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OPERATOR METHOD ANALYSIS OF PULSE-FORMING LINES AND SCREENING

Annotation - In this paper the results of the operator method application to the analysis of processes in the pulse-
forming lines and the process of the electromagnetic field screening are presented. The model is considered as a system of
Laplace transformed telegrapher’s equations and examples of its solution by the Fourier method and the method of traveling
waves (d'Alembert method) are given. Wide perspectives the operator method has for solving problems of analysis of
transient in linear devices and systems. The advantages of the operator method are shown, which makes it possible to
simplify the analysis. It is shown also that the initial conditions of the problem are taken into account automatically.
Examples of the solution of the charging problem of the forming line from the DC voltage source are considered and a
comparative analysis of the results obtained by both methods is carried out. It is shown that the solution by the Fourier
method allows obtaining an expression for the voltage in the line in the form of a spectral function and may be used at the
frequency domain analysis. It was thus obtained that, when the line is charged, the expansion of the function in a series
contains only odd harmonics. The solution is given by the d'Alembert method in the form of traveling waves. This result may
be used for the time domain analysis. The overlapping of traveling waves leads to overvoltage in the line and the possibility of
breakdown of dielectrics between the busducts. An example is given of calculating the screening gate, in which the action of
the screen is simulated using a line with distributed parameters Distribution of electric fields is considered. Lattice diagram
of the waves is shown to allow explaining process of forming interference pattern in media around the screen and into the
screen.

Keywords: telegrapher equations, formation line, screening gate.

B. . YYMAKOB, O. I. XAPYEHKO
XapKiBCbKUI HAI[IOHATBHUN YHIBEPCUTET PalioeNeKTPOHIKH
v.i.ch@mail.ru

OIIEPATOPHUI METOJI AHAJII3Y ®OPMYBAHHS IMITYJILCIB B IIEPEJABAJILHUX JITHISAX
TA ITPOLIECY EKPAHYBAHHA

Anomauia - Hasedeno pesyniomamu 3acmocysanns onepamoprozo memooy 00 ananizy npouecie é gopmyruux
JHIAX Ma npoyecy eKpanyeants eneKmpomazHimnozo nons. Posenanymo modens y 6uznadi cucmemu menezpagyuux piHans
ma oano npuknaou it pose’azauna memooom @Dyp’c ma memooom onykaryux xeunv. Ilposedeno nopisnanvuuil ananiz
Po3é'azanna 3adaui 3apady ninii 6i0 0xcepena cmanoi nanpyzu i ROKA3aHO nepeeazu onepamopHozo Memooy, wio 00360J14€
cnpocmumu anani.

Knrouoei cnosa: menezpagpui pisnanns, gpopmyroua ninis, koeghiyicnm ekpanyeanns.

The mathematical model of processes in linear radioengineering systems and electrodynamics structures is, as a
rule, a system of differential equations. Its analysis with the help of the operator method makes it possible to
simplify the problem considerably. Thus, in the case of partial differential equations, the operator method makes it
possible to go over to ordinary differential equations, whose solution is much easier to find [1-3].

The model of processes in the forming lines is a system of telegrapher equations whose operator form for a
lossless line is written as [4]

dUu

—E=pL1—Li(0) , (1a)
dl
e pCU —Cu(0) (1b)

where, U , I — Laplace images of voltage and current in the line, L, C — linear inductance and linear capacitance,
u(0), i(0) — initial values of voltage and current in the line. We note immediately the important advantage of the
operator method: the initial conditions of the problem are taken into account automatically when changing over from

the voltage and current originals to the images. The system of equations (1) can be reduced to the operator analog of
the wave equation for the voltage

2
Y U=, ®)
dx
the general solution of which can be written in the form
U=Achyx+Bshyx. 3)

Here A and B are constants of integration, the values of which are determined by the boundary conditions,
y = p~LC — is the operator propagation constant. Further, the solution is carried out by various methods, among

which we single out the classical method (the Fourier method) and the method of traveling waves (d'Alembert
method) [5].
In the first case, the voltage image is reduced to the ratio of the two functions
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Uy chy(l—x

U= _OL) )
p chyl

and the original of voltage is calculated using the decomposition theorem [3,4]. The calculation of the roots of the

denominator function (4) is the most difficult. In a lossless line, the voltage distribution is an interference pattern of
the incident wave on the input of the line and the reflected waves from the end of the line and the input terminals (in

the case of a mismatched load). It is shown, for example, that in the idling mode when a constant voltage U, is
forced on the input, the voltage in an arbitrary section x of a line of length / is obtained as a Fourier series
expansion of two sequences of rectangular pulses of opposite polarity with duration r=2xJLC , frequency
o} :272'/41\/E and duty cycle q:T/r:4l«/R/2x«/R=21/x, which oscillate with respect to a constant
component U, (fig. 1):

u(t,x)=[U, +g i A, cos(nayt+7)+ i A, cos(na)lt+n7z)} _ 5)
q n=0 n=0

The expansion coefficients are expressed by the formula [6], where the series contains only odd harmonics:
sin |:(2n + 1) z i:l
21 . T X
A4, =U,————==U, s1nc[(2n +1)——} )
(ns) X 21
21
The same problem solved by d’Alembert method is shown to give the voltage image in form

U
U= _o[e_yx L) Gl e_y(u_x)}
p

from which the traveling waves solution may be obtained:

u(t,x) = U, Hz—%}1(:—2]7”)—1@—%)—1@—41;’“}..1, ©)

where 1() is the Heaviside function. It is obvious that the time diagram of expression (6) coincides with Fig. 1. It

>

should be noted that for U, = 1 the obtained solution is a transient characteristic of the line and it may be used for
the calculation of processes in line by the Duhamel integral. As it may be seen on fig. | maximal voltage in the line
arises to 20U, .
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Fig. 1. Formation of the time-domain voltage diagram in the breaking line

The operator method can also be used in analyzing the effect of shielding the electromagnetic field [7]. A clear
interpretation of the process can be obtained with the aid of a lattice diagram (Fig. 2) [4]. Here, the wave with the
electric field strength E, falls from the region of space I to the conducting screen II at an angle « . In this case, the
wave is partially reflected, partially penetrates the screen, where partial absorption takes place, secondary reflection
from the screen boundaries and partial passage into the region of space IIl. The screening gate is expressed by the
ratio of the field strengths in regions III and I

S=Ey/E;f
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Solving the system of telegraph equations for the line interpreting region I by the d'Alembert method [5], it can
be shown that the field in region I is a superposition of the incident wave E propagating in the direction of positive

x, reflected wave E,, and refracted waves £, 4, :

—2yh 3 —4yh
E; =Ey [1—(V12 tqmgne T 1gnqne +)}
In region I1I, superposition of refracted waves transmitted through the screen takes place
—rh 2 —3yh
Ep =E4y =Ey ((1126121@ "+ riqge +)

If medium I and II is a dielectric (for example, an air) with parameters z4 and &, then the process can be
represented as the inclusion of a function E|, in a line with losses (Fig. 3), the parameters of which are equal to
and o, . An ideal line of infinite length with parameters 4 and &, is connected to this line. Taking into account
the coefficients of reflection and refraction between regions

Zy, -7, Zy -7, 27, 2Z,
N2 :Zz+Zl , M1 :ZZ+ZI ,q12 =1-1p 222+Z1 , do1 =1=-m :Zz+Z1 .
the screening gate is expressed by the formula
S= ! : (M)
chyh+1[zl+zzjshyh
2\z, 7

where g4 and & — is the operator field propagation constant in the screen, Z; and Z, — are the wave impedances
of the dielectric and screen regions, respectively.

N :

Ey i Hyr Ty m

|
£y
M, E, e
o Erw Eiw H2B

o E3+¢n

/ k
8 x
-5 '

54 Fig. 3. Formatting line model of the scree
Thus, the process of field formation in various regions of space

and in the screen is an interference pattern of traveling waves
formed by reflections and refractions of the field in the screen.
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