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Page 1.

ELECTROMAGNETIC SHADOWING OVER A WIDE RANGE OF FREQUENCIES.
I. I. Grodnev.

Page 2.

In the manuscript 1is presented the theory of
electronagretic shadowing over a wide range of freguencies
from Zero to SHF Dbande Is given single procedure and the
enyineeringy foramulas of fhe calculation of screens both ror
electrical and for magnetic tields in the different
moae/conditions of the use of screens (statics,
electrodynamics, the wave moue/couditions). Are examined the
special feature/peculiarities of the shadowing of coaxial and
symmetrical cable circuits takiung into acccunt protection
from wutual and outside interferences. Are 1investigiated
fundamental laws and the characteristics of the multilayer
combin=d screens and are recommended the cptimun
constructions of screense Are given to recommendation
regarding the shadowing of continucus, tape/strip and
braiding screerns in the technology of the communication

cables and radio-frequency cables.

The book 1s 1intended <for engineering-technical workers,
who are occupied by the gquestions of the protection of

commun ications from interferences, and also it can be used
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by the students of the o0ld courses of institutes as

textbhook,

Page 3.  HNo 2Pyping.
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Page 4.

PREFACE.

The contemporary development of electrical communication
and radio electronics 1s characterized by the expansion of
the range of the utilized frequencies and by the
mastery/adoption of decimeter, centimeter and millimatric
ranygess This causes the need for the protection of
equipment and circuits of the transmission from the effect
cf electromagnetic 1interferences 1in wide freguency range.
Radical weans of dJdefense are +the screens with the aid of
which 1s 1localized electromagnetic fiela, created by the
source of interferences. The methods of the «calculation of
screans, illuminated in the 1literaturey, are bpased on
quasi-stationary mode/conditions and therefore are valid onl
for the 1limited frequency band - to 108 Hz. As a rule,
is examined th2 action of screen only relative to magneti
wave, and single procedure and the formulas of tha

calculation of screens are absenta.

In this book are presented the bases of the theory

electromagnetic shadowing over a wide <range of frajuencies

from zero to SHF bande Is given single procedure and ‘the

y

C

of
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engineering formulas of the calculation of screens both tfor

electrical and for magnetic fields in the different
rode/conditions oI the use o0f screens (statics,

electrodynamics, the wave mode/conditions). Are investigated

fundamental laws and the characteristics of single-layer and

multilayer screa2ns and are recommended their optimum
constructionse Are examined the continuous, tape/strip and
braiding screens, wused in the technology ©Of the
commUnication cables and radio-frequency cables. 557' The
book is intend=2a for specialists, who are occupied by the
questions of the protection of communications and radio
mechanics from 1interferences, and, furthermors, it <can be

useful for the students of o0ld courses as textbooke.

Observations about the book request tc guide to:

Moscow-center, Chistoprudnyy ©bul'var, 2. Publishing house

"Svyagz'",

/uxté or
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Chapter 1.

BASIC POSITIONS OF THE THEORY OF ELECTROMAGNETIC SHADOWINGe

e 1. Formulation of the prchlema

Communication cables anda radio-frequency cables are
shielded from outside interterences and the effect of the
electric power line, overhead «e¢lectric transport power lines
of electric RR, man-made interferences, radio stations and
so forth with the aid of eclectromagnetic screens. Especially
sharply came up the question concerning interferencs
elimination in <connection with the expansicn of the band of
the wutilized frequencies and the wide mastery/adoption of
the range of decimeter and microwaves. The existing methods
of the «calculation of screens, which are based on
guasi-stationary mode/conditions (without taking 1into account

cf bias currents) and the use of a transverse

electromagnetic wave TEM are suitable only for the limited
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frequency Dband - approximately to 108 Hz. At the more high
frequencies when wavelength 'less or 1is commensSurabls with

the diameter of screen iszDqL one should use the complete
equations of «elactrodynamics, taking into account in this
casec the Dias currents and higher-crder wave of two types:
transverse-magnetic T M (wave E, Fig. 1.%a), that characterize
the shadowing of magnetic fiela, and transverse electric TE
(wave H, Fige 1.1b), characterizing the shadowing of

electric fields.

The existing theory of shadowing is 1limited to the
examination of the action «c¢nly or imaguetic scre2ens, and the
investigation and the mathematical vehicle, which concern the
calculations of electrical shields, in it are abseant. In
the 1literature also is not given the single procejure of
calculation of screens, but are given only formulas for the
different mode/conditions of the use o0f screens (static,

electrodynamic, wave),

However, under the actual conditions of shadowing, it
is necessary to consider the effect both of magn2tic and

electric fie=lds. Moreover depending on conditions can

predominate one or the octher component of field.
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Fige 1lo1« Transverse magnetic TM (a) and transvers:

electrical TE (b) waves.

Page 6.

Usually at a distance from the source of the order of

wavelength A, field has the expressed electrical or magnetic
character. For £frequency 109 Hz, this distance is egual to
0e3 m (Wwavelength), while for frequency 106 Hz - 300 9w

At a distance, approximately 1larger (5-6) A from radiation

source, field accepts flat/plane layout and is propagated in
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the form of <the plane wave Wwhose energy is divided egually
between electrical and magnetic components. Powerful magnetic
fields, as a rule, are <created by circuits with low wave
impedance, high current and a small jumpy/drop in the
voltages, but intense electric fields -~ by circuits with
highk resistor/resistance, high voltage and low current.
. ;

For a plans wave in free space, wave impedance is
equal to ZEMaZym Y ple=3767 ohm- For a field with the
predominant electrical component, wave impedance is

substantially more than (ZEI>ZQ, while for a magnatiz field

is substantiaelly lower (Zf<Z,) value of wave impedance for a

plane wave,

The target/purpose of this work are the study of the
frocesses otf the shadowing of electromagnetic fields at
supernigh freguencies and the recommendation of the single
standardized engineering calculations of screens for
electrical and magnetic fields 1in the different
mode /conditions 0of use. All conclusions are given for
cylindrical screens in connection with the constructions of
radio-frequency cables and communication cables and are based

ocn the solution to the fundamental equations of

electrodynamics - the equations of Maxwell. For a wave

P —
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mode/conditions these equations take the form

rot{i=ol:‘+i?os£}. e
TotE= —jop K

eguation (l.1) 1t 1is possible to express diffarentially

as tollows:

for a TM wave taking into account the action of

longitudinal electric field Es

26 10 LR SdE:
o T et = (e —otu) E, (1.2

for a TE wave taking into account the action of

longitudainal magnetic field hﬂ

o-ﬂ, 1 aﬂ, 1 o, ,
— am (] —o? g 1.3
w T % tE e — (ewo—eipaf (1.3)
In this <case, field changes along =z axis wera not
consider=d. The first member (io po=xu) right side 1is caused

by «conduction currents and characterizes processes 1in metal,

-

put the second term (@?pe=x)) is caused by bias currents
and characterizes processes 1in dielectrica

For determining the screening effect of cylinicical
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screen, let wus examine the flow of enerqgy which is
propagated 1in radial direction {rom perturbation source to
screen and for screen. The energy current density in this
direction 1is expressed according to the law of Poynting
through components electrical E and magnetic H of fields.
For the +transverse magnhetic wave TM (magnetic shielding)
Foynting's vector takes the form ”‘Re:-;—[E,H,], . The wave
impedance, exerted to this flow by wmetallic or di2lectric
medium, is expressed as the components of the electrical

and wmaynetic fields:

Z,= 4. (1.4

[

For a transverse electrical wave TE (electric screening)
the vector of Poynting and wave 1lmpedalce will ba

respectively

MT=Re (£, H,]
. (1.5)
'=
2
Field component E, and H. we find ty solviaug of the

differential second order equations given above. Ca:ponqntsé? $
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and Ev- for a metal and a dielectric we find from the

relationship/ratios:

g’or ma—é—a—/

Hy=-1_ %
iop or
(1.6)
B =L
o Or
for the dielectric
g )
H' —_—
&
% o K
{ ﬂh

ntegration constant we find with the aid of the
equality tangential component electrical and magnetic fields

(Fige 1.2) on boundaries dielectric - screen (within screen
r=r,) j .
@nd"'SCreen - dielectric (outside screen r=ry+t)

Iy

Ei:B-E
Hy L Hy=H

}m‘th. r=ry (1.8)

e —
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ES=E, with r=ry+t, 09
HS=H, -
. where Es, Hn. are components of the incident wave, and FEO,
HO are components of the wave reflected; S - screening
constant; Ve is a radius of screen; t is thickness of
screen. The indax of "d" is related to dielectric, while ]

index "u" - to metal.
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Fige 1.2. To the determination of integration constant for

the electrical (a) and magnetic (b) fielas: A;’i ///7 - the

incident <field; EO, HO - the field reflected; £M 4 -
field in metal; £‘9, H ol a field after screen.
Page 8a

1.2, Shadowing of magnetic field.

In this case it 1is to operate with the transverse
magnetic wave TM. Perturbation source is a
longitudinal-operating electrical wave E, which it =:reates
transversz wmagnetic field He: being subject to shadowing

(Fige 1.7a)<« For the determination of the shielding

—r . - n W T L R L PN BB ST
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characteristics first of all, it 1is necessary to determino
the components the electrical £, and magnetic He of fields.
The wvalue of the wave impedance, exerted to the radially
directed energy flow, will GLe determined through these
couponents: Zr=E/Hy. The equation of Maxwell in cylindrigal
coordiinate system relatively E, for a metal and dielectric

takes the fora T

oo
-

A e [ SE— e veman7)
" ¥ |—xlE,—ann mwlim.@,)

h/t:j . (!) for a nmetal,

(2) tor the dielectric,

where x.-]/—;..w_. is a propagation tactor in metal; sm
=0 Vue - propagation factor in dielectrice.

The solution to this equation for a dielectric takes

EmS Aa )+ BHu N esne,  (LID)
R | . W

where J, and Ha are cylindrical functions of the first

(Bessel) and third (Hankel) kind; 4, and Bs are integration

constant; r and ¢ - radial and tangential coordinates.
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On the basis of equs (lab), we determine the second

component:
e

1 0, V2 s
o=y -ﬁ-gw.m‘e-w.«.mwn _ '_.1‘.!-!2)

In these expressions the first members, who increase with
increase in r, characterize the waves E? and HY reflected
a the second members decreasiny with increase in r, the

incident waves E} and H¥

E =Y B, (o) cosng
nes(

H:-—%.Z_.OB..H;(W)mno

E:-Z A, (k) cosng
o - with r< /s (1.13)
H:-%Q.A.J;(x.r)emnp )
i i — i b
where Z.-—q-‘-- q'__-l/l" 37670hm is wave dielectric resistance
K ioVpe e

for a plane wave.

Page Y.
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Wave dielectric resistance for the incident and

reflected waves oL any component:

‘ £
Znm 2oz M) (1.14)
e Hy Hyow)
E J
Zo=t oz, dnla) 1.15)
. ”: I () ¢

With large arguments (xgr) wave dielectric resistance take

e ~teepecm— .

YRR e S s . z"
the form: z:-_,z‘__l/m Z:-Zo-Vu/e. Different signs of A
and Z: attest to the fact that falling and reflected the

waves are directed to different sidese.

Let  us deta2rmine now -component E, and He and
respectively wave impedance Z, for a metal. The solution to

the eguations of Maxwell for conducting medium (1.10) with

coefficient Xy takes the foram

E, =Y Cha(xs)+ DKo (m)lcosn @
Hy=—L % 5 S\, I () —DKi(wuNcsn 9 |
TN R TN S i ‘
where [q and K- are the nmodernized cylindrical functions of 3

the first (Bessel) and second (Neumann) kind of composite

argument; Cu and D= are 1ntegration constant.

3 2
f“ﬂu e - - Y TR AR TS N 1 0 I G £ 500 3 3 G G B owe il e -
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Respectively electrical and

incident and reflected waves will

En=i DKy (k1) cosn @

H: = _i% 2 D,K; (k) cosn ¢

32 Culn("-')coan

7

withe

Pa gye 10.

iop fop fop
Here z-'—"‘—,_" =+ is wave
X )Viapo o

Values of the wave impedance of

for any n of field component:

be

magnetic f

NhSI<r, 4+t

impedance

the

(1.18)

ields for the

(1.17)

of metal.

conducting medium
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S . : In (%u?) .
In the range of high frequencies when N)&m-’l and
8 n
..K‘,'_(“"l_,] we will obtain
Ky (xw?)
e
e . (1.19)
Z:-Z_eVL'L‘
(4]
Here the wave 1mpedance orf the 1incident and reflected waves
also has different signs, which indicates reversal of
direction of the motion ot these wavesa
Let us e¢xanzine electromagnetic fields, which operate
inside and outside screen, and also in it 1is thicker than
the screen (Fig. le2b)e In region I within screen, operate
the incident and reflected trields. For each n-component of
field, it 1is possible to write: for an electric field -

E;—Ey,)
for a wagn2tic field = -Heg+Hy
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The field reflected we eoxpress as the coefficient of

reaction Pn:

o+ HoPy=Hg (1 + P,) =Ho (14 P,)

where E; and He - the components of the electrical and

ragnetic fields of perturbation source.
Page 11.

In region II1, outside screen electromagnetic field is
expressed 4as the screening cornstant §, characterizing the ‘3

ratio of field in any point o©f space in the presence of

scraen(E’ and #y) ,to this same point without screzen (E and Hy):
: v) He
E=ES | (1.21)
He = HgS

In region II in thicker than the screen Wwill operate

the fields

(1.22)

For the solution to stgteq problem apnd, 1n the firct

place, the determinations ot the integraticn constants and

screening constants S, and of the reacticn of scrszen P, we
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will wuse the continuity conditioun of tangential coaponents g,
and He fields on the interrace of mediums dielectric -

screen (r=r) and screen - dielectric (r=r4y),

For any n~-component ot £ield, we have following system

of equations:

E,—E=E , ES=E “h
H,+H‘,’=H: with.r=r,, ”:-H:}wlt r_=r.+t.

Taking 1into account the values for the electrical and

magnetic fields given above it is possible to record:

{ Ex(l—Pn)-caln(Wn)+DuKn("lru)

Y
LS ')i
Ho(1 4P = Z1C,J, (s/)—DK, (0 | =

Exsll = Cm’u [xl(’s‘f‘t)] +D-|Ku l"u ('-+t)l

D =ry+t.
HoSy = 2 (Cul; s+ 01 —DIK, lx.(r.+tm} SEg Y

’(87. (/) Ui‘t’.h.

tilizing a relationship/ratio Letween electrical and

magnetic fields, derived through wave impedance for a

dielectric .(Zy) and a metal (Z,), we will ottain:
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PAGE 27— 2/

E, (1= P =Codu (/) +DoKa () cr)
E; npH r=r,,
-ZE-+~—Z-:—= — [Cod, (k) — WK, (k,70))
E.Sy=Codalry (ry+ 0]+ DaKilku (ry + 1)} ¢!) :
E Sn =ry+1.
-‘f.,—=—(CJ (ku(rs+ 01 —=D,Kubery 1) | P 77 E
/égi
.(I)wi‘_n-
Page 12.
Substituting here the values of wave dielectric resistance
for the 1incident and reflected waves, we will obtain:
I E,(l-;.)-c,; (5)+ Dk (s ;
2 — E,P, !
z Hn (kara) e -l,.(x‘r - (CRJ (W')‘an ((FA]] Mr-r.’
* H, (kars) v » (Kars)
3 Es Ll LIS ¥ A PR (0
ki LA —‘CJ al%u o+ O1=D K, [xy(r, +1£) ) | PR
Fer, 4t
"Hy tara)

New: ¢1) with.

e e
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Thus, there is 1four egquations with four wunknowns Ca D, S, P,
Store/adding wup in pairs expressions (1), (2) and {3) » (4)

ana utilizing r2currence formulae of the «c¢ylindrical

functions otf the first and second kind of composite
argument “.’;(x)=x1,._.(x)—u I(x) and xk;(x)h—xKn_l(x)—nkn(X),- we
determine the value of integration constants (C, and D,
After substituting values Ca and Da into equ. (3j, we
cbtain the value of screening constant for the transversc

magnetic field:

s~= 1

% (rs +8) (T (Raar)Knliaelrs + O] + Kp—y (5urs) T [%ulrs FBIF <
X l

Ha (Kar9) I n (Kafs)
2
14+ ?,,-}-2. Hy (kxrs) ™° T, (kars)
z [ Ha (kara) TnCars) *
> ot 27 (k)

. (1.23)

In iK% (ra+0)] Kp_y (Furs) — 1, (Kuts) Ky 7 (P + )]
oy (Rurs) Kn [Ru (rs + O] 4 K,_; (ku?s) In (% (7s -+ 1)}

Utilizing an expansion of «c¢ylindrical functions of the
type Ia and K, for a metal with large argument XwfQe§  and
ku(re+f)®6 and applying hyperpolic <functions, we obtain

exjpression for a screening constant:
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1
In(Ka?s) Hp (kprs) g
. rs) H, (kars)
AT
o (kars) ~ Hy (Rar) J

Z+2;

=

Page 13.

After conductingy the appropriate transformations, we obtain

S . 00
et | [ 2 I (xgrs) Hp (Kgrs)
2y In(kars)Hy (kars) — J,, (kars) Ha (kars) e
Zu In (kars) Hy (kyts) :
+ z. . . t .l
In(5ats) Hp (ka73) — 7, (a7s) Hu(Krs)
where K=V iopo is a pgropayation factor in  metal; x,=
=0) pe— the same, in dielectric; Zu=y .i(ﬂ.l‘;/; T ...
impedance oif aetal} “nglfzk~ - the same, dielectric to

plane wave; t 15 thickness of screen; fo is a radius of

ECIr€eelNe

Bearing in wind that wave dielectric resistance 2,

N —— e e < e W
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sutstantially more the wave impedance of metal Zn i.e.

291;:>z.ﬁg,cne second term of the sum of brackets can be

disregarded. Physically this 1s based as follows: the (first
term of the sum of the brackets corresponds to the

reflection of energy on poundary dielectric - scr2sn (in'r=r),

andthe second - to reflection at a pocundary Screen -
jielectric  (when r=r+i). With electrically thick screen
(attenuation Kkt > 1.5 Npln

which practically always t;kes place, the role of the second
boundary can not be considered. Then the formula of the calculation
of the coefficient of screening takes the form

Sp= .
T et ) _20 ' I (Ka?s) Hp (Kars) ™

Zu  Inurs) B mare) — 7 (car) Ha (g

Using the recurrent relations of cylindrical tunctions of the
first and third kind:I,.(x)ﬂ.(z)—l..(x)ﬁ..(x)-2/inx.,';’6btain the expression
for calculation of the coefficient of screening of the magnetic
field in the following form:

S, 1
ch ot

- (1.24)
1 +Tzl!lk‘hln(‘l") Ha(kars) th xyt

In the technology of communication and electronics, it is
accepted to evaluate the screens not in terms of the coefficient
of screening S, but in terms of the attenuation of screening‘ﬁg,
which characterizes the magnitude of attenuation (in decibels or
nepers) introduced by the screen ( 1 dB=0.115 Np;

TRYT Sreverew Yo

La ke e




_ — XErETr— . T
Py D T

T W T 2%

1 Np = B8.686 dB, see appendix

1)z A.-QOIgHS-‘, a8, or A»"'“I—;—', Np. Then for fundamental
component magnetic field (m = 1) the attenuation of
shadowing is determined by the formula
Ay =1n [ [=In|che ayre
5|=ml K1 [ 1 - 2 L H it ]
Page 14. (.25

1. 3. Shadowing of electric tielda

In this case it is to operate with transverse
electrical wave TEa perturbation source 1is the lonjitudinal
operating magnetic wave H., which it creates cross field E,,

teing subjsct to shadowing (Fige 1.1b). Let us examine

action of screen relative to this fielde
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For the solution to stated prcblem first of all, let
us determine th2 value of component magnetic H; and
electrical Eo fields. The value of the wave impedance,
exerted to the radially directed energy flow, will be
‘ determined through these components: Z,=Ey /H,.
Ei
‘ The eguation of Maxwell in cylindrical coordinate systen
relatively H: (without takinyg 1into acccunt of change along
screan) takes tae form
3
e e | SR BE WEAL,
2 - " .
& A —&H.- for a dielectric,
where Ku=1 iQuc is a propagation tfactor in metal; ‘=
=0} e - propagation ftactor in dielectrica
The solution to this equation for a dielectric takes the
form
L]
H, =N [Ad(ky) + ByH, (k)] cosn g, (1.26)
=
where J, and H are cylindrical functions of the first
n
(Bessel) and third (Hankel) kind; A, and Bn:  are integration
s P - - - - -
lﬁ’iL»-W"’ by 95 =
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constant; r and ® - radial and tangential <coordinates.

According to equa (1«7) we determine the second Eg:
component

Ey=— 2 -——!—Ew (kw)—BuH, (k) cosng. (1.27)

In expressions (1.26) and (1.27) the first members, who
. S . A : : ' 3
increase Wlith 1ncrease 1n r, characterize the waves (H? and E;L
teflacted a the second membhers, who decrease with increase

in r, the incident waves (H?® angd E:) When T/

HT"E:‘L”k“H?“”"Q,
=0
By Y] Bufi () cosng,
A=0

e F
S

H:' nj(ﬁﬂanb,

i

Ex= —% EOA.J,'.(n,r)cosnp,

o O;'L-”V
whero Zo=qm=-SkE /B _ 467 fis the wave dielectric

resistance, exerted to plane wvave,

Fage 15.
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Wwith respect 1is determined wave dielectric resistance

for the incident and reflected waves of any n-component:

z: -~ 5__ == z. ”; (xgr)
”;I ”n ‘K")
no5__, s | (1.28)
a 'f: 0 Jn_(xl’)

Comparing the obtained values -'za and Z3 with analogous
P 4
values for the case of the transverse magnetic field, we
see that the functions J, and H, and their derivatives J,
2

and H, were changed by places in numerator and

denominator.

Let us determine now value Hy, Ej and respectively wave
impedance for a wmetal 2, The solution to the egquation of
Maxwell £for the conducting medium with coefficient Km takes

the forms
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H, = ¥ (Calu(60)+ Dok, () cosnp, (1.29)

= —i % K 5
e g [Cal, (k) —DoK; (k1 )cos n g, (1.30)

where J, and Ka - the modified <cylinarical functions of
the first (Bess21l) and second (Neumann) kind of composite
argument; ©Ca and p, - integration constant; r and ¢ -

moving coordinates.

Respectively electrical and magnetic fields for the

incident and reflected waves will  Dbe:s

Hi='Y' DK, (k) cosng,
Z,
b‘,’efg-gb.lc.(w)emv.

Hy =3 Cu(ercons,
sl

E:'“‘%$21¢;ﬁﬁkﬂ¢lug
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Page 16

Here Zu=Kulo= V iopojo= V' ieulo is wave impedance of @metal

to plane wave.

As a result we will oittain the values of the wave

impedance of the conducting medium for any n-component the

incident and reflected waves:

.En

znFe _p Kalmr)
R HY K (xuf)

. (l‘3l)
Eq 1 (%)
2=be _ 7 falm)
o ¥ In(mr)

In the range of high freguencies with the value of

ALYUmMent gr>5 and the relationship/ratio of the cylindrical

functions

1 (kur) Kn (xur)
—_—] J -
Lo - AP i = Ky (o) .

we will obtain for the conducting mediums:

-z~ )/t 5
oy 3 (132
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wave lmpedance for the incident and reflected waves 1is
characterized by only signs, which 1indicates the <contrast of

the direction of the motion of these waves.

Let us examine electromagnetic fields, which operate
inside and outside tap/crane, and also in it is thicker

than the screen (Fige. 1.2a).

In reyion 1 within screen, operate the incident and

reflected fields: eclectrical B3+E3  nagnetic M —HS.

The fiell reflected we express as the coefficient of the

reaction of screen Pa:

Hy—H} Py H(1—P)mH,(1—P)
B HEP=E (1 +P)=E, 1 +Py | (1.33)

where Hs  and E; - the components of the electrical anrnd

magnetic fields of perturbation source.
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in reygion I1I, outside screen electromagnetic field 1s
expressed as the screening constant S, charactarizing the
ratio of field .ir any ©point of space in the presence ot
screen (A2 ana E§) to field in this sane point without
screen (A: ana E):
H}=H.S,
E; -£,S, ] (1.34)
In region II in thicker than the screen will operate the
fields AR
H,=H* : (1.35)
E,=E]
For the solution to stated prcblem and, in the first
place, the determinations of 1integration constants and
interesting us the screening constant §, and of the
coefricient of the reaction of screen p, we will wuse the
continuity «condition of tangential components H, and E, ’
fieclas on the 1interface of mediums dielectric - screen (r=r) 1
and screen - dielectric ("=n+#). Then we oktain following ‘
system of eqguations: -
!
4
i
‘ —
S
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, H,—He = H*
| E+Ey=Ey | i
|

Hy = H;

} With. p=r,4t.

Taking into account the apove-obtained values for the
electrical and magnetic fields o0f equation for any

n-component, they take the form:

g Hl(l_el)BCJn(U)+DlKl(‘l,J e —
"i’r Eq(14P) =-—-":IC.I,'.(W.)—D,|K.'.(W.)] ) o 2
.”xsu"cn’n"-(’n'f‘l)]+DnKn["-(’s+t”

Ey Sy =— 2 (Gl Ikules+ 1—D,K; Ix, (7, + 1)) }"i“‘- S

Utilizing formulas of wave impedance Zx and Zu we will

cbtain:




H,(1—P)=Caly () +DuKa(kurd } . L
HZ;+HZPy= —Z,(Cal,, (krs) + DK, (5] e
HSy=Col[ku(rs+ D1 + DKo (i (r,+ 1) - £ S
HZ'S, = —Z, (Co ., (K (rs + D} — Da K, Iu s+ D) } i

Key: (1) with.

Substituting here the values of wave dielectric

resistance for the incident and reflected wave, we will

obtain:

L H,(1—=Pp) =Cula(krs) + DK, (k10

H,(kars) - J o (Kars) . . '
2 H T S
JZO Hn(‘.’)) H z z. 7 ars) ‘P n z- {C. 1 = (KI ..) (?;K ,l(:.r ,)]

. NpR r=r,

3. H,Sy=Culalku(rs+ 8]+ DKy [y (rs+ )] ](/_)
H,, (xars) B " ¥ npH r=r,+1.
4. HZo 5 Sum—{Cal (6 (s +01=DaK s+ )

Key: (1) with.

Page 18.

Thus, we have four equations with four unknowns:

= Pn‘ Store up in pairs expressions (1), (2) and
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(3), (4) and utiliziny recurrence forrulae of the

cylindrical functions of the first and second kind of

composite argument X (x)~xln y(x)—nly(x) and xK,(x) =—xKn-1(x)—nKa(x),
let us determine the values of integration constants C,

and D» after substituting values Co’ and D, 1into equ. {33+

we will obtain screening constant for the transverse

electrical tields:

S = 1
" K+ 0 {1y (xars) K (s + D] Kt G In o (52 0] X '
X .
2242, Hp (kars) : I, (kars)
1+ ” n(Kars) ~ Jn(kgrs)
z [ Hp (Kars) I, (Knrs) i
il °
Hn (xats) Jn(Kars)
o et [0 s+ O Ky () —~ Ly (urs) Ky U (15 + )

Iney (5u3) Ko [ (3 + 01+ Koy () I few e 101 (1-30)

Utilizing an expansion of cylindrical functionrs J, and Ka
for a wetal with large argument gures>5 and ku(re+1)=5 and
applying hyperbolic rtunctions, we will obtain axpression for

a screening constant

.
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| Sa= = e
i zz + z: ”ﬂ (x' ’) J‘ (‘.’ ')
| ™ !l,.xr.) In(Kars) th
; 2 [Ju“ﬂd Hy (kars) P
% i Hn{xars)
Atter conducting the appropriate transformations, we will
cbtain
1 1
7 > [ z, I (Kare) H,, (Kars) '
Zu I (kars)H n (Kas) — I o(Kars)Ho(Rxrs) e
Ak ZL In (Kars) Hp (Knrs)

where kys) iopo -

the in
Zy= Y ule

thickness

same,
metal;
is

of

Page 19,

Since wave

}thx.t

zZ, Inlsars) H o (ka79) — J g (Ka7s) H(iars)

15 a propagation

factor in npetal; Kx= =w) pe
dielectric; Zy=Yiop/o - - wave impedance of
- the same, dielectric to plane wave; ¢t
scraen; o, is a radius of screen.
dielectric resistance 2%, substantially more
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the wave 1wmpedance of metal Zy {(especially for the

. . : 20 Zu AR .
nonmagnetlic Mmaterials), le€., z.'>7: it 1is possible to

disregard the sscond term of the sum of brackets.

Physically this means that with welectrically thick screenfxt
'>1,5 Np) the role of the second boundary can be not
considered.s Then the formula of the calculation of screening

constant will take the form

1 1
o Knl : " Z I (Kars) Hy, (kars)
Zy -’n("a’s)”; (kars) — J;, (Knrs) Hn (Ka"s)

Sa

th k!

Utilizing racurrence formulae of the «cylindrical
functions or the first and third kindJn(‘)”,:(x)-—-’,;(x)ﬂ,.(x)=-_2—,
X
we will obtain expression for the calculation of the

screening constant of the electric field:

]

1 1
Sy = . < s (1.37)
i 14 —il,— 22_._ in :c,r,.l," (Kars) Hy, (Kars) th xut
L

Fxpressing the shielding properties through the parameter
of the attenuation of shadowing A, {in nepers), wo will

cbtain for fundamental component electric field (n = 1)

Af =In Isll=ln|chx.t| +In l+-;—;—'—iux,r,l,’,(x.r.)H;(x,r.)thx.tl_
| g (1.38)
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lel4., Singyle method of the «calculation of screens over a

wide range of freguencies.

Analyzing the obtained results, it 1s possible to note
that +he formulas for the <calculation of screens of the
relatively magnetic field, <caused by the transverse magnetic
wave TH, and the electric field, <caused by transverse
electrical wave TZ, have 1in principle identical structure

[see eXpressions (1.25) and (1.38) ].

This makes 1t possible to accept the single formula of
the calculation of the attenuaticn of the shadowing of

ragretic and electric fields in the following form:

A,=In|chxd|+In 1+-;-§:-thx.t ) (1.39)
. 4

Fa g« 204

The differsnce will be only 1in tne values of wave

dielectric resistance 2’,4 Py

for a magnetic field (wave TM)

Zi=ZLiandilyar) Hteg), (1.40)
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for an electric field (vave TE) ' ‘

ZE =Zyinner, 1} (k) Hild). (1.41)

The remaining values, which relate directly to the

metal of screen, are identical for the electrical and

fields: = =Vie o

magnetic is .a propagaticn factor 1in

metal;z_==|i(,,i./¢ - wave impedance of metal; t 1s thickness

cf

SCIreeNe

Formula (1.39) is wvalid for the <calculation of the

attenuation of shadowing over a wide range of frejuencies

(from ze¢ro to SKF), also, during any mode/conditions of the

us¢ of screens (electromagnetostatic, electromagnetic, wave).

Analyzing the obtained result, it can be noted that formula

(1.39) consists of two parts: In|chxut|==Au are attenuations

of

1L 2
cf absorption and h7|l+‘§‘—zith"-‘|"ﬁo - attenuation

reflection. Aa caused by thermal eddy current 1losses in the

metal ot screen and it will be the greater, the higher

the freguency and 1s thicker the screens Ay 1is connected

with the nonconformity of the wave characteristics of the

metal from which 1is made the <ccreen (Zx), and the dielectric,

which surrounds screen (Z.): the greater the difference among 2,

and 2w, the wmore powerful the e¢ffect of the attenuation of

reflection.
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Attenuation length of absorption 4, dces not 1in
practice depend on the form of field and has single-valued
value for entirs frequency ©pand from zerc to SHF. The
attenuation of reflection A,, primarily wave dielectric
resistance Zm 1s different ror the ditferent mode/conditions

of the fregyuency ranges of the use of a screen.

Let  us examine the values of wave dielectric resistance
for the nagnetic @¥) and electrical &%) of fields. The
formula of <calculation Zﬁ contains the prcduct of the
cylindrical functions I, Hy while the formula of
calculation &f is a product of the derived these functions
1', H';. Functions have an oscillatory nature, also, with
the argument, ejual to zero, product 1,H; =—» 0, and
product I';H'; =) e With a small argument (x < 0.25) of
function I; and H,;, they are converted: I, () = x/2 and
Hyfx) = i (Z/nx). Then wave resistance of the dielactric of

relatively magynetic and electric fields accept the

substantially simpler form:
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Zﬁa-lﬁx/;-ev oY p: r;-ﬁupt;
et — . I/L &g "

i%ars l«Vncr. iaer,

Page 21.

According to formulas (1.42) it 1s rpossible to conduct
the calculation of wave dielectric resistance in the range
-
of frequencies approximately to 108-109 Hz. By this sanme
formulas it is ypossible to periorm the calculation of

screens with the preferred effect of electrical tha

calculation of screens with the preferred effect of

electrical or magnetic field. For a ©plane wave 1in free

space, wave dielectric resistance 1s egual to

H o V_?_-376.7 ohom . J

To Fig. 1.3, 1is shown the standard frequency dependence
cf wave dielectric resistance of relatively electrical and

madnetic fields, and also the wave impedance of plane wave

(&) and the wave impedance of wmetal (Zuw). From the given
tormulas and tfijure, it 1is evident that the frequency

dependence of wave dielectric resistance for magnetic and

s e S T i ... T
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electric fields has in principle different character. Value Zﬁ f
- increases, a &%  having infinity with f = 0, it falls.

In absolute value Zf>lo>lf Inr the wave zone (at

frequencies more than 109 Hz) of value Z8 and ZF they

have an oscillatory nature. The wave impedance of metal Zw
incr=ases accordiny tc the law of root from frequency,

while the wave 1mpedance or the f[plane wave Z, 1s constant.
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Fige 1.3. Frequency dependence of wave dielectric resistance
: - : E
relative to the wmagnetic wave (Z;{)electrlcal wave (Z#)of

Flane wave (Zg) and the wave 1esistor/resistance of metal
L)

Key: (1)0 Ohﬁ‘. (2)- HZa
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Page 22.

The frequency dependences of the attenuation of the
reflection of magnetic field A%¥) and of the attenuation of
the reflection of electric field (45) are analogous to

dependences Zf and Z; respectively.

Figures 1.4a and b gives the results of the
calculation of the attenuation of the shadowing of the
magnetic AY and electrical Af of fields. On curve/graphs
are visible thr2e characteristic frequency domains, which
correspond to the different mode/conditions of the work of
the screens: I - 1low-frequency ramnge (L.F.) corresponding to
the electrostatic and magnetostatic operating modes; II -
high-frequency range (to h.f.), that corresponds
electromagnetic mode/conditions; III - superhigh-fregquency
range (SHF 3 [§uperhigh frequency ]), that corresponds

wave mode/conditions.

The electrostatic and magnetostatic operating mode are

based on the principle of the closing/shorting of charges
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(electrostatics) or powver 1lines (magnetostatics) in the metal
of screen. Any grounded metal screen operating in
electrostatic mode/conditions, and ferromagnetic (stz21) screen

- in magnetostatic.

These mode/conditions encompass frequency range from zero
to several kilohertz and can be expressed by the equations

of Maxwell for permanent field: rot H = eE, rot E = 0.
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Fig. 1.4. Prequency dependences of attenuation of shadowing
of magnetic A4f (a) and electrical AY  (b).
Key: (1). steel. (2)- Copper. (3)e Hz.
Page 23.
pifferences in the electrostatic and magnetostatic
mode/conditions consist of following. Magnetostatic
mode/conditions gives comparatively small and in practice
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identical screening effect in all frequency band (from zero
to 10¢ Hz). In this frequency range magnetic screen
operates on the principle of the <closing/shorting of
magnetic field in thicker than the screen as a rasult of
its increased magnetopermeability. With an increase of
frequency, dJrow/rises the role of eddy currents, occurs the
displacement of magnetic field from the thickness of screen

and screen passes to the electromagnetic operating aode.

Blectrostatic mode/conditioms gives screening effect,
equal to infinity in stationary field (f = 0). With an
increase of frequency, it grov/rises the role of =2d4ddy
currents and electrostatic pode/conditions passes to
electromagnetic, that operates because of eddy currents in
thicker than the screen. Therefore screening effect (Pig.
l.4b) with £ = 0 1is equal to infimnity, then rapidly it
descends, having a wminimum at frequency of approximately 10¢
Hz, and then smoothly it grow/rises. Minimum screening
effect corresponds to the tramsition of the mode/conditions

of shadowing from electrostatic to electromagnetic.

In electromagnetostatic mode/conditions of absorption 1loss

in metal (A,) are small, and it is possible not to consider
thenm.

L W RSN WS s T BT
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The electromagnetic mode/conditions of the vwork of
screens is based on the action of eddy «currents in thicker
than screeanas. Electromagnetic shadowing can be represented as
absorption and the multiple reflection of electromagnetic
energy from the metallic thickness of screen. The reflection
of energy 1is connected with the nonconformity of the wave
{Ay) characteristics of the nmetal from which is amade the

screen, and the dielectric, which surrounds screen.

The attenuation of energy in screen is <caused by
thermal eddy current 1losses in metal, and the more powerful
the eddy currents, the dJreater the energy absorption in
screen and is wmore the value of screen attenuatidon because

of absorption (Au).

The electromagnetic mode/conditions of shadowing (h.f.)
encompasses frequency range from 103-10¢ to 108-10° Hz. At
high fregquencies, vhen wavelength becomes commensurable with
the size/dimensions of screen, they appear wave prdicesses
and electromagnetic wmode/conditions it passes to wave
mode/conditions. For this frequency domain are valid the

equations of Maxwell in quasi-stationary mode/conditions

shakang,

- ‘ | 7 ‘
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into account of bias currents):

i {(vithout taking

and also previously obtained

and AE.

is conducted by

1
m’.

¢E, rot g = -iwpH,

& of the attenuation of shadowing AY The

) of wave dielectric resistance g,

simplified formulas: ZFf=iopr, and 2B =

The wave mdode/conditions of the work of

related to the range of superhigh frequencies

and it 1is above. This mode/conditions sets in

wavesy commensurable with the transverse

screen (}VQDzL

Page 24.

~-In this case the calculation of screens

the complete the

equations of

rot -iwpH, taking into account also Dbias

this case it 1is possible to use to formulas

{(1.38) taking into account expressions (1.40) and

vital difference in the screening effect in this

the range of lower frequencies is in fluctuating

nature of change A, from frequency. Figures 1l.4a

shows that, beginning with frequency 1080 Hz,

condition A<D, characteristic it

corresponds to

rot

calculation

t he &

screen is
from

with

one shouli

(1.25)

that

has an

H =

formulas

10° Hz

the

sizes/dimensions of

produce

electrodynamics: rot H=cE+ineE and

currents. In

and
(l.u1).#n
trange from
vavelike

and b
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oscillatory nature of a change in the attenuation of
shadowing. Physically this 1is explained by the wave nature
of the field of SHF. Mathematically it is connected with
the presence in the formulas of the «calculation 4, of the
cylindrical functions of first and third crder [«(xy:) and
Hy(xgrs)},!

A which are given to attenuation am oscillatory nature.
Failures in the fixed points, which correspond to the =zero
coordinates of function /i(kafs), reach «. For example, for
wave TM resonance begins when Do/A=122; 2,234; 3,238 so forth.
Resonance phenomena are characteristic both for
transverse-magnetic field (TM)and transverse electrical field

(TE). Difference only imn the values of resonance

frequencies.

The mathematical difference between the processes of the
shadowing of fields TM and TE 1is caused by the facts that
in the first case in formula figure as the functioas /\(kaf)
and H,(xa"s), but in the second - derived of these functions

I I (Kxf o)‘

A amnd Hi(%x). yjith f —> = the product I, (kars) Hi(K7s) gives

zero and therefore with f = 0 for a magnetic field A,=0, a
I; (kars)H{ (Kafs)!

A gives infinity and therefore with f = 0 for an
electric field Ay>w. To this is explained also the

noncoaformity of the resonance frequencies of the attenyation

of shadowing for fields TE and TM in wave range.
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Let us examine in more detail fundamental
characteristics and the 1laws governing screens in the
different mode/conditions of their wuse: electromagnatostatic,

electromagnetic and wave.

11.5. Magnetostatic and electrostatic shadowing.

Electromagnetostatic mode/conditions is related to

S i L

stationary and permanent fields and in connection with the

objects of shadowing in question it encompasses the ©DC
fields and tone frequency band (to 4 kHz). For determining
the characteristics of screens 1in electrostatic and

magnetostatic mode/conditions, we convert and it is

simplified the foramula

A=Ayt Ay=n|chit|+In |14+ 5 (32 +§':)thx.t|.

vhere Z, - the wave dielectric resistance, respectively

g -
equal 50: an electric field Z; =1 for a magnetic field
Z‘-i(s)Wo
= '/JL
an a plane wavepZ, s

s - P > T T 40 R




g T A i

7 T v UM N4 S 2 K R AP NS

DOC = 78000202 PAGE 10”
v

Page 25.

During the use of a screen in static behavior, it 1is
necessary to consider both boundaries of reflectiom:
dielectric - screen (Zi/Zu) and screen - dielectric (Zu/Zy).
For direct current and low frequencies (tc 103 Hz) the
attenuation of 2nergy in is thicker than the screen very
little. In this frequency zone «u<0,25, ch&ul—l and A0,
ie€.,losses of enecgy v thickness of screem can be not considered.
Furthermore, thiu!=~Kul. Hence A,=Ao=|ﬂ|l+ -%—(;—:4—%’:—)“] -

Let us examine separately the attenuation 0of shadowing

for electrostatic and magnetostatic fields.

For an electrostatic field.

: i I
In this case - >>zf and then
R

Af il + L 2 (1.43)
£=In| +-,;-Z"C-’ .

or

1
AE =Hn il+?zg at|,

l vhere Zf=lfioen; 6 - the conductivity of metal.
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For a magnetostatic field.

In this case it 1is necessary to consider th2 special
feature/peculiarity of the shadowing of the nonmagnetic
(copper, aluminum, lead) and magmetic (steel, Permalloy,

2 L 5. 2

. : a _bu e o
ferrite) screens for which —ZT>zf and z”>2- respectively.

Then we obtain:

for magnetic screens

1 2 | ut
Al=In|14 = cti=mn|1 4+, 1.44
N + 275"‘-' +2’. ( )
wvhere u - relative magnetic permeability (for steel u =
100) ;
for nonmagnetic screeas
1 H 2 t
Aan|i+—5 ,]l b ke
s =In +zz,,"t In|l 4+ = & (1.45)

For a plane wave.

In this case for 1low frequencies always Z,>Z,, and
therefore the formula of the calculation of the attenuation

-

of shkhadowing will be sihﬁlifiod to the téii“

AR o l+—;—zz—fx,,t|==lnll+—;—l,ot ; €1.46)
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vhere ZomZZH =} yu/e=3767 oha.
Page 26.

It is necessary to keep in mind that the plane wave
appears, cord radiation source 1is located from the screen

on of the distances of 5-6 wavelengths.

Pig. 1.5 is shown the frequency dependence of the
attenuation of the shadowing of copper and steel screens of
relatively magnetic and electric fields in the spectrum from
0 to 10¢ Hz. The obtained results give the demonstrative
and convincing representation of the nature of electrical
and mnagnetic shielding and the special feature/peculiarities

of steel and copper (aluminum) screens.

Screening effect of the electrostatic shields, equal to
infinity, with constant (f = () with an increase of
frequency descends as a result of the frequency dependence

of wvave dielectric resistance of relatively electric field

Zf =1/io ery

N d the nature of the shadoving of static electric
field( Electrostatic shadowing consists of the
closing/shorting of electric field on the surface of the

metallic mass of screen and the transaission of electric
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charges to the earth or housing of instrument. If ve, for
example, between vire a, carrying interference, ani wire b,
subjected to effect, place the connected with earth/ground
or housing of instrument screen, then it will intercept
electrical lines of force, shielding wire b from

interferences (Fig. 1.6).

The necessary conditions of high effectiveness of
electrostatic shadowing is the metallization of screen, 1i.e.,

its connection with the housing of instrument or the

earth/ground.
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On the basis of the nature of electrostatic shadowing, it
follows that the screen from any metal (copper, steel,
aluminum, lead) to identical degree 1localizes the field of
interferences and performs the role of the electrostatic
shield. Moreover special regquirements for the type of

material, its thickness and conductivity are not presented,

and therefore, as can be seen frce Fig. 1.5, copper and
steel screens give the identical effect of electrostatic

shadowing.

Relative to magnetostatic fields steel and copper
screens behave differently. This is connected with the
nature of the magnetostatic shadowing, based on th2
closing/shorting of magnetic field in thicker than the
screen, that occurs as a result of its 1increased

magnetoconductivity. Magnetic flux (Fig. 11.7), created by the

carrier of interference by wire a, is closed in thicker
than magnetic screen as a result of its 1low reluctance and

only partially it penetrates the shielded space. Therefore
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for a magnetostatic screen usually is utilized steel, nickel
and other materials, which possess the increased magnetic
permeability. Nonmagnetic metals (copper, aluminum, lead), .
cannot perform the role of magnetostatic screen. As can be
seen from PFig. 1.5, the effect of copper screen relative
to magnetic fields in the range low frequencies is

virtually negligible, and steel - is sufficiently high.

The effectiveness of magnetostatic shadowing the (reater,
the greater its magnetic permeability p and is more the
thickness of screen t. With an increase in the radius

the effectiveness of magnetostatic screen descends. For

obtaining the reliable magnetostatic shadowing of wall, they
make comparatively thick or is applied compound/composite
screen from several layers of metal with large magnetic :

permeability.

Bagnetostatic screens are effective only with direct
curreat and in the range of 1low frequencies. With an
increase in the fregquency, grow/rise the eddy curreats in
screen, occurs the displacement of wmagnetic field from the
thickeess of screen and its increased magnetoconductance
loses its value. In the range of high frequencies magnetic

(steel) screen passes from magnetostatic to the

-y -—
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electromagnetic mode/conditions, which operates on the
principle of the onset of eddy currents in thicker than
the screen. Nonmagnetic (copper) screemn in all f£frejuency
band operates in electromagnetic mode/conditions; therefore
its effectiveness in the range of 1low frequencies is very

small.

The attenuation of the shadowing of pfplane wave(AF¥)
in the frequency band in gquestion constantly and im value
is more than during the shadowing of magnetic field (A¥), and
are less than during the shadowing of electric field (47).

i.0., AN<AFI<A] (Pig. 1.5).

Page 28.

1.6. Electromagnetic shadowing.

The electrostatic and magnetostatic screens, vwhich
operate on the principle of the closing/shorting of the
corresponding fields, as a result of the increased the
electro- and magnetoconductance of nmaterials are effective

only in the range of 1low frequencies. The action of




L
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electromagnetic screens can be presented as multiple
reflection of electromagnetic waves from the surface of
screen and the attenuation of high-frequency energy 1in
metallic thicker screen. The attenuation of energy in screen
is caused by thermal eddy current 1losses in metal. The
higher the frequency and is thicker the screen, the greater
the energy absocption in screen and is more the value of

screen attenuation because of absorrtion.

The reflection of energy 1is «connected with the
nonconformity of the wave characteristics of dielectric and
metal from which is made the screen. The more differ
between themselves the wave dielectric resistance and metal,
the more powerful the effect of screen attenuation because
of reflection. This explanation corresponds to the physical

essence of the indicated process c¢f shadowing.

As can be seen from Fig. 1.8, the electromagnetic
energy W, after achieving screen, is partially passed
through the scrz2en, attenuating in it ¢thicker, and it is
partially reflected off screen WO! (first boundary dielectric
- screen). On the second boundary (screen, dielectric,)
occurs the secondary reflection of energy (W°2), and only

the remaining part penetrates the shielded space.

lﬁ*.» PP S e — e 29 il
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Conseguently, energy in transit through the screen decreases
with W to W2 In this example the phenomenon of reflection
is represented somewhat simply. In actuality occurs the
nultiple reflection of energy from boundaries dielectric -

screen - dielectric.

Electromagnetic shadowing can Le realized with the aid

of nonmagnetic and magnetic screemns, but nonmagnetic (copper,

aluminum) 1is given up preference, since they are irtroduced
less than the 1loss into the circuit of transmission. In
the determined frequency region the best effect give the
multilayer combined screens, which consist of the
consecutively alternating layers of magnetic and nonmagnetic

me tals.
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Fig. 1.8. Passaje of electromagnetic energy through screen:
W - field of interferences; #9%1 apnd 02 - reflected

fields; w» is field after screen.

Page 29.

Calculation of electromagnetic screens can be realized

by the following formulas:

screening constant

1
SaS S et (1.47)
et L

or through the attenuation of the shadoving
A,=A,.+A,-lnlchx.t|+ln, l+%(§4-+§—:)th x.tl.

vhere Z, is the wvave dielectric resistance, equal for an

electric field Zf=l/iwer, for a magnetic fieid Iy =iwpr,

and for a plane wave Z,=) ple
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the formula of the calculation of the attenuation of

=In|chkuf| is screen

1
shadowing (4,) consists of two parts: Anshwg;

attenuations of absorption amd A =in

£t o] -

screen attenuation of reflection vill be siamplified

If the screen is electrically thick, i. e. its attenuation «f
exceeds 1.5 Np then the second boundary of reflection (Zw/Zs) may be

disregarded and the formula for screen attenuation of reflection

is simplified 2
&=ml+l—MMJ.
2 Z.

These foramulas, obtained from the eguations of NMaxvell in

quasi-stationary wmode/conditions, are not comnsidered bias

curremts and therefore are valid in the 1liaited frequency
range approximately 108-10% Hz.
The shadowing of absorption A, is caused by thermal

eddy current losses in the metal of screen. The higher the

frequency and is thicker the screen, the greater screening

effect. The shadowing of reflection 1is connected with the

nonconformity of the wave characteristics c¢f the netal froa

which is made the screen, and the dielectric, which

surrounds screen. The greater the difference between the

wave dielectric resistance and nmetal, the nmore powverful

screening effect of reflection.

e roton 3~
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&&cble 1.1 gives the results of the calculation of the

screening effect of screens from different metals (copper,
% steel, aluminum and lead) for the different types of fields
| (magnetic, electrical, the ©plane wave). PFrom the preceding
information it is evident that value A, is identical for
all transmission modes. Analyzing the formula of the
shadowing of absorption A, and given data, it can be noted
that screening effect grow/rises in direct dependence on the
coefficient of eddy currents k and of the thickness of

screen t. With an increase of frequency, value A: changes

sufficiently sharply.

From the given formulas also follows that the greater
magnetic permeability pu and the conductivity of screen o,
thhat higher screening effect. Therefore screening effect of
absorption of magnetic screens is substantially more than in
nonmagnetic screens. This is visually shown in Table 1.1,
vhere 1is given the frequency dependence of screen
attenuation for the screens of different metals in frequency
spectrum to 10° Hz. At frequency 1 MHz, screening effect
in steel into six and more times is higher than copper.
From nonmagnetic @metals (Jreatest screening effect has copper,

then goes aluminum and smallest effect of 1lead.

Page 30.

R o mponesamn sty - »
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With an increase in the thickness of screen, screening
effect increases. The coefficient of eddy currents k and
equivalent depth of penetration 6 are determined by

the forsmulas:

ey B e S 1A l//'f‘
k= Viwpo = v.z 1 @po I/T(l-f-l), 0= —K— -0 .

Table 1.2 gives corrected values of the module/moduli
of the coefficients of vortex/eddy it is such IKQIiwu0|
for different metals and the results of the calculation of

equivalent depth of penetration.

The screen attenuation of absorption As does not depend
on transmission mode and has identical value for electrical
and magnetic fields and a plane wvave. The screen
attennation of reflection (A,) depends substantially on the
form of field. This is caused by a difference 1in the
values of the vave dielectric resistance c¢f electrical (Z

magnetic (ZF) and plane vwvave (Zog)» The screen attenuation of

reflection is determined that mainly, by the nonconformity
of the wvave dielectric resistance Z; and of the aetalZw

from which is made the screen.
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Page 31.

Table 1.2. HNodule/modulus of the coefficient of eddy

curreats |«=Viepo] and the depth of penetration of

2

high-frequency field into the thickness of screen?d= Vmw for
different nmetals.
(/) Mem /2) Cram / 7) Amomunuh (%) Counen
o = ik 1 N
(%) L 0, mm K 0, M S 0,mm LT 0, mm
106 2,121 0,667 7,561 0,187 . 1,635 0,864 0,597 2,357
6- 104 5,196 0,272 18,52 0,076 4,006 0,353 1,453 0,966
108 6,709 0,211 23,92 0,059 5,172 0,274 1,889 0,474
2.108 9,487 0,149 33,82 0,042 7,315 0,193 2,671 0,529
5.108 15,0 0,094 53,47 0,026 11,56 0,122 4,224 0,334
108 21,21 0,067 75,61 0,019 16,35 0,086 5,972 0,237
107 67,09 0,021 | 239,2 0,006 51,72 0,027 18,89 0,075
108 212,1 0,0067| 756,1 0,0019 163,5 0,0086| 59,72 0,0237
Pacaernias | 9) 2.10=3) T |gg ga——461.6 1072V F |18,7—— [16,35. 10~ 3} 7|86, 44——F 9-1073y 7 | 236,7——
oy VT Vi VT V

(1)« Copper. (2). Steel. (3)« Aluminum. (4). Lead.

Hz. (6). Calculation formula.
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Page 32.
Tables 1.3. Wave impedance (on modules/modulus in ohm) for
different nmetals.
/) (2) (o) (4#) £5)
|24 Meas Crannp Amoununft Cannen
S
108 0,0118-10—3 0,3303.10-3| 0,0153.10~3| 0,0418.10~3
104 0,0372-10—3 1,044.10—3 0,0483.10—3| 0,1322.10—3
108 0,118-10—3 3,303.10—3 0,153.10~3 0,418.1073
108 0,372.10—3 10,44.10—3 0,483.10—3 1,322.103
107 1,18-10—3 33,03.1073 1,563.10—3 4,18.10—3
108 3,72.10—3 104,43.10—3 4,826.10~% | 13,22.10~8
10° 11,8.10—3 330,3.1073 15,3103 41,8103
1010 37,2103 1044,3.10—3 48,26-10—3 | 132,2-10~3
101 118.10—3 3303.10~3 153.10~3 418-10—3
1012 372.103 10443. 103 482,6-10—3 1322.10—3
Paciernas " o
Qogeeyss 0,372-10~6) 7 |10,44.10~5)/ 7 [0,483.10~) T | 1,32.10~6y "}
Key: (). Hz. (2). Copper. (3). Steel. (4). Aluminunm. (5) -
Lead. (6). Calculation formula.
i e s 0 Sl oy

y
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Tables 1.4. Wave impedance (on module/modulus in ohm) of -
dielectrid (air) relative to the electrical (25, magnetic (%5)
(Zo) of waves.

_.,’) Marnutaas soAua

(-2) Baexrpuveckas soama

r4=0.0014

r,go. Olx

r.—ﬂ.ln

ry=in

ry=0,001x
rg=0,01%

rg=0,1x

ry=ia

~
S~

Maocren -
BOANE

79.10~?
79-10—8
79.10~7
79-10~8
79 .10—5
79-10—*
79-10—3
79.10~2
79-10~!

79.10~7
79.10—¢
79.10—8

79.1073

79.10—2
79.10~!
79

79.10—%

79-10—¢

79.10~7
79.10—6
79.10=5
79.10—4
79.10—8
79.10—2
79.10~!

79
79.10

79.10—%
79.10~5
79.10—*
79103
79.10—2
79-10!
79

79.101
‘79. 302

18- 1010
18-108
18.10e
18-107
18-10¢
18-108
18-10¢
18-i08

18- 10u
18. 1010
18.10°
18-108
18-107.
18-108
18108
18-104

18-109)
18- 108
18.107
18- 108
18- 108
18-10¢
18- 108
18-10%

18.10% | 18-102

18-10t

18-107
18- 108
18- 108
18- 104
18- 10
18-103
18-10¢
18

18- 108

376,7
376,7
376,7
376,7
376,7
376,7
376,7
376,7
376,7

z’:::i @M ry=i79- lO"’fr,

1
E
Z‘=

18-100

iw:r,gifcr'

Zy=
=120

Ve

Key:
(4)

(1).

Plane

Page 33.

The more
greater the

boundaries

The

differ

values

Magnetic

vave,

value

dielectric

of

of

vave.

between

the

the

themselves

screen

wave

(2) -

Calculation

reflections

-

impedance

Electrical

of

relative dielectric permeability

wave.

formula.

values Z,

and 2,

energy

dielectric.

(for

(3).

on

of different

air ¢-/,

Hz.

the

metals




o

DOC = 78000202 PAGE 33~

70
(copper, steel, aluminum, lead) are given in Table 1.3, and
dielectric (air) relative to the electrical, wmagnetic and
plane of waves - in Table 1.4. Relationship/ratios Z,/Z,
for different nmetals with f = 106 Hz amnd r.=00I are given

in Table 1.5 (see Fig. 1.3).

In the considered frequency region (tc 109 Hz) g o
and the relationship/ratio Z o0, ises | boundary
dielectric - the metal of relatively electrical wave gives
substantially 1larger effect than relative to magnetic wave.
Comparing different metals it should be noted that the best
effect of reflection of copper, then g¢oes aluminum, lead
and the smallest reflectivity of steel. Therefore copper,
substantially being inferior steels on the attenuation of
absorption (A;), it has very great advantages on the

attenmation of reflection (Ap)-.

Tables 1.6 and 1.7 and Fig. 1.9 gives corrected values
of the screen attenuation of the reflecticn of copper
screen for different frequencies and radii of screen. Here

for a comparison is givean the curves/graph of the

attenuation of absorption An
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0
0 0 107 70" 07 1 ”"’i'
Fig. 1.9. Frequency dependence of attemuation of absorption(dw
and of reflections of wagnetic wave (4)). of electrical vave (Af)
and of plane wave(A$™)
Key: (1)« Npe (2). Hz.
Table 1.5. Relationship/ratio z/z. for different metals with f
= 108 Hz and r.=001 am.
/) (27 (3) () (5)
Bug nomun Mex» Cram Amosnunit Canmen
Snextpmeecxas (.)|  48,6.100 1,7-100 37,5-108 18,7108
Marnwraas 915 7.6 164 60
Taocxas ( ) 1013 36,1 781 285
Key: (1). Fora of wvave. (2). Copper. (3). Steel. (4)
Aluminum. (5)« Lead. (6). Electrical. (7) « Magnetic. (8) .
Fiat/plane
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Table 1.6. Freguency dependence of ¢the attenuation of the
reflection of the copper screen of the different tones of
wave (with r,=002 RR) .
E
H v 2 zH zZ
foow | ZEom zH o Zg.0n Z,.0n - 2 z, ldf'm‘ Aluen | AEHyen
L (]
10t 9. 101 157,7-10—: 376,7 10,0118-10~4( 7, 54-10*317,0-10° | 101,2-107f31,698 | —1.04 19,326
108 9-10° |157,7.10~7 | 376,7 [0,0372.10~%| 2,419.101s§4,239 101,2-108]29, 396 0.412 | 17.0%
104 9-10" |157,7.1075| 376,7 |0,0372-10~3] 2,419-101}4,239. 10t 101,2. 108424, 796 2,54 14.726
100 9-108 |157,7.10~% | 376,7 (0,0872-10~% 2,419-10° },230.10* | 101.2-10¢}20 196 459 | 12.4%
100 9108 | 157,7.10~" | 376,7 |0,0872-10~!| 2,419.10% {4,239.10° 101,2.10%)15,596 6,89 | 10,126
1000 | 9.100 |157,7-10' | 376,7 |o0,0372 2,419-100 }4,239.10% | 101,2-10}10,99 9,19 7,826
EZ;/ =72z, on =N wern = Np_]
Table 1.7. Dependence of the attenuation of the reflection
cf copper screen with different radii of screen (with f =
106 Hz.)e.
- \
E H .
rgr M zf.“ l:'.u o0 OM Z, 0 .ZL_ Zx i A:.un A:"un Af'”nm
zl Z. Z.
2.107% 9-10% |157,7.10 0,0372.10~3| 2,419-10° | 4,239.104101,2-10¢ | 20,196 459 | 21,62
.10~ 9-108 | 157,7-10— 0,0372.10~2| 2,419-10° | 4,239.104101,2.10¢ 17,89 6,89 | 21,626
2-10
2 9.100 |[157,7.10-'P76,7 [0,0372.102| 2,419-10" | 4,239.104101,2.10¢ 5,596 9,19 | 21,626
2.10' | 9.10* |187,7 0,0872.10~%) 2,419-10° | 4,239.104101,2.10 13,296 11,499 | 21,62
2.10* | 9.100 [ 157,7.10! 0,0372-10~2 2,419-10% | 4,239.104101,2.10¢ .996 13,79 | 21,626

Lom=JL; nern =Np7
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to 10%-107 Hz has constant value, amd then Jgrowvw/rises
because of absorption in w@metal. Rateyestimating the specific
significance of the coamponents of shadowing A4, (absorption)
and A, (reflection), it can be noted that in the range
approximately to 10? Hz prevails the attenpuation of
reflection, but above becomes determining the attenuation of
absorption. The role of the attenuation of absorption is

especially great of magnetic screens.

As a whole, comparing screening effect of uniform
screens with different transmission modes (Table 1.1), it is
possible to state/establish that the electric field is
shielded substantially better than magnetic, i.e., AZ>A%

Plane wave is the intermediate position that (As>AF >AY ).
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Fige 1.10. Comparative effectiveness of electrical and

magnetic shielding.

Key: (1)« Np. (2)- Hza

Fig. 1.11. Attenuation of absorption c¢f screens fronm

different metals.

Key: (1)« ©Np. (2). Steel. (3). Copper, aluminum, lead. (4).

MHZ.
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Therefore magnetic fields are definite during screens and
from their mixing effect necessary first of all to shield

couplers and radio mechanics.

Let us examine in more detail the effectiveness of

screens of relatively magnetic fields.

Pigures 1.11, 1.12 and 1.13 give corrected values
An Ao, A

or magnetic screens from copper, aluminum, lead they
will stop thickness of 0.1 nmm. Maximum value possesses
steel screen (see also Table 1.1). Maximum value Ag for
nonmagnetic screens possesses copper, then goes aluminum and
finally 1lead (An for lead 100 times less than for
copper). This is explained by the poor conductivity o of
lead. The screen attenuation of reflection A, at frequency

cnly 1 Np, aluminum - 3.4 Np, but stopped in all only 1

Np, i.e., nonmagnetic screens have the high value A,.

Analyzing the screen attenuation of different screens as
a vwvhple (A,=A;+A,), it can be noted that in frequency range
approximately to 10® Hz the greatest result give the copper

and aluminum screens, and in higher frequency spectrum the

~esamtags - g e
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advantage remains after steel screens. However, in a number
of cases due to high electrical 1losses, steel becdones
unsuitable for the production of single-layer screens. With
an increase u 0of steel, occurs the redistribution of the
screen attenuation of absorfption and screen attenuation of
reflection. Change u from 100 to 200 gives an increase As
approximately on 0.8 Np, énd value A, decreases. As a
whole the increase pu gives substantially fpositive effect in

an increase in the screen attenuation.

Figures 1.14 shows the dependence of the screen

attenuation of copper and steel screens omn thickness.
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Fig. 1.12. Attenuation of reflection of screens from

different metals.

* Key: (1)« Np. (2)- Copper. (3)« Aluminum. (4). Lead. (5) -

Steel. (6). MHz.

Fig. 1.13. Resulting of attenuation of shadowing of

different metals.

Key: (1) Np. (2). Copper. (3)- Aluminum. (4). Steel. (5).

Lead. (6). MHz.

Page 37.
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With an increase in the thickness of screen, increases it
that screens, moreover the character of this growth of
magnetic and nonmagnetic materials is varicus. A4, honeys
comparatively temporarily increases with an increase in the
thickness of screen. Increase t 1in steel is 1led to a
sharp increase in screening effect. So, during a change in
the thickness of screen from 0.1 to 0.2 amm screen
attenuation grow/rises at copper by 200.0, and of steel -
to 70o0/0. This 1is explained to the facts that in the
frequency spectrum being investigated of magnetic materials
considerable role plays the component of the screen
attenuation of absorption Ay of nonmagnetic materials this

component is very small.

The conductivity of metal substantially affects the
shielding properties of screen (Fig. 1.15). Screening effect
of the nonmagnetic screens of equal thickness 1is caused by
the properties of electrical conductivity of metals. The
sequence of metals on the shielding effect (copper -
aluminum - lead) corresponds to the sequence of their
conductivities o¢. As a result of the fact that ¢ 1lead 1is
13 times 1less ¢ copper, screening effect of the lead

shield is 2-2.5 times 1less than copper one.
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1.7. Wave mode/conditions of shadowing.

The wave mode/conditions of shadowing is propagated in

the range of the superhigh frequencies: from 109-1010 Hz it

is above, encompassing the range of decimeter, centimeter

and millimeter waves. The limit of the demarcation of
electromagnetic and wave mode/conditioms is the

commensurabiiity of wavelength )\ with the diameter of screenD,:
when A<D, sets in the wave modesconditicns of shadowing.

In this case one should proceed from the complete equations
of electrodynamics and along with conduction currents to

consider bias currents.
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Fig. 1.15. Dependence of attenuation of shadowing on

conductivity of nmetal.

Key: (1)« Npe (2)e Leads (3)- Aluminup. {4). Copper.
521/ .

Page 38.
If in the examination of electromagnetic screens it was

subject to operate with fundamental wvave cf electric vave

mode, then in wave mode/conditions one should proceed from

| e b I
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the saves of higher crder TE and TN.

The special feature/peculiarity of wave wmode/conditions
is fluctuating wavelike nature of a change in the
attenumation of the shadowing of electrical and magnetic wave
with an increase of frequency. This is connected both with
the nature of electromagnetic field of superhigh frequencies
and with the special feature/peculiarities of mathematical
apparatus for the calculation of screens. For a plane wave
the attenuation of shadowing 4%” in all frequency rcange from
0 to SHF smoothly grou/rises without any oscillatory

phenomena.
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Table 1.8. Value of wave dielectric resistance in electrical Z7

and magnetic Z; fields.

//)

e b 3f Zf
108 2,096-10~7 1,8-100 7,9-10~5
10¢ 2,096-10—6 1,8-108 7,9-10~4
108 2,096-10—5 1,8-107 7,9-10—3
108 2,096-10—4 1,8-10 7,9-10~?
107 2,096-10—3 1,8-108 7,9-10~}
108 2,096-10—2 1,8-106 7,9
100 2,096.10~! 1760 7

4,24.100 0,89 106,0 4?0
5,42-10° 1,14 0 536
7,15-100 1,5 15,8 686
TS| i 2 m
; : 820
},04- 10 2,19 101 810
1,15-1010 2,19 101 810
1,15. 1010 241 176 778
},82.10 3,84 545 0
A b i
,33: 7.0
4,08- 1010 8.56 0 (7)55
4,85 1010 10,2 680 0
5,58. 1010 11,7 0 755
6,35- 1010 13,34 695 0
7,08- 10t 14,86 0 754
. 7,86- 1000 16,5 704 0
8,68 100 18,0 0 749
9,34 10t 19,6 715 0
1o 20,96 109 740

Page 39.

During the calculation of screens in the wvave

mode/conditions of relatively electrical and magnetic fields,
15
2 2z,
thxe!| vhere all the values, except wave dielectric resistanceZ,

one should use known already formsulaA,=A,+A,=In|chkt|+In|l+
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are identical for electrical and magnetic fields. PFor

magnetic and electric fields wave impedance respectively

ZY =Zyinxgryd, (kere) Hy (Kas) I ; (1.48)
Zf=l,imc_.r,.l; (k7o) H1 (K275
The screen attenuation of absorption Aw=In|chxuf|  for
electrical and magnetic fields is equal. The screen
attenuation of reflection A, because of wvalues Z; and Z':

for electrical and magnetic fields is different.

Table 1.8 and Fig. 1.3 gives corrected values of wvave
dielectric resistance of the relatively electrical z: and
magnetic zZ¥ of waves. Approximately to egquality between the
wavelength and the diameter of screen (A=D,) the
curve/graphs of wave dielectric resistance Z: and Z; have
smooth character, and then in range SHF, beginning with 109
Hz they bear the oscillatory nature: for a wave Zf -
increasing, and for z¥ - damping. These wave processes

a

occur closely value zo-]/_'.
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Fig. 1.16. Preguency dependence of attenuation of shadoving
of electrical 4%» and magnetic A"  of fields, plane wave A
F and attenuvation of absorption A, in the range of SHP.
[ pern = ¥p; chy=sir; 24 = Hz ]
l Page 40.
Table 1.9 and Fig. 1.16 shows the values of the
1 attenuation of the shadowing of the electrical AT and
: magnetic AY SHF fields in wave zone. In figure is also

|

i T e
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given the frequency dependence of the attenuation of
absorption A, During graphing of the value of the
attenuation of shadowing, they are 1limited to value 17 Np,
since large values difficult to measure and to realize. The
attenuation of absorption for both fields equally has

smoothly increasing character. The attenuation of shadowing A,

and the attenuation of reflection A, have an oscillatory
nature. Physically this fphenomenon connected with resonance
phenomena when A<D, testifies to the wave nature of
electromagnetic field on SHF. Mathematically this is caused
by the presence in the formulas c¢cf <calculation A, (SHF)
the <cylindrical functions of the first (I,) amd third (H,)
kinds that are given to attenuation an oscillatory nature.
In the points, which correspond to the zero coordinates of
function I,, failures reach— =. For a magnetic wave the
resonance begins when xx,=3383; f,015; 10,167 so forth. Or, bearing
in mind thatKkwe=0) pere= 2mf% =nD.§="_gi we will obtain the
points of resonance with following relatiomship/ratios D/A=122;

2.234; 3.238etc.




bocC

Table

= 78000202

1.9.

the electrical 4% a

with differemt radii

(/)
foe a 4 [ Al 45
108 9,55 17,60 108 10,20 19,10
6,37-108 13,74 15,41 6,37 107 16,09 17,77
1,26.10° 16,36 16,55 1,26.1010 16,20 16,40
2,53.109 16,18 14,44 1,67- 101 19,21 15,82
2,93.100 = oo 2,53. 1010 16,18 14,44
3,31.10° 16,03 14,28 2,93. 1010 — "0
5,67-10 14,12 15,41 3,31.10w0 16,03 14,28
6,1-10° o e 3,57-1010 15,95 14,67
6,3-10° 13,24 15,27 4,1-10w 15,69 15,15
8,2-10° 14.05 13,30 5,67-10 14,12 15,41
8,49.109 — o 6,1-10 o =
8,75-10° 14,99 13,07 6,3-100 13,24 15,27
1,07.100 13,48 14,76 8,2-1010 14,05 13,30
1,12.100 o = 8,49.101 = o
1,29-10t° 14,49 13,73 8,75- 1010 14,99 13,07
1,36-101° — o 1,07-10u 13,43 14,76
1,45.101° 14,35 i3,86 1,12-10u o —
1,55. 101 13,52 14,35 1,29-1011 14,49 13,73
1,62.10° o e
1,70- 101 13,60 14,08
Key: (1). Hz.
Page 41.
For ap electrical wvave the resonance begins when
Klfo‘ lo“:‘ m; 815_3
A sp forth, which corresponds to relationship/ratios
D,/»=0,58; 1,70; 2,72
A so forth.
As can be seen from Table 1.9, in the range
frequencies 109-10!1 Hz, there 1is on 2-3 resonances
n.“-.‘..;_-ﬁ—-— et 3 T

PAGE }3’7

Values of the

nd magnetic aY

attenuation

of screen.

of

of

the shadowing of

fields in wave zone

rg=1,5um; t==0,01um

rgw 15mu; t=0,01ux

of

for
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magnetic and electric waves. Thus, resonance phenomena are
observed for both transmission modes: magnetic and electrical
with the difference only in amplitude and frequencies of
resonance. Mathematically its difference between AY and Af

is caused by the facts that in the first case in formula
figure as functions I, and Hy, and in the second

derivative of these functions 1I'; and H';. With f = O,
product I, H, gives =zero aad therefore for a‘ magnetic field
with £ = 0 Af=0, but the product of the derivel these
functions I*;H®; gives infinity and therefore for an
electrical field at f = 0 value A% —x. For a plane wave
the attenuation of shadowing A in all frequency range from
0 to SHF smoothly they grow/rise without oscillatory
fhenomena.

Is of interest to compare the formulas of the
calculation of the attenuation of shadowing in
electromagnetic (h.f.) and wave (SHF) modes/conditions. Since
the attenuation of absorption A, 1in both cases is equal,
let us examine only the formulas of the attenuation of
reflection A,.

For the magnetic field:
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H
A¥ew)= In|1 + -;—.-?-thx_t‘,

A o =1n |1+ - 72 i rds (5) Har it x|,

L84 = h.f; c8Y = SHF ]

where z¥ _jour, Bearing in mind thatZimn= V 4ioVper,=iow, =2z} ve

< H 1z
will obtain that Ag  ASHR)Y=In |14 —-—% aly (k) Hy (cars) th et |.
N
Disregarding by omne as compared with the second a2mber of
sum, Ve can rd A{’ (SHF) =A% {ha £.) +AA4Z, vhere
AAY =1n|nd(xure) Hi(xare) | )
’\ Or " ”
Ag (cBa) = A (89) + In | 5 Jy (Kyrs) Hy (kx7a)- (1.49)
e84 =SHF ; BY=h.f.J
For the electric field:
2 15 |
4s (89) ln|l+ - z.th""t y
AZ cm)=In| 1+ B imnyd| (o) Hi () thid
L
[ 84 = bhof ; CBY = SHF ]
where 76 _!
X Z‘l inn
Page 42,
3 7 1 e i I_ZB
Bearing in aind that ‘ix.r. ‘/Hﬂ’u—en_‘“ﬂ-" ve will
g 28
obtaim that Af (SHF) =ln|l+—;——ZLu(ix‘r.)!l;(x,r.)Hl(x,r,)thn.t "
'™
Disregarding omne in comparison with the second term of sum,
o e — = g e & s -
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we will obtain that AZ  (SHP) =AE (h.f.) +a4f

AAZ =In|w (i kzrs) 213 (ka7s) Hi(%ars)} o AE (cBu) = AE (8Y) + In | 5 (i k73) I3 (Ka7s) Hy (7s) | -
Key: {1). SHFa (2)- h.f.

values AA{ and AAf are caused by the special
feature/peculiarities of shadowing at SHF, that chara
wave nature of processes in this frequency domain.

.17 and 1.18 shows comparative the data of the

: where

(1.50)

cterizes

Figures

attenuations of reflection for an electromagnetic zone (h.f.)

and a wave zone (SHF), separately for the nmagnetic

A¥  and

electrical Af of waves. Figqures 1.19 shows the specific

significance of the resonance components AA; and AA%
resulting values of the attenuation of shadowing A

and Af (SHP) in wave zone.

and the

(SHF)
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Fig. 1.17. Attenuation of reflection of electric field

in
the range of SHF.
Key: (1)« SHF. (2)e hRat. (3). Hz.
Fig. 1.18. Attenuation of reflection of magnetic field in

the range of SHF.

Key: (1) SHP. (2). h.f. (3)« Bz

Page 43,

Table /,10 gives calculated the data of the attenuations of

the shadowing of copper screen in the

range of frequencies

gy v —— R
T W LYool -
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from 102 to 100 Hz. From curve/graphs and table, it is
evident that to 109-101'9 Hz of attenuation length of
reflection for an electromagnetic mode/conditions are <clocse
to values for a wave modes/conditions, and then when
begin to oscillate. Values themselves A4 and A4 ¢ are
comparatively small and are <characterized Ey amplitude and

the frequency of resonance.

Let us examine the fundamental Jlaws governing a change
in the screen attenuation of wave 2zone from the

construction of screen.
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Key: (1)

f,,,uen
17
16
15
1%
13
12
1
19
3
8 i
7 '} |‘
g [
5 i
4 i 3
) il
; I
? O
: . A
frz”
0 r2)
-2
-3
0 0
L%E?‘ /.19
Fig. 1.19. Components of attenuations of shadowing in ranges 3

of H.f. and SHF.

Lren=Np; c84 =SHF 5 By=h.%5 2¢4q=HzT

different radii of screens.

Attenuation of shadowing of magnetic field with

Npe (2). Hz.
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Page 44,

Figures 1.20 gives the

attenuation of the

copper screen by thickne

pm and ’e=5 am. With

screen, grow/riets screen

they are moved into the

Figures 1.21a and b

the attenuation of the

fields for screen with

thicknesses: t, 0.01

to an 1increase 1

placed

resonance frequencies vir

Figures 1.22a and b

resonance frequencies of

and

electrical magnetic

of ' screen. Curve 1 1is

resonance, and curved 2,

values of the subsequent

the radius of screen, t

if for a magnetic field

shadowing

frequency dependence of the

of magnetic field A: for a

ss t = 0.0 msm ky a radius rx=05

an increase in the radius of

ing effect amnd resonance pkenomena

range of 1lower frequencies.

gives the frequency dependences of

shadovwing of electrical and magnetic

radius of S wmom and the different

mm and t, 0.001 mm. From it |is

n screening effect. Moreover

tually remain constant/invariable.

shows the dependence of the

the attenuation of shadowirg for

fields on a change in the radius

related to the values of the first

3 and 4 -~ respectively to the

resonances. With an increase in

he resonance frequency decreases. So,

vhen r,=10 m the first resonance
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qs

begins with fg,, 1.80109 Hz, then when =30 n it

5.6¢10° HZe«

begins with f£fg,

Table 1.10. Attenuation of shadowing for electrical and
magnetic fields in wave zone (copper; r3=10 mm; t = 0.01 mm).

7Z) ) 73) 737
i .{..// Ao | B | 2 4E | a4l | AE(es) All(csey
102 0 35,34 0 0 ,34 0
103 0,00099 31,44 0 0 31,44 0,00099
104 0,0237 26,14 0 0 26,16 0,0237
105 0,9042 22,44 0 0 22,44 0,9042
10¢ 3,114 20,03 0 0 20,03 3,114
107 5,42 17,63 0 0 17,63 5,42
108 8,38 16 0,1 0 16,1 8,38
1,9-10° >17,0 >17 1,77 0,095 18,77 17,095
4,5-10° >17,0 >17 0 0,214 17 17,214
8,77-10° >17,0 >17 —00 0,15 —oo 17,15
1,10-101° >17 >17 — 0 — 17
1,52-101 >17 >17 —0,576| — 16,424 —
1,810 >17 >17 - —~—oo - —o
2,46- 101 >17 >I7 - -—0,9 — 16,1
2,64.101° >17 >17 —o0o - —o0 -
3.90.1000 | $17 S | =191 < 15,75 -
3,33.1010 >17 >17 — —o00 — —o00
4,08.101° >17 >17 —oo -1,46 —o0 15,54
4,85-101 >17 >17 —1,63 | —oo 15,37 —oo i
5,65- 1010 >17 >17 —o00 -1,76 —oo 15,24 )
1
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Note. At the freguencies of 1large 1.9.10° we take 4»

(haf.)= 17 Np.

Key: (Y. Hz. (2)« bh.f. (3). SHF.

Page 45.

Example of the calculation of screen. To determine the
magnetic screen attenuation of the copper cylindrical screen
with a thickness of 0.1 mm and with a radius of 20 nmm

at frequency 1 MHz.
Solution.

1. From Table 1.2; 1.3 and 1.4 ve find values of
wave dielectric resistance, copper and coefficient of eddy

currents:
2, =1138.10"3 om, Zy = V10,372.1073 ou,

- 1
x=Vyi21,21 -

Lom = JE T
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Fige 1.21. Prequency dependence

of electrical (a)

screen t; = 0.01

Key: (1). Np. (2).

Fig. 1.22. Dependence

of shadowing for

magnetic

electrical
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change in radius of screen.
Key: (1). Hz.
Page 46.
2. We determine attenuation of absorption of screen:
Sn= l = : = : —184,6°
"7 chrgt T ch)i21,21.0,1 2,106 =0.477,
1 1
Ap=In E =MIWI-0,75 Np.
8. We determine attenuation of reflection of screen:
1
SQ=
1 (Z ¥4 ’
1 o f sl K
- 2“& +2h)m&;
1 /2 Z 1 —3 o190° - o
I+T(—‘+i)=l+_( 138'0 e +0.372‘0 30"“ =185 rens'b
Zu 2y 2\0,372.10~3 ¢M5° ©  138.10~3 ¢! %° ol
thet = th )/'721,21.0,1 = 1, 11118,
Whence
1 1 |
So= g5 T 1S ~ 305 pee i = 000487 THEIE |
1 1 "
A.=In|§ =IHIW =5,32%5"Np.
4. We determine total attenuation of shadowing:

As=An+ Ay=0,75 1 5,325 — 6,075 ,\/P,
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Page 47. Chapter 2. SINGLE-LAYER SCREEMS.

2. 1. "Wave" nmethod of determining the screening constant.

®"Wave" method is based on the examination of the
phenomena of shadowing with the aid of falling/incident,
reflected ' and refracted waves on the boundaries of
electrical nonconformities dielectric - metal - dielectric.
In this case the shielding properties of screens are
expressed as the wave characteristics of the nmetal fron
which is made the screen, and the dielectric, which
surrounds screen. "wave" method allows to mathematically
simply and physically convincingly present the processes,

occurring in screens.

Let us determine the screening effect of single-layer
screen (Fig. 2.1) by "wave"™ nmethod and 1let us cospare with

the results, obtained earlier with solution by classical
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method on the basis of the equations of Maxwell.

We take the thickness of screen t, the coefficient of
eddy curremts ,_ | iapo. Let us assume that to the surface
of screen in region I falls the wuwave of the source of
interferences E. As a result of the nonconformity of
electrical characteristics (boundary of I-II) the part of
the energy will be reflected back into region I. The part
of the reflected energy can be expressed by the coefficient
of reflection (p;2) in the form E, = Epgp- Another part
of the energy passes into region II and, vary in
proportion to t> refractive index (q,,)., will under go
attenuation according to the law e~ Pield in region II
will be determined E.-que‘"f,' This wvave in boundary of
I1I-III partially will be reflected (Es=q1apase™"E) and
partially it passes for screen (E =g que "E). Wave Egj
partially passes into region I (Es=qi2qupue”™E), @ partially it
will be reflected from boundary of JX-II it will return
conversely (Ey=qupupwe " E). This wave partially passes

into the shielded space (region III) in the form of wave

Ea"‘hﬂu'h:pa‘e-’ .
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Fig. 2.1. On the calculation of screening effect of

single-layer screen by "wave" methcd.

Key: (1). region.

Page U8,

¥#ave Es on boundary of II-III gives the wvave E,,
wvhich will cause the reflected and refracted waves, and so
this process can continue to infinity until wvaves completely
damp. As a result it is possible to vwrite for region I
where operates the sum of the wvaves reflected, the

following expression:

B =By +Y Bwi=Er+ 3 Gt G i)™ €E. (214
n=|

T e e o ey o

= [ Y T TN L -, e 2l
e A i e e
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It summed up this series, we obtain

— 2t
B =<Pu + l%) E. @18

Let us hence determine the resulting coefficient of

reflection (reaction) of the screen

E° —2xt c
Pl =k 9199mPss © ) 2.18
p P12 + T T P (2.1m)

In region III in the shielded space, will operate a

wvhole series of transamitted through the screen waves of the

trpe  En: E=Y Eu=Y fudu(puse)" 0 2E,
n=1 nes|

s=E___afue™ (2.2)
E 1 —pyypyy et

Then screening constant is equal te
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tab we convert the obtained expressjons for P and S. It
is known that the refractive indices g and of reflection
are expressed as the wave characteristics of the

conjugated/combined  mediums 2Z, and Zs:

2, Z,—2,
=gt pm=-A_8 2.3
9 vz, P z,73, (2.3)
Bearing in mind that in our case Z, = {;; ve will
obtain:
92, 22,
gy = 3 = 1
e ik @4
= zl‘—zs 0 png z.—-ll E :
21+Z, i Z,+Zl "
wvhere 2, - wvave dielectric resistance (%), a Z, - the wave

impedance of nmetal (Zx).

Page 49.

After substituting values of 9 and p in (2.2), we

will obtain

-

1—papge™® (2,12 h%ﬁfﬁyrh'
Ze+ 2,

or

i
- Zi+2y)" & (2 —2y)
22 T2 1




I
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Converting this expression, we will obtain

S =

«f —xt \ —
& == SR ¢ a2
S Beci

4 Z2\Z, i Z,Z,

Passing to hyperbolic functions, we will cbtain

: .
5 T R B '
z|+22 Chld l

'z, Z
chat - ——= ¢h & P —f=t 5 S8 s
By, e o (g, 7 |l

(2.5)

or it is final

I 1
%

X 2.6)
T Ly (
'*’2\z.+z,yh”

Comparing (2.6) with formula (1.87), we note that the

"wave" wmethod and the classical method of the solution to

differential equations give identical result.

2.2. Coefficient of the reaction of screen.

Electromagnetic screen, shielding circuits and 3ucts from

interferences, simultaneously exerts essential influence on
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its own parameters of the

shielded cell/elements (circuits,

ducts), after redistributing internal electromagnetic field

and changing the conditions of the passage of signals along

these circuits. This phenomenon 1is caused by the reaction

of screen, vhich 1is 1led to a change in its own parameters

of the s5hielded cell/elements. In this case, change both

paraseters of the chain transfer and ducts (R, L, C, G)and

the parameters of the effect which include the
(K=g+iokK) .
and magnetic M=r+iom)

electrical

of communication/connection.

The effect of screen on the electrical characteristics

of circuits and ducts, included into screen, can be

determined with the aid of the «coefficient of the reaction

of screen P. Electromagnetic screen is characterized by twvwo

parameters: the screening constant S, which determine degree

and the fundamental laws governing of a change in

electromagnetic field outside screen, and by the coefficient

of reaction P, which determine degree and the fundamental

laws governing a change in electromagnetic field within
screen. Both parameters are organically interconnected and

can be mathematically determined one of another.

Page 50.
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Only the combined examination of both factors S and P can
give the proper representation of the processes of the
shadowing of the system being 1investigated and make it
possible to select the optimum constructiom of
electromagnetic screen, which is especially important for
ccamunication cables where the 1large number of circuits is
arranges/located in immediate proximity of screen and

experjience/tests 1its electromagnetic control.

Parameter S @makes it possible to consider the shielding
ability of system and the degree of a decrease in the
field of the interferences in the effect of one -electrical
circujt on another. Parameter P makes it possible to
investigate from screen the field reflected and the degree
of its effect on the natural electrical characteristics of

circuits, contained screen.

The effect of reaction to its own parameters of
circuits and ducts, contained screen, can be both negative
and positive. OUnder specific conditions and the design
relationship/ratios of screens, their reaction can improve
the electrical characteristics of the shielded cell/elements.
Therefore during screens, one should attempt to obtain

maximam screening effect and the most advantageous parameters
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of the reaction of screens. The coefficient of reaction is
determined by "wave" wmethod and is expressed in the forms

of the ratio of the reflected field E® to basic field E:

B
== 2.7
Po = t2))

Converting expressions (2.1a-2.1c) taking into account
values of q and p, we will obtain the final coefficient

of reaction in the form

A (Zx _2Zu)
. 2}@4)““ ) 28) |

-l+_{(§_:+'zf)'h'°' ’

vhere Z,— wave dielectric resistance; Zx— is wvave impedance
of metal; t is thickness of screen; x=Viopoc— the

coefficient of eddy currents.

Analyzing formula (2.8), it can Le noted that the
coefficient of reaction the greater, the greater the
ncnconformity between the wave dielectric resistance Z; and
of metal Zx. During the weak screening effect P = @, i.e.,
the screen does not reflect energy. During *he powerful
screening effect of the magnetostatic screens P = ¢f-1, and

of electromagnetic P = @@ +1.
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Nonmagnetic and magnetic screens possess the different
reflecting properties, which depend on the shielding nature
of nonmagnetic and magnetic materials. This position is
visually illustrated by Table 2.1 and PFig. 2.2, where
corrected values of the coefficients of the reaction of
steel and copper screens. The coefficient of the reaction
of copper varies from O to 1; P of steel depending on

frequency undergoes more complex change.

Page S1i.

In the range of 1lovw frequencies, approximately to 7-8 kHz,
the coefficient of reaction has negative value, then it
passes through 0 and begins tc¢ grow/rise, being fixed to
unitys. Thus, P of steel has two characteristic zones. The
first zone - the negative values P (from -1 to 0) -
corresponds to the magnetostatic mode/conditions of shadowing;
in it small surface effect and equivalent depth of
penetration are greater than the thickness of screen (6 >
t). The second zone -~ the positive values P (from O to
+1) = corresponds to the electromagnetic mode/conditions of

screen. Equivalent depth of penetration is less than the
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thickness of screen (0<0'_ Surface effect 1is considerably
increased. Transition of one 2zone to another occurs with

~ 0c7.

Copper screen, as all other nocpmagnetic screens, has

only positive values of P and operates o¢n the principle

electromagnetic shadowing.

kt

of
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Table 2.1. Data of the calculation of the coefficients of

reaction.
O (2) Meas, t=0,08xx ( 38)Crans, 1m0, 1ux
f. xey Pel® © PyHP, pel® Py +iPy
0 0 90°00° | 0 +0 1,0 180°00" | —1 0
0,1 0,0310 82°24' |0 +0,03 0,2181 178734’ | —0,22 40,08
1 0,2998 76°11' | 0,07 40,29 0,2246 167°13' | —0,2 40,09
10 0,9499 17°39° | 0,91 40,28 0,3927 92700’ | —0,0144-0,39
20 0,9845 9°04' [ 0,97 40,15 0,5447  59°52 0,28 40,47
40 0,9935 4°33' (0,99 40,07 0,6577  35°07 0,53 40,37
60 0,9958 3°02’ | 0,995 40,05 0,6940 25°35’ 0,63 40,29
80 0,9960 2°10° | 0,996 +0,04 0,7145 22’16’ 0,66 +0,27
100 0,9962 1°49’° | 0,96 40,03 0,7299 181’ 0,69 40,24
110 0,9965 1°43' | 0,9965+0,027 | 0,7371 17°55’ 0,70 40,23
130 0,9967  1°36 ,99674-0,025 | 0,7498  16°40° 0,72 40,22
150 0,9968  1°27 9968-+-0,023 | 0,7616  15°28 0,73 40,2
- 1,0 000" | 1,0 40 1, 000 1.0 40

Key: (1). £, kHz. (2). Copper. (3). Steel.
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Pig. 2.2. Prequency dependence of coefficient of reaction of

copper and steel screen.

Key: (1)« Copper. {(2). steel. {3)« Mode/conditions

magnetostatic. (4). Modesconditions electromagnetic. g

Page 52.

As can be seen from curve/graph, the coefficient of the

reaction of copper is greater than steel, and already,

beginning with frequency f = 20 kHz, is almost egual to |

unity. To this are explained the high characteristics of
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the copper and other nonmagnetic screens «c¢n the attenuation

of reflection (A, copper substantially more A, steel). The

reactive components of P have

a maximum for steel with £

= 20 kHz, and for copper with f = 1.9 kHz.

From the formulas of <calculation P, it is evident that

tecause of th from compcsite

argument (kt) the

module/modulus of the coefficient <c¢f reaction has

oscillating-increasing character

(Fige 2.3), moreover value P

(formula 2.8) it increases with an dincrease in the

coefficient of eddy currents -V iopc) and the thickness of

screen (t). At the 1large values of t, the coefficient of

reaction does not depend on

a further increase in the

thickness of screen. This means that in this case the

thickness of screen 1is greater than the equivalent depth of

penetration of field into the

t > o).

At the 1large values kt

determined by the formula

T
Zp+ Zu )

This formula completely

the calculation of reflection

-y v w——

metallic thickness of screen

the reaction of screen can be

(2.9)

coincides with the formula of

coefficient, widely utilized
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for the investigation of the phenomena of heterogeneity in

the theory of electrical circuits.

2.3. Analogy between to the processes of shadowing and by

transmittings of energy cn electrical «circuits.

The physical essence of the phencmena, which occur in
electromagnetic screens, in many respects is similar to the
processes, which occur in electrical «circuits during the
propagation of energy on uniform lines with mismatched
loads. Therefore is of interest the ccmparison of the
methods of the calculaticn of the screens, vvwhich are based
on the solution to the fundamental equaticns of
electrodynamics, with the methods of circuit design, wused in
electrical engineering and in the courses of the theory of
electric coupling (Fig. 2.84). For this, we convert (2.6)
and (2.8):

A.=A.+A.=|n|—;-|=m|chu[1 +'T'(1v+ -:T)thxt]l

—;(N—T:I—)lhxt , (2.10)

-
2

P=

1+ (N+—'-)thu
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Pig. 2.3. Character of change in coefficients of reaction

with increase in thickness of screen.

Page 53.

Passing from the recording in hyperbolic functions and
to exponential functions, we will obtain value A, in the

following form:

Av=in| G (24 N+ |+ (2=N—5 )|
VA D et (N1
4N 4N

=In

Replacing N with the values of wave impedance and

converting expression, we will obtain

el (G5 e

2V ZxZ,
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After carrying the first term for brackets and

piecemeal takiag the logaritha of, we %ill obtain

A= 2 4ol 2t l_ﬂ—_zu'-m
=y eVZz, L % (z”.z,,)e g

@11

This formula completely corresponds tc the €formula of
the calculation of the attenuation of the «circuit with

mismatched loads, widely wused in theory of the electrical

circuits:
Z, +2Zy Z,— 2, )* ‘”’l
= Mol At l a1 —[ =2} ¢ -
o 2VZAZB+ I (ZA+ZB l

vhere Z; and Z, — are the 1line characteristic and 1load
respectively; !— is 1lemngth of line; ¢ is a propagation
factor. This foramula consists of three terms, wvhere first
term is the non-reflection attenuation of 1line (al), the
second - supplementary attenuation of reflection as a result
of the impedance mismatch of 1loads with the
resistor/resistance of 1lines, the third is supplementary
attenuation of reflection due to the interaction of
mismatches in the beginning and end/lead of the subsequent

component vaves.
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i1
The coefficient of the reactiom of screen can be

ted -
converte as follows 5 - (N )uw (N—l)(N-,—l)(e" S
1+ (VF )«..« N+ )1 — (N —1pe™

Zy—2, &t _ oKt

Z, P
Substituting N= 7 we vill obtainm Zit Zn PEY  y gy e B
\Zet2u )
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' Fig. 2.4. To comparison of methods of <calculation of

screens and circuits.

: Key: (1)« Screen. (2). Line.

Page Su.

During the considerable energy absorption by the screen
wvhen kt > 3 (reflected energy does not exceed 50/0), ve
will obtain

N=1 _Za—2 2.1
i 7 Zy+ 2 s

This be the value of reflecticn coefficient, widely
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utiliged for the investigation of the phenomena of

heterogeneities in electrical circuits. The physical essence

cf the phenomena of shadowing in gquestion and the obtained

mathematical analogy make it possitle to make following

conclusions. The process of the passage of electromagnetic
energy through the screen is analogous toc the process of
the propagation of energy along electrical circuit.
Difference consists in the fact that in 1lines is
investigated energy of the transmission, and in screens -
energy of effect. During the 1investigation of screens, 1is

examined the motion of energy not along 1line, but it is

perpendicular to it, from perturbation source (circuit) and
to screen it is further through the screen into the

shielded space.

So both with propagation of electromagnetic energy along
non-uniform circuit and during moticn in radial direction is
necessary ¢to consider two factors: the attenuation of energy
in metallic thicker screen (As) and the attenuation of
reflection at a boundary dielectric - screen - dielectric
(4o). An’ in connection with the theory of 1lines corresponds
to the attenuation of energy in 1line itself (al), a A -
because of the nonconformity of the wave impedance of the

different sections of non-uniform circuit. Electromagnetic

4

T e e Ry
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energy, after achieving screen, partially is passed through
it, somevhat attenuating in this case, and partially it is
reflected in the first boundary dielectric - screen. 1In
boundary the screen - dielectric the part of the energy

again 1is reflected, and part penetrates on screen.

Reflection and the passage of the electromagnetic energy
through the screen can be presented in the form of
repeated process and mathematically it is possible to
express in the form of ipfinite series. In analyzed foraula
(2.11) the first term characterizes attenuation in thicker
than the screen, the second - screen attenuation because of

reflection at a boundary (dielectric - screen - dielectric)

fundamental component wave, and the third term considers the
attenuation, which occurs because of repeated reflections at
a boundary of the subsequent compcnent waves. The decisive

role during shadowing have the first of two members.

During the energy transfer on wires, the effect of
# reflection is extremely undesirable, while during shadowing
the presence of this effect gives positive result. The more

povwerful the reflection of energy on boundaries dielectric -

screen - dielectric, the the 1lesser part of the energy

penetrates the shielded space.

W IR e S———
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Page 55.
For screen with high attenuatiom (kt > _3).l the
formula of shadowing will take the form: S=_£_eu[,+_;_(,v+_;7‘)]'
and respectively screen attenuation will he‘A3;|nL§.=|ﬂeﬂ
P4_€_(Nﬂ_%7”L This formula can be given to the fornm,
taken for calculation of the electrical circuits:
A,=In e"i;v‘—"|=-'}%t+2ln EZ%E‘ (2.13)

The obtained result has very convincing physical
treatnment. screen vwith high attenuaticn screen .
attenuation will consist only of the attenuation of energy
because of energy absorption of metal (1st term) and
attenuation because of reflection at a bcundary (2nd tern).
The third term of formula (2.11), that characterizes the
screen attenuation, which occurs because of the aultiple
reflections the subsequent components, here does not
participate. This 1is explained to the facts that in this
screen the subsequent components cannot influence the value
of screening effect, since as a result of high attenuation
their value very low.
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2.4. oOperating principle of magnetic and nonmagnetic screens.

T —

Magnetic screens with direct «current and in the range
of low frequencies operate as magnetostatic according to the
principle of the closing/shorting of magnetic field in
thicker than the screen due to its increased
magnetoconductance [p = 100 and 1is above, formula (1.44) ).
With an increase of frequency, grow/rises the role of eddy
curreats, occurs the displacement of magnetic field from the
thickness of screen and its increased magnetoconductance ‘
loses its value. Screen passes to the electromagnetic
operating mode and operates just as nonmagnetic screen,

because of eddy currents in thicker than the screen.

Nonmagnetic screems in all frequency spectrum operate as
electromagnetic, i.e., according to the principle of the
onset in them of the eddy currents. With direct current
they do not possess the electromagnetic shielding properties.

With an increase of frequency, screening effect grow/rises

[formula (1.45)].
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The graph/diagram of the frequency dependence of
magnetic and nonmagnetic screens is given in Fig. 2.5. On
curve/graph are visible three characteristic frequency =zones.
In the first zone from O to f = 3-10 kHz, magnetic
screen works 1in magnetostatic mode/conditions and possesses
the best shielding properties, than ncanmagnetic screen. 1In
the second and third =zones both screens are located in
electromagnetic mode/conditions. But in the second 2zone fronm
f; to f, ~~ 106 Hz nonmagnetic screen has larger screening
effect than magnetic one, but in the third zone from f, =
106 Hz, is above of curves/graph clearly evidently the
superiority of steel screen. This 1is caused by the facts
that magnetic screens absorb well energy and they very
badly/poorly reflect it |A€>40L Of noamagnetic materials, on

the contrary, A,>A4,.
Page Sé.

Frequency 0.8-1 MHz 1is the frequency of section, 1lower than
which predominates the attenuation of reflection above the
attenuation of absorptiomn (4,>As), a above, vice versa A,>A4,.
Therefore in the lowver fregquency region, where screening
effect is determined by the attenuation of reflection,

copper screen 1is noticeably more effective than steel. In
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the range of high frequencies (0.8-1 MHz is above), where
begins to predominate the attenuaticn of absorption, it is
tetter to apply steel screen. This position is visually
illustrated by Pig. 2.6, where is given the calculation of

values A, A, and 4, for the copper and steel screens with

a thickness of 0.1 nma.
2.5. Comparison of the screens of djifferent constructions.

In technology of communication/comnection and radio
engineering, have extensive application all three fundamental
structural/design varieties of the screens: flat/plane,
cylindrical and spherical (Fig. 2.7). The screening constant

of these screens is determined by foraula {2)]

$ ot : ,
s 1+%{N+%ﬁmu

vhere N=2,Z,.

Difference consists only of the value of the wave
impedance which enters in parameter N. The wave impedance,
exerted by dielectric wmedium (air) to the different forms

of wvaves, is expressed by the forsulas:
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s

AJst 1aocC oi)i BOJIHBI Z:=mp.2r.(r e r,———?)
2 .

ANl UHAHHIPHYECKOR BOJIHb Z8= b . (2.19)

(3 :

Ans cepuueckolt BonHn Z¢ =1‘%_i:

. Key: (V). for a Plane vwave. (1aA). where. (2).

)

for

1
cylindrical wave. (3). for a spherical Wave. 3
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Fig. 2.5. Effectiveness of shadowing of ncnmagnetic and

magnetic screens.

Key: (1)« Np. (2). Nonmagnetic. (3). Magnetic. (q.).{i %

Fig. 2.6. sScreem attenuation of absorption (i) and of }

reflection (4, of copper and steel screens.

Key: (1) Steel. (2). Copper. (3) MHz. (4. Np.
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Page 57.

The wave impedance of metal is determined by expression
Zy=1} iwplo.
2 Comparing the values of the wave dielectric

resistance of flat/plane, cylindrical and spherical screeans,
it can be noted that they are expressed by

relationship/ratio (with n = 1): ZnZpiZ;=1: 1*%-

o) =

For the virtually interesting us frequency spectra and the

constructions of screens there is inegquality N > 1/N. Then
the effectiveness of the shadowing of flat/plane, cylindrical
and spherical screens will be expressed by the approximately

following relationship/ratio:

S". 8% 8 =1:2:3. (2.15)

Thus, if the screening constant of flat/plane screen is
accepted for wunity, then the screeaning coastant of cylinder
vill be tvo times of nmore tham Su-2Ss a sphere (sphere)
three times — S¢=3Sm Since the screening effect »>f screen
the greater, the 1lesser value S, on screening effect the
indicated three fundamental structural/design varieties of
screens it 1is possible to arrange in the following

sequence: flat/plane screen, cylinder, sphere. This
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relationship/ratio 1is correct for the screens, prepared fronm

identical metal and with the equal wall thickmesses,

moreover the distance between the parallel plates of

flat/plane screemn equal to the diameter of spherical or

cylindrical screens (/=2r,).

The advantage of cylinder in compariscn with sphere

and, in turn, flat/plane screem in comparison with both

these constructions is caused by the facts that the plane

wvave has better relationshipsratio of the wave dielectric

resistance and metal N=Z;Z, amd therefore occurs larger wave

reflection on bouadaries dielectric -~ screen - dielectric

and with respect 1is provided 1larger screening effect of
reflection (S,). Taking into account that screen attenuation
A, 18 connected with screening constant foraula A°="4f?|

and atilizing am equivalent given above S™STS°=1:2:3, it is

possible to determine ccmparative effectiveness of different

screens (flat/plane, cylindrical, spherical) in nepers.
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Fig. 2.7. structural/design forms of screens.

Key: (1) Sphere. (2). Cylinder. (3). PFlat/plane screen.

Page 58.

Accepting screening effect of flat/plane screen as

origimal value, we will obtain

A:=ln,s—ln

A=in| g |=in| s | = Ai—tn2=a3 07,
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of the form of screen is very valuable fact,

allows in the practice of calculation and const

screens, and also during the detersination of ¢t

effectiveness of the existing screens to apply

formulas of the shadowing of flat/plamne, cylindr

spherical screens to the screens, close tc thenm

construction. Thus, for instance, 1if there 1is a

screen with rectangular cross section, then it

possible to replace with cylindrical screen, if

are approximately equal, and to planes, if it

pronounced form of rectangle. The screens of th

layout, which have by all three coordinates alm

extent, one should for calculation replace by e

spherical screen.

For magnetic screens operates reversesinverse

this case between the screening constants of fl

cylindrical and spherical screens, there is the

equivalent:

n.qu.ge_q.. 0 .1
S.S“JF—-1.2 ==

5 (2.16)

i.e. on screening effect on the first place is

sphere, themn cylinder and finally flat/plane scr

position has the following physical

explanation.

-y v -——

since it

ructions of
he
the given
ical and

in
longitudinal

it is

its sides

has sharply

e different
ost differing

quivalent

lav. 1In
at/plane,

following

located
een. This

Magnetostatic
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Screen operates on the principle of the closing/shorting of
; magnetic flux in magnetic mass of screen. The lesser the
resistor/resistance of screen to this flow, that nmore
screening effect. The construction of screen in the form of
i sphere or cylinder more fully satisfies this requirement in

comparison with flat/plane screen.
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Page 59. 2.6. Screening effect of shells of relatively

outside interferences.

Previously given theory and the derived formulas are
valid onmly for the shadowing of bilateral circuits, which
are located in the common/general/total jocining of cable,
when there is no ground effect and the distance between
circuits (but), as a rule, it 1is 1less than distance from
circujits to the earth/ground (h), i.e., a < h. Screening
effect is <caused only by the attenuation of absorption An
and by the attenuation of reflection Ag. These phenomena
are connected with vortex/eddy transverse currents in the

shielding shell.

If the distance between that which affects and that
subjected to effect circuits is more their distance of the
earthyground (a > h) or if is wutilized asymmetric systenm
(with the earthy/ground as the return conductor), then,
besides components As and Ao, caused by transverse currents,
one should consider also the screenimg effect caused by the
longitudinal currents, flowing in the shielding shell 4. The

longitudinal currents, induced by the affecting circuit,

create in the shielding shell the reverse field of
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reaction, the wveakening field of interferences. Screening

effect, caused by 1longitudinal currents, reaches the

significant magnitude in the case of the grounding of the
shielding shell. This phenomenon occurs in metal «cable
sheathings during the shadowing the 1latter from the external
sources of the interferences, for example, of the high-wave
lines, contact circuits of the electrified transport,

powerful radio stations and other equipment/devices, which

create the external mixing field.

Screening effect of ametal shells in the effect of the
€xternal sources of the interferences (Fig. 2.8) will »be
defined as A,=A,+ A.+A4,. Values Ay and Ay see in

formula (2.10).

Let us examine screening effect A:;  caused by the
longitudinal currents metalclad, wvwhich take place on circuit

the earth/ground - shell - the earth/grourd.

The screening constant of metal cable sheathing

relatively outside interferences is determined by formula [7]

S, = dr (2.17)

Zos

wvhere 2Z,, is <coupling resistance of the shielding shell;

Zys— 1s imzedance of circuit "shell-ground".
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Fige 2.8. To determimation of screening effect of relatively

outside interferences.

Page 60.

] value Zss is composed of the internal resistance of the

shielding shell <. and of resistor/resistance Z,, caused by
magnetic field, caused by the current, which takes place on
the shell

Co=Lyt Zpy=2Zy+i@Lyy,, (2.18)

vhere L — is external inductance of circuit "shell is

the earth/ground®. Then

= ZIQ
San = Zrien (2.19)
or
S = Z_" o Zs
Zy Zy+ioly (2‘2O>

—e Pa—— I e -y v b
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The attenuation of shadowing will be determined as

follows:
1

Ayu=in]-L|=mn oLy | 2.21)
Z

Z, '
— In| 1+
o g l “

First term of this expression corresponds to the attenuation

of absorption 4, It is reallysactually:

coupling resistance

1 1
V7 e

Zyy=
the resistor/resistance of +the shell

N, P
Z’_ 2:‘ f' le tth ’ (2.23)

where Zy=Viop/o— the wave impedance of nmetal; k=V lopo—
- the coefficient of eddy currents; t is thickness of the
shielding shell; ry,, r, - inside and external radii of

. 75
shell. Then lal 2= |=n|chst |=4, The

attenuation of the
shadowing of shell im the pmode/conditions of protection froa
outside interferences will Dbe _

A...=ln|chxt[+ln| l+%"‘—l=ln|chxt|+ln 1 EarRre |

z,
(2.24)

This expression is included all three components of the

.
i T A ~ R B e e S— 44--51-4“
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screening effect: A, =A;+A.+A,.

The attenuation this same of shell ip the
pode/conditions of protection from interferences of bilateral

circuits it is possible to determine of expression A,=In|chkt|+In

12
L*i{;fth”t' vhere the first term - the attenuation of
absorption (A:), a the second - the attenuation of reflection

‘AO) L 4 ice-’ A3=An+Ao.

For determining value A, compare these two formulas Ao.sx

and Aa:.
Aypy=A,+ 1'1;. (2.25)
where
2nr =
g l+i(nL..—z—.—thld (2.26)
=|n L .
|+—Zthld

Page 61.

We convert expression (2.26) in ‘connection with
high-frequency and lowv-frequency ranges. Fcr a low-f requency

range (with kt § 0.25) approximately to 3 KkHz, ¢

SRSSNSS S e e — e S
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tearing in mind that th kt =~~ kt, 2. 24=xr, KlZy=0c., We Will

cbtain

bk
 10tan N 1+ iwlggarot
A,~In Zu W Bt .ot S L
L ;
1 +— ——thxt l +—nx%0!
2 7, 2

This expression to expedient ccnvert and to express by
parameter Ry (resistor/resistance of shell). Bearing in @ind

that the resistor/resistance of shell to direct current

& :
equally to R0—2mvt , we will obtain

|J_imL“
" " Re
; | o,
—T—‘ﬂRo

A,=In

or

A,=In
R°+L“ilL

Ro—LimL“\. 2.28)
4n

Since u¢=u0p=4n]0"7u' 8/‘.

Ry +iwly -/

A,=In He
‘ Ro+iopto—7 |

Key: (1). HNp.
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For a high-frequency range (with kt > 3), beginning
approximately from 10 kHz, bearing in mind that the second

term is greater than one, we will obtain

—2—25- th af X
M
Since wave dielectric resistance Z,=iopo.
L 7
Az='n’4n;:’—’ =In|4x o [ =Inl L, 107, wer (230
Key: (1)« Np. where Low— is extermnal inductance of

circuit "shell-ground®, H/m, determined by formula:

B a 7 s
Lln= [lﬂm——l -é-] 107 , CH/M, (23”

Key: (1) H/m.

wvhere h is a depth of the 1laying of cable, m; D - the
diameter of cable, nmm; ¢ is the specific conductivity of
the earth/ground, S/m; up3 =~ magnetic permeability of the
earth/ground, equal approximately pgo = Ure10~? H/m. Bearing
in mind that the external inductance of shell is equal for
the tone frequencies approximately 20103 H/m (2¢10-¢ H/m),

we will obtain the attenuation of shadowing because of the
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longitudinal currents: A, = In[Ls-107] = Inf2-10-6.107| =3

Page 62.

Pigures 2.9 gives computed values /4, Here for a
comparison are shown values 4, and 4,,, Calculations are
carried out for the copper screen with a diameter of 30

mm, by the thickness of 0.2 mm. From the figure one «can

|
i1
1
*;
|
z
19
i.

see that the shielding shell in the sodescomditions of

protection from outside interferences (4,,,) has higher
shielding properties, than in the wmode/conditions of

protection from interferences of bilateral circuits (A

Excess caused by attenuation length of the shadowing of
longitudinal currents is approximately 2-2.5 H®p in all

frequency band. At high frequencies value 4, is determined

ocnly by the external inductance of «circuit ®shell-ground®.

With an increase in the frequency, the shielding
characteristics A,.» and A, increase, wvhereas A at high
frequencies has slovly droppeds/collagsible character.
Calculations show that approximately to the frequencies of
15-20 kHz prevails the attenuation of shadowing because of

longitudinal curcents (4,), a wmore than it manifests itself
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the effect of transverse eddy currents (4,).

Thus, knowing the effectiveness of screen from
(AQ=A||+A°), - t
i

interferences of bilateral circuits is possible by
peans of the addition of value A. to determine the
characteristics of this screen in the wmode/conditions of

rrotection from outside interferences (;4...='A.+A,).

2.7. sSpecial feature/peculiarities of the shadowing of

coaxial cables.

In coaxial cables the screens are applied for the
protection of «circuits from mutual and outside interferences.
Shadowing makes it possible to conclude several coaxial

lines to common/general/total outer covering and to realize

a transmission along single-cable system. Multichannel
ccmmunicating systems and the telecasts of direct/straight
(A-B) and opposite (B-A) directions are placed in one

cablees

The screening effect of coaxial cable is completely

caused by the structural/design and electrical data of the
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external wire of cable. External wire is the return
conductor of the «circuit of transmission and performs the
role of the electromagnetic screen, which shields coaxial
circuit from interferences. For this very reason the
external wire of coaxial cable is designed both for the

% passage of communication signals along cable and for the

provision for the required norms c¢f interference shielding.

e I W s T 6 b I P4
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Pig. 2.9. Screening effect of shell in conditions of
protection from outside interferences (4:5:) and in

mode/conditions of protection from interferemces (4,

Keys (1)« Np. (2). £, KkHz.

Page 63.

During transmission on to coaxial cables 1least shielded
from noise is the 1low frequency spectrum of the order to
50-60 kHz, and in the range of high frequencies, the
protection of circuits from interferences is very great. In
bilateral circuits, on the contrary, with an increase in
the frequency the mutual interaction Letween circuits

grow/rises and protection against outside interferences falls.
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The character of the frequency dependence of noise current
in cpaxial and bilateral circuits is given in Fig. 2. 10.
These rthenomena in coaxial «circuits are explained by the
fact that due to proximity effect the current density in
the external wire of coaxial cable increases towards its
internal surface. With an increase of current frequency, has
a temdency to be concentrated on the internal surface of
external wire, and on its external surface tightly decreases
(Fig. 2.11). Therefore with am increase in the frequency,
decreases the strength of field £: on the external surface

of wire and grow/rises the effect of the self-protection of

coaxial cable.

At the very high frequencies when entire current is
concentrated within coaxial cable, the strength of field of

outside cable approaches zero, screening effect reaches

maximum, and the interaction between circuits theoretically

is absent.

In accordance with determinatiop by datum in Section

1.1, the screening constant is determimed by the expression

2.7, (2.32)

vhere £E° and H°— are strengths of field with the presence
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of screen; E and H - in the absence of screen.

In connection with coaxial cable, taking into account J

that the thickness of external conductor (screen) 1is
insigaificant in comparison with the common/general/total
section of cable, value 2%&@}’ and E (H) it is possible
to replace with stremgth by the external and internal

surfaces of external wire - the screen of cable.

P —
ey o T R S
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Fige 2.10. Frequency dependence of mixing effect in coaxial

(2) and symmetrical (1) catbles.

Fige 2.1%1. Longitudinal component of

thickness of external wire (screen)

Page b64.

In this case, it is most expedient

electric field 1in

of coaxial cable.

to operate with coaxial

compoanents electric field £: Then #he screening constant of

coaxial cable is expressed by the relaticgship/ratio

|2
_"E;(npu r+1t)

E; (w rs)

Key: (1)< with.

Values E: of coaxial cable are

of the equations of electrodynaamics

(2.33)

determined with the aid

in cylindrical coordinate
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system. Dhe 1longitudinal component of electric field at any
roint of the section cf external wire - the screen of
coaxial cable is determined by formula [5)
i / ch [k (ra+t—7)]
Ez 7 Z, Y i ’ (2.34)
vhere 7,—)jopjo— is wave impedance of netal - screen; &=V iopo —
- the coefficient of eddy currents; /:— is an inside
radius of screen; t is thickness of screen; I - the
current, which takes place on external wire; r is the
current radius.
vValues E. when .7 and ’+! are determined by the
folloving formulas:
o
Ez=Z..2ﬂ chxt npu r=r,
" (2.35)
e I | npur=r,+t
E,=2, 2n ) (retf)rs shut
Key: (1). with.
Respectively the screening constant of coaxial cable
will be expressed as follows:
w

S = E; (npu rs 4 1) e 1
chrt

E; (npu rs)

(2.36)
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rs+t¢

Key: (1). with. It is here taken intoc account, that ~ |

Ts

The screen attenuation of coaxial cable will be

A,=In '%|=lnlch K. (2.37)

In the range of high frequencies, when kt » 3, it is

Fossible to use the entreated forsula

As=Ixt|=|Viepot|. (2.38)

Comparing the obtained expressicns S and A, for the
calculation of the shielding properties of coaxial cables
with analogous expressions for calculation S and Ay of
balanced «cables, it can be noted that the shadowing of
bilateral circuits is determined by total screening effect
cf absorption (S,) and of the shadowing of reflection (Sg)-

In coaxial circuits operates only the shadowing of

iabsorption | Su=1/chxt|.

Page 65.

This is caused by the facts that im coaxial cables the
current directly passes along screen (to external wire), and
in bilateral circuits screen is 1located in the sphere of
influence of electromagnetic field, created by the current,

which takes place on the shielded circuit. Therefore action
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of the screen, utilized in the mcde/conditions of the work
of coaxial cable, gives smaller effect than in bilateral
circuit. At the same material of screen, its thickness and
current frequency, screening effect in symmetrical and

coaxial cables differs by attenuation 1length of reflection
(Ag). However, this not that means that the mixing effect
in the shielded bilateral circuits is less than 1in coaxial.
On the contrary, the interference shielding of coaxial
cables 1is above, since the field of the interferences of
the balanced cables 1is substantially wmore ¢than coaxial ones.
Therefore, although screening effect of Lalanced cables is
greater than coaxial, their interference shielding 1is

considerably belovw.

Table 2.2 gives given data of the attenuations of the
shadowing of coaxial cables in the range of the frequencies
of 30-550 kHz with thickness of boundary of screen 0.1 am.
The attenuation of shadowing increases from frequency. The
best effect gives the steel screen, vworst, i.e., lead.
Moreover, if of nonmagnetic screens with an increase of
frequency the attenuation of shadowing evenly grow/rises,

then in steel screen this growth is slowera.
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table 2.2. Screeaning effect of the single-layer screens of

T

coaxial cable (4., W¥p-

VT T > T

©) < ©) €2 (€]
I w2y Meab AnoMunni Canney anb 1
30 0,25 0,15 0,02 3,44 gl
60 0,46 0,29 0,04 3,99 3
100 0,71 0,46 0,07 5,54 &
3i0 1,67 1,15 0,20 6,24 i
550 2,45 1,73 0,35 6,83 3

Key: (1). f, kHz. (2). Copper. (3). Aluminum. (4). Lead.
(S)- Steel.

v
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Chapter 3.

MULTILAYER COMBINED SCREENS.

3.1. Operating principle of nmultilayer screens.

The electromagnetic screens of the combined wmultilayer
construction are applied when 1is necessary the high
screening effect. Screens consist predominantly of the
consecutively alternating nonmagnetic (copper, aluminum) and
magnetic (steel, Permalloy) layers. The special
feature/peculiarity of such @wmultilayer screens 1is the high
shielding effectiveness and comparatively 1low 1losses of
energy in screen. These advantages are explained as follows.
In the examination of the uniform screens of electromagnetic
action, it was establishy/installed that screening effect |is
determined by the coabined action of the shadowing of
absorption S, amd of the shadowing of reflection S, on
boundaries dielectric -~ 1gsetal - dielectric. The effect of
reflection is caused by the nonconformity of the wave

characteristics of the Jjcining mediums (Zx and Zv). and the

-
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greater this nonconformity, that the more screening effect.
In this case energy of interferences, encountering in its
path this electrical nonconformity (Zx+Z.), partially it is

reflected and only partially it passes into the shielded

space. This phenomenon will serve as initial torque/moment
for construction and applying the =smultilayer combinead

g screens. In the wmultilayer screen, comprised of nmetals with

N

% different wave impedance Z., operates the whole system of
such wmultiple reflections from the boundaries of electrical
nonconfornities (Zu# =Zw#=Zu# =Zu so forth). Therefore the
screen, which consists c¢f several shinm 1layers of different
metals, vwill possess the larger effectiveness of shadowing
in comparison with the wuniform screen of equivalent

thickness.

As can be seen from Fig. 3.1, in single-layer screen
there are two boundaries (air - metal and metal - air) of
reflection, but in the three-layered of such boundaries,
four, are added an additional two boundaries between

different metallic layers.
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Fige 3.1. EBEffect of reflection in single-layer () and 4

three-layered (b) screens.

Page 67.
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Essential are the order of banding, their electrical

combination, the relationship/ratio of thickness of the

layer, and also place with respect to the affecting i

circuit. Thus, for instance, combination steel-copper-aluminum ‘

gives noticeably smaller effect than copper-steel-aluminum. If

exterior layers of nmultilayer screen are wmade from t

nonmagnetic materials, then 1losses in it are comparatively

|
smalls.

i

|

\

It would be possible to solve the problem of the |
|

b

sultilayer combined screens on the basis of the solution to ﬁ

differential equations for each 1layer and the determinations

of integration constants from the boundary continuity

conditions of the corresponding components of electromagnetic

field. However, in connection with the

large number of

layers (three it is mwmore), this 1is very cumbersome and it

is connected with indirect conversions and computations. For

convemience wvwe will use wave principles taking into account

the incident and reflected waves. In this case the incident

wave corresponds wmainly to the field c¢f the source of

interferences, and the wave reflected - to a field of the

reaction of screen. The examination of the phenomena of

shadowing by "wave" method substantially simplifies the

solution of problem and gives the demonstrative
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representation of the essence of the processes of

especially in connection with multilayer screens.

3.2. Shielding characteristics of two-layered screens.

According to vave method the physical essence
shadowing 1lies in the fact that electromagnetic
after achieving screen, partially is passed through
somewhat attenuating in ¢this case, and partially

reflected in the first boundary dielectric-screen

the nonconformity of the wave characteristics

and metal. In the second boundary (screen~-dielectric) the
rart of the energy again is reflected and only
of it passes further. The same 1is repeated on

subsequent boundaries of multilayer screens. This

continues to the complete attenuation of the

reflected wvaves.

Figures 3.2 shows the two-layered screen which

of

energy,

because of

of dielectric

the part

shadowing,

it,

is

process

refracted and

has

thickness of the layer t; and t, and the coefficients of

eddy currents k; and k,. The phencmencn of the

the electromagnetic energy through the screen

passage of

according to
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wyave" method is represented in the form of the infinite
series of the component incident, reflected and refracted
waves. For the solution to stated probles, one should
examine three groups of electromagnetic fields.
it (P snhs (3
7 g o Q)
2/ caoid
(7
bRt
[.=515)[
RS
t,'J"J,ﬂP,f
Ey S RE
ESSS AV E
2" BSHER)E EursislBA)"
Fig. 3.2. Electromagnetic processes in twc-layered screen.
Key: (1). Range. (2). First layer. (3)- Second layer.
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Page 68.

Electromagnetic wvaves

In this range operates

interferences E and the

‘ of the reaction of screen

additjon of fields in

determine the reaction

The electromagnetic wav

Here acts the vwvhole

reflected from both wvords

Electromagnetic waves

III). Here are summarized

screen (E4, Eg, Eap)-

in the form of the ratio

the screen into range 11I,

interferences E.

Reflection process and

waves can be presented in

surface of the first layer

the source of interferences

to
the

sum

range

Systenm

incident

(E2.
I

of screen

es

of

of

to the

the

Screening

of

to

refracticn
the

of

the

of the

between

SCree€n

left of screen

(range

I,.

wave of the source of

waves reflected because

Ege ng—z) - The

will make it possible to

P.

screens (range II).

the repeatedly waves

(E:s Ej3, Ean-1)-

- ewgy

right of screen (range

waves, passed through the

constant 1is determined

the fields, passed through

the field of the source of

cf electromagnetic

following form. On the

screen, falls the wave of

The of the will

part

energy
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te reflected back into range I and it can be expressed
through the coefficient of the reaction of the first layer
of screen P, in the form E, = P,E. The part of the
energy passes into range 1II, after decreasing proportional

to the screening constant of the first 1layer of screen S,

iee., E; = S; = S,;E. This field, after entering to the

surface of the second 1layer, partially will be reflected Ej; ;

= E;P, = S,;PaE, and partially passes into the shielded ]
space - range III. Passed into range III field will be

determined in the form E, = SE; = S;SE, vhere S, and

P, are screening constants and reaction o¢f the second 1layer

of screen. p

Wave [ 5, being reflected conversely, it will cause in

range I wave of reacticn EBg = E3S5;, = Sf PE and in
E range II the 4incident wave Eg = EzP; = S,P;P,E. This wave
| partially passes into range III in the fcrm Eg = EgS, =

S34S,PyP,B, and partially wvill be reflected (E;). Wave E,

will cause the incident, reflected and refracted waves, and

so this process can be continued to infinity. It is
natural that all the entering compcnents c¢f this series
will have continually decreasing amplitude. As a result it
is possible to write that in range I operates the field

of the reaction of screen, equal to the sum of the wvaves
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of the type B4y -2 BEPLECTED:

[y

E’=PyE=Y Ein-2=PE+Y P,S](P,P)"E.
nem] ; n=|
Summarizing this series, we will obtain
E°—P.E—E|FP +j.sf_] (3.1)
=P, E= T :

Hence the coefficient of the reaction of two-layered

screen can be expressed by the coefficients of the reaction

of separate layers (P, and P,):

=Pt 3.
Py l+l—P.P. 3.2
Page 69.
In range III - 1in the shielded space - will operate

a vwhole series of passed through the screen fields of the
type 8.’“:

S = 1
E = SnE = }- Sls2 (PlP’)ﬂ 1 E = Slsz —l—m—" E. (33)
n=\

Hence the screening constant of two-layered screen will

be determined in the fora

_ S8 (3.4)
B a—=00

utilizing formulas of calculation S and P of uniform

E screens [formula (2.6) and (2.8)] and after substituting

e T

D




DOC = 78000204 PAGE _le-

189

them into expressions for P,, and Sit2¢ we will obtain:

1

ch x4y ch xyty
1
.
x‘l’,l ,l:,,l‘_l(,l‘ .
I+ '?(\Nl + E)thxm‘r 5 '\AZT‘ E‘ th refy+ 2 (Nt 73) th,f, th xyr,
(3.5)
1 1 1 i 1/1
s 7(N1_1W) lhx‘tr~-§'(N,—E)(h Koo} _2-(1-VT —N,)lhh‘,f. th kyt,
12 ’
1 1 1 1 1 1 .
I+ i (N1+ E] th 5,4 Iy (N:+ P ) th Kyty+ Y (N3+A—,:)th K1ty th Kot
(3.6)
wvhere k,;t, and kot - the parameters of the first angd
second layers of screen; N, = z,/zn‘; N> =zn/zM,5
N3 = zﬁ/zM’ = the relationship/ratio of wave
impedance.

3.3. shielding characteristics of multilayer screens.

The shielding property of screen, which consists of

three and larger number of layers, they can be determined
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with the consecutive substitution of values on the basis of

the idinitial positions, examined above for a two-layered
screen. Utilizing formulas of the «calculation of two-layered
screens, we consecutively 1lead multilayer screen to
tvo-layered and we determine its characteristic (S and P).
Let, for example, it is necessary to determine
characteristics (S and P). Let, for example, it is
necessary to determine the characteristics of four-layer
screen. First vwe lead two layers ¢to one two-layered screen
and find its S and P. Then ve add the third 1layer and,
counting the first of two layers for one, we find through
formula (3.4) the total shielding characteristics of
three-layered screen. Finally, wve sum three-layered screen
with the fourth layer and with the aid c¢f this sanme
formula it is obtained the unknown shielding characteristics
S and P (total) of four-layer screen. This w@method of
consecutive substitution it 1is possible tc develop to how
welcome gquantity of layers in the combined multilayer

screens.

Page 70.

Using in an indicated manner, let us examine the shielding

characteristics of the three-layered screen, which has use

v
e e e
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along with the screens of bimetallic construction. Let us
assume that S;,, S, S3; and P,, P, P3 - screening
constants and the coefficients of the reaction of uniform
screens 1, 2, 3, consisted of intc common/general/total
three-layered screen. Parameters S and P of two 1layers (2
+ 3) according to formulas (3.2) and (3.4): ;1, =

S2S3/1-P2P3, P23 = P + P358/1-P,P;.

Accepting of these of two layers as one, vwe sun
screen (2 + 3) with screen 1: Sg353 = S23S:/1-Pp3P;: Pyo3
= P, + Pz,Sf/1-Pz,P,- Substituting here values S,3; amd P,j3,
we will obtain that the screening constant of three-layered
screen is egual to

818:Ss

- ., (3.15)
(1 — PyPy) (1 — PyPy) — P1P3S;

Sus

and the coefficient of the reaction of the three-layered

screen

Py (1 — PyPy) S} + Py S} 83

Pis=P + :
tl — PyPy) (1 — PyPy) — P,P,S}

(3.16)

Analogous expressions for S;,3 and P,;,3 are obtained
during the solution to equations for three-layered screens
bty "wave" nmethod by means of the addition of the incident

and reflected waves.




S 5o e e

DoC = 78000204 PAGE SJ
‘ fo
|

Bearing in wmind that the term, which contains the
fourth degree of the coefficient of screening is extrenmely
small, it is possible the <coefficient of the reaction of
screen to preseat in the following foram:

Py(1 — PyPy) §? ;
Pus=P, + =5 . 3.17)
(1 — P,Py) (1 — P;Py) — P,P,S}

Widest application have three-layered screens with
identical skins (S, = S3 and P, = P3). For this case of
foraula, they take the fora:

sis Py (1 — P,PyS?
Sy = i . P =P 2 Likid |
Ty oy a7 X3
Page 71.
| Tables 3.1. Screen attenuation of two-layered screens.

.:.'“ e
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TADGKE D3| :
Meap—crame (/' (2) Anounnu—cannen (2) Cauiten—craan (¥)  Amommuufi—crans

.
f Anys Aors Agiz Amya Asre A2 Anys Aotz Asia Anta Ao12 Aye

(5) TIpu marnutHOM none (ZA=Z£’)

4
103 0 0,576 0,575 0 0,138 0,138 0 0,45 0,45 0 0,575 0,575
10¢ | 0,23 ,82 2,05 0 0,928 0,928 0,23 0,755 0,985 0,23 1,26 1,49
100 0,975 3,52 4,495 0,046 2,76 2,806 0,966 1,58 2,546 0,965 | 3,05 4,015
10¢ 5,42 4,91 10,33 0,391 4,71 5,101 4,61 3,22 7,83 5,06 4,7 9,76
107 20,3 5,89 26,19 3,55 5,85 9, 16,8 4,62 21,42 19,2 5,55 24,75
108 68,6 7,0 75,6 14,4 7,00 21,4 55,4 5,82 61,22 65 6,75 71,75
E

(¢) Tlpn snektpnueckom none ( ZA=ZA)
102 0 29,4 4 0 28,8 28,8 0 27,6 27,6 0 28,8 28,8
10¢ 0,23 27,0 27,23 0 26,6 26,6 0,23 25,4 25,63 0,23 26,6 26,83
108 | o0l975| 247 25675 | 0,046 | 242 2494 0,966 | 22.6 2356 0.965 | 24.2 2. 16
10¢ 5,42 22,0 27,42 0,39 21,6 21,99 4,61 20 24,61 5,06 21,8 26,86
107 20,3 18,2 38,5 3,55 18,2 21,75 16,8 17,1 33,9 19,2 17,85 37,05
108 68,6 14,7 83,3 14,4 14,7 29,1 55,4 13,5 68,9 65 14,5 79,5

-H

(7) Tipn nnockoft some (z,l=zi =Z°)
103 0 14,0 14,0 0 13,45 13,45 0 12,3 12,3 0 13,5 13,5
104 0,23 14,0 14,23 0 13,4 13,4 0,23 12,28 12,51 0,23 13,5 13,73
108 0,975 13,85 14,825 0,048 13,3 13,34 0,966 11,89 12,856 0,965 13,4 14,365
108 5,42 13,2 18,62 0,391 13,15 13,55 4,61 11,5 16,11 5.06 13,2 18,26
10?7 20,3 12,0 32,3 3,55 12,0 15,55 16,8 11,0 27,8 19,2 11,7 30,9
108 68,6 10,82 79,42 14,4 10,9 25,3 55,4 9,65 65,05 65,0 10,6 75,7

L Wpwron W |
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Key: (). Copper-steel. (2). Aluminum-lead. (3). Lead-steel.

{4). Aluminum-steel. (5)~ In magnetic field. (6). In

electric field. (7). With plane wave.

Page 72.

3.4. Effectiveness of mnmultilayer screens in different fields.

Let us examine the action of two-layered screens during
the different combination of metals (copper, aluminum, steel,
lead) relative to electrical, magnetic and electromagnetic
fields. ®Thickness of the 1layer of screens 0.1 mm. Frequency
band from 103 to 108 Hz., The calculation of the
attenuation of shadowing is conducted according to formulas
{1.25) and (3.12). Wave impedance is determined from the
formulas: Z/=iopr (dielectric of relatively magnetic wave);

ZE i fiwer |
(dielectric of relatively electrical wave); Ei_z, Vuk
(dielectric of relatively plane wave) ; Zu=1 iop/c (metal for

any wave).
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Table 3.1 gives corrected values of the screen

attenuation of the absorption (4Am;), of the screen attenuation
cf reflection (Ag;2) and of the resalting screen attenuation
Ay02 = Ap2 ¢ 45,2) for two-layered screens of the type"
copper-steel®, aluminum-steel and aluminum—-lead under the
influence of the magmetic (z¥) electrical (Z;) amd flat/plane
electromagnetic (Z4) of waves. The attenuation of absorption
(Rq12) does not depend omn transmission mode and in all
cases sharply increases with an increase c¢f frequency. The
greatest effect on the attenuation of absorption 1is reached
because of steel 1layer in combination copper-steel and

aluminum-steel. Most bad coambination aluminum-lead.

The attenuation of reflection (Ag;2) for different
transmission modes has the different frequency dependence:
for an electrical wave (AE 12) — with an increase of
frequency it falls from infinity, for magnetic (Ay 12) -
it increases from zero, and for plane electromagnetic wave
(Ag E:i) - has at first ccnstant value, and then somewhat

decreases.

The screen attenuation of two-layered (copper - steel)
screen with magnetic, electrical and plane wvaves is shown

tO Fig. 3. 3.
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Fig. 3.3. Screen attenuation

(copper-steel) with magnetic (A;tz). electrical (A3§;) and

rlane (Agfiﬁ waves.,

Key: ()« Np. (2)e Hze

Page 73.

of two-layered screen

fou (ﬂ-)
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ree-layered screen of relatively

different combinations of metals

num and lead). The results of the

n attenuation of

three-layered
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screens are given to PFig. 3.8. Thickness of the layer is
accepted equal to 0.1 am. Skins, on the basis of the
requirement for the achievement of ainimum losses and best
screening effect, are accepted of nonmagnetic materials. The
best results gives the screen, comprised c<f nonmagnetic and
magnetic materials. A, screen of the type ™"copper" at the
frequency of 150 kgh is equal to 8 Np. The application/use
of steel with high magnetic permeability (4 = 200) makes

it possible to obtain at frequency 150 kHz supplementary
screen attenuation in 1 Np. Good results gives a screen of
the type ™"aluminum". The wmcst unfavorable combination is
ocbtained in constructions lead-steel-lead. This screen has

the screen attenuation of the order altogether only 4 Np.

The considerations given above in connection with
two-layered screens about the effectiveness of the
combination of different 1layers in wvwide frequency spectrum
are valid also for three and 1larger number of layers of

the <¢ombined screens.
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Fig. 3.4. Frequency dependence of the screen attenuation of

the three-layered screens:

1 - copper-steel-copper (p = 200); 2 - copper-steel-copper
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(p = 100); 3 - aluminum-steel-aluasinum; 4 -

copper-lead-copper; 5 - «copper-aluaminum-copper; 6 -

lead-steel-lead.

Key: (). Np. (2). kHz.

Page 74.

After establishing that the most advantageous combination
cf materials for the creation of &@multilayer screens is
copper and steel, it 1is expedient to examine the
effectiveness of an increase of the number of layers in
the combined screens. Figures 3.5 gives the results of
measurements of the three-, by four and five-layer screens
of cylindrical construction made of copper with a thickness
of 0608 mm will become - 0.1 nmnm. Here for a comparison
given data of single-layer copper screen {1). Fronm
curvesgraph it is evideat that A; five-layer screen (4) of
the ¢ype copper-steel-copper-steel-copper on 2-3 Np |is
greater than three-layered screen (2) (copper-steel-copper).
The screen attenuation of four-layer screen (3) differs from
AB three-layered by 1 Np. In absolute value at frequency

130 kHz, single-layer screen gives 3.5 Np, three-layered,
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i.e., 6.7 Np, and five-layer - about 10 \Np.

3.5. Physical processes 1in compound/comgosite screens.

In accordance with foregoing the screemn attenuation of

tvo-layered screen can be determined by the formula

= l—PIP’ - 3
A.n lﬂ‘-—sl'—s.—-‘ An’l+Aolh (.18)

where, in turn,

Ags=In Is., l=ln|chn,tlchx,t,l (3.19)
A.,.=|n!-‘-s:“—‘;l:’1]=1n|1+7( ,+-‘71)thx,t‘+

+ : (N, +i—)thx,t,+%(~: +;,!:)thxxt1th Kafs | .

'y (3.20)

Analyzing the obtained results, it can be noted that
according to its structure of the foramula of the

calculation of the shielding properties of compound/composite

screen are analogous to the formulas c¢f the calculation of
the shadowing of single-layer screens. Screen attenuation (Ass)

consists of screen of attenuation c¢f absorption of metal (Am)
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attenuation of absorption

hyperbolic cosines, corresponding parameters
first and second layers of screen and it
sum of the attenuations of the absorption
of screen.
Ay, nen LY
9
8 e
7 ‘j/’
6
g r/
, o
1] -
i -
2 ”//

20 w0 60 80 wowngmy (P

Pig. 3.5. Results of the measurement of
attenuation of the different multilayer
single-layer (copper); 2 - three-layered

copper); 3 -

four-layer

includes the product

sScreens:

B A e T T 5 oM 0t e R Y A

and the screen attenuation of reflection (4,,;). The screen

of the
(kt) of the
is equal to the

of both layers

the screen

1 -

(copper-steel

(copper-steel-steel-copper); 4 -
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772

five-layer (copper-steel-copper-steel-copper).

Key: (1)« Npa (2). kHz.

Page 75.

The screen attenuation of reflection contains several
components which are caused by reflections on the

appropriate interfaces:

—; ('Nl - E‘—)thxlt,—nuanexrpux—l cnoit skpana; (77
1

-;— (N, + I—VL) th kyt,—1I1 chofi 3KpaHa — JH3NEKTPHK; (>
2

—;—(N; +A+)th Kt th ety —1 cooit skpana—II caofi akpaHa. (3
3

Key: (1). Dielectric - I layer of screen: (2). II Layer
of screen - dielectric. (3). I 1layer of screen is II

layer of screen.

The absolute values of the indicated expressions are
caused by the relationship/ratios of the wave impedance of
the joining mediums. The greater its noncenformity, the

greater the value of N above screening effect. Thus, for
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instance, role and the specific significance of different

couplings in common/general/total screening effect are
characterized for the screen of comstructicn copper-steel by
the thickness of the 1layer on 0.1 mm at the frequency of
100 kgh of relatively magnetic field as follows: H -

n

13.8¢10°3 ohnm, znen"= 0.12¢10°3 ohm, % 3.3¢1073 ohm.

cTand
Respectively N = 115, 1/8, = 0.0087;
1 ,
N, =42, = =0,24;

1
N3 =10,036, o 27.5.

Then the attenuation of reflection on the appropriate
boundaries will be: 3.7 Np-air-copper, 1.1 Np-air-steel, 2.2
Np-copper-steel. All couplings together (air-copper-steel-air)
give 3.9 Npe. Consequently, the greatest screening effect
gives boundary dielectric-copper. The effect of boundary
nonconformity dielectric-steel is very small. Reflection at a
boundary of different metals gives sosmewhat 1larger effect
than on boundary of dielectric~steel. Furthermore, with one
layer (t, = 0) Analyzing formula of the shadowing of
compound /composite screens assumes the form, characteristic to
the single-layer screenmns: i = 2y = ln, e kt [ 'V =«

12 (N ¢ . 1/n) x th kt). If both layers have identical
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thickness and are made from uniform metal (k;t; = kyatp, =
kt), then

Ayy=In ,ch’ xt[l + (N+ %)tth—th’xI]l:

==lnlch2xt ['1+ -;—(N+—l'7)th w]l @.21)

i.e. the two-layered screen, made from uniform metals (t, +
t,)s, gives the same effect, as the single-layer screen of

the doubled thickness 2t [see formula (2.6) ]
Page 76.

The screen attenuation of the two-layered screen Aji12
is expressed as the attenuation of absorption Ap,, and
attenuation of reflection A4y, of this screen. The shielding
characteristics of the two-layered screen A3, also can be
expressed by the shielding characteristics of the
single-layer screens, entering this compound/composite screen

(A)‘ and A._az)- Actually, since S;2 = S;Sl/i - P‘Pz.kf{a:)'z

= 1n 1-p1P2/5:§ 2 = Aal 4 Aaz ¢ AP: eaE.
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A,1=1n|sil|=ln.chxltl[1+%(N"L%)thx‘t’]! . (3.22)

Llin|chuty [1 + LM+ Flz-)thxztz]

A,z _ ln

Parameter AP of this attenuation of interaction
(reaction) between the layers of screen. It 1is characterized
by the effectiveness of the combination of different metals

in compound/composite screen: E

Ay=In| 1—=PP; | =
Hi@'i%t'lN+me l@ lﬁmtmw'
) T l‘r‘Nl Kt 2( 2 Nz)r ztz+2 ‘+N;,; Ky 2

=In
A LS T
! [LLEWNITNTwhmh][IT»Q(AYrN'PhMQ]

(3.23)

Value of P 1is given in chapter 2.

3.6. Multilayer screens with dielectric separators.

Is of practical interest the question concerning

¢ffectiveness and advisability of equipmeptydevice of
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dielectric 1liners (paper, plastic) or of air gaps betveen
the metallic layers of the combined screen. Let us examine
the simplest case of two-layered wmetal screen with the
dielectric layer between them. For investigation 1let us use
the formula of three-layered screen [formula (3.15)]:

518253

= g .24
4 (1 = P,P,) (1 — PyPy) — nP\P3S; 329

Coefficient n considers the effect of the wall
thickaesses of screen. For the cylindrical screen n =
(R,/Rg)2, for the spherical screem n = (Rg/R3)3 (Ry 1is a
outside diameter of I layer, Ry - the inner diameter of

III 1layer).

For the thin-walled screems, examined earlier, it is

accepted as n = 1.
Fage 77.

In order to determine the screening constant of tvo-layéred
screen with layer, it is necessary into formula for S to
substjtute the shielding parameters of dielectric layer (S2
and ®,). PFor dielectric S, = ' amd P, = 0. Then

S,S,

(3.25)

 j=nPp,’




.
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The screen attenuation of this screen will beA,?Iﬂ"/S'

1 !
=44 +A45+4; where Aun=In|—| - screen attenuation I {
1
of nmetallic layer; Am=lnl1% | - screem attenuation II of %
3 i
metallic layer; A,=In|l—nPP;| - Attenuation of the

interaction (reaction) of the layers of the combined screen.

Comparing the obtained result with the formulas of the

calculation of wusual two-layered screems (3.23), we see that

the difference is only  in the parameter 4, Ian the

two-layered screen AP = 1n |1 - FKFLI.

FB: determining the advisability of applying the

dielectric separator between the nmetallic layers of screen,

let us calculate the screen attenuation of the screen of

cylindrical construction with the different thickness of

separator. Screen 1is steel-copper, frequency - 100 kHz, a

radius of screen -~ 10 mm. Table 3.2 gives given data of

the calculation of the screen attenuation of two-layered

cylindrical screen with the different thicknesses of the

dielectric separators between layers.

Application/use of the shims, <close in

thickness to
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metallic layers (1 mm), does not give essential effect
(difference altogether only 0.24 Np). The separator with a
thickness of 10 mm is led to an increase in the screen
attenuation omn 0.75 Np. However, the application/use of this
thick separator between metallic layers is clearly
inexpedient, since it 1is <connected with an increase in the
overall sizes of screen and consumption cf materials for
its production.
Tables 3.2. Screen attenuation of two-layered screea (copper
- steel) with the different thicknesses cf the dielectric
separator between 1layers.
(s (2) (%) (C) (s
Tonmusa gusviex- [3aTyxanme wepmoro| 3aTyxaume cranb- | 3aTyxanme B3aMmO-| SxpaHHOe 3aTyxa-
TpEaeckoft cnon HOrMO caoR meRcTeun Hue
TIPOKNARKH, MM Hen Nen Ken Hen
0 3,4 2,2 —0,94 4,66
1 3,4 2,2 —0,70 4,90
4 3,4 2,2 —0,35 5,25
10 3.4 2,2 —0,19 5,41
Key: (1)« Thickness of dielectric separator, mm. (2).
Attenuation of copper 1layer Np. (3). Attenuation of steel
layer Np. (4)« Attenuation of interaction Np. (5). Screen

ST = 2SO G- e Ao - e S
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attenuation Np. b

Page 78.

3.7. Optimum constructions of the wsuidtilayer combined

TR R AV T e

sCreens.

There 1is essential interest the deterwrination of the

most advantageous relationship/ratios of the thicknesses of

the combined screens and in the establishment of initial
positions from the develcpment of the optimnum screens of

the combined construction. Bearing in mind that the Jreatest
effectiveness in the wultilayer combined screens gives
combination of nonmagnetic (copper) and magnetic (steel)

materials, let us examine first of all such screens.

Above 1in Section 3.5 it was shown, that the screen
attenuation of two-layered screen is determined by the

formula

1 S8 ‘
Asu=]n'|§;,=ln -l-—li’ﬁ. =An+Au+AP
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or

1
Age =1In [ :9—2 = Anjet+ Aora.
1

For obtaining simpler and more demonstrative results,
let us examine the <conditions of engineering the oOptimum
screens separately for the 1low-frequency (6 > t) and
high-frequency (6 < t) 2ones of transmission. For a
low~-frequency range 1is characteristic the use of magnetic
materjals (steel) in magnetostatic mode/conditions. The screen
attenuation of flat/plane steel screen is determined by
formula A3 = 1n 1+ut/Urg . The coefficient of reaction has
a value, close k - 1, i.e., P& = -1, The screen
attenuation of copper screen in the range of 1low
frequencies is determined by formula A:=hﬂl+xﬁgL The
igeﬁficient of reaction for this case is close to 0, 1i.e.,

The attenuation of the interaction of this two-layered
screen (copper-steel) is equal to zero: A' = 1ln (1 -

P‘Pz) = Oe

The screen attenuation of two-layered screen will be

Az =l | (1= Kty (1 + B

‘r’

Disregarding ones as compared with the second teras,
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wvhich stand in brackets, we will obtain {’12 = 1la
fpzt,tz/a, -+ where indices 1 are related to copper layer,
and jndices 2 are to steel. Accurately the same expression
is obtained for «cylindrical and spherical screens. Therefore |
tasic condition/positions and the <conclusions of the present

investigation for a low-frequency range are valid for all

three structural/design varieties of screens (flat/plane,

cylindrical, spherical).

For the determination of the most advantageous
relationship/ratio of the thickness of the layer of the
screen by which is reached the greatest value of screen

attenuation, we investigate expressicn A’,z to the maximum

0Asyg ok 0*Ays 3.26)
| Suad, gsE (
Page 79.
Taking into account that the general thickness t = ¢t, é
+ t,, we will obtain A’,z = 1n ‘&, (t—t.), vhere N = :
b«
k,z'pz/“o Th‘ll 2
o SR ol S B
at, ity — Ij 1ty 4L [
As a result we will obtain optimum condition in the
form

£ =ty =1/2. (3.27)
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Thus, the most
equaljty of the
cf tvwo-layered

maximsum screening

From formula
is determined by
i = \/53:73, by the
. (nz) and depends
6y = ¢t = tM"
flat/plane,

cf frequencies to

and 3/28) can be

{copper, aluminuam,
materials.
In a similar

construction of a
5 [formula (3.15)) ].
results are

all 1layers of

cylindrical and

reached at the

screen (t; = t, = t3 =

PAGE 36

/33

the value of eddy currents in

value of magnetic permeability

on the thickness of the layer
The obtained conclusions are
spherical screens in
10 kHz. Investigation and
comson for any combination of

lead) and magnetic (steel,

manner can be determined the
three-layered
In this case the  most
equality of

t/3),

formulas

screen of the type

advantageous result is obtained with the
thickness of the 1layer of copper and steel
steel-copper screen [2]. In this case,
effect is determined by the formula
K p
Aye=In __‘4 e, (3.28)
it is evidept that the screemn attenuation

copper (k,
of steel

of screen

valid for

the range
(3.27)

nonmagnetic

Permal loy)

optimum

"copper"

advantageous
the thicknesses of

and screen
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attenuation is determined by the foraula

x4 rapt
A.lgaL_— In -‘—4'}" t?\ . (3.29)

The obtained result is propagated to the flat/plane,
cylindrical and spherical screens of three-layered
construction in the range of frequencies to 10 kHz. For a
high-frequency range the wmost favorable effect is reached at
the 1large thicknesses of magnetic wmetals (steel) and smaller

- nonmagnetic metals (copper, aluminum).

A change of the optimum thickness of copper 1layer in
percentages from the overall thickness of screen (t = 0.4
mm) is shown to Fig. 3.6. On curvesgraph are <clearly

visible three frequency domains.

Bange I is a direct current and very 1low fregquencies
(to 0.5 kHz). Here the best results gives purely unifora
steel screen (tM™ = 0oso and t® = 1000/0). This is caused
by the facts that in the indicated frequency range the
electromagnetic shadowing 1is virtually absent, and therefore
screening effect of copper is negligible, but steel works

in magnetostatic mode/conditions and gives very good results.

Page 80.

by~ N
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Range II is the spectrum approximately from 0.5 to 10
kHz. For it <can be recommended the equal thicknesses of
copper and steel layers (t‘. = 500/0 and t¢ = /o). The
effective action of copper begins in electromagnetic
mode/conditions, and steel continues to work predominantly in

ragnetostatic mode/conditions.

Range III 1is a frequency spectrum frcm 10-20 kHz to

high frequencies. Both copper and steel cperate in

E
i
¢
|
it
i
&
I
£
i
i
é
i
3:
e
it

€lectromagnetic mode/conditions on the grinciple of eddy
curreats. Froe curve/graph it 1is evident that with an
increase in the frequency the optimum thickness of copper
layer decreases, and steel - it increases. So, if at
frequency 7 kHz the optimum thickness of copper layer vwas
500/0 of the overall thickness of screen, then with f =

of 110 khz it does not exceed 15¢/0.

In the range of more high frequencies (approximately
more than 1000 kHz) the compound/composite combined screen
generally becomes meaningless, and from the viewpoint of
shielding effect in preferred position is located by purely

steel screen (tﬁ. = Q0o/0 and tC = 1000/0). This result has

—— - vor eV T ey > i i."'i:m -?ng—-r——-n——t— = g
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completely 1logical physical explanation and it completely
corresponds to the basic condition/positions of the wave

theory of screens.

Above shown, that screening effect was caused by
cumulative effect of the attenuaticn of reflection (A,) and
of the attenuation of absorption (An). There it 1is
substantiated, that copper possesses high reflecting
properties, and steel - by the high attenuation of
absorption in metal. Therefore in the range of comparatively
low frequencies (10-20 kHz), where prevails the factor of
the attenuation of reflection, there 1is =nc need in thick
steel screens. With an increase of frequency, Jrow/rises the
specific role of the attenuation co¢f absorption, screening
effect of steel becomes more than copper, and therefore it

is expedient to increase the thickness of steel layer.

-

RO ST RO TR ° : - —
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Fige 3.6. Optimum relationship/ratio of the thickness
layer of the combined screen (copper-steel).
Key: (1)« Steel. (2). copper. (3). kHz. (4)« copper,
Page 81.
In this case is realized the positive effect of the
attenuwation of the absorption of steel 1layer and is

of

the
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preserved the proper value of the attenuation of reflection
at a boundary dielectric-copper (Ag), which comparatively
barely depends on thickness of the layer. Finally, in the
range of even more high frequencies (about 1000 kHz), when
the attenuation of absorption in steel (Ag) Dbegins to
predominate above the attenuation of reflection at a

toundary dielectric - «ccpper (Ap), it beccmes more effective

the application/use of a purely steel screen.

To Fig. 3.7, are given the results «c¢f the calculation
of the screen attenuation of steel-copper screen with an
cverall thickness of 0.4 wmm with the different
relationship/ratios of thicknesses they %will stop and copper.
Calculation is carried out at a radius of screen 17.5 am
and frequency 55 kHz. From the figure one can see that
with an increase in the thickness of steel increases the
parameter A" and it decreases MAz. The mcst advantageous
effect gives the combined screen with thick steel layer
(t€=820/0) a/l‘ tonkim mednym sloenm (t"=180/o). This screen
gives to 1.3 Np more than uniform steel screen and on 2.4
Np more than the uniform copper screen of equivalent

thickmess.

The report/communications given above by <choice of the
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optimum relationship/ratios of the thickness of the layer of
compound/composite screens and the construction of the
two-layered combined screens remain valid for the

three—-layered and other constructions of screen.

To Fig. 3.8, are given the results of the calculation
of a three-layered screen of the type "ccpper"® with an
overall thickness of 0.6 mm with the different thicknesses
of copper and they will stop. Calculation is carried out
for frequency 8 and 110 kHz. From curve/graph it is
evident that at frequency 8 kHz the most advantageous
effect gives the screen, which has equal on 0.2 mn

thickness of the 1layers of copper and steel.
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Key: (1).  blisses. (2).

Optimum value. (3). aa.
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Fig. 3.7. Screen attenuation of two-layered screen with the
i different thicknesses of copper and steel.

D




DOC = 78000204 PAGE )37
Fig. 3.8. Screen attenuation of three-layered screen
(copper-steel~copper) at the different thicknesses of cogpper

and steel and different frequencies.

Key: (1) Np. (2)« kHza (3). nmm.

Page 82.

In the range of high frequencies sharply grow/rises the
specific significance of steel. Here the bLest result gives
screen. having copper layers on 0.05 mm, and steel layer,
equal to 0.5 m@mm. In both cases the combined screen is
more effective thamn the uniform ccpper or steel screen of

equivalent thickness.

3.8. Multilayer screens in coaxial catles.

Por an increase in the screening effect, the external
wire-screen of coaxial cables is wmade composite. As a rule,
it cpnsists of the copper cylinder above which it is

superimposed one-two layer of the winding of steel strip.
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Are known also the three-layered ccnstructions of the

external wires of coaxial cable (copper—-steel-copper).

Let us examine the shielding ability of the multilayer
combined screens in coaxial cables. ‘Blectromagnetic waves can
penetrate both through the internal and through the external
surface of external wire. In the first case (Fig. 3.9a)
cable itself 1is the source of interferences, in the second g
- the abcable 1is subjected to extraneous interferences (Fig.

3.9b)«

’n 13b1e 3.3 gives the formulas <c¢f the engineering

calculations f single-/monc-di- and three-~layered screens in
Qave independence Qf the metal
hoth{ mode/conditions of effect. Here 12Z, = iwpu/e  isfig
k=) iopo-
(Coefrycient of eddy currents; t is thickness of screen.

Analyzing the given formulas, it can be noted that:

1. The coefficient of screening consists of two
components: a) by that characterizing attenuation in thicker
than screen and b) the caused by reflection energy on the
boundaries of 1layers. Attenuation in thicker than the screen

(attenuation of absorption) is expressed by chkt; the number

cf cosines corresponding to the number of 1layers of screen.
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The attenuation of reflection is expressed as thkt and the

relation of the wave impedance of the 1layers of screen;
the number of these reflections corresponds to the number

of boundaries of layers.

Fige 3.9. On the calculation of the coaposite screens of
coaxial cables: a) cable is the source of effect; b) cable

is subjected to effect.

Fage 83.

So, at three-layered screen have two ktoundaries, and
therefore formula contains two members, which characterize
reflection (Zga/Zp2 and Zw2/Zpm3)- The more differs the wave
ispedance of boundary metals, that higher screening effect

of multilayer screen.

-
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2. Comparing these formulas with forsulas for
calculation of symmetrical shielded circuits, wve see that in
the case of coaxial cable there are no reflections on
joints dielectric - @metal - dielectric (Sp), characteristic

to balanced cables. /

3. PFrom the formula of three-layered screen ({S;,3) it
is possible to obtain the formula of two-layered screen

(S;2)¢ if we accept t; = 0 and from fcrmula S;, =~ the

formula of single-layer screen (S,), if we accept t, = 0.

Tables 3.3. Screening constants of the asultilayer screens of

coaxial cables.
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Key: (1)« Construction of screen. (2). Calculation formulas

of coefficient. (3). Coaxial 1line is the source of effect.
(). One Layer. (5. Two Layers. ({6). Three Layers. (7).

Coaxial 1line is subjected to external effect.

Fage 84.

4. Screening constant S is complex guantity. Its
module/modulus characterizes the degree of shadowing, and
angle shows phase displacement betveen electromagnetic fields

outside, also, within screen.

5. Shielding properties of coaxial 1lipe, which operates
as affecting circuit (for example, S,;,), are 1less than

pair, subjected to effect (S,;)e

Between screening constants, there is the approximately

following relationship/ratio:z

Sy Sy 2m | (3.30)
Zu
vhile between the screea attenuatiops

-

Ay~ Ayys +1n z

. @3.31)

<t e — o emn - M
o - - , —— e N, - .
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Since for a composite screen (copper-steel) Z,,/Zw =

Z-/Z™ = 28, respectively the difference in the screen
attenwation of the cable, subjected to effect, is more than

the affecting cable approximately or 1n 28 = 3.3 Np.

6. Screening effect grow/rises with am increase of
frequency and thicknesses of screen. The greater the 1layers,
that @ore screening effect. The wmultilayer screen, equivalent
according to thickness to single-layer screen, has the best
characteristics because of the effect of reflection at a

boundary of the coupling of different nmetals.

Let us examine in more detail the optimum constructions

of two-layered and three-layered screens.

Two-layered screens. Let us establish/install the

shielding characteristics of coaxial dine with the different
thicknesses of copper and steel layers and let us deteraine
the most advantageous relationship/ratio of 1layers a

composite screen.

Tables 3.4. Screening effect A, and the resistor/resistance
of losses R; in composite screen with the different

relationship/ratios of copper and steel.
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TaslLE 3. 9.
'] L w®] Sy | apm®] s =0
'e =
owm - 08 | 0 11,60 . 102,0
0,05 0.75 6,25 13,15 =
w81 v 07 . 128 10.55 6,08
0,2 0,6 25,0 « 8,70 ~ 3,17
0.3 0.5 375 7.4 3.09
o4 0.4 50,0 6.58 3.09
0,6 0,3 62,5 pu 3,00
© 0.6 0.2 75,0 40 3,09
0.7 01 - 87.4 2,71 3.09
.. 08 0 100" 2% 3.09

Keys: (1) mma (2). Np. (3) ohms/ka.

Page 85.

Table 3.4 gives corrected values c¢f the attenuation of

shadowing A, and of the resistor/resistance of losses R,

the composite screen of coaxial lime with the different

relationship/ratios of the thicknesses of copper and steel,

in

B e
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but with the constant overall thickness of screen t = t,

+ t. = 0.8 mm and tc frequency 60 kHz. From table it is
evident that between the copper and steel layers of screen
is a optimum relationship/ratio. The attenuvation of shadowing
reaches the maximum value at tﬁ\ = 0.05 =m and t, = 0.075
sn. In this case A;;, of composite screem, is 13.15 Np,
while the steel screen of the same thickmess gives A, =

11.6 Np, and copper - A, = 2.25 Np.

The relationship/ratio of the thicknesses of copper and
steel layers affects also the 1losses, introduced by screen
into the circuit of transmission. With an increase in the
copper layer, value 83 falls, and then is stabilized on
the determined value. With optimum, in the relation to
screen attenuation, the relationships/ratio c¢f the layers (tM
= 0.05 and t,. = 0.75) of energy loss are sufficiently
considerable, which makes ¢this construction virtually
unacceptable. Furthermore, in production sense it is
extremely difficult to use copper layer by the thickness
altogether only 0.05 =mm. In the existing constructions of

coaxial 1lines, copper and steel layers are 1located

approximately imn relationship/ratio 3:5.

In connection with the screen in question with an
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overall thickness of 0.8 mm value ¢t

0.3 mm and ¢t =

m <

sm. As can be seen ztcor Table 3.4, with this
relationship/ratio 1is obtained sufficient screening effect

(7.uu Np) with the 1low 1losses of energy. Value R of

3

0.5

composite screen 1is equal to R copper screen and it is
3

3.09 9/km. From Fig. 3.10, wvhere is represented dependence

A; of copper, steel and composite screens from the overall

thickness of screen t it 1is apparent that screening effect

on the order of 7 Np at frequency 60 kHz can be prov
with \the thickness of the screen: copper 2.1 mm, steel
om Qf} bimetallic 0.8 nmm (tM- = 0.3; t,. = 0.5).

Three-layered screens. The results of the calculation

the attenuation of shadowing Ajlza of a three-layered screen

of the type "aluminua" with an overall thickness of 0.2
are given in Table 3.5. Here 1is shown the specific

significance of screen attenuation because of absorption

ided

0.5

of

in

aluminunm (Aﬁ), in steel (Aﬁ) and Dbecause of reflection at

a boundary aluminum-steel (Ag ) and steel-aluminum (AS 2

e

G ST S ey e R St i
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Fig. 3.10. Screen attenuation depending on
screen made of steel (1), bimetal (2) and
Key: (1)« Npe (2). @m<
Page 86.

To Fig. 3.11, is given the frequency

the thickness

copper (3).

dependence of

of
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screea attenuation (Aj,,,) of three-layered screen

(aluminum-steel-aluminum) with different thickness of the

layer (general thickness of screen 0.2 =mm), while to Fig.

3.12, are shown the values of the components of the screen
attenuation ﬂ%, A;, Ay, for this same three-layered screen

at frequency 100 kHz.

Tables 3.5. Screening effect of three-layered screens.

(i
Toamuua c/ioep SKpaKa, Ma .24 A; 4; ‘;—c ‘oh. 4
9,1—0,18—0,01 k 3,08 0,001 0,000 0,67 3,70
60 3,52 0,002 | 0,002 | 0,70 4.23
100 4,03 0,003 | 0,003 0,80 4,82
310 5,56 0,008 gmm 0,9 6,53
550 6,08 0,010 ,008 1,01 7.11
0,05—0,10—0,05 30 1,39 0,02 0,004 1,73 3,14
60 1,66 0,04 0,008 1,78 3,49
100 1,93 0,07 0,010 1,93 3,94 ,
310 2,77 0,20 0,020 2,05 5,04 t
550 3,08 0,35 0,040 | 218 5,65 &
9,09—0,02—0,09 30 0,08 | 0,06 0,003 | 1,46 1,61 1
60 0,11 0,13 0,004 1,50 1,81 :
100 0,13 | 0,21 0,009 1/78 2,13
310 0,23 | 0,61 0,020 | 2,11 2,96
550 0,26 1,01 0,030 2,12 3,42

of screen, an.

-
)
~
K

Key: (1) the thickness of the
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g,m &
-
Ay dor (! wh ®
B A4y (48 :’é T
5 ~ A 2':
4 A-405 (-4 20
44 . . 45
// | i A-007 (005 0
’ > 4o caz lg &
? - .
A=Q2 (-8 : 5
: - # LD oo am g QB £ (1)
00 200 300 W@ 500 omws.ew (3 Q20 845 312 B 3t B)
Fig. 3.Mm Fig. 3.12.

Pig. 3.11. Freguency dependence of screened attenuation of
the three-layered screen of construction luminum-steel-aluminum
with different thickness of the layer total thickness of

.screen 0.3 nmm).

Key: (1) Np. (2). kHz.
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Fig. 3.12. Components of screened

and of reflections (Ag) in the

construction aluminum-steel-aluminum at

the different thicknesses of screen.

Key: (1)« Npe (2). mme

Page 87. From given data it follows

three-layered screen of the type

better than the uniform aluminum

i effect is reached at the thin 1layers

thick layers of steel. Optimum

E screen of aluminum-steel-aluminum with

mm, Trespectively, in thickness of the

effect

12‘“ *

The values of screen from

(Ao =

thickness

+ A:) and reflection

frequencies and the of the

screea are different. In screens with

more the effect of absorption, while

thickened aluminum prevails the

layer,

absorption

three-layered screen

"aluminum®

screen,

is the

Ao )

and As)

of

3
(Ap

frequency 100 kHz and

that the combined

in all cases is

greatest screening .

of aluminum and the

copnstruction of

respect 0.01-0.18-0.01
layer.

abscrption Aﬁ-r

<-4

(Ar\ =

for are different

layer of the combined

thick steel 1layer, is

in screens with the

eifect of reflectiona




poc = 78000204 PAGE 59

Moreover reflection at a boundary of 1layers steel -

aluminum is substantially wmore than reflection at a boundary
aluminum-steel. from Fig. 3.12 1is evident that with an
increase in the thickness of steel sharply grow/rises the
absorption in steel and it decreases absorption in aluminunm,
and the effect of reflection has a w®maximum with the

relationship/ratio of layers 0.07-0.06-0.07 nmm.

end section.
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Chapter 4.

Shielding of communication cables.

4.1. Types of cable shields.

Page 88.

The stability of communication/connecticn and its quality
during transaission with respect to cable 1lines to large
distances to a considerable degree are defined by the
protection of coupling circuits both from mutual and outside
interferences. Most radical safety methcd of coaxial and
symmetrical cable circuits from interferences is their

shielding.

gable shields have cylindrical form and most frequently
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they are fulfilled in the form of continuous shells either

in the form of the spirally superimposed winding from
flat/plane tapes or in the fora of cover/braid fronm
fines/thin wires. Shields they manufacture, mainly, from lead,
copper, they stopped or aluminum, and furthermore, there can
be the composite and multilayer combined shields vhere the
indicated materials are alternated inm the most advantageous

combieation.

In cables with external plastic shells for protection
from outside interferences, there are applied tape/strip type
shields predominantly from the aluminum, copper, steel

strips, superimposed spirally or 1longitudinally along <cable.

By construction and according to operating principle,
the shields are divided into those wvwho shield from outside
interferences and from internal (mutual) interferences. The
sources of outside interferences are high-voltage electric
Fover lines, contact circuits of electric railroads, man-made
interferences, atmospheric electricity and powerful radio
stations. The role of shields fulfill the nmetal shells,
arrange/located above cable core. As a rule, they have
continuous construction and are fulfilled wmade of 1lead,
alusinum or steel (Fig. 4.1). Known also two-layered
constructions of shells of the type aluasinum-lead, alumiamum

- steel, etc.
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a) t 2

(@%ﬂ%@%&@@@%ﬂ'

Fig. 4.1. Bxternal metal cable sheathings of the

ccamuaication/connection: a) lead (MKSB); b) aluminum (MKSAP);
c) steel (MKSSP); 1 - 1lead; 2 - steel strip; 3 -

aluminum; U4 - polyethylene; 5 - steel.

Page 89.

The screens, which shield from internal (mutual)
interferences, are the component element of the most cable
core. In this case into screen, consist the circuits with
high transmission 1level and is provided the possibility of
the organization of high-frequency communication/connection

along single-cable system (it runs itself one cable). 1In
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single-cable communicaticn/connection the screens electrically

divide the circuits of direct/straight and opposite

directions and eliminate interferences between then.

In coaxial cables for providing the required norms of
interference shielding in single-cable communication/connection,
external wire is fulfilled composite. As a rule, it
consists of the copper cylinder, above which is superimposed
the winding from one-two layers of steel strip. Are known
also trimetal screens of construction copper - steel -

copper.

In the balanced cables of single-cable system, are
applied multilayer separating screems. To Fig. 4.2, 1is shown
the symmetrical shielded cable of single-cable
comnunication/connection for a system K-60. Screen has
three-layered tape/strip construction (copper - steel -~

copper) 0.1 am in thickness of the layer.

In the radio-frequency cables of antenna feeder
desigmation/purpose, are applied the screens of flexible
construction of the ¢tyge of coverybraid made of copper or

steel vires.
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In low-frequency cables are shielded separate wvires and
circuits with high transmission 1level (circuit of
broadcasting, wirephoto, signal wvires, etc.). As screens here
is applied metallized paper or aluminum foil.

‘g

5 _ 4. 2. Continuous screens.

; In cable technology are applied the protective shells,
mainly, from 1lead or aluminum. Recently afpeared also the
steel fluted shells. The shielding characteristics of cables
are jamproved during the use of two-layered shells of
construction aluminum - lead and aluminum - steel. Alurinum
is superimposed in the form of spiral strip or shells.

e L A

A et
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Pig. 48.2. Shielded cable of single-cable

ccamunication/conpection.

Key: (1). three-layer shield (copper - steel - copper) .

Page 90.

The shielding characteristics of cables also affect the
armor deposits from steel strips, available at the cables,

intended for a separator directly into the earth/ground.

The screening constant symmetrical communication cables
with a capacitance/capacity of 4 «x 4 with shielding
shells of lead, aluminunm they became giveg in Table

4.1, but coaxial cables - in Table 4.2. Dampings of the

57" Ut JOPP AN
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shielding of the cable sheaths of relatively magnetic
over a w¥ide range of frequencies are given in Table
The values of the screening constant of the diffe
types of cables (urban, coaxial, symmetrical) are given

Pigs.

".J

and 4.4.

field

4.3.

rent

to

el A Nt o o e
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Table 4.1. Screening constant of balanced cables with
capacity 4 x 4 with different protetctive shells.
)
f !l: ‘E/(:s.(f MKCB MKCAI MKCAIIB | MKCACNBIT [MKCCI MKQcn
10 0,76 0,22 0,27 0,95 0,79
20 0,74 0,20 0,24 0,95 0,68
30 0,67 0,18 0,21 0,80 0,6
50 | 50 0,55 0,56 0,15 0,16 0,80 0,47
100 0,40 0,11 0,11 0,85 0,34
200 0,35 0,10 0,09 0,90 0,42
300 0,41 0,14 0,14 0,95 0,54
51 0,45 0,20 — — — 0,50
150 | 10| 0,53 = 0,1 = 0,47
5 0,25 0,12 - — 0,3
300 [ 10 0,25 0,48 0,05 0,72 0,30
5 0,091 0,05 - — — —
800 [ 10 Q,090 0,15 0,019 0,45 0,14
70 0,090 0,14 0,018 0,38 0,097
5 0,026 0,048 0,0048 0,12 0,033
3000 | 10 0,025 0,014 0,048 0,0048 0,12 0,033
70 0,028 0,048 0,0048 0,12 0,026
5 0,021 . 0,003 0,0033 - 0, 016
5000 | .10 0,021 |o0,01 0,083 06,0033 | 0,08 0, 015
70 0,019 0,003 60,0033 0,066 0,013
9(‘_pnpor. noc-
TOSH. TOKY 4
oM/KM 2,12 0,53 0,42 0,4 6,25 2.6
(¢) ) (6) 7 “
Kouctpyxunus '(cinueu 1,25 |aoaan- ;m) (nsmwm) wh cn{s G
0GOMOUKH Mu. ctam- | wak | lam, crans- | las, conuen [0 4mm nenth 0,200
Ane nenTh | lux | nHwe senw (1,25 au, cra- cram 0,4mx
0,5mm 0.5ux [wane rewrn
0.5 sn
Key: (V). Hz. (2). V/km. (3)- Resist. direct current Q/km.
(4) . Construction of shell. (5). lead 1.25 mm, steel strips
0.5 nm. (6). aluminum 1 mm. (7). aluminum 1 nma, steel
strips 0.5 mm. (8). aluminum 1 am, lead 1.25 mm, steel
strips 0.5 mm. (9). steel 0.4 mm. (10)e aluminum strips
0.2 am steel 0.4 nmm.

- —— e "
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Table 4.3. Attenuation of shielding of differeat cable

sheaths over a wide range of frequencies.

,.{,’.{ MKCB | MKCB [MKCAIll MKCANB | MKCACNBI | MKCANSB |MKccn | MKccn
x4 x4 | 4x4 x4 x4 7x4 x4 ax7
]
3 f
10 - 3,7 4,3 |527| 5,5 6,33 5.8 3,52 | 5,37 ‘
20 4,1 4,75 | 6,01 6,25 7,34 6,6 4,75 | 6,89
50 5,0 5,75 ] 7,25 7,4 9,63 7.7 7,12 | 8,75
160 5,8 16,7 {82 | 8,3 11,4 8,7 9,74 | 10,9
150 6,45 7,3 | 8,74 8,8 — 8,9 11,2 11,4
260 6,9 7.8 — 9,06 14,0 9,55 —_ —
250 7,25 | 8,15 — 9,25 - 9,75 — —
300 7,45 |83 ] — 9.4 — 9,9 — -
3 8
» |38 38 e |38 | 338 (38 | . [s&h
(4 & m_if.@ amo- | (5) ;_ -té« S §§§
Kouctpyk-| — - Munui a —i i cam | kT !
umn ofo- i%" gss Lo | i g x ss 0, 4mn §E£
0uEeN ‘% g g_
w ~ w =
(3)5 = zbo' éo‘ Ub Ee’ Ec £
| S .

|
Key: (1). kHz. (2). Comstruction of shells. (3). lead . __ |

mm steel strips —  (4). aluminum 1 w@m. (5). aluminum 1

mm steel strips 0.5 nm. (6). aluminum 1 om lead 1.3 asm

steel strips 0.5 amm. (7)« steel 0.4 amm. (8). aluminum

strips 0.2 mm steel 0.4% mm.

Page 92.

From given data it follows:

1. Aluminum shell has substantially better shielding

characteristics, than lead and steel. In a comparatively low

frequency band (to 5 kHz) the shielding characteristics of
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cable in steel shell (MKSSP 4 x 4) and the lead

armored
cable (MKSB 4 x 4) are approximately analogous, while in
the range of high frequencies, the cables in steel shell
possess substantially the best characteristics. Best screening
effect is reached during the application/use of a

two-layered shell of the type" aluminua® - steel. Aluminum
Fossesses good conductivity, steel - by high magnetic

propesties.

2. Shielding properties of shells, containing magnetic
material (steel), depend substantially on value of
longitudinal enf (E%), induced in shell. As can be
seen from Fig. 4.3, with an increase emfy; the value of
screening constant decreases at first, and then, after
achieving the nminimum, somewhat grow/rises. This is caused
by the dependence of wmagnetic permeability on the value of
magnetic intensity in steel. The shielding properties of

nonmagnetic materials do not depend on value enmf in shell.
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Fig. U4.3. Screening constant of different cables with f

50 Hz.

Key: (). V/knm.

Pig. Uu4.4. Frequency dependence of the screening constant of

different cables with the 1longitudinad emf of 60-70 V/km: 1

- MKSBP 4 x 4; 2 - KMB-4; 3 - MKSB 7 x U; 4 - MKSAP

w0 el i e e T
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2/4

4 x 4; S - MKTP-4; 6 - MKSB 4 x U4; 7 - MKSB 1 x 4;

Keysz (1)« Hza

Page 93.

3. Increase in diameter of cable, and also thickness
of shell gives noticeable improvement in shielding

Froperties.

Were above corrected values of screening constants under
the idealized conditions. Under actual conditions the
shielding properties of cables depend on the conditions of
grounding, length of <cable, and also the state of circuit
"shell-ground”. In all cases real screening effect is worse

than ideal.

Fig. 4.5 shows the dependence of the real value of
the coefficient of shielding on value el vhere yos—
the pgropagation factor of circuit "shell-ground® and [—
the Jdength of cable. At 1low values Yoo, that corresponds

to the case of the ruby-colored 1length of cable or low
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value of propagation factor (insulation of shell from
ground), F is small and screening effect sharply descends.
At large values Yool, i.e., with the 1large 1length of
cable or the 1large propagation factor, F —-—> 1 and real

screening effect reaches ideal.

Cables with jute deposit in comparison with cables in
plastic shell have better relationship/ratic between the real
and ideal shielding coefficient. This is caused by large

value Yos of jute cables.

They substantially affect the value of the real
screeaning constant of the value of earth resistance. The
lesser the value of earth resistance, the real screening
effect. Tc Pig. 4.6, 1is shown the value of the real
screening constant with different values c¢f earth resistance
and 1lengths of cable (cable MKSB, 4 x 4 with £ = 50

Bz),. Here shown ideal value of screening constant.
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Fig. 4.5. Coefficient, which characterizes real screening
effect.
Fig. U4.6. Real screening constant with the different values
of earth resistance and at lengths of cable.
Key: (1)« ohn.
Page 94.

For providing a good value of real screening constant, it

is necessary to have 1low earth resistance, and in cables

i
|
l
|
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with plastic deposit periodically along route to egquip

T e — e

groundings (through every 2-3 kn).

The analysis given above proceeds from the condition
that near cable there are no other extended metallic
ob ject/subjects. If at trench 1lie/rests noct one, but several

cables or are surrounding metallic masses, then screening

effect noticeably is improved. Moreover the thicker the
cabtles, the greater the screening effect. This is
graphically illustrated by curve/graph Fig. 4.7, where is
shown the dependence of screening effect on the number of

cables and their diameter. For example, for the cables with
a diameter of 40 mm the presence of two adjacent cables

is led to an 1improvement in screening effect two times.

4.3. Tape/strip screens.

Tape/strip type screens are fulfilled from copper,

aluminum or steel strips. Strips are superimposed on the
shielded groups, splice or cable as a whole in the form

of fish winding or it is 1longitudinal along cable. Screen

strips can be superimposed butt (Fig. 4.8), and also with

f i positjve and negative overlap (with the gap between strips).

Tape/strip screens can be both single-layer and nmultilayer.
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Keys (1)« Spiral. (2). Lomngitudinal. (3). With overlap. (4).

Butt. (5). With gap. (6). Tape/strip. (7). HWire.

Page 95.

Are known the combined tape/strip shields of the type

copper-steel-copper, aluminum-steel, etc.

Tape/strip type screens widely are applied in cable
technplogy. They are the component element of communication
cables in plastic shells, which shields circuits from
outside interferences and which stabilizes the parameters of
the +transmission of cables. Tape/strip type multilayer
combined screens perform also the role of the separating
screens, vwhich separate/liberate the circuits of
direct/straight and opposite directions in single-cable

ccmmupicating systen.

The shielded groups, 1lays have, as a rule, winding
structure. Therefore it is 1logical to expect that between
pitch of strands of screen and cable is a determined
optimym relationship/ratio., Furthermcre, there are optisum

dependences between the thickness of the layer of multilayer
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tape/strip screens and the superposition methods of layers.

Below are set forth the results of the investigation
of tape/strip type multilayer combined screens and are given
the <£undamental principles of the construction of such
screens. Tape/strip screens, on the basis of the
technological special feature/peculiarities e¢f cable wvorks,
have predominantly spiral form. The width of screen strip
(c) is connected with the angle of imposition (a), by
winding pitch (hs), by the diameter of the shielded part
of the cable (d,) by relationship/ratio c=#h,cosa=ndsina.
This follows directly from Fig. 4.9, where is depicted the
scanning/sveep of one splice of screen strip to plane. The
greater the diameter of cable (do). facts wider must be
strips Between the width of screen strip and wvinding pitch,
also there is a direct dependence. In 1limiting cases when
a = 90° width of strip €= nd,, and when a —> 0
value c —> 0. In real cable wmake-ups the overlap angle

{a) is found from 30 to 80°.

Let us examine the dependence of screen attenuation on
the space of the imposition of screen strips (M) and
let us determine the effect of the wmismatch of the space

of screen strips (he) and pitch of strand of circuit (he)-
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To Pig. #.10, are shown the results of the
measurements of spiral screens with the different
relationship/ratios of the space of the imposition of screen h,

and

different cogstructions

circuit
kHz. For

resistance

measurement

with the

attenuation

L | At

of pitch of

of screens. Pitch of strand of
hg=100 mm. Frequency of the @measurements 110
the development/detection of the effect of contact
between screen strips on screening effect
undervent also the screens, made from strips
lacquered surfaces. The maximum value of shield
occurs when ‘fy=Ag

strand of circuit &g

and during the




DOC = 78000205

-

(-
&/ «
=

Fige 4.9. Sweep

<=

Page 96.

In this case all

(overiap, joint,

circuit of omne splice of screemn strip.

the structural/design varieties of screens

gap) give the best effect. In the absolute

value of value A, for the different constructions of

screens when ho=hy comparatively they differ 1little

each other. At the @mismatched spaces (he=hy) and the

presence of gaps,
he=hy  the screen
with gap 3 nnm,
decreases to 1.6

regular decrease

#ith matched

value A, sharply changes. So, if when
attenuation of the strips, superimposed

is 2.6 Np, then when holhg=0,5 value A4,

Np. An increase in the gap is 1led

in screening effect.

pitch of strands of circuit A, and

the winding of screen strips 4, the presence of gaps

from

to a

of

and
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slots in screen manifests itself comparatively little. So
the gaps with a width of 10 am when /A /i =1 decrease
value 4, altogether only by 0.4 Np, while whem h/h =05
decrease is 2 Np.
To Pig. 4.11, is given the frequency dependence of the
screen attenuation of spiral screens with the different
vidth of shield strip [c =V ms (a) and 30 na (b).
Pitch of strand of «circuit 100 mm. Here corrected values 4,
cf continuous cylindrical screen. The shielding
7 characteristics of screen substantially affects the width of
ﬁ screen strip. With narrow strip screen attenuation is lower
than with wide.
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Fig. U4.10. Besults of the measurement of spiral screens
with different relationship/ratios #A./h, (=100 ux). where 1 -
cylindrical screen (1 = 0.08 am); 2 - cepper strip with
overlap; 3 =~ <copper strip with overlap (lacquered); & -
copper strip butt; 5 - copper strip (gap 3 m); 6 -
copper strip (gap - 10 mm).
Key: (1) Npe
Fig. 4.11. Results of the nmeasurement of screening effect
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with the different width of copper screem strips (c¢) C

30 mm (@) and € = 71 @wm (b)), where 1 =~ <cylindrical

screen; 2 - strip with covering; 3 -~ strip butt; 4 -

strip with gap 3 mm; S5 - strip with gap 10 nmm.

Key: (= Np. (2). kHz.

Page 97.

Fspecially substantially the width of strip affects during

its imposition butt, also, with gaps. So, with narrow
gap 3 mm by frequency 150 kHz descends A, almost by
Np, and with wide strip - altogether oaly by 0.35 Np.

frequency dependence of screen from narrow strips with

strip
2

The

gaps

has flatter character, than in the sScreen, made from wide

strips. With an increase in matched ©pitch of strand (h,=hg)

grow/rises screening effect and the best results they are

reached when hy=hg—>oo.

The frequeacy dependence of the screen attenuation
sultilayer screens with the different methcds of the

imposition of screen strips is given to Fig. 4.12. 1In

of

all

cases copper layers were superimposed equally with overlap,
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and steel strip

and with overlap

effectiveness of

gap (J),

first strip. Here

of the measurement

In all cases vwere

of 30 mm and with

the width of

by
Cverlap of strips

than the

Np) .,
The
with gap |is
superposition method

virtually egivalent

overlap.
Keeping in

imposition of steel

necessary of
superposition methcd
Five-layer screen
of three-layered

-'.5 Np.

was
(4) -

the

the second

for a

25
gives
imposition
difference betwveen

altogether

mind

obtaining the

in

screens

superimposed: with gap (1), butt

checked

(2)

Furthermore, was the

imposition of two steel strips with

strip overlapping the of the

gaps

the results

(5) .
width

comparison are given

of five-layer steel-copper screens

utilized the ccpper strips with a

a thickness of 0.08 mm, steel strips -

me and by the thickness of 0.1 omm.

essentially the Lkest results (on 1

of strips butt, also, with gap.

the imposition of strips butt and

only 0.2-0.3 Np. The third

of strips (two strips with gap) is

to the imposition of strips with

the technological difficulties of the

it is
A,

strip with overlap, expedient if

large values to apply the

of two steel strips with gap.

comparison with the best constructions

in 1,

gives supplementary effect
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Comparing the effect of gaps in the screens of
multilayer and single-layer constructions, it can be noted
that in nmultilayer constructions it manifests itself

considerably less
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Pig. 4.12. BResults of the aseasurement of the shielding

froperties of nultilayer screens from strips.

Key: (A). Np. (B). Material of screen. (C). Designation and
construction. (D). Note. (1)« Copper - steel - copper.

(1A) . Copper. (2). Copper - steel - coprer. (3). Copper -
steel - steel - <copper. (3a). Steel. (4). Copper - steel

- copper. (5)« Copper - steel - copper - steel - copper.

(E). kHz.
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Fig. 4.13. Results of nmeasurement of the screens o°f the
different construction: 1 - copper strip and steel
cover/sbraid; 2 - copper strip; 3 - copper cover/braid
{(100o/0 density); 4 ~ copper coverysbraid (S0o/o0 density)s: 5

- lead covering; 6 - metallized paper; 7 - rare steel

coverysbraid (d of wires 0.24 anm).

Key: (1)« Np/km. (2) . kHz.

Fage 99. ﬂ

To Fig. U4.15, are given the results of the

measurements of the different constructions of two-layered
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screens in the spectrum to 150 kHz. 1In all cases copper
wvas arrange/located nearer to the source c¢f interferences.
Thickeess of copper strip 0.08 =mm, wirina - 27 am; the
thickness of steel strip 0.1 mm, width - 25 amm. From the
character of frequency dependence and absolute values

findiags can be divided into two groups.

Jn the first group enter the screens with electrically
uniform are copper by layer. Here losses are small and
with an increase of frequency have the falling/incident
character. This is caused by screening effect of copper
layer« In the second group are 1located the screens with
electrically heterogeneous copper layer. In this case the
field of interferences penetrates through the slots of
copper layer in steel, and 1losses are determined by the
parameters of steel 1layer. In the seccnd case of loss, it
is more than in the first, almost 8-10 times (in frequency

150 kHz).

Comparing losses during the different constructions of
steel layer, it is possible to note that the greatest
losses introduce the layer, superimposed with the overlap of
steel strips. An increase in the number of layers of

screen to 3-4 Oor more in practice very 1little affects the
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magnitude of losses,

PAGE 45~
237

introduced

by

SCreen.

On the basis of the aforesaid higher

to formulate following recoammendaticns

construction of the

construction.

o -

separating

screens of

possible

regarding the
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Fig. U4e.14. screening effect of the semi-conducting screen
under the varied conditions of the grounding: 1 - screen
is not grounded; 2 - the grounding through 6 m; 3 - the
grounding through 3 m; 4 - the grounding through 1.5 m; S
- copper strip {(40o/0 coating).

Key: (1)<« Npa (2). KkHz.

Fig. U4.15. Measurement of losses in the different
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constructions of two-layered tape/strip screens.

Key: (A)= ohm. (B). Construction of screen. (C). Steel 1is

cverlap
gap. (
- gap
jointe

overlap

Fage 1

1.

locatio

ped. copper - gap. (D). Steel - gap is copper -

E). Steel 1is overlapped. copper - Jjoint. (F). Steel
is copper - joint. (G). Steel - gap is copper -
(H). Steel it is overlapped. copper - it is

ped. (I). kHz.

00.

Selection of materials, their comktination and

n must be such, so that skins of screen would give

best results on attenuation of reflection A, and

interna
Therefo
with 1
layers
for in

large

2-

depends

lization - @maximum values of attenuation of absorption A4,
re for skins one should wutilize ncnmagnetic materials
arge reflectivity (copper, aluminum), and for interior
- magnetic materials (steel, Permalloy). Best of all

terior layers to use several different materials with

e

Optimum relationship/ratio of thickness of the layer

on frequency range for which is constructed screen.
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Best screening effect they give: to 10 kHz -~ the egqual

layers of copper (aluminum) stopped, from 10-20 kHz are
above - the thin 1layers of copper f{aluminum) and the thick
layers of steel. The higher the frequency, the more
effective the thicker 1layers of steel. With direct current
and at very 1low frequencies (0-0.5 kHz), and also 1in the
frequency region wmore than 1000 kHz best screening effect

give uniform magnetic screens nmade of steel.

3. Losses, introduced by screen into circuit of
transmission, determine need for having ncnmagnetic skins for
any frequencies. The thickness of these layers nmust be such
so that the field of interferences wculd be closed in
nonmagnetic metal and would not pepetrate steel. For
obtaining minimum losses the thickness of external (copper,

alumimum) layers one should accept the equal or larger

equivalent depth of penetration of the field of the highest
transmitted frequency (t » 6). These layers one should

fulfill with overlap.

I 4. Layers it is to fulfill as far as possible
continuous with greatest electrical uniformity. Joints and
gashes in electromagnetic screens Bmust be acrrange/located so

that they wvwould have the direction along the probable path
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of the propagation of eddy currents in screen and would
not jntersect these currents. In magnetostatic screens from
magnetic material joints and gashes one should orient of
the in parallel to the 1lines of force wmagnetic field of
the source of interferences. Furthermore, gashes and the

slots of one 1layer compulsorily must overlap with the

continuous metallic mass of another layer.

5. Screen strips one should superimpose with space,
equal to pitch of stranmd of circuit (he=hy), and in that
direction, that also spiral joininge. Strips must be
superimposed with the overlap 2-3 mm and have the wmaximum
width which according to design considerations it @makes it
possible to use the taken space of helicity (hs) and
diameter of the shielded splice (d,). With technological
difficulties in the imposition of screen strips with overlap
(steel) 1is possible the imposition of two strips with gap,

moreover upper strip must overlap the gap of lover.

6. Surface of screen strips wmust be free from oxides,
corrosion and other defects so that between strips would be
good electrical contact. This especially is substantial with

the wuncoordinated space of screen strips and pitch of chain

(hehy). I8 expedient the coating of screen strips with

o
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anticorrosive metallic composition with good electrical

conductivity (tinplating and so forth).
Page 101.

7. In pnmultilayer screens screen strips aust be
superimposed with matched pitch of strand (ha=hy) so that
each layer would have direction, coinciding with direction
of spiral joining of turned to it 1lays. Screen strips amust
be superimposed with overlap and have wmaximukm possible
width, on the basis of the diameter of the shielded splice
and taken pitch of strand.

8. For decrease in effect in comaunication cables
shielding shells it is to ground from both end/leads of

cable, the more frequent the grounding, the better.

4.4, Braiding screens.

The screens of the flexible feeder cables of antenna,
assembling and station~type designation/purpose are fulfilled

predominantly in the form of metallic covery/braids from

T
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fine/thin circular wvires or strips. Such screens are the
complex system of the wires of round or rectangular
(tapefstrip) section. <Covery/braid is fulfilled into two
layers, one of wvhich has right direction of 1lay, and
another - left. Are known also the one-sided cover/braids,
vhich have metallic strands only in one direction. Circular

vires have a diameter 0.1-0.5 amm and are banked in ply of

2-4 and more \wirese. !

In cable technology greatest propagation have the
entanglements, with which each ply cover/ccats «ith itself
tvo others, and, in turn, is covered by two following
plys. Are most common cover/braids of 16 plys. There are
cover/braids of 18-36 plys. The presence of law in the
number of plys and the order of their entanglement makes
it possible to establishyinstall the definite dependence
between the diameter of screen (ds), the space of
coverybraid (hs), the width of plys and a quantity of

wires (or strips) in one ply.

Similar to pitch of strand, the space of cover/braid
he is called the measured along the axis of cable length
for extept/elongation of which a series is described the

complete revolution. The most important parameter of
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cover/braid is the angle, formed by the direction of ply

and by the line, perpendicular to the axis of cable. To

Fig. 4.16, is shown the pattern of the 1location of plys

of ome layer of cover/braid, expanded/scanned to plane.

—— ————

2
= i
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Fige U4.16. Pattern of the 1location of plys of one layer

of cover/braid, expanded/scanned to plane.

Key: (1). Pattern of the 1location of plys (strips) of

braide (2). Position of the wires of coverysbraid with

crossing.

Page 102,

From the figure one <can see that c¢c' = ¢/cos a = nd/cos
a, where ¢ is width of ply; n - the number of wires in
ply; 4 - the wire diameter; a - ¢the angle of the

imposition of cover/braid. Quantity of plys = (in one
direction), necessary for complete coating of the surface of
screen at the 1length of one space of cover/braid, is

determined from expression wm=Ahy/c'=h,cosa/nd.
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The dependence between the space of cover/braid, the

width of ply and quantity of plys is determined by forasula

he=mc/cos a or from other. Since tga=h/nd, and cos a = of

1/ VI + tg2 a, then

h.=ﬂd.—._l=_-——'

=

In connection with tape/strip cover/braid from flat/plane
vires in these relationship/ratios, omne shculd accept; = -
the number of strips in one direction at the 1length of

the space of cover/braid; ¢ 1is widbh of strips.

A quantity of plys (strips) and their width is
selected depending on the required density of cover/braid.
The density of cover/braid is expressed as percent ratio of

the surface of screem, covered with npetal ™, to the

complete surface of 7. For screen of one layer of
coverybraid density will be determined by formula K.=2;-un-

™ _ 100% or, if it is known air-gap clearance s, K, =

hycos @
@/c ¢ s) 1000/0. Taking into account that cover/braid has

tvo layers, its density will be, it is 1logical, another,
since the clearances of one 1layer will partially overlap

with the wires of another layer. In cable technology it is

m———————

et =




Doc = 78000205 PAGE 57

247
accepted the complete density

according to formula K = (2K,

density of cover/braid will be
is imaccessible, since plys or

direction, cannot 1lie <close to

divide plys (strips), which go

From Pig. 4.16, it is evident

of coverysbraid to calculate

o Kz‘).‘OOO/OC

By c¢able screens the density of cover/braid, as a

rule, exceeds 9%0o0/0. In the complete absence of slots, the

1000/0. But wvirtually this
the strips, which go in one
each other, since thenm

in the opposite directione.

that between plys is gap

with value 0.734 (where d - the diameter of the wires of

coverysbraid). Tape/strip cover/braid has a smaller quantity

of gaps, than cover/braid fronm

circular \vwires.

It is of interest to examine the fcllowing Qquestions:

- the effect of helicity

- effect longitudinal and

and gaps in flexible screens;

on the shielding properties;

the traansverse slots, gJashes

- shielding action of cover/braids with the different

relationship/ratios of pitch of

cof the helicity c¢f coversbraid;

T

strand of circuit and space
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- the special feature/peculiarity of the frequency

dependence of screening effect of braiding screens;

covery/braids on screening effect such of screens;

direction of <circuit and screen wires, strips;

- the density effect of coversbraid and diameter of

vwires (width of strips) on the shielding properties.

Page 103.

The effect of helicity and the role of slots vere

explajned on the experimental model of the screen, made

- the role of contact resistance between the wires of

- screening effect in the direct/straight and contrary

from the copper strips with a width of 7-12 mm and with

a thickness of 0.08 am. Screen strips were superimposed

with the different spaces of helicity he=25--100 nm ;

pitch of strand of circuit hg=50 mm. Between winding

pitch of strips and pitch of strand of «circuit, was

cbserved strict equality (h,=hy). The gap between strips
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vas retained in 2-3 @mm. The results of the nmeasurement of
the screen attenuation of such slotted screens in the range
of frequencies from 20 to 150 kHz are given to Figs. 4.17

and 4.18.

Examining the given results, it is fossible to

reveal/detect/expose the following laws:

- with am increase in pitch of strand of screen
strips (he=hg) screen attenuation grcw/rises; when Ay=hg=o0

screening effect is wmaxinmumg

= Slots exert a substantial influence on screening
effect, noticeably decreasing the value of screen

attenuation;

- the agreement of winding pitch of screen anad pitch
of strand of circuit it has also great effect on the
value of screenm attenuation. During strict agreement of

spaces (he hg) screening effect is wmaxisum.
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damping of copper cover/braid

vwhere 1 - am=i;

Key: (7). Np. (2).

Fig. 4.18. Screen

- h’lin-O.'H

Drum shell.

attenuation

strips: 1 - «cylinder (f =

60 kHz); 3 - strip (£ = 150
tape (f = 150 kHz); 5 = «copper
varnish-treated tape (f = 60
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dependence of screen

values Au/hx.
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ccverysbraid from the copper

cylinder (f =
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= 60 kHz); 6 -
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Key: (1). Np.

Page 104.

During the disagreement/mismatch of spaces, value 4,
decreases. So, with f = 150 kHz a <change in the
relationship/ratio ho/hy from 1.0 to 0.5 is led to a
decrease in the screen attenuation to 350,00 (from 2.5 to
1.9 Np). This phenomenon has completely 1logical physical
explanation. With matched pitch of strands of circuit and
windiag of screen (he="hn) are created the most favorable
conditions of the passage of eddy currents in screen
(current it follows along the screen strips). With the
disturbance/breakdown of equality between h, and &y eddy
current, being propagated on screem with pitch of strand of
circuit (hy), it encounters in its path of slot, gash,
the contact resistance of wires and other obstructions,
which lower eddy current and which decrease screening

effect.

The effect of the agreement of pitch of strands of
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circuit and helicity of screen appears both in the slctted
screens and of spiral screens without slots; however, of

slotted screens it manifests itself more powerfully. 5

To Fig. 4.19, 1is given the frequency dependence of the
screen attenuation of screens with longitudinal and
transverse gashes. Transverse gashes more adversely affect
the shielding properties, than 1longitudinal. equipment/device
of 1longitudinal gashes (through 8 am) with € = 150 KkiHz
led to a decrease in value 4, from 4.8 to 3.8 Np, and
equipment/device of transverse gJashes (through 10 =ma) 1led
virtually to the total 1loss of screen prcperties (4,=06
Np). The <character of the frequency dependence of screens
with longitudinal and transverse gashes 1is various. 1In the
first case 1is observed an increase 1in screening effect with
an increase of frequency approximately acccrding ¢to the law
of continuous screen. In the second case an increase in

the frequency does not give a noticeakle increase in the

screea attenuation.

I Differently also manifests itself in screens with
5 longitudinal and transverse slots their value. If in screens
with the 1longitudinal slots an increase in the width of

slot is 1led to a considerable decrease in the screen
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attenvation, then in screens with the transverse slots its

width plays almost no role. In screens with the

longitudinal slots and gaps, the valye of screen attenuation
sharply changes with an increase in the width of slots. By
itself presence of longitudimal gash is nect produced a

considerable decrease in value A,

gy -

roviea e v O - N
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To Fig. 4.20,

measurements of screening
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dependence <curves can be subdivided into two groups:z purely
uniform copper cover/braids (curved 1, 2, 3) and the
combined cover/braids made of copper and steel (curved 4
and 5). The special feature/peculiarity of the freguency
dependence of uniform copper covery/traids 1lies in the fact
that at first they give positive effect, and then in the
range of high frequencies their screening effect sharply
descends. This is caused by phenocmenon of the
emission/radiation of high-frequency electrosagnetic energy
from the slots of cover/braid. The effect of slotted
emissjon/radiation begins to manifest itself with fregquency
10% Hz for single-layer cover/braids and 106 Hz for twuo-
and three-layered covery/braids. The coamgarison of curves 1,
2 and 3 shows that with an increase in the number of
copper cover/braids from one to three screening effect
regularly it grow/rises. The second group of curves (4 and

5), which relates to that which was combined cover/braids

copper ~ steel and copper - steel - copper, has at first

rising, and then stable character in all range of frequency
curves/graph to 5 MHz. Three-layered combined cover/braid (5)
in terms of the absolute value of screen damping is
substantially better than wuniform three-layered cover/braid
frcm copper (3), also, in the spectrum tc 1 MHz wvirtually

equivalent to the <continuous copper tuke with a thickness

b b — el RSl




DOC = 78000205 PAGE 568

P

cf 0.06 mm (curve 6)e.

The experimental study of cable coverybraids showed that
their screening effect 1in many respects depends on surface
condition of the wire of cover/braid, value of contact
resistance between wires and the gquality c¢f the imposition
of cover/braid on the shielded circuits. Table 4.4 gives
the results of the measurement of the <ccntact resistance of
copper and steel covers/braids. Contact resistance vwere
establish/installed by measurement c¢n the direct current of
cne meter of the covery/braid, cut on generatrix so that
all wvires were gashed and connectiocn was realized only
through the contact between wires. There are given

measurement data of the resistor/resistance of one meter of

whole cover/braide
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Pig. 4.20. Screening effect of metallic cover/braids in

coaxial cables (results of measurements).
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Page 106.

The contact resistance of steel coverysbraid is
incommensurable more than in copper cover/braid. If of
copper contact resistance is greater than the
resistor/resistance of one linear meter 7 times, then at

steel virtually 1lacks the contact tetween wires. In this,
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cansists one of the reasons for unsatisfactory properties

and instability of steel cover/braids. A screen of the type
cf cover/braid is unstable in time. 1In the course of time,
the contact resistance grow/rises and screening effect

descends.

Measurements establish/installed that the weakly pressed,
locse cover/braid has smaller screen attenuation than dense
cover/braid. Difference reaches 2 Np. Furthermore, the rewind
of the cables, shielded by cover/braid, is led to a
decrease in screening effect, since is disrupted
make-before-break contact and deteriorates the density of

covery/braid.

On the "basis of the conducted imnvestigations, it is
Fossible to formulate following recommendations regarding the

construction of flexible cable screens of the type of the

cover/braid:

A) The density of cover/braid must be as large as
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fossible and compose 90-960/0. An increase im the diameter
of the wires of coverybraid gives certain increase in
screening effect. The rpresence of gaps sharply decreases

screening effect.

2) Tape/strip screens one should give the preference
tefore wire, since the first possess the more favorable
telationship/ratio between the overall surface of metal and
gaps and have more favorable conditions for the passage of
eddy currents in screen. As a result screening effect of

the tape/strip screens 1is higher than wire ones.

3) In all cases the space of cover/braid (space of
the jmposition of screen strips or wires h) must Dbe
strictly agreed with spacing of the joiming of circuit (ay),

iceey ho=hy

4) For providing the stability of the parameters of
screen in time and an improvement in screening effect, is
expedient to apply strips and wvires with anticorrosive
proofings (tinplating, silver plating, =zimc plating so
forth). It is necessary to approach the achievement of 1low

contact resistance between the wires c¢f cover/braid.

et o Wl var
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S) Copper coversbraids one shculd give the preference

before the steel and other types c¢f covers/braids. A
deficiency/lack in the steel cover/braids is a small effect

of the attenuation of reflection and the inadequacy of the

contact properties of steel wires.
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for differemat cqver/braids.

/ )
(N Tun onaerxn ( ﬁampor-u- OnACTXN, 0M/M 3}(-7-7“ CONpOTERACENE, OM /&
) 2 .
Mem 0,24.10™ 1,7.10—
5 \cram 1,95-10~2 100

¥ Copper. (5). Steel.

Page 107.

obtaimed in wide frequency spectrua.

7) One-way cover/braid in comparison with
bilateral cover/braid possesses essential advanta

expenditures of wmaterial and has somewhat best

———

gaps, unavoidable with bilateral cover/braids. B

r agreement of spaces of coverybraid with pitch

circuit and the coinciding imposition of screen

Table U4.4. results of the measurements of contact

cover/braid, 02/m. (3). Contact resistance, to Q/a.

usual

1
ge in the
shielding

ut

one-sjded cover/braid can be effective only during

of

Key: (1)« Type of cover/braid. (2). Resistor/resistance of
(4) .

6) Is very effective the application/use of the
combined screen, vhich consists of cogpger and steel

coversbraids. In this case the stability of shadowing is

i characteristics because of the absence of the technological

this

strand of

strips

{(vires). The stability of electrical characteristics in

resistance

strict

time
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of this covers/braid 1is worse than in usual bilateral

cover/braid.

8) If aecessary for the creation of the flexible
screens, which have the high shielding characteristics in
high-frequency range, one should agply multilayer braiding
screens or utilize a coverybraid in combination with srpiral

screea from fine/thin copper, aluminum or steel strips.

9) In all cases of engineering flexible cable shields,
it follows as far as possible to avoid gashes and the
gaps, which do not <coincide with directios of flow in
shielded <circuit, and on no account to allow/assume the
disturbance of the ccwmpleteness of shell in the direction,
perpendicular to direction of flow in circuit. Are
allow/assumed only the Jjoints and the small gaps, which go
in parallel with directicn of flow in the shielded «circuit.
In the twisted shielded circuits the space of the helicity
of slot (gap) on screen must correspond to pitch of strand

of circuit.

10) 1is very effective the grounding cf screen shell.

The wmore frequent the grounding of screen, the greater the

effect of electrostatic shadowing.
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cables of coaxial

radio-frequency

space of cover/braid must compose 45-55°,

of the imposition of cover/braid 90-96o0/0.

reached optimum screening effect, the

parameters, strength and the flexibility of
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Page 108. !
Appendix
Relatjonship/ratio between nepers and decibels. g
The attenuation of line (a = af) or at of four-pole

is accepted to evaluate in nepers or decibels (bels).
Calculation/enumerations in nepers are based on the natural

system of logarithms, amd in decikels (bels) - on decimal.

Attenuation in 1 Np corresponds tc a decrease in the

power in e2 = 7.4 times, and current or the voltages
- in e = 2.718 times:
l PO PO
=——[n~2 or -2 _2@_gq
WS npl P, et =¢e? =74,
Uo T Uy I
a=h|—|=In|——| o |—|=|—|=et=e=
7 e b 7 ed=e=27I18

Attenvation in 1 bel corresponds to a decrease in the

power 10 times, and current or the voltages - 3.17 times: g
‘ -
P, P,
= lg e—n 2 __10% =
a=Ig P or P 02 = 10, §
U° IO .Uo lo [ 5a )
=g | =2 | =21g| 2 V=2 = | =2 | = 100:5a - 100.5 —
a=2g 7 g s or U 7 10° 3,17,




o e
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Decibel is one tenth part of the bel. We will
respectively obtain that the attenuation in 1 4B

characterizes decrease in power 1.26 times, and in current

or vpltaqe - 1.12 times:
Pe ‘P 001 % T
= — )\ =l ¥ slm ._.l,”,
a = 10ig P, er 7,
e Y —I-g or | 2|= I—° =|0°' = lv' =112
a=20ig . 20ig I » 7 g B 1,12,

In Table P.1.1 corrected values of attenuation in

decibels with the different relaticnship/ratios of pover.

Between nepers and decibels there is the following

relatjonship/ratio:

K U, 8

i.e. a [dB] = B8.686 a [Np). Conseguently, 1 Np - 8.686
dB, 1 dB - 0.115 \Np.

Are given belov conversion tables Np - 4B and dB -

Np (Tables P.1.2 and P. 1.3).
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a.(‘& 0,1 |1 2 3 4 5 6 7 819](10] 10-n

%o [1,02(1,2| 1,5 1,9 2,51 3,16]3,98 5,0 [80]i0f 100
U

Key.’ [l) d8.
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Table P.1.2. Translation/conversion of aepers imto decibels.
/ 2) 2) G ) f / 7 9 -) 7 7 p
T & TlLl%]a e %% |2 <% 2] F
0,01 0,087 (i 1,4 [12,2] 3,7 | 32,1 6,0T 52,1 8,3 10,5 91,2 | 12,7] 110,3 || 14,9 | 129.4
0,02 0,174 | 1,5 | 13,0 3,8 | 33,0 6,1 | 53,0/ 8,4 10,6 | 92,1 (12,8( 111,8 {150 130,3
0,03 0,264 | 1,6 |13,9 3,9 33,9/ 6,2 |53,9| 8,5 10,7 929 | 12,9] 112,0 | 15,1 | 131,2
: 0,04 0,347 {{ 1,7 {14,8( 4,0 {348 6,3 { 54,7( 8,6 10,8 93,8 (13,0 12,9 {152 132,0
f 0,05 0,434 | 1,8 | 15,6 4,1 |356]| 6,4 | 556/ 8,7 10,9 94,7 [ 13,1 | 1138 {15,3| 132,9
| 0,06 0,521 | 1,9 | 16,5| 4,2 |36,5| 6,5 | 56,5| 8,8 11,0 95,6 | 13,2 114,7 | 15,4 | 133,8
f 0,07 0,608 | 20 {174 4,3 |37,3 6,6 | 57,3| 8,9 1,1 96,4 | 13,3 1155 | 15,5 | 134,6
0,08 0,69 | 2,1 |18,2| 4,4 |38,2( 6,7 [582]| 9,0 12| 97,3 113,4| 1164 | 156 1355
009 | 0,782 | 22 |19,1] 4.5 |39.1] 6,8 |50.1] 9.1 11,3 98,1 | 13,5| 117,3 [ 15,7 | 136,4
0.1 0,89 I 23|20 46 |4,0f 6,9 |599] 9,2 11,4 99,0 | 13,6 | 18,2 | 158 | 137,2
0,2 1,74 2,4 (20,8 4,7 40,8 7,0 |e0.8] 9.3 1,50 99,9 {13,7| 119,0 {159 | 138,1
: 0,3 2,61 | 25 |21,7] 4,8 |41,7] 7.1 |e1,7] 9.4 1,6 | 1008 | 13,8 | 1199 | 16,0 139,0
3 0.4 3,47 2,6 12261 49 |426| 7,2 |62,5! 9.5 11,7 101,6 | 13,9] 120,8 || 16,1 | 139,8
" 0,5 4,34 2,7 |23,5] 5,0 |43.4( 7,3 | 63,4 9.6 1.8 102,5 (14,0 121,7 { 16,2 140,7
E 0,6 5,21 2,8 24351 |43} 7,4 64,3 9.7 11,91 103,4 [ 14,1 122,5 | 16,3 | 141,6
0,7 6,08 29 (25,2 52 |45,2] 75 |65.1] 9.8 12,0 104,2 | 14,2 123,3 | 16,4 | 142,4
0,8 6,95 30 [26,1] 53 |46,0( 7.6 [ 66,01 9.9 12,1 { 105,1 | 14,3| 124,2 [ 16.5] 143,3
0.9 7,82 3,1 [26,9( 54 |46,9( 7.7 | 66,9 | 10,0 12,2 106,0 | 14,4 | 125,1 [ 16,6 | 144,2
1,0 8,69 3212781 55 |47,8) 7,8 | 67,8 10,1 12,3| 106,8 | 14,5 | 1259 | 16,7 | 145,1
11 9,55 3,3 (28756 |486] 7,9 |68,6] 10,2 12,4 107,7 |l 14,6 126.8 [ 16,8 1459
1,2 10,4 34 12,51/ 57 |49,5( 8,0 |69,5] 10,3 12,5 108,6 | 14,7 | 127,7 | 16,9 146,8
1.3 10,4 3,5 30,4 58 | 50,4 8,1 |70.4] 10,4 12,6 | 109,4 | 14,8 | 128,6 [ 17,0 | 147,7
36 |31,3( 59 |s51,2( 8,2|71,2
Key: (1)« {(2). dB.

RS

i o
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Table F.1.3 ﬁ&ns/a'f;ah/Cﬂ)7"e'”5"°” of deéibe/ﬁ mto nepers .

| M S 1S EI% 4 ]l% IEIEGTIE T4 IE 1% f/ Lo 12,
0,1 0,0115 14 |1,61f 37 |42 60 | 691 83 |9,55( 105 12,1 127 14,6 149 17,2
7 0,2 0,0230 15 (1,73 38 [4,37| 61 | 7,02 84 | 9,67 106 12,2 128 14,7 150 17.3
3 0,3 0,0345 16 [ 1,84 39 [449( 62 |7,14| 8 |9,79| 107 12,3 129 14,9 151 17.4
! 0,4 0,0461 17 | 1,9 40 (4,61 63 |[7,25( 86 | 9,9 | 108 12,4 130 15,0 152 17,5
;; 0,5 0,0576 18 | 2,07 41 | 4,72 64 | 7,37| 87 | 10,0 109 12,5 131 15,1 153 17,6
0,6 0,0691 19 (2,19 42 (4,84 65 | 7,48 88 | 10,1 110 12,7 132 15,2 154 17,7
0,7 0,0806 | 20 | 2,30 43 [4,95]| 66 |7,60( 89 | 10,2 111 12,8 133 15,3 155 17,8
0,8 0,0921 21 | 2,42 44 |5,06( 67 | 7,71 90 | 10,4 112 12,9 134 15,4 156 18.0
0,9 0,1036 | 22 | 2,531 45 |5,18( 68 [7,83| 91 |10,5] 113 13,0 135 15,5 157 18,1
1 0,115 23 | 2,65 46 |3,30.f 69 7,94 92 | 10,6 114 13,1 136 15,7 158 18,2
2 0,230 24 (2,76 47 (5,41 70 | 8,06 93 | 10,7 | 115 13,2 137 15,8 159 18,3
3 0,345 25 | 2,81 48 |5,52( 71 [8,17| 94 | 10,8 116 13,4 138 15,9 160 18,4
4 0,461 26 (2,99 49 (564 72 | 8,29 95 | 10,9 117 13,5 139 16,0 161 18,5 1
5 0,576 27 | 3,11} 50 | 5,76 73 | 8,40 96 | 11,0 118 13,6 140 16,1 162 18,6 i
6 0,691 28 | 3,221 51 |5.87{ 74 (8,52 97 | 11,2 119 13,7 141 16,2 163 18.8 . 1
7 - 0,806 29 |3,34f 52 {594 75 (8,63 98 | 11,3 120 i3,8 142 16,3 164 18,9
8 0,921 30 [3,45f 53 |[6,10 76 [8,75] 99 | 11,4 121 13,9 143 16,5 165 19,0
9 1,04 31 (3,57 54 |6,22| 77 |[8,87( 100 | 11,5 122 14,0 144 16,6 166 19,1
10 1,15 32 | 3,68) 55 (6,33 78 [8,98] 101 | 11,6] 123 14,2 145 16,7 167 19,2
11 1,27 33 | 3,80 5 |6,45f 79 |9,09( 102 | 11,7 124 14,3 146 16,8 168 19,3
12 1,38 34 (391 57 |6,56( 80 [9,21( 103 [ 11,9 125 14,4 147 16.9 169 19.5
13 1,50 3% (4,03 58 | 6,68 81 |9.32( 104 | 12,0 126 14,5 148 17,0 170 19,6
36 | 41,4 69 | 6,79 82 | 9,44

Key: ). dB. (2). Np.
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