not only on density and diameter of beaaif,itbut also on the
diameter of that conducting tube, in which it igezded. It is obvious that
in the case of potential beam, its front cannotekinded at a velocity,
which exceeds the speed of light. It would seem thare are no such
limitations for the purely kinetic beams. Therenis clear answer to this
question as yet. The mass of electron to usualhnect with its electric
fields and if we with the aid of the external coatilug tube begin to limit
these fields, then the mass of electron will beindecrease, but the

decrease of mass will lead to the decrease ofikinmaductance and beam
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will begin to lose its kinetic properties. And omhen the part of the mass
of electron does not have electrical origin, therthe hope to organize the
purely kinetic electron beam, whose speed can exiteespeed of light. If
we take the beam of protons, then picture willie game. But here, if we
take, for example, the nuclei of deuterium, whiadntain the neutron,
whose mass is located, but electrical pour onmen with the aid of such
nuclei it is possible to organize purely kinetiabes, and it is possible to
design for the fact that such beams can be drivery @0 the speeds of the
large of the speed of light. If we let out this e&rom the limiting tube
into the free space, i.e. to attempt to conveftdin the kinetic into the
potential, then Cerenkov radiation of the typehafttcan be obtained, when
electronic flux falls on Wednesday, where the phasgseed of

electromagnetic wave is lower than the speed atrele beam.
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