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Page 1.

ELECTROMAGNETIC SHADOWING OVER A WIDE RANGE OF FREQUENCIES .

I. I. Gro dnev .

Page 2.

In t };~’ u i a n us c r i p t  is ~ru s c n t ed  t h€  theoi y of

el€c~ ro:i1~~ r~~tic shadowing over a wide r a n g e  of fLeguenc ie~

from z~’ro to S:~F band. Is .;iv~~n s ing le  procei .ure  ari d ti~~
- 

en~~ii~~~-:~1nq l :OL .uu l a s  of tä~ ca lc ula t i o n  of screens  bo th  t ot

.~1k c t  r i c~d in d f o r  m a g n e t ic l i cid s  i n  t h e  d i f f ~~r~~n t

f l O ( 1~~/ C .)Z~u i~~1OflS t .w u~~e (
~f ~ creezi s (stat ics,

e l t ct r o~1 yn d t n i c ~~, ti t c wav e  mou e/ co:~dit ion s )  . Are e x a c n i n € 1  t i e

sp~. ci r t i f~~a t ur e / p e cu l i a r i t ic s  o: the s h a d o w i n g  of r D a x i a l  ~~~~

sy;n~ ~t : ic~i 1 ~~~~~~ c i r c u i t s  t a ki i~j  i n t o acccunt  p : ot e c t i o n

f r o m  ~utial m l  outside interteteX~c~3. ALe inv~sti~~ t e l

f u n ( fi~~n~~d 1 la ~~ ar i d t h e  ch ar a c ter i s t  ics of t h e  n u L  t ila y er  I
co~;~’ i i~--u scr~~~ r~ and  a r e  recou r~~nd~:d tne cpti~~u~

cor ~:;tr uc t i~~ns OL screens. Ar~ giv .Tr t o  r ecomt~e i i da t i~~x.

r t~~;a n i in ~~ t~ n~ .~l~adov iny of c o n tir ~u cu s , t a p e/ s t r i p  m d

~r: i i~~i~~ ~c~~~.- r ;  in t h e  t t - C h n o l o j y  of  t h e  c o m m u n i c i  t i o n

Cd i)l f~i ~ f l G  r.idi)— tLejuency cabl~ s..

~~ ~. o) k  is in t e n d ed  for ~n y inc~~r i n g— t e c h n i ~~~J. w o r k ~’r~;,

~~~~ ar ~ OCG Uj ) .L- 3 Ly the nit st ions  o f  t h e  pr ot~~c - i o r .  of

c o n i n u n  i u~~t io~~ r om in t er t er  ‘— i c e s , and  also i t  ci~ t~e us~~d
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b y t h e  s tu d e n t ~; of the  old coursc s of i n s t i t u t e s  as

te X t b O O K .
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Page  L 4_

P B E F A C .

T L ?  c o n t e i i .p or a r y  de v e lopm en ~ of e l ec t r i ca l  c on ~~u n i c a t iJ n

a n d  r a d i o  ~- 1 ect r on ic s  is c~iar a c t e ri ze d  b y the  ex p an s i on of

t h e  r i n y e  of t h e  u t il i z ea  fr t - ’4u e n c i e s  and  by t h e

n a~~t . - ry / a J o pt i on  o f  dec i iuet e L , Cen t im e t eL  and n i lL i~n e t r i c

r an y cs .  T :~is c~i u s~~s t h e  i1ee~ for the protection of

e qu i p m e n t  a n d  c ir c u i t s  oi t h e  t r a n sm is s i o n  f r o m  t h e  e f fec t

Cf e l e c t r om a gn e t i c  i n t e r f e r en c e s  in  w i d e  fr e g u e n ~~y r a n g e .

Padical neans ~f defense are ~ h e  screens w i t h  th e  a id  of

w h i c h  is loca l iz ed e l e c t r o m agn e t i c  fi elu , crea ted  ~iy  t h e

source  o~ int ~-r f er e nc es .  The ni -~~~i od s  ot t h e  c a l c u li ti o n  of

scr ’-~~n~~, i l l um i n a t e d  in t h e  l i t e r a t u r e ,  a re  based on

l u d 5 j — ~~t~~tj o I ;a ry  m o d e/ c o n d it i o n s  and  t h e r e f o r e  are v~ l id  on l y

101 t h c  l:~nite .i freluency hand — to 108 Hz.  As ~ ru lc-~,

is ‘— xa~~ined t h - ~ ac t ion  of s c r t en  on l y  r e l a t i v e  to m a g n e t i c

wav e- , a~~.l s i ng le p r o c e d u r e  a n d  t h e  f o rmu l a s  of t h ?

ca LuuL a ion of s c r e e n s  a t e  a b sen t .

l1~1 t i i s  L o k  ar~ p r e s e n t ed  ~ he bases of th e -  t h e o r y  o~

- l € c t r o m i j n e t i c  s h a d o w i n g  over  ~i w i d e  r a n g e  of f r e ~~u en c i .—’~; —

f r o u -  z~~:o to SU I  band. Is g i v I -~n s i ng l e  p r o c e d u r e  and  ~~;e

~~~~~~~~~~~ 
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engi : ie~~r in~j  f o r m u l a s  of the  c a l c u l a t i o n  of s c reens  both L O t

e lec t r i ca l  •m n d t ot  m ag net i c  f ie l d s  in t h e  d i f f e r e n t

nodo/conditions or t h e  use of screen s ( s ta t ics,

electrodynamics , tne wave mod .~/con~Lrtions). Are invest igated

f u n d a i n ~~n t a l  l a ws  a n d  t h e  c har a c t e r ist i c s  of sin~~l e — 1a y e r  an d

m u l ~~i l m y ~-r sc:i~~n s  a nd  a re  r e c o mm e n d e d  t h e i r  o p t i m u m

cor~~t r u ct i o ns .  A c e  e xam i n e d  t h e  c o n t i n u o u s, t a p e/ s t r i p  and

b : a r u in j  s cr e en s , used in t i~c t e cn n o l o gy  Of t he

Coinn ~U n i C a t i o i i  cables  and  r a d i o — f r e q u e n c y  cables. ~~~

book is i~i t e nd ~~a b r  sp e c i al i s t3 , w h o  a re  occupied  by  t ne

qu e~~r j on s  of t h e  p ro t ec t ion  of c o m m u n icat ions a n d  r a d i o

w e ch a n i c :~ t r o~n i n ter fe r e n c e s , and , f u r t h e r m o r e ,  it :an be

u s e f u l  f o r  t h e  s t u d e n t s  of old courses  as t e x t b o o k . _

O r s ~-r v at i on s  a b o u t  t h e  n ook  r e gu e s t  tc g u i de  to :

M o s c o w — c en t e r , ~h i s t o p r u d n y y  i-ul ’ v ar , 2. P ub l i s h i ng  house

“ S v y a z  ‘“ .
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Chapter 1.

3A .’~I~2 p osir i o :-:s OF TdE T h E O i ~Y OF ELECIROMAGNETI C SllA DOW ~~NG.

1 1. 1- ° L u  u l a t  ion of the prcl :lem_

Coai;iunication cables anu rauio— frequency cables are

s h i e ld e l  f r o m  o u t s i d e  intetterences an d  t h e  e f f e c t  of t he

ele c t r i c  pO’~- JL Li ne , oV ~~th e ad  L l ec tr i c  t r a n s p o r t  p o w e r  l ines

of ~ l-~ct ric .~j , m an— m ad e int .~rt orences, radio stations and

so tort h with the aid of • lectrom aynetic screens. Especiall y

sh a r j ; l y  ca iu~ up t he  gu e s tio n  conc’~ r n i n g  i n t e r f e ren c e

e l b f l i n d t i O r ~ ir ~ c o n n e c t i o n  w i t h  t h ~ ex p a n s i c n  of t h e  b a n d  of

t h t ~ uti li~~~s L r e~~u en c ie s  a ne  t h e  w i l e  mas te r y/a~~op t i o n  of

t n -  :.~ n .~e OL l e c im et er  and n i c r o w a v e s . The  ex is t  i n g  m e t h o i s

of the calcu lation of scr ~~~ ns, w h i c h  a r e  based on

(
~u a s1— .~t 1 1 t b o r l a ry  m od e/ c o n d i tio n s  (without taking inti accou~i~-

cf ~~~~ cu LL~~I~t s )  a n t  t h e  u~-e of d t r a n s v e r s e

~ject rL :n~t- J ne1ic w a v e  TE~ ar ~ s u i t a t le  o n l y  t o t  t h • - ~ l i m i t e - 1
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fr e ’ 1u en c y  i i and  - ap p r o x iw a te l y  to 106 Hz .  At t h e  more h i g h

f r t ~~u er i c iu s  w h e ~ w a v e l e n g t h  less or is c o m m e n s u ra b l e  w i t h

th ~- d i u u et e i  of screen one should  use th~ complete

egu a t ie n s  of L i e c t r o l y n a m i c s , t~ik i n g  in to  account  in t h i s

cast  t i l~ ~ia~; c u r r en t s  a n d  h i y h e r — crder  wave  of t w o  t y p ~~s:

tr ansverss — uiagr1 etic 
~~~~~~~~~~ 

( w a v e  E , F i g .  1. l a )  • t h a t  ch a rac t e r i ze

the-  ~- ; h a u o w i r g  of m a gn e t i c  f i t — l u , and t r a nsv e rse  e l e c t r i c  TE

( w a v~ .i , Fi g. 1. in) , characterizing the shadowing of

e lec t r ic  ~~~~~~~~

The- eX 1~;t in ~ t h e o r y  ot sh adow ir .g is l i m i t e d  to t h e

ex a s i na t i or i  or t h e  a c t i o n  cn l y  or ~n a g ne  t ic  s c r e e n s, an d  t Lu-

in v~ st i y~~t ion .  a n d  t h e  m a t h e m a t i c a l  v e h i c l e, w h i c h  c o n c e rn  t hr

c a l ci l i t i o n s  of e lectr ical shie l th;, in i t  are  d L s ~~I t .  In

th ~ l i t.~r a~-u r e  a l s o  is riot g iv ~~n t~te  s i n g le  p r o c e lu r e  of

c ai cj l a t~~o r ~ of s c r een s , but  a r e  g i v e n o n l y  t o r m u l a s  f o r  t n ’~

li~~t er ~~i~~ ;nou e / c on d i t i on s  of th i -  u se  oz screens ( s t a t i c ,

el,~ct ro~ yndai ic , w ay e)

iio weV er , u n u  er t h e  act Ud 1 cond  itj on i s  ot sh a d 3w i  ng ,  it-

i�~ n ec +-ss~~r y  to cons ide r  t h e  e f fe c t  both  of m a~~n i t i c  and

ci.. ct n c  fieii~;. ~oreover uepenuiny on c o n d it  ions c an

j ; :e(~o m u l 1dt e  o ne  or  t h e  c t ho r  c o m p o n e n t  of f i e l d .

i
________  

_____________ -
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Fj~~. 1. 1. 2L - an ~~v e L 3 e  magne t ic TN (a) a n d  t r a n s ver s e

e l e e tr r c A 1  TE ( b )  w a v e s .

Pa~~. ~~.

U sua 11 ~ it  i i i st a n ce  f r o m  t h e  s o u r c e  of t he  o r l e  r of

u a v 4 • Ler. j t - h  X , t i e l d  nas  t h e  exp:esse d e lec t r i ca l  or m a g n e t i c

ch~~:~ ct~~r. For fre.juency 109 Hz , this distan ce is equa l to

3.3 m ( w a v e l e n j t n )  , w h i le  f o r  Lre~~uen cy  106 Hz ~~ 300 n

~:~~t~i r: c— , d p p r o x i n i a t l - l y  l a r j = r  (5—6 ) )~ f r o m  r a d  i a t io n  - 

-

sour c .— , f i e l d  i cce~~r s  f l a t/ p l a n . . -  l a y o u t  a n d  is p r o p a g a t e d  ii -

_ _ _ _ _ _ _  
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t he  fo r m oil t~.e p la n e wave Whose energy is d i v il e d  e~~u d l l y

L€tw een electrical and magnetic components. Powerful magnetic

f iel d s, as a r u l e , are created by circuits with low wave

im i a nc e , ~:i-.~ L~ c u r r e n t  ar I d a s.a~~ll  j u m p / d r o p  in  t h e

v o l t - ig~-s , n u t  i n ten s e  e lect r ic  t i e lds  — by circuits with

high Lt- sistor/r:-~sistance , hiyk: voltage and low current.

For a plane wave in flee space , wave impe dance is

€4 1Ua1 to Z~~ =Z0~ Jf~7€=376,7 ohm. For a f i e l d  with t h -~
p r e d o m i n a n t  e l e c t r i c a l  c o m p on e n t , wave  i m p e d a n c e  is

substantiall y m o r e  t h a n  (Z >Zol, while for a m agneti c field

is suIistai:~~iail~ low er (Z~ <Zo) value- of wave impedance for

p l a ne  Wave..

Th e ta r g e t /p u rp o s e o f t h i s  W o i k  a re  the s t u dy  of m e

çrocess~~e or t i L e  s h a d o w i n g  of e l e c t r o ma g n e t i c  f i e l d s  at

s uV r a i - j L t r o i u e n c i e s  a n d  t b -  r e con ’~r en d a t i o n  of th e  s i n q l-~ -;

~ t ar . . i e  i~1 i ze~i e L ,  ;i f l ee t i n g  c a l c u l a t i o n s  of screens  f o r

~l~~c~~r ic~ l and  m aj r e t i c  f i e l d s  in  t h e  d i f f e r en t

Lf l O ( ft / Cn I I i~~1OflS o t  U S e . All  c on c l u s i o n s  ar~ y ive r .  f o r

c y l in d r i c a l scL~~e n s  in  c o n n e c t i o n  w i t h  t h e  c o n s t r u c t i o n s  uf

L a’ iO— ~~t k-a J UeL c~ ca~’ies a n d  c o n ~n ’u r i c a tj o i~ cables a n d  are d~ s~ d

on t h , . ~ O l U t 1 o ’i to t u e  t u n u a a m ~~n t a l  e q u a t i o n s  of

c it  er r o u y n a i n i c s  - t h e  e q u at i o n s  or M a x w e l l .  For a wa ve

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~~~~~ ~~~~~~~~~~ 
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mod e/conditions these equations take the for m

( 1 ,  !J
rOt E~~

_ I .,I H 5

e iu at i on  (1 . 1) it is poss ib le  to  e x p r e s s  d i f t ~~r e n t i a ] l y

as ~ol low~~:

f o r a T~ wav e taking into account the action of

longitudinal electric field E,

(1.2)

f or  a Tb wave taking into account the action of

longi tuuinal tr agnetic field F i~.

L++ 
~~~~~~~~~~~~~~ =(i~~w—w’p)H~. (1.3)

I~ t h i n  cese , f i e l d  c hun g ~— s a l o n g  z ax i s  w e r e  n o t

COI : n i  ~ r-- ;L Tbe first membe r 
- 

( i ’ i ~o~~~~) r i g h t  ~i~ie is cau s .~~

hy c o n U u c t i o n  c u r r en t s  and  c h a r a c ter i z e s  processes in metal ,

cu t  t n ’- ~~~co n d  t e r m  ~~~~~~~~~~ is cau seu  by b ias  c ur r e n t s

a n n  charac -t~~ri~~. s processes in dielectric.

P a ’e  7

Fc: ne t e rnh i n n i l i J t he  screen  m y  e f fc ct  of c yl i n i r  ical 
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scr e . - n , let  us examine the flow of energy which is

pro~~~j at~— d in r a d i a l  d i r e c t i o n  f r o m  p e r t u r b a t i o n  s o ur c e  t )

~cr ~~~n a n t i  for screen. The e n t r J y  c u r r e n t  d e n s i t y  in t h i s

t i i L~~u~~r O I  i~; - x p r .~ssed a c c or u in y  i-o t h e  law of Poy n t i n g

th ~~o U y n  comn ~~onc ’ r i t s  e l ec t r i cal E and  m a g n e t i c  ii ot f i e l ds .

For  m~ e t f . m n sv e r s e  m a gn e t i c  w a v t  T M (iagnet ic sh ie ld in g )

F o y i t i r .-~ ’~; vec to r  t a k e s  t he  f o r m  7
~

Re +[RzH,J . ThO w l v ~

j n~ .eda nc~ , e x c - i t e u  to t h i s  t lo~ b y metallic or 3i~ le c tr i c

m e i iu mn , I s  •2 x jJL -e sse -d as t h e  c o m p o n en ts of t h e  e lec t r i c  11

an o  m a q n e t i c  f i e ld s :

z,=4_ . (1.4)

For  a t i  a ns ve r s e  e le ctrica l wave TE ( e lec tr i c  s c r ce n i n  g)

t h & .- v e ct o r  oil P o y n t i n y  an d  wave l wpe ua ace  w i l l  -
~

rec ~~- c t f V e i y

!11- Re+ (E,H,~
£ (1.5)

i ’ i e l d  con~~. n t r t  E. and H~ w .~ f i n u  hy  so l vi i . .; of t i e

diff ’~r..n~~it1 St C O f i 1  o rder e ’jua t io n s  J i V e l l  ~~b O V C. Co~~p o n e n t n ~~~

S
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and E,. f o r  a m e t a l  and a dielectric we find f r o m  th e

re la t  ionsh ip/r a t ios:

&c r r~e—& ”--- f

11, =—L~~L
- ; (1.6)

‘J r

f o r  t5e ii-~i -c tt  Ic

% JE,

.
‘. 

H, =-~~~~-~ - 
. (1.?)

- ,  ØH
-v 1.e~~~

I r ~ - j L d t i U I t  co nst an t  we f j i c  w i t h t h e  aid of t h e

e q u a l it y  4 - a n g e n t i a l  c om p o n e n t  ~ le ct r i ca l  an d  nn a ’~n e t ic  f i e ld s

( F i g  1 2)  or; i ,ou r . d a r i e r ;  d i e l e c t r i c  — scree n ( w i t h i n  s c ree n
r—r,)

— dielectric (outside screen

E~±E~u-EN ~ (1.8)

~~~~~~~~~~~~~~ E~:;
;: -TJT-~ ~~~~~~~~~~~~~~~~ - T~ T TT~ - l - : ~~~~: . 

_ _ _
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E~S E. 
~ w i t h  - (1.~HtS— Hj

wher e  ~~ ~~~~~~ . are  c omp o n e n t s  of t h e  i nc i d e n t  w a v e , an d  ~ O ,

f l O  ar e  eom ?on en ts of the w a v e  r e f l e c ted ;  S — s c ree n i n g

constant; r~ is a r a d i u s  of scr~~en ; t is thickness of

sc r e .- f l  The i n - i e x  of  “d ”  is r e l a te d  to d i e l ec t r i c, w h i l e

index ‘ :~~‘ — to metal.

- - - 
- . - ._ -~~._ - - - - - - ________ -. ____________________

A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fi g. 1.2. To t h e  d e t e rm i n a t i o n  of i n t e g r a t i o n  c o n s t a n t  fo r

t he  elect r i ch  ( a )  and  w a y n e t i c  (b )  f i elu S :  — t u e

m o m en t  f±c-l .i ; F 0 , 110 — the rid -i reflected; £‘~ N~ 
—

f i e l d  i;. i ; e t u l ;  £~~ 
H9 — a r i e ld  a f t e r  screen.

Page 3.

1.2.. Shadowing of magnet ic field.

~~ thin case it is to operate with the  t r a n s v e r s e

m a g n e t i c  w a v e  i’M. P e r t u r b a t i o n  source is a

l o nq i t !~o m n a 1 — o p e L - a t mn. J  elec t r ical  w a v e  E, which it  crea t es

t r a n n ’i - ’rsa m a g n e t  ic L i e l d  H, b e i ng  sub jec t  to s h a d o w i n g

( F i g .  1 . la ) .. F~ r t h e  d~ te r m in a t i o r n  of the  sh ie l d in g

S 
- — - --- — - - — --5- --——.- . .. . . _._- n_s_ _-.- - —a- —

-: 
~~~~~~~~~~~~~~~~~~~~~~~~~ -mi-- ,  - ~~~~~~~~~~~~~ 

- 
~~~~~~~~~~~~~~~~~ a~~

_. ;~~~~
_ . - , . , -~~~~ 

-
~~~~~~
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c h ar a c t e r is t ics f i r s t  of all , it  is necessary to ~ete r m i r i e

t h e  co . on- ~ nt~, t i n e  e lectr ical  E, and m a g n e t ic H, of  f i el d s .

Th e  v il ue of t h e  w a v e  im p e u a n c e , ex e r t e d  to  the  r a d i a l l y

di r e c t - n i  e n e r g y  f l o w , w i l l  se a e t er m i n e d  t h r o u g h  t h e se

co nn p on~~nts: 
Z,~ E,/fj,• The eq u a t i o n  of M a x w e l l  in c y l i n d r ical

coo r l i n a t e  sys r ~ m r e l a t i vely  B, fo r a me ta l  and  d i e lec t r i c

take - s t h e  fo r m  - — -
~~~

- -

~~~~~~~~~~~~ ~~E,—~~!~~~~~~~~i’/ - (IJ O)
b’ e b -s’ b’ 

_ _ _ _ _ _ _

• ( /)  fo r  a me tal, -

(~ ) tor t he  die l e c t r i c

w h e r ’~ ~~~~~~~ ~~~~~~ is a ~roj-iga tion ractor in metal ; ~~~

p r o p a g a t i o n  f ac to r  in d i e l ec t ri c .

The s o l u t i o n  to t h is  e q u a t i o n  f o r  a d i el e c t r i c  ta kes

the  f o rm

~~~~ (~j~ + 1,11, (~ r~ ~ sn,, (1 11)

where  J~ a n d  ar e cy l i n d r i ca l  tunc t ions  of the  f i r s t

(Bessel)  a n d  t h i r d  ( H a nk e l )  k ind ; A~ and B* are  i n t e g r a t i on

cor. ni - a n r ;  r ar ~1 ~ — r a d i a l  an d  t a n g e n ti a l  coordinates.

~~~~~~~~~~~~~~~~ .~~~~~~~~~~~~~~~~~~ . ~~~~~~ ~~~~~ ~~~~~~~~~~~~~~ .i~~ ~~~~~
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On t i iC  b a s i s  of eq u. (1 . b) , we d e t e r m i n e  t h e  second

compo n en t : - 
. 

- 
-

H, ~~~~~ ~~~~~~Ik~J~ ( ~~~~ (~~)1C01~~ . 
- 

(I. 1~

Ii. t h ~~se e xp r e s s ion s  t he  f i r s t  member s , who increa se w i t h

increase in r , cha rac t er ize  the  w ave s E and H~~ r e f le ct~~fI

a t n e  second m e m b e r s  d e c r e a s i n g  w i~~h increase in  r , t h e

in c i d e n t  waves  E a n d  Ii~:

- 

E = ~~~BJ 1,(,cj ) cosss~

r — ~~ A,
),, (ic1r) cam nç

w i t Xn r~~r,,, (1.13)

H,°1I. .fA- ~~ A,J~~j)oasn,

win~~r-~ 4 _ _  
~~ 

_
~ f-L..376.7oh~ is w a v e  d i e l e c t ri c  r e s i s t a n ce

~A i~~~y~~ V $

for a ~nl ane w a V e .

Page ~.

I 
__  _  

-

-~~~~--.~,_ - — — - — -— - ---— -- 5-—--- — —----.~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~ - -- - — - —

~~~~~~~~~~~ 
-=e~i ~~~~~~

- 
~~~~~~~~~~~~~~
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W a v e  djele ntrjc resjstanc - for t u e  i n c i d e n t  a n J

refl ected waves of an y  coun~ on e n t :

(1.14)

• (1.15)

W i t h l a rge  a r g u m e n t s  
~~~~ 

W a V e  dielec tric resistince tape

the t c - L m :  2 D i f f e r e n t  s i g n s  of ~~

and Z~ attest to t h e  fac t  t h a t  f a ll i n g  and r e f l e c t e d  the

wa ves a r e  d i r e - et e l  t o  d i r f e r e nt  sides.

L~-t us t h - t e r i I m n e  now c o m p o n e n t  E1 and H, and

resj~ -c~~ive1y wave im~ edance ZN f or  a cetal .  Th e  so l u t i on  to

t h e  -~‘~~u at i on s  of M a x w e l l  f o r  condu c t i n g  m e d i u m  (1.10) w ith

coefficient ~~ t a k e s the  f o r m

~~ ICJ . +DJ (.( ~c,1r)1 cosn,
-‘ • , (1.16)

H

wh ere I~ and  L~- a r e  the  m o d e : n i z e c i  cy l i n d r i c a l  f u n c ti o n s  of

th e first (L~e~ sel) and secon-1 (Neumann) kind of composite

a r ; u m e n t ;  ~~ an d are in t e g r a t i o n  cons tant .

— - — - -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -,~~~ _sI____-•--5-~~~~

_—--J---_ --
.

-_ _
~~ ~~j~— -

- 

-

- 
~~~~~~~~~ ~~ 

-_.L~~ n~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ -~~~~~~~~~ - -- - 
—- --- --

~~~ 
- 

~~~~~~-
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R , - s 1e c t i v e l~ ~-lec t r i ca l  and  m a g n e t i c  f i e l d s  f o r  the

inci dent au —i reflected wave s ~ill  be

E~~~~~~ D~K~Qc 1r) ccsn,

H: =~~ j ~!-~~~D,Ic (,c~j r)c am n c

~~~~~~~~~~~~~~~~ 
-

w i t h .  r,~~r~~r,+( (1 .17)
H; = 

~~~ 
C,J ~ (~c,r) cci n ç

Pa g - ’ 10.

I~~& l~~& ff~~H ere ~~~~ ~~ 
— is w ev c  i m pe d a n c e  of m e t a l .

K~ 1 I~~~O V a

V a lu e s o: t h e  w a v e  i m p e d a n c e  of t h e  c o n d u c t i n g  m e d i u m

f o r  a nj  ii of f i e l d  c o m p o n e n t :

z:= - =— z N
Ka (~c’f) (1. 18)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.T1 ~~~~~~~~~~~~ 1-~~~~~~~~~~~~ -~~~ - -
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‘a ~~~ -

I n t h e  r a n - n -i of h i g h  r r e q u ~~nc ie~ w h e n  c~r~~ 5, - I and
a

-+1 we v i i i  o b t a i n
K, (it~,~

- 
• (1.19)

fe n :  ~} n wa v e j niaedance or th~ inci dent anci reflec ted wav-~-;

also h i~~ - 1 i L L ~ -L - e n t  s igns ,  ~h i ch  i n d i c a t e s  r e v e r s a l  of

d i L H c t ~~On O~ tin e m o t i o n  or t h -~se waves .

L - t  us ~ x~~~if le  e l e c t r on n a jn e t i c  f i e l d s, w h i c h  o p er a t e

in s id e  -~n 1 outsis~ scr een , and  a lso  in it is t h ic  k er  t i . an

th e-  s c reen  ( F ij . ~ 1. 2b) . In r e g io n  I w i t h i n  screen, o per d t ~

t h e  i n ci l  ea t  dn d  r e f l e c t e d  r icids .  F o r  each n — c o m p o n e n t  ef

f i e l d , it is p o s si b le  to  w r i t e :  for an e lec t r ic  f i e l d  —

/1~ f o r a i’a~~x:~~t ic  f i e ld  —

~ I t 
________________- - - —— — — — -— — — —- 5- - — — *5-- ---—--—-———--—. - 

—~~~~

5 - -  -~~--- —--- - — 
-

— A 
• -

~ 
— 

~ ‘— —a —f- ~ - —~~~~ - - - — —  ~~~~~
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T h e  f i e l d  r e tl ec t e d  we ex p r e s s  as the  c o e f f i ci e n t of

reaction P
~ E~—.E~P,=E~( 1—P ,)= E,( 1—P ,) 

, (1.20)
H

~
+ H P,=H ( l+P ,J= H, (l+P,)

wheic E2 aad  H, — t he cour~ onci ; ts of t h e  elect r i c a l  a n d

n~ay n et i c  f i e l d s  of p e r t u r b at i o n  source .

Pa~~e ~1.

In r - :- J ioI . I i i , o u ts id e  e cr e - e n  e le c t r om a gn et i c  f i e l d  is

a~ t h e  scr een ing  c o n s t a n t  S,~, c h a r a c t e r i z i n g  t h e

r a t i o  of f i e l d  in  an y  po in t  ei space in t h e  presence  of

sc r ’-en (E ’ sne / / )  , to th i s  same poin t w i t h o u t  scr~~~n (E2 and  H,) :

E — E ,S (1.21)
H = H ,S

L- L Jion I I in th ~cKet t h a n  t h e  screen w i l l  o p e r a t e

the f ~ v - 1 (1S 
-

E=E7 (1.22)
,

For t i n e  :~ol ution to St ~~t eu  p r o b l em  and , in t~n e  f i rL t

p 1 - c - : , he i .~t - - r u i i f l a t i O f l S  01 t r~ i n t egr a t i c n  c o n s tan t s  an d

scre~ - n i n - -1 c o i n - ; t u n t s  S~ and of t h e  r e a c t i o n  of screen P,~ we 

- —~~~~—~~~~~~~~~~~~ - ~~~~-- - - - --5- - — - — -  - ~~~~--—- -~~ 
-

-~~~~~~~~~~ - - -~~~~~~~ -5- 
- 

-
- 

_ _
~~~~~~~~~~~~~~~~~~~ : 

—
~~~~~~~~~~
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w i l l  use t h e  c o n t i n u i ty  c o n d i t i o n  of t angent ial  co~~p on e n ts  E~
and H, f ie l d s  on t h e  i nt c - rz a c e  or m e d i um s  d i e l e c t r i c  —

screen ( r r .) a n d  sc reen  — diel e c t r i c  (r=r;÷g) 
-

For any i—co m ponent or f ie l d , w e  h a v e  f o l l ow i r .g s y s t e m

O t  ~:-u ud~~ions :  -

E,— E ~=E7 
~~~~~~~~~ i -w i t h .r =r ,, ~~~~~~~~~~~~~~~~~~

la~~in g  i n t o  a c c o u n t  t h e  v a l u e s  f o r  the  e l ec tr i ca l  a n d

iFa ;r- -tic fields given above it is possib le  to r eco rd :

-
-

r —4,H, (1 + P,~ = ~~~~~~
- IC,,J , (.c 1 r,~ D,,K~ (K,r3~)

E,S,, = C,,), Lx,, (r, ±t)J +D 1K,, f x,• (r, + t)J
npm r = r,+t.

H, S = ~~ (C I,J , (ic,, (r, + t)j —D,K, L,c (r,+ t)J }

~~~~~~ ~‘i) with.

U t i l i z i ng  a r ’- ’l a t i onsh ip/r at i o  b e t w e e n  e l e c t r i ca l  ~n d

ma g ne t i c  f i e l d s , de r i v e d  t h r o u g h wave impedance  f o r  a

d ie lec t ric ~‘Z,) a m a  a metal  f’~,,), we wi l l  o lt a in :

~~~~~~

-

_ :~~~~~~~~
_ _ - - _

~~~~
_ -.. 

-

-~~~~~~~~
-
~~~~~ ~~~~~~~~~~~~~~~~~~~~~
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(I)
-a-- ~~~~~~~~ =L tC,,J n (K .~..)~~D,,K~(,c,àJ ~~ r=r~,

— C,,), (ìç, (r,-f..t)J +Dj(~jx,,(r,+t)j ~ i )
—f-- (C,J ~k,,(r , + t) I—Dj (,,t pc,,~,, +g)~ } ~~~ r = 4+1.

Pa nt ~~~.

l e e  ~ho values or wave uiel€ctrjc resistanc-

f o r  t H 1nc ~i u e n t  d n d  r e f l e c te d  wa ves , we wi l l  on t a  i n :

1.
2 E,P,, ( I)

_ _ _
T

~~~~~

— y ~~~~(CAI ( ç ) _ D,J ç ( ~~~J ~~H,, (iç~r,) j~ (~~)
3. E,S,, ~~~~~ lx,, fr. + 01 + D,,K,, Lx,, (~ .f- t)j (/)4. y~~~~~(CaI;(;(r.+t) 1_DJçf~ç(p,÷ g) 

~~ 
“PU

r — r, + t.

C,) ~~~~~

P - 
‘

5- - 

.: :
T_

~~~~~~~~
-
~~~~~~~~

_ 

~~~~~~~~~~~~~~~~ — 5- — --
~~~~ 
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Ti u . ,  n -c  r-~ o u r  t:~~U d ’ i o : s w i t h  f o u r  UflKnO W flS ~~~~~~ ~~ P,~.

stor /nh ’i n nj rn pairs ex~ ressions ( 1)  , (2)  a n d  (3) , (
~ )

dn u  utijizi n~ r~~Curr ei1ce tO InU i ae of t he  cy l i ndr i c al

fu n c t i o n s  or  t h e  f i r s t  a n d  second k i n d  of c o m p o s i t e

ar e u men t X1 fr ~ —xJ~_ 1 (x)—n I~(x) and  XK~~X~~~~_XKfl_I (X)—flKn X),- we

u 9~~t L ~ fl~~u:~~- t h e  v a l u e  of int ~~— ; r a t i o n  c o n s t a n t s  C,~ ~n d  ~~~~~~.

~t~~- :z  s i u s t i t u t i n g  val ues C~ a n d  D~ into  equ.  (3) , we

c b t a i n  t h e  va lue  of s c reen ing  c o n s t a n t  fo r  the  t r an s v e : u .

nc r i e l u :

S, = 
IC,. (r, + F) (I,,...~ (K,.r,) I (,,f, c,,(r, ± 1)1 + K, (ic,.r,) I4,~ I,ci.(r, + 1)1)

H,, (iç,r,) Jn (lCj ,)

H,, (ic,,,) I, (ic,i,)I + H ,, (ic~r,) J,, (~
.,) X~~

- 
Z~ j — . Z.,,~-j -—--

,)- +Z . I ’ (ic,r,)

.(1.23)
I,,.., fr~ 

(r. + 01 ~~~ (x,,~,) — 1,_i (x,,r,) iç_, [ic,, 
~,+ 01 -

I,~~ ~~~~~~~~ tx~~r,+ 01 + ~~~~~~~~~~ [~~ r.+ 0)

]
~~r1 iz ing an expansion or cylindrical functions of the

ty p e  I,. ~~~~~~ ~or ~ m e t a l  w i t h  l a r ~~e ar- -g u n n e n t  ~~~~~~ a r-el

ann a~~piy i n y  h yperuoli c runction s , we o b ta i n

cx r~ sin e r or ~c roen~ nq c or s t  a r t

i4$p*~- -
~~~~ 

- -  - -
~~~ 

____ - --
- --— - . 

~~~—

L~~~~It .1* .5-— ~
— - —~~~
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• 1 1
di ic,,t 

~
2 + ~~2 (ic~r,) H,, (ic,,,)
~ 
‘ 

J,~~~r,) H~,(ac,iiu,) -
+ 

~,.z 1 J n (IC*ra) I
~~

(x Ar.) 1 
thx,,t

j I, (,c~r,) H,, (ic~r,) J

Pag ~ - ~J.

A t t  r c~u d  U c t .i c,e ap p r o p r i a t e  t r a n s f o rm a t i on s , we ou t  a m A

- .s.= ._~~~~ I —
di; .’ + fE°~. 

I,, (iç~r,) H,, (x1r,)

L2,. In (‘c,s,)H~ (I C,~r,) — ‘:, (ic r,) H,, (sc,r,)
1,, (“ji’,) H, (ic,r,) 1-p + ~ 

— I th ic
~

s I,,(,c~r,) H, ~ic~r,) —4 ~ic,p,j  H,fr, r,) j

w h c r e  x,,=3/ iw~w is a ~ L3~~~g a t n o n  f a c t o r  in r e t a l ; x~=

—~ i/~~— ~~~ ;- n ii e, in d i e le c tr i c ;  4~~ 
j~~ /g — w a v e

i mP e ~n a n c - o~ ~r - ~- t a l ;  z0 j
i~~~~~ ’ — t h e  same , aie le c t r  ic ~o

f l ~~r. - w~~ve ;  t h i c k n e s s  of sc r e e n ;  is a r a d i u s  -~~~~

s c Ie A - f l _

u . n  i n  r ~ ‘ i n — I  t h a t  w a v e -  n i~ l e c t r i c  r e i~~st a n r e  Z 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
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su b st a n t i al l y  m o r e  the wave inpedance or metal Z,,, i.e..

Z0JZ,,>Z,,J4, t h e  second ter m of the- a u w  oi brac Kets can be

d i s rc j a r d e d . .  P h y s i c a l l y  t h i s  is na~~cd as fo l l ow s :  t h e  first

tee r or th-~- sun of the irac cc ’-s corresponds to th~

r eil— ~Ctiufl o: e n e r g y  On n o u r - i d l y i ie lect r ic  — s c r~~cI: (i~~~f~~~e).

he second — to r e f l e c t  j o i n  at a n o u n d a r y  s c reen  —

j ie l e ct e i c  (~~h € - a r~~4+ t). W i t h  ~ iect r i c al l y  t h i c k  s c r een

( a t t e n u a t i o n  ,ct > 1~~5 Np),

which p rac t i ca l ly  always ta~kes pl ace , the role of the second
boundary can not be considered . Then the formula of the calculation
of the coe1

f~fic i ent  of screen~~rig takes the form
S4• = di ,~~~~

• 
Z, I,, (ic~r,) H,, (ic,,,)

~ + I,,fr, r,) H 
~~~~ —4 (nc,r,) H,Jç~i,~

Using the recurrent relations of cylindricnl runctions of the
f i r s t  and third kind :I ~(x)H ~(x)—I, (x)f f ~(x) —2f inx ,~~ btain the expression
for calculation of the coefficient of screening of the magnetic
field in the following form :

S=_ .— . z. — . (1.24)

In the technology of communication and electr onics , it is
accepted to evaluate the screens not in terms of the coefficien t
of screening S, but in terms of the attenuation of sereening ,~~,which characterizes the magnitude of attenuation (in decibels or
nepers) introduced by the screen ( 1 dB~ 0 . l l5  Np;

5- -

- ‘ - -  - .
-~~~~~ ~~~~~~ ~~~~~~

_ _
~
_ 
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1 Np = 8..686 db, see a p p e n d i x

1) : A,—QOIg~--~-~, i8 , or ~~~~~~~~~ tip .. t h e n  for  f u n l a m e n t a l

cOmpO fl~~~t ~~u 3ne tic t i~~ld (n = 1) t he  a t ten u at i o n  of

s h a d o w i n g is d e t e rm in e d  by the r o r w u l a

A. I nj f= 1~~th~tJ( 1ii
1~~~ 

~~~~~~~~~~~~~~~~~~~~~
Page 1~4 . (I .e

L. 3.. ~~i . tdo W m n J  of ciectric tic-ld..

I n  t h i s  c i s c  it is t o  o p er a t e  wit h t r a n s v e rs e

elect ric il wave TF. p e r t u r b a t io n  source is the ion; i tud ina] .

o p e r a t i ng  m a~~n e - t i c  w a v e  H~. which it creates cross field E,,

bei n —J sub j - ~ct to  sh a d o w i ng  (Fig.. 1. lb )  . Let us exa mine

dC t i O f l  - 31  S C t C Cf l  relative to this f i e ld .
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For the s o l u t i on  to s t a t e d  p r cb l em  f i r s t  of a l l , let

us - let -~rm ine th~ value oi comp oneut magnetic H~ a n d

c l ’ct rr c al  E, t i e l- i s.  Th e  v a l u e  or  t n e  w a v e  i m p e da  nec ,

e xer t e d  t o  th~ r a ~~i al ly  di rectc ’ u ene r gy f l o w , w i l l  be

d o t e  r n ~~n -e l  t i L - O U g  ii t aese c om p o n en t s :  Z~=;J ~~

The e-1 uation of M a x w e l l  in  cy l i ndr i c a l  Coor~~m n a t e  sy s r e m

relati v.- ly tI~ ( w i  t t i ou t  takin-j ~ ;nt o  acccun t of change a lon~

sCr ~’ -~ n )  t a ke s  t~~e f o r m

~~~~~~ 
~~~~~~

th i ’ 8~~ 
— 

~~~~~~~ f or a d ie lec t r ic,

wher e 
~~~~~~~~ 

is a propagation ractor in m e t a l ;  ~~~
— p r o p a g at i o n  r ac to r  in  d i e l e c t r i c .

Tht  so lu t  i on  to t n i s  egu a t ion f o r  a di e l ec t r i c  t ak e s  th e

f o r m

H 1 — V tA J j ( i cj ~ +- B,,H, (~~r)J n~ , (1.26) 
—

where  I,, a n d  a r e  cy l i n d r i ca l  f u n c t i on s  of the  f i r s t

(BQss’~l) a n d  t h i r d  ( i l a n k e l )  k i n d ; ~4, and B0 are i n te g r a t i o n  

~~~ ~~~~~~~ .:- ~~~~ ~~~~~~~~
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co rist - i r ;  r a nd  ‘~ 
— r a d i a l  and  t a n g e n t i a l  c o o rd i nat e s .

\cco r 1m g t o  oqu . .  (1 .7 )  ~e d e t e r m i n e  t h e  s e c on d  E,: 
- 

-

c om p o n e n t

= -_1L~ ~~& — — 

~~ ~~~~ (~ r)~~BJf~ (xj~J ~ s n~ . (1.27)

I x~~:ess ia i1 s (1. 26)  anSi  ( 1 . 2 7 )  t h e  f i r s t  m emb e r s , w h o

in c r e a . ;- - w ± di in cr e a se  in r , c h a r a c t e riz e t h e  waves  -(!1 a n d  E ;),

re lect d a t i e  second members , w h o  d ecr ease w i t h  i n cr e a s e

t n - .~ inci~i —oi r waves (H~ a n d  E ) a kn e n  t~~~t~

H :_E BaH.I ~~ SFI,

~~~ B,,H~(K~r)c*$fl,,

H: — ~~ ~,,i,, ~~~~ cn~ nq,
~~~n-o

4

vh er .-~ Z.~~ -~-~~= ~~~~~ =~~~~~
_ _..3i6,i

’
~~~is the  w a v e  d ie l e c t r i c

r esi s t a nce , ex E r t e d  to p lane  wave .

P a g e  15.
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W i t i .  res~~~ct is d e t e r m i n e d  w a v e  d i e l ec t r i c  r e- ;i st anc -

f or  th e  in c i d e n t  a n d  r e f l e c te d  w a v e s  of any  n — c o m p o n e n t :

--

~ H H,, (c ~r)
(1.28)

JI(K
*
r

~

Coa .~r i i g t I .e o b t a i n e d  v a l u e s  —~~n and wi th a n a l o g o u s

values ~or th~ - ci~;e of the t r ansve r se  magnet ic  fiel d , we

see tId 5- t~~~C :u n c t io n s  J~ and  H,~ a nd t h e i r  d e r i v at i v e s I~

and  H~ were ch a nged by places in  
‘n u m e r a t o r  a n d

.ier ~o m i r~aror .

~~~~~~~ us ~i~~ter~aine now va lue H,. E, and r espect ive l y w a v e

impe dance ~or a dietal Z~. The so lu t ion  to the equation of

faX w ~~l1 hot ~~ c o n d u c t i n g  m e d i u m  w i t h  c o e f f i c ie n t  ~~~ takes

t h e  t - j r i - :



- -
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= 
~~~ [CJ (Ks) +DI(. (~i)i ~~ (1 .29k

= — -  
~~~~~

wher e J~ and  K~ — the m od ifi -d cylinurical functions of

t h e  f i rs t  (B es sel )  and  secot i ( N e u m a n n) k i n d  of c o mp o s it n --

areument ; ~~ and D~ 
— i n t e g r a t i o n  c o n s t a n t ;  r a n d  ~ —

m o v i n g  c o or d in a t e s .

~ c s p e c t iv e 1 y e lec t r i c a l  and  m a g n e t i c  f i e l d s  f o r  the

if lc i ier . t d f l d  r e f lt - c t ed w a v e s  w i l l  be:

- H~~~~~~DJ (a (KJ) CO5 f l,,

H: _~~~C,4(ac1,)cosii,

• — 5- — — — — —5-- — — 
~*I_LA.- , -

~~~~~. ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
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Page 16.

Here ZK —lcVJ o= i’ ku4w/ a~~ ~ is wa ve i m p e d a n c e  of ~t . - ’a l

to i-- l an e  w dve .

As  a resul t we will oL t a i n  the values of the wa ve

inj edanco of the conducting meaiuui for any n—comp onent t he

incident -and r~ t l ec t~~d wav es:

N

• . (1.31)
= -c’- — —z 1n (Ku~) -

N !nf r .~r~

In the rang e ot high ire iuerAcies with the value of

ir yum ent 
~~~~~ and the r~~lationshiç/ratio ot t h e  c y l i nd r i ca l

f un c t i o n s

-+1 ~
Ifs (ir,,r) 

~ 
(,r,,,)

we w i l l  obtain for the conducting medium:

- 

(1.3~~

— - ___ 5- 5- — - .  _______ - ~~~~~~~~~~~
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~ av ~ l i n p eu an  c~ rot  the  i n c i den t  and r ef l e c t ed  w a v e s  is

c h ar a c te r  ize-i  ~-y o n l y  si gns , w n i c h  i n d i c a t e s  t h e  c o n t r a st of

t h t -  djLk - Ctjofl of the motion o~ t hese  wa V es . .

L~ -t ~ e x a m i n e  t~1 e c t r om a gn et i c  f i e l ds , w h i c h  o p er a t e

in~~i i ~ en d  o ut s i d e  t a p/ c r a n e, ~n d  also in it is t h i c k € r

than t h .  screen (ri g. 1.2 a)

Ii. r r -~~ion 1 within screen, operate the incident and

ref1~ cie~i f ield~.: electrical a, ÷4 magnet ic  !1 H .

Th e  f i n : l i  :~~fl~~ct ed  we ex I’ r ~~ss as the coefficient of the

reac t ion of sc reen  ?~:

E + E Pa _E (1 +p.~.,j ,( I÷p à  J 
(1.33~

‘~h . r ~ Hi a nd — t h e  com~.o n e n t s  of th e  e l ec t r i cal  a rc i

m a - J n -  tic fields of p e r t u L b a t i o n  source.

_ _  
_ _  - 
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va~ e 17.

In region 11.1, outside Screen electromagnetic field is

e X t  ressee as t n e  s c r een ing  c o n st a n t  CS,, ch ar a c t -~r i z i n  -; t he

ratio or field in any ~cint of space in the presence t

scr~ .-n (H~ a n d  E~ ) to field in this same point wit hout

screen (H, aria E1) :

JJ ; .=H,S,, 1 -

E = E,S~~J~ 
(1 .34)

In re-~ion 11 in thicker t n a n  t l t t ~ s c r e e n  w i l l  o~ —at a~ e t r,~~

H _ HN 1
(1.35)

E,=E J

~-‘or th- -~ solutio n to S t C i t C -~ pr ob lem a n d , in th e  t i r ot

~lac~’ , t h e  d et er  n in a t i o ns  or  i nt e g r a ti o n  constant.-~ ~ n- I

i nt e r o . 3 t i ng  us t h e  s c r e en i n g  c o nst a n t  S,~ ama of th e

coefLicj~ at or t h e  r eac t ion  ef screen p,~ we will use the

c o n t i n u i t y  condition of tangentia ]. compone n ts H an~ E~
f j ’ j - i ~ on ti interface of m e d i u m s  d i e l ec t r i c  — screen (rr ,)

~n~i screen — 
~i~--1ectr ic fr—r~+f). Then we ottain follow ini

[U 01 j u a t i o n s :

______ ____ _____________________5- - - - 5- - -

~~ 
— - .-.—— -5-——-—-

~~~~~~
—..—-,---- 

~~~~~~~~~~tlL .L 
5-
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~~~~ ~~~~~~~~~~~~~~~
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I -

E,+E =E j

Jfi

~~~~~~~~~~~~~

‘ 

J 
with. r = r ,+ t.

Taking into account the axove—obtained values tot the

‘~~].f ct ricel and ~1at j I1et ic  fields of equation for any -

n — c n t p o n - ~- n t , t h e y  take the  tor~r-:

a.

~~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— C,!, I~ (r ~ + 1)1 + Dj (  (K,, (,, + t)j
E,S , =- -

~~~~~~ ~Cj ,, Llc.j~r,+OJ_DjI (;~r,+t)j J with. r=r,+t .

Utili zing xo r-mu las of wave im j5-edance Z~ and Zfs, we w i l l

cb .iin:

____  -‘ _ _ _ 5-
- 5-5-__ T~~ 

- —  -

~~ 

____
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~~~~~~1

fI,(1 —P.) = C,, I, (icj,) 1-DJ(,, (~ r,) - (/) 
—

H~~ + H,Z P ,, —Z,, [C,, I (iç,r,) + DJ ( , (‘ci,)I j 
~~~ —

H,S,, = C,, I, [x,, (r, + t)J ÷ DISK,, (sc.4 (1, ± f)] - ) 
—

H ,Z~S ,= -_4 1C~,J ,,[,c ,(r ,-~
_ t))_ D,,K ,[ic ,,4r ,+t) 1} 

~ 
TIPK r — r , f -

Key: (1) with.

Subst i tut ing here the values of wave dielectric

resistance for the incident and re f lec ted  wave , we will

obtain :

I.  H ,(1 —P,,) C,,! ,, (sc,~,) + DJ (~ (sc,,r,) -

~ H ,Z, 
~~~~~ 

—H, Z,, ff~’~ P,, —Z,, [C,, I~ (~,,r~) —D,,X~(ic,,r,)J }
- (7)rTpH r =r ,

3. H,S,,— CJ ,,[sc~,(r , +f ) J + D,,K,,I ,c.4(r , + t)J (/)
4. H,Z0 S,, =—(C,,!~ (sc.4 (r ,+t) J—D ,K~ [K .4 (r, + t)J }nPw r =r ,-i- 1.

Key: (1) with.

Page 18.

Thus , we have four equations with four unknowns : ~~~ ~n’

5n’ ~n 
Store up in pairs expressions (1), (2) and
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( 3 ) ,  (L I )  a L d  Ut i l i z i ny  r e c u r ren c e  r o r w u l a c  of t j -~~

c y l i n d r i c al functions of the first and second kind of

couipos i t  ~~
- ~ry  umen t ~~~~~~~~~~~~~~~~~~~ and  XK~(X) _XKn_i(X) flKn(X).

le t  ‘i t; d e t e r m i n e  the v a l u e s  of i n t eg r a t i o n  cons t an ts  C,~

- m d  D~. A fte r s U n 3 tj t U t i 5~J values Cn and D~ i n t o  equ . ( 3 ) ,

We ~ il1 O nt a : n  s c r e e n i ng  c on st an t  tor t h e  t r a n s v e r s e

elect n c - il r

- 

S,, = 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Sx

~ + ~ , 
ii,, (,c~r,) 

~~,i — Fin (icAr,) - 4 (iç~r,)
I u~~i

~ ~~~~~~~~ .1~ (ic~,r,)— ______

L H~ (ic~,r,)

-. ~ 
~~~~~~ (‘c1. (r, + t)J ic,,_1 (ic,,r,) 1~_~ (lC.)~~~~ I(,,~~ tic11 (r, + t)~

~~~ 
(sc,,r~) K,, t~11 (r, + t)J ÷ I(,,_~ (ic.4i,) I,~ ~,c,, (, , + t)J 0. 36)

~~ i ij z i n J  - n  ‘-~x p a n s i c i li of cy l i n d r i c al , f u n c t i o n s  J,, atci

for .1 ~~ t a i  with large argum ent 11r,~~5 and ~~(r.+t ~~~5

d p i - i  y i n - j  t i y ~e:-L sal ic t u n c t i on s , we wil l obtai n express ion  to t

a ~cr~ t i . I  r.j C C dS t . i J i t

I.
- — 5-  --  - -- 

~~~~ - 
- ~~~~~~~~ - • -~~~~~~~~~~~~ 
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S,, .r —_L 5-~ 
-

- 
di 

~~~~~ 
~~~ 

- H,, (ac,,,,) I~ (içif~) -

1+ I1,,(ic~r,) “5~’~ t~z ,c111I ~~~ (zc,,r,) H,, (ic~r,)Z11Z1 L ~~~~~j -

A f t - -r c o n d u c t i n g  t h e  a j) [ ro~ ; L i a t e  t L an s f or m at i o i -ts , w e  .ill
ob t a  in

di x,’~ + 
J
~ 

(,c ,,r,) ii1; (ic*~,)

- I Z,, ~ ,, (iç,,r,)H ,, (ic~r,) — J ,, (icj 1r,)JI ,,(,~ y,)

Z11 I,, (iç,r,) If,, (,cAa-,) —
__ + I K~~?4) ff1; (it~t,) — i1; (X~r,) II,,(K r,) J 

thic11 I

whe re K 11=~~
’ i(o~ L a -  is a p ropagat ion factor in m e t a l ;  

~~~ ~~~
— the s am e , in dielectric; ZM =~’i~~ 7~i — - wav e impedance of

r reta l ;  Z0=~~’~ — the saui € , d ie lect r ic  to plane wave ; t

is ~hjck r~~ss of scr een;  r , is a r a d i u s  of screen.

Pdyo 19.

S~~~s —~ ~ct v e  j i e l ect r ic rp sl r a z i c e  Z 0 subs t an t i a 1 . 1.y mo r E ’

4
-- - -- — — - .. -

-‘ - 
- _~~~iL_._.. ~~~~~~~~~

-
~~~~~~~~

--- --
~~~~~~~~ 

- -
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t h e  w a v e  i [p e d a n c e  of m e t a l  ZM (e spec ia l ly  for  tha
z. z,,

n o n s a j x . e~~ic m u t u r i a l s )  , i e., it is possible to

dist~- j ~~Ln the ~<1COnU term of the sum of brackets.

Phys ically this nouns t h a t  w it h e l e c t r i c a l l y  t h i c k  screen ~~

>1,5 Np) t h e  ro ic  of the se-cone  bounda ry can be not

CO f l Sj d C t e i .  Tn~- n toe  tot mula of tL~-’ calcula tion of scr oen i ie i

constant will ta ke t h e  form

1 1s4 =— .
th 

+ .
~~~ .. J,, (ac~r,) H,,Qc4r,) 

th ic,,t 
-

Z,, JnQc,,r,)H,, (K ~r,) — I,~ (K,,r,) H,, (!Cji’~,)

L t i l i z i n - J  ra cu~-r ence tormulae of the cylindrical

I u f l c t  j~~~5 n :  t h e  first and third kind

we w i l l  osta~~t e xp r e ss i o n  fo r  t h e  calcu la ti on of t h e

screenin g constant of the electric field :

s,, ..L.. 
. . ~~

. (1 .37) -

I + -j— ;— in ac,,r,J ,, (ic~r,) H,, (m ’C*r,) th K111
.4

F x p r e ~~s in q t h e  s h i e l d i ng  p r o p e r t i e s  t h r o u g h  the  ~a t a m e t e L

of tb . a t t k - n u a t  1 Ori a f s h a d ow  ing  A, (in nepers) , w~ w i l l

ch~ - m in 01 f ;1n -L ul~er~t al c om p o n e n t  electric field (n 1)

A!~~In I*I=mf I dhlKJ l +Inh1++~~~iAsc ,p11;(K,.)H1;(K1.)th KJI.
- 

(1.38)

‘a 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- -- — — — —-  .-‘-- - - - .t .J-:a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ j  -- -
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1. 4.. S i n j  le tImIt h o - 1 of t h e  ca l c u l a t i o n  of screens o ver  a

w i t h  r a r 5 --~~ oi i n e ju e n c i e s .

A n ~~ly z i i i g  t h e  o b t a i n e d  r es u l t s , it is possible  to  flOt~

t h a t  - h e  f o r m u l a s  f o r  the  ca lcu la t ion of screens of  t h e

relativ ely ~ayn-~t i c  f i e ld , c a u s e d  by t h e  t r a n s v e r s e  m a g n e t i c

W a v e  T ;— , un ci t h e  e l ec t r i c  f i e l d , caused by t r a n s v e r se

e lec t r i cal  wav e - i.~, h a v e  in  p r in c i ple i d e n t i c a l  st r u c t u r e

[see eXp ress ions  ( 1 . 2 5 )  and (1 .38) ]

Th is ni k~~ - it possible to accept the single formula of

t he  c a l c u lat i o n  of t h e  a t t en u a t i o n  of  t h e  sh a d o w i n g  of

n a y r e t i c  an d  el e c t r i c  f i e l d s  in t h e  t o l l ow i n g  f o rm :

A,=1n I ch scJ~+ I n h 1  + +~~~
th KJI. (1.39)

T h€-  Jit fet ’~n c e  w i l l  be o n l y  in tne  va lues  of w a v e

die l~ - c t L i c  res ist a nce Z. :

f o r  a m a g n e t i c  f i e l d  ( w a v e  TN -)

(1.40)

I_ 
~~~

5-
. -~:-~~1 ~~~~~~~~~~~ ~~~~~

--
~~~~~
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fo r  an ele c t r i c  fi e ld  ( w a v e  TE) -

Z = 4 i ~ ic411r,!i (scj,) H (xj,) . - (1.4 1) 
-

T 1~ :~~n~a~~n i n - :  v a l u es , w h i c h  r~~lat .-~ d i r e c t l y  t o  t h e

me t al of scn~~en, a re ident ical f o r  to~ e l e c t r i ca l  a n d

magneti c i itJas: sc11= j/j is a ~u p a y a t i c n  f ac t o r  in

m et a i ;Z11~~~~ ~~~~ 
- w a v e  i mp e d a n c e  of metal ; t is thickniss

cf ~:cre~-n.

F o r : : u l . m  ( 1 . 39 )  is valici for the c al c u l a t i o n  of t h e

a t t e u u u t  ion or  s -~~o~~in~ over  ?t w i d e  ~a ng e  of f r e ~ u en c i e s

( f r o m  z~- r e  t o  Si:~~) , also , ou r  in-J a n y  mode/ con-1i t~~or.s of

USC O f  s c reen s  ( e l e Ct r o n a g n et o s i -~~t i c , e l e ct r om a gn e t  ic , W a v ~~)

A n a l y z i n - j  t~~e o b t a i ne d  resu l t , it can be noted tn~~t fOt~~u li

(1 ..3-) ) c on s i s t s  of t w o  p ar t s :  In l ch ,c11t I =  =A, - are a t t E - n u a t i o ; s

ci ih s 0 L pt l O f l  a n d  
~~‘~~i ~11

th
~~~I~~

Ao — a t t e n uat i o n  of

r e n l ec~~ion . A ,, c a use d  by t i i c n m : a l  eddy  c ur r e n t  ~~~~ses i n  t h ~-

m e - el  or screen a n a  it w i l l  be t he  gr eate r , the  h i g h e r

th .. f~~- ju- rcy In .1 is thicker t h e  screen . A 3 is co r nec teu

w i t h  t } - -  n o n s o n f  o ra ii t  y or  t h e -  wave characteristics at the

r n - t ~1 f L o m  ~ iu ic h is made  the  r. c reen (Z11), and t h e  d i e l e c t r i c,

w h i c h 5 u r r o u n  is  scr een  (Z*): t n e  g r e at e r  t h e  d i f f e r e n c e  a m o n g  Z~
ant i Z11, the mor e  t i o w e r fu l  the ~ ft e c t of t he  a t t e n u a t i o n  of

reflect ion.
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Att~ n uation length of a b s or p t i o n  A.4 dces not i i i

pr ac t i ce  de p en J  on t h e  f o r m  of f ie ld and has s i n g l e — v a l u e d

v a l u .~ fo t  e n t ir e  f r e q u e n c y  b an d  f r o m  ze rc  to SHF.  The

attenu at ion or retiection A 0, p r i m a r i l y  w a v e  d i e l e c t r i c

resistance Z~ is different ror the different mode/conditions

of the - f r e ~~u~- n c y  r a ng e s  of t h e  u s e  of a screen.

Le -t  us e x a m i n e  t h e  values of w a v e  dielectric r e s i s t ance

fo r  t~— e magne tic (~Z~’) a nd e lect r ical  ( Z )  of f ie lds .  The

formul a of calculation Z~ c o n t a i n s  t h e  prcdu ct  of the

c y l i nd r i cal  f u n c t ion s I~ H~ w h i l e  t h e  f o r m u l a  of

calculation Z~ is a p roduc t  or  t h ~ de r i v e d  these f u n c t i o n s

1’ l ~~~~ F u n c t i o n s  h a v e  an o s c i l l a t o r y  n a t u r e , a lso , with

t he  a n ~J u m e n t , e qu a l  to zero , p r o d u c t  11 H 1 ~~ 0 , 3 f l d

~rod uc~ I ’~~m m ’ ~ 
—. w i t h  a s m a l l  - i r g u m e n t  (x < 3 .25)  of

f un c t i o n  l~ u r.i iI i ,  t h e y  at~ c o n ven t t -a :  I~ (%) = ~ /2 ani

H 1 (x) i (2 / w x ) .  l ’hen  wave resist ance  of t h e  d i e lec t r i c of

r e l a t i v . - - i y  n a g n ~~t i c  ant i  e l ec t r ic  f i e l d s  acce pt t h e

su~~st a nt  ial l y simple r form:

‘
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DCC = 7 d O t )~)2 O1  PA G E

~~~ 
I (1.42)

• I c ~~’
5-
~~r, ~~~~~

P-t --j c ~1.

A c c o L u i n y  to  f o r m u l a s  ( 1 ~~ 4~~) it i~ poss ib le  to conduc t

t h e  calcu lation oi w a v e  d i e l e c t r i c  r e s i s t a n ce in the range

of f re qu e n c i es  - ip p r o x i m a t e l y  to 10~ _ 10q Hz.  By t h i s  s a me

f o r m u l a s  it is p os s i b l e  to p e r :o rm  t h €  c a l c ulat i on  of

SCLe --~u ; w i th the p r e f e r r -€ d  effcct of electrical, t h e

ca 1cu1at~~on of sc r e e n s  w i t h  t h e -  p r e f e r r ed  e f f e c t  of

e l e c tn i cu l  or n i a g n e t i c  f i e l d.  For  a j i a n e  wave  in  t r e e

sp ace , wa ve d ie l e c t r i c  res i s tance  is ca u a l  to

z0= zr — — 376,7 o k ~~ .

To ~
‘ iq .  1.3, is s h c w n  t h e -  s t a n d a r d  f r e 1u u n c y  ie n -1~-n c ~

cf .a ve  d i e i oc tr  ic res i s tance of r e la t i v e l y elect r i c a l  a n d

a l a g n - t i c  L 1~ ids , i r d  also t o e  w a v e  is~~e d a n c e  of p l a n e  w a v ~ -

i t ~~ w a v e  im p e d a n c e -  oi m e t a l (2,,). From tti~ —j i ven

t o r r u l k a  an d  i lj  ur , it is e V i c i ? n t  t h a t  the  t r e - l u en c y

de~~e n d - r c e  a t  w a v e  d i e l e c t r i c  r e s i s tan c e  t a r  m aj n e t i c  a n t i

. — - — — —— - - — - — —— -——— — — - - — 5 -  — - - 5- ‘- - —5-  -—- — -
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e le - e t r i c  f i e l d s  has in p r in c i ple  different character- . Value Z~

— i n cr e a se s , a q h a v i n g  i n f in i t y  w i th  f = 0 , it f a l ls .

In - i h ~-o1u ~~ value- In  the wav e zone (at

fr~~~i rcra s m o r e  t h a n  10~ kl z) of va l ue Z~ and q the y

h a v~- -a:, ossill~ tor y nature. The wave i~mpeda nce of meta l Z,,

in :t - t .~~i— s accor  i in -~ tc th e l a w  of root  f r o m  f r e q u e n c y ,

w h i l e  t h e  .av ~. i~m e dan c e  or t he  ~ lane  w a v e  Z 0 is C o n s t a nt .
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’ ~
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—
~t~iii V V ft .iillfl ~~~~

,0
0 ro’ A ~~7 U~~~~ f~~~~~~ S

Fi~~. 1. J., I :~~~u e n c y  d e p en d e n c e  of w a v e  d i e lec t r i c  r e s i s t an c e-

r e l a r i v ~ 1~~) t n o  m a g n e t i c  UaVt . (Z
M

)e lectr ic al  wave (Z~~)oi

k l i n e  w -~v - -  (Z n) co d  t he  w a v e  r es ist or/res i s tance  of m e t a l
(L.m).

X~~y :  ( 1 ) .  o h r .  ( 2 ) . Hz..
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Page 22.

The frequency depe ndeuces of the attenuat ion of th e

reflection of magnetic field (A~~) and of the attenu~ tion of

the refle ction of electric field (Ag ) are analogous to

depen dences Z~ and Z respectively.

Figur es l..4a and b gives the r2sults of the

calculation of the attenuat ion of the shadowing of the

ma gnet ic A,” and electrical A~ of fields. On curvm /grap hs

are visib le three characteristic frequency domains , whic h

correspond to the different mode/conditions of the work of

the scree ns: I — low—frequency range (L..F.) corresponding to

the electrostati: and magnetostatic operating modes; II —

high—frequency range (to h.f.), th at corresponds

elec troia ;netic mode/conditions ; III - superhigh—frequency

range (SHF - 

~~uper high fr equency ]), t hat corres ponds

wave mode/conditions.

The elect ros t atic and magnetos tatic oper at ing mo de are

based on the pr inciple of the closing/shorting of charges

I
-

t 
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(electrostatics) or power lines (magnótostatics) in the metal

of screen. Any grounded metal screen oper ating in

electrostatic mode/conditions , an d ferromagnet ic (sta2l) screen

— in mag ne tostatic.

These modeflonditions encom pass frepiency rang e from zero

to se veral kilohert z and can be expressed by the equations

of Maxwel l for permanent field : rot H = .E, r~ t E = 0.

5- ,- - —~~ - .- --5-~

A, 
~.:~~
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‘1

to io :o~ l0 ”j

(if 

(3)

_ _LTh.
10 10 2 101 IO~ i~i l0”f z~j(3)

Fig. 1.11. Freque ncy de pende nces of atten uation of 5hado w ing

of ma gnetic A~ (a) and electrical A~ (b).

Key: (1). steel. (2). Copper . (3). Hz.

Page 23.

Differences in the electrostatic and magnetostatic

mode/conditions :onsist of following. Nagnetostatic

mode/conditions gives comparatively small and in pr actice

L.k 
. ‘—5- -5---— 5-~~~_ — • 5 -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- — - - •5-
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identical screening effec t in all frequency band (from zero

to 10~ Hz). in this frequency range magnetic screen

opera tes on the principle of the closing/shorting of

magnet ic field in thic ker than the screen as a result of

its j~ncreased ma gnetopermeability . With an increase of

frequency, grow/rises the role of eddy currents, o:curs the

displaceme nt of magnetic field from the thickness f screen

and screen passes to the elect roma gnet ic operat ing mode.

electrostatic aode/conditiops gives screen ing effect ,

equal to infinity in stationary fiel d (f = 0)- . W i t h  an

increase of frequency, it grow/rises the role of eddy

curr ents and electrostatic mode/condit ions passes to

electromaqnetic , t hat operat es because of ed dy current s in

thicker than the screen. Therefore screening effect (Fig.

1.14b) wit h f 0 is equa l to infinity,, then rapi dly it

de scends, having  a min imu m at frequency of approximately 10’

Hz, and then smoothly it grow/rises . zlini mu m screening

effect corr esponds to the transition of the mode/:3nditions

of shadowing from electrostatic to electromagnetic.

In electroma gnetosta tic mode/conditions of absorption loss

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

them.

— , . 
— 
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The electromagnetic .ode/conditio~s of the work of

screens is based on the action of edd y currents in th icke r

than screens. Electromagnetic shadowing can be represented as

absorp tion and the multiple reflection of electromagnetic

energy fr om the metallic thickness of screen. The reflection

of energy is connected with the nonconformity of the wa ve

(A 0) char acter ist ics of the metal from whic h is made the

screen , and the d ielectric, whic h surrounds screen.

The attenua t ion of energ y in scr een is caused b y

thermal e dd y curr ent losses in me tal, and the more powerful

the eddy currents , t he greater th e ener g y absorp t ion in

screen and is more the value of sc reen attenuati a becaus e

of absorp tion (A0) .

The electromagnetic mode/conditions of shadowing (h_ f.)

encompasses frequ ency range from 103—1 O~ to 10S~~10~ Hz. At

high frequencies, when wavel ength becomes commensurable with

the size/dimensions of screen, they appear wave pr cesses

an d electro magnet ic mode/conditions it passes to wav e

mode/conditions. For this frequency domain are valid the

equ ations of Maxwell in quasi-stat ionary mode/conditions

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _  _ _ _ _ _ _



- - 5-

‘5- -

DOC = 78000202 PAGE 
~~

(without taking into account of bias currents) : rot H =

.E, rot = -iu~ li, an d also previously obtained formulas

of the attenuation of shadowing A? and A!. The c3lculation

of wave dielectric resistance z~ is conducted by the

siap1~.fied formulas : Z~’= ie w, and Z~~~ ~,,,

The wa ve aDde/conditions of the wor k of screen is

relat ed to the range of superhigh frequencies from 1O~ Hz

and jt is above. This mode/condit ioz~s sets in with the

wavez.~ commensurable with the transverse size/dimensions of

screea (~~~D).

Page 24.

- in this case the calculation of screens ome shoull produce

the compl ete equations of the electrodynamics: rot!I=oE-4-iüeE and
I a

rot E = —iu pH , taking into account also bias currents. In

this case it is possible to use to formul as ( 1 . 2 S )  and

(1.38) taking into account expression s (1.40) and (1.41).~~~A

vi tal difference in the screening effect in this range froe

the range of l3wer frequencies is in fluctuating wavelike

nature of change A, fro. freque nc y. Figures 1.~4a and b

• shows that , b.ginning with fr equency 1010 Hz, that

corresponds to condition X~~D,. character istic it ha s an

—-- - - - - 5 -  -~~~~~~~ - - -  ~~~~~~~~ - 5- ;  ~~~
-

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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oscillatory nature of a change in the attenuation of

shadow ing. Physically this is explained by the wave nature

of the field of SHY. Mathematically it is connected with

th. presenc e in the formulas of th e calculation A, of the

cylindrica l func tions of first and third crder I/f(ic~r,) and
Hj(K~r,)J,

A witch are given to attenuation an oscillatory nature.

Failures in the fixed points, which correspond to the zero

coor d inates of func t ion I t (1c~r,) , reach —. For example , for

wa ve TM resonance beg ins when D,/?~~I,22; 2,234; 3,238 so forth.

Re sonance phenomena are characteristic both for

transverse—magnetic field (TN) and tran sverse electrical field

(TE). Difference only in the values of resonance

frequencies.

The mathemat ica l difference between the processes of the

shadowing of fields Tn and TE is caused by the facts that

in th. first case in formula figure as the functions I~(K ~r,)

•nd H1(,c r,). but in the second — derived of these func tions

1ciad H~ (“~‘~) With f —
i> — the product I I (- , cAr,) H I ( ic~r,) gives

zero a~~~~~~keref ore with f = 0 for a magnetic f ie ld  A,=0, a
I; (ic~~,)~~j  (Ki.)]

A gi ves i n f i n i t y  and therefore with f = 0 f o r  a n

electric field A,—.-oo. To this is explained also the

nonconformity of th e resonan ce frequencies of the a t tenua t ion

of shadowing for f ields TE and TM in wave range.

:~~±;~~i 
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Let us examine in more detail fundamenta l

charac terist ics and t he laws governing screens in t he

different mode/conditions of their use: elect roma g ne t ostatic,

elec t~ oaagnetic and wave.

11.5.. Nagnetostatic and electrostatic shadowing.

Electro inagnetostatic mode/condition s is related to

stationary and permanent fields and in connection with the

object s of shadowing in question it encompasses the DC

fields and tone frequency band (to 4 k f lz ) . For de te r m ining  5-

the characteristics of screens in electrostatic a nd

ma gnetostatic mod e/conditions, we conver t and it is

simplified the formu la

A,...An +A o = l nl ch sc jl+ InI 1  +

where Z~ 
— the wave dielectric resistance , respectivel y

eq ua1~~~~or an electric field Z~~= -~J-,,. tot a aagneti : f ield

a plane wa ve Z 0—

~~~~~~ ~~~~ L - ~~~~~~~~~~~~~~~~ L 
-
- 
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Page 25.

Durin g the use of a screen in static behavior , it is

necessar y to con sider both boundaries of reflection :

dielectric — screen (4/ZN) and screen — dielectric (ZMI4)
For direc t current and low frequencies (to 10~ Hz) the

at tenuation of energy in is thicker than the screen very

little. In this frequency zone gcMt~~ 0,25, ch icMt—.-I and Air+O,

•r~ t~&ic kness of screen can be not considered .

Furthermor e, th KMt~~’CM t- Hence A,=A o = In h I + -
~~~

- (~!-+~-) ,ct~.

Let us examine separately the attenuati on of shadowing

for electrostatic and magnetostatic fields.

For an elec trostatic field.

z~ z
In this cas-e and then

(1 .43)

or

A~ = fn h I+ -f Z
~ atj .

where Z~=~ fiw e ,; a — the conductivit y of metal.

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ _ _ _ _ _
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For a m a g n e t o s t a t ic  f i e l d .

In this case it is necessary to consider th e special

feature/peculiarit y of the shadowing of the nonm agn e -tic

(copper, alumi num , lea d) and magnet ic (steel , Per m al loy,
Z” 

- zferrite) screens for which ~~~~~~~~~~ and ~~~~~~~~~~~ respec t ive ly .
N

Then we obtain:

for magnetic screens

~~~~~~~~~~~~~~~~~~~~~~~~~~~ (1.44)

where ~~ 
— relat ive magnetic permeability (f or steel p =

100) ;

for nonmagne tic screens

H 1 ZHA, .. 1f l h I + A
~~ Ifl~I+ sc

~ (1.45)

For a pl an e wave.

In this case for  low frequencie s al ways Zo>ZM, and

therefore the f rnula of the calculation of the attenuation

of skadowing will be simplified to the tot.

A!ht =i. l n( 1++ !±s c J l = I n h I +  +2001 1. tl.46)

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - -
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where Z,~~Z~ H = V iI/e~~376,7 ohm.

Pa ge 26.

It is ne cessary to keep in mind that the plane wave

appears , cord radiat ion source is located from the screen

on of the dista nces of 5— 6 wavelengths.

Fig. 1.5 is shown the freque n cy dependence of the

attenuation of the shadowing of copper and steel scree ns of

relatively magnetic and electric fields in the spectrum from

0 to 10~ Hz. The obtained results give the demons tra t ive

and con vincing representation of the nature of electrical

an d magnetic shielding and the special feature /peculiarities

of steel and coppe r (aluminum) screens.

Screening effect of the electrostatic shields , equal to

infinity,  wit h constant (f = 0) with a~ increase of

frequency descends as a result of the frequency dependence

of wave di.l.ctr ic resista nce of relatively electric field
Z~ ~~~~~~~

A 
Ifl’d th. nature of the shadowing of sta tic elec tric

f i.ld~ Electrostatic shadowing consists of the

closin g/sh orting of electric field on the surface of the

metallic mass of scree n and the t ransmission of electric
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char ges to the earth or housi ng of instrument. If we , for
exam pLe, between wire a, carryin g interference , and wire b ,

sub jected to effect, place the connected with earth /ground

or housin g of instrument screen , the n it viii intercept

electrical lines ot force, shield ing wire b f rom
interferences (F ig .  1.6) .

Whe necessary condit ions of high effectiveness of

electrostat ic sha dowing is th e meta ll izatj on of scree n , i .e.,

its connect ion with the hous ing of instrument or the

earth /grou nd,.

I

___ ft -~~~~~~ - - - _ _ _  

- 
-
~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.

- - 
-



_________________ -

DOC = 78000202 PAGE

&

4~ (M ~~ - 77~~Pb ;a: neue: noq~

_
~~~~~crnub~~~~~~~~~~~~~~~~~

~ 

4~f Me:) 

1Of ~u 
/ ~

(1/,)

Fig. 1. 5. At t enu ation of shadowing in low—frequency r ange

(L. F . ) .

Key: ( 1 ) .  Coppe r and steel. (2) . st eel. (3) . copper . (4) .

Hz. *

Fig. 1.6. Electrostatic shadowing : a) screen is n~ t

grounded ; b) screen is gr ounded.

Key: ( 1 ) .  Screen . ( 2 ) .  th e enf of interf erences.

Fig. 1. 7. Nagnetostat ic shadowi ng, a

Ke y: ( 1 ) .  Screen.

F’; ‘- 7-
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Page 27.

On the basis of the nature of electrostatic sh a d 3v in g,  it

follows that the screen f ro m any metal (copper , stee l,

aluminum , lead) to identica l degree localize s the field of

in terferences and performs the role of the electrostatic

shield . Noreover spec ial requirements for the t ype of

ma te rial , its thickness and conduct iv ity ere not presented ,

and there fore, as can be seen frci Fig . 1.5, cop p er and

steel scree ns give the identical effect of electrostatic

shadowing.

Relative to magnetostatic fields steel and copper

screens behave differently. This is connEcted wit h the

nature of the magnetostatic shadowing , based on the

closing/shorting of magnetic field in thicker than the

screen , that occurs as a result of its increased

magnetoconductivit y. Mag netic f lux (P ig.  1.7) , created by the

ca rrier of interf erence b y wire a, is closed in th icker

than magnet ic scr een as a result of its low reluc tance and

only partially it penetrates the shielded space. Therefore

A - _~~~:~~~~~
_ - - -  * ~~~~~
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for a .agnetos tatic screen usually is utilized steel , nickel

and other materials , which possess the increased magnet ic

permeability. Nonmagnet ic metals (copp er , alu minum , lead ) ,

cannot per form the role of magnetostatic screen. &s can be

seen from Fig. 1.5, the effec t of copper screen relative

to magnet ic fields in the range low frequencies is

virtually negligible , and steel — is sufficiently high.

The effectiveness of nagnetostatic shadowing the greater ,

the great er its magnet ic permeability p and is more the

thic kness of screen t. With an increase in the radius ta

the effectiveness of magnetostatic screen descends. For

obtain ing the reliable magnetostatic shadowing of wall , they

ma ke comparatively thick or is applied compound/composite

screen fr om several layers of metal with large magnetic

permeability.

~agn.tostatic screens are effective only with d irec t

curren t and in the range of low frequencies.. With an

increa se in the frequency, grow/rise the edd y currents in

screen , occur s the displacement of magnetic field from the

thickness of scr een and its increase d nagnetocond uctance

loses its value. In the range of high frequencies mag netic

(steeZ) screen passes froø nag ne tostatic to the

-~~~~ 5- ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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electromag netic mode/conditions, which operates on t h e

principle of the onset of eddy currents in thicker than

the screen. Nonmagnetic (copper) screen in all tre~ ue uc y

band operates in electromagnetic m ode/conditions; therefore

its effectiveness in the range of low frequencies is very

small.

The attenuat ion of the shad owing of plan e vave (Ar )

in the frequency band in question constantly and in value

is more than du ring the shadowing of magnetic fj . ld ( A~’) ,  and

are Jess than durin g the shadowing of electric fie ld (A~),

j _. ,  A~’<A!’~ZA~ (Fig. 1.5).

Page 28.

1.6. Electromagnetic shadowing.

The electros tatic and wagnetost atic screens, which

operate on the principle of the closing/shorting of the

correspond ing fields , as a result of the increased the

electro- and magnetoconductance of materials are effective

only in the range of low frequencies. The action of

- • _~~~ 
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electromag netic screens can be presented as multiple

reflection of electroma gnetic wav es from the surface of

screen and the attenuation of high—frequency energy in

me tallic thicker screen. The attenuation of energy in scre en

is caused by thermal eddy current losse s in metal. The

higher the fre quency and is thicker the screen, the greater

the energ y absor pt ion in screen and is more the value of

screen attenuation because of absorption.

The reflect ion of energy is connected with the

nonconformi ty of the wave characteristics of dielectric and

me tal from which is made the screen. The more diffe r

betwee n the mselves the wave di electric 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 of shadowing.

As c an b e seen from Fig . 1.8 , the electr omagnet ic

energ y W , af ter ach ieving screen, is partially pass ed

through the screen , attenuat ing in it thicker, and it is

par tially reflected off scree n W O R  (first boundary dielectric

— screen) . On t h e  second bou ndary (screen , d ielect ric.)

occurs the secondary reflection of ene rgy ( W o w ) , and only

the remaining par t penetrates the shielded space.

— — 5-— 
** ~~~~~~ — -



— —~- —~~-- _. — ~~~—
-

~ 
—‘--— 

~~~~~uu.i —
~~~~~~ 

--—
~~~~~~~~~ ~~

—
~~~~

——— - —----.-.._
~~~~ 

-

~~~~

DOC 78000202 PAGE

Consequently, energy in transit through the screen decreases

with U to Wa. Zn this example the phenomenon of reflect ion

is re presented somewhat simply. In actuality occurs the

mul tiple reflection of energy from boundaries dielectric —

screen - dielectric.

Electromagnetic shadowing can be realized with the aid

of nonmag netic and magnetic screens, but nonmagneti ; (copper ,

aluminum) is given up preferen ce, since the y are int roduced

less than the loss into the circuit of transmission. In

the deter mined f requency region the best effec t g ive th e

au].tilayer combined screens, which consist of the

consecutively alternating la yers of magnetic and no nmagnetic

me tals.
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Fig. 1.8. Passage of electroma gnetic energy through screen:
V — field of interferences ; W 0 1  and. W 0 2  — ref lected
fields; w’ is field after scr een.
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Calcu lation of elect roma g netic screens can be realized
by the following for mulas :

scree ning co nstant
S_

~
S4So= dl, it~~ 

I++(~~-±~~-) th
~~ t 

(1.47)

or throug h the attenuation of the sbadowing
A,~~A~+A 0~ In L ch KJl+In I 

1 -f &) th ~~~~~

wh ere 4 is th. wave dielectr ic resistance, equal for an
electr ic field Z~~d /iw pr~, f or a magnetic fi eld Z~ Itu~ira

a~ d tot a plane w ave Zo = Vp J e .

L. - .~- - - --- - - P ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ --~~ — -j  - - -- 
~~~~~~~~
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The formula of the calculation of the att enu ati on of

shadowing (Aa) con sists of two parts: An In
~kHIn I chK M tI is screen

atten uat ions of ab sorption and AO ~~~~~~~ ~~~~~~~~~~~~~~~ 
—

screen attenuation of reflect ion will be simplified

If the screen is e lec t r ica l ly  thick , I. e. its attenuatior. Kt

exceeds 1.5 Np then the second boundary of r e f 1ec t ion (Z~/4) may be

disregarded and the formula for screen attenuation of reflection

is simplified
A0 — In II —i- ÷ -~~ th KM t~.

Thus for anlas , obtained fro. the sq~uations of hiwell in

quasi—stat ionary mode/conditions, are flot considered bias

cnrrs~ts and therefore are valid in the limited freque ncy

range approximately 10~— 1 O’ Hz.

The shadowing of absorption A0 is caused by t herm al

eddy current losses in the metal of screen. The highe r the

fre quency and is thicker th e screen , the greater screening

effect .  The shadowing of ref lection is connected wi th  the

non conformity of the wave characteristics of the meta l from

wh ich is ma de t he screen, and the dielectric , w h ich

surroun ds screen. The greate r the difference between the

wave dielectric resista nce and me tal, th. more powerful

screening effect of reflect ion.
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~
’T~bl. 1.1 ;ives the results of the c*lcul&tiOi of the

screening effect of screens fro. dif ferent metals (copper ,

steel, aluminu m and lead) for the different types of fields

(mag netic, electrical, the p lane wave) . From the  preced ing

in fo rma t ion  it is evident  that  value A~ is iden t i ca l  for

all transmission nodes. Analyzing the formula of the

sh adowing of absorp t ion A~ and given data , it can be not ed

that scre ening effect grow/rises in direct dependen:e on the

coefficient of edd y curren ts k a nd of the thickness o f

screen t. With  an increase of f requency , value A~ cha nges

su f f i c i en t ly  sharply .

Prom the  given fo rmulas  also follows tha t  t h e  greater

magnetic permeabi l i ty  p and the  conduct ivi ty  of scree n 0 ,

that higher screening effect .  Therefore screen in g e f f e c t  of

absorption of m a g n e t i c  screens is substantially more t h a n  in

non.agnetic scree ns. This is visually shown in Table 1.1 ,

where is given the frequency dependence of screen

att enua t ion for the screens of d if feren t metals in fre quency

spectrum to 10’ Hz. At frequency 1 MH z, screenin g effec t

in steel into six and more t imes is higher  th a n  copper.

From non magnetic r etals gre a test screenin g effect  has copper ,

then goes aluminum and smallest effect of lead.

Page 30.
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With an increase in the  thickness  of screen , sc reening

eUect increases. The coefficient  of eddy cu r r en t s  k and

equi va lent depth of penetration 0 are determined by

tl~e formu las:

— 1 + 1  - — r;~— 
~~~~~~~ 1 r

K = V ~~~ = ~~~~ - ‘  °~~° 
= V -i-- (I ±0’ 0 =

Table 1.2 ;ives corrected values of the modu ie/ m od ulj

of the coefficie nts of vor tex/eddy it is such K 1  IO) JWI

for different metals and the results of the calculation of

equivalent depth of penetration.

The screen a t tenuat ion  of absorption A0 does not de pend

on ttaasajssjon node and has identica l value for electrica l

and magnetic fields and a p lane wave. The screen

attenuat ion of ref lect ion (An) depends substantiall y on the

form of field. This is caused by a difference in the

values of the wave dielectric resistance of electrica l (Z

magnetic (Zr ) and plane wave (Z.). The screen atte nuation of

reflection is det ermined that mainly, by the non~oaform ity

of the wave dielectric resista nce 4 and of the met ai Z i,

froe wh ich is ma de the screen.
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Ta ble 1.1.. Screening effect of screens from the different

metals of the rela t ivel y electrical m ag net ic an d p lane of
waves.

(/~ M e A b  (,~ )

A~ A5 AEH 
A? AE ~~~~ A~ A~ A~ A~

H
~ A? A E AEH

10 1 0  0, 1829 , 4 13 , 91 0 , 18’29 , 4 13 ,8 0 0 27 ,2 11 81 0 27 , 2 11 , 8
10’ 0 0 ,92 27 ,0 13 ,9 0 ,92 27 ,0 13 , 8 0 , 030 24 ,8 11 ,8 0 , 03 24 ,8 11 ,8
101’ 0.02 3 ,08 24 ,6 13 ,8 3 , 124 ,6 13 ,8 0,970 , 78 21 ,8 11 ,0 1 , 75 22,8 12 ,0
10’ 0,75 4 , 7621 , 6 13 ,2 5 , 51 22 , 13,9 4 ,67 1 ,52 20,5 9 ,8 6, 19 25 , 2 14 ,5101 4 ,06 5 , 8 18 , 0 12 , 0 9,86 22 ,1 16, 1 16 ,3 2 , 53 14 ,8 8. 6 18 , 83 31 , 1 24 ,9
10’ 14 , 356 . 9 14 , 7 I0,82 1 ,25 29,( 25,254 ,1 3,64 11 , 3 7 ,557 , 74 65 ,4 61 ,6
10’ 46 , 0 8 , 2 11 , 2 9 ,6 54 .8f57~8 56,2 168 ,04 ,90 7,9 6 , 3 172 , 9 175 , 9 174 , 3

— 
~~~~~~~ Jt 0 H M P H  * — 

~~~~ C i H H t i~

~J~! ~! ~~ I ! L ~L~ ~10’ 0 0 , 11 28,7 13 , 3 0, 11 28,7 13 , 3 0 0 26,8 11 , 4 0 26, 8 11 , 4
10’ 0 0.51 26,4 13 ,3 0, 51 26,4 13 , 3 0 0, 1824 , 4 11 , 3 0, 18 24 , 4 11 , 3
10’ 0,002 2,78 24,1 13,3 2 ,8 24 , 1 13 , 3 0 0,71 22 , 1 11 , 3 0, 71 22 , 11 11 , 3
10’ 0,394 ,81 21 ,8 13 ,2 5 ,2 22,2 13,6 0, 01 2 , 88 19 ,8 11 , 3 2 ,89 19 ,8 11 ,3
10’ 2 975,4717,7 11 ,6 8,4420,7 14,1 0.58 4 ,66 17,0 10,8 5,24 17,6 11 ,4
10’ 10,9 6,70 14 , 4 10 ,5 17,6 25,3 21 , 4 3,54 5 ,8 13 , 4 9,6 9 ,34 16,9 13 , 1
10’ 35,9 7,9011 ,0 9, 4 43 ,8 46 ,9 45 , : 12 ,65 6, 9 P.95 8 , 4 19,55 22 ,6 21 1)

Key: (1). Copper. (2). Steel. (3) .. Hz. (4) . A l u m i n u m .  (5) .
Lead.

- - ,-~~~~~~ ~~~~~~ - 5-
5-—. - ‘  

— -~~ —f---- ~~~~~~~~~~~ 
—-----—-——---~—--—------- ,-~ —- —-



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—- ----- - - -

-
—--- -

~~~~~
---

~~~~~~~

Ti 

-

DOC = 78000202 PAGE 24”
“I,

Page 31.

Table 1.2. flodule/modulus of the coefficient of eddy

curreets J Y 1 ~~T and the dept h of penetratio n of

high—frequency field into the thickness of scresn 8_ ’J/
~~~ 

fo r

different metals.

(I)  Meij, 
______ 

(2) C’rajn, 
_____ ~Y) AJOOMHHHI1 (4’) CBmceU

I 1 I I
K, -jj 0,,i.w K, 0,MM K, -‘-~~~~ ‘ O,AUl K ,~~~ 0, ALAS

2, 121 0,667 7 ,561 0, 187 1,635 0,864 0,597 2,357

6. ~
‘
~~‘ 5,196 0 ,272 18 ,52 0,076 4 ,006 0,353 1 , 453 0,966

10’ 6,709 0 , 211 23,92 0,059 5 , 172 0,274 1,889 0, 474

2.10’ 9,4~7 9, 149 33,82 0,042 7 ,315 0, 193 2 ,671 0,529

5. 10’ 15 ,0 0,094 53,47 0,026 11 ,56 0,122 4 , 224 0,334

10’ 21 ,21 0,067 75 ,61 0 ,019 16 ,35 0,086 5,972 0,237

I0~ 67 ,09 0,021 239,2 0,006 51 ,72 0,027 18,89 0,0~5

10’ 212 , 1 0,0067 756 ,1 0,0019 163 ,5 0,0086 59,72 0,0237

21 .2-K r 3 VT ~~~~~~~~~~~~ ~.6 -I 0 31~T I8 .7’~-’-~~ 16 ,35-1tr3v~T86 ,44--— ,9.~ 0~
’3 3/’ f 236,7—

Key: (1). Copper. (2). Steel. ( 3 ) .  Aluminum. ( I I ) .  Lead .

(5). Hz. (6). Calculation formula.
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Tables 1.3. W ave impedance (on nodule/modulus in oh m) for

different metals.

(/) ( .2~) (‘p) I/ , Mejb C,Ij b Aauo~iiu*

10’ 0,0l18.10~~ 0,3303.I0~~ 0,0153.I0~~ 0 ,0418.10’ s

10’ 0,0372.I0’~~ 3 ,044.10~~ 0,0483.I0~~ 0, 1322 10 ’~
10 0, 118.I0~~ 3,303.10~~ 0,I53.1(r5-’3 0,4 I8•10~~
10’ 0,372-I0~~ l0 ,44.11r 3 0,483.10 5-s 1 ,322-10 5-s

10’ l , 18•10~~ 33,O3•i 0~~ I ,53.icr 3 4 , I8.l0~~
10’ 3,72.10~~ 104 ,43.l0’~~ 4 ,826.10~~ l3 ,22.I0 ’~
10’ l1 ,8. I0~~ 330 ,3.l0~~ 15 ,3.10 ’s 41 .8.l0 5-’

~
10” 37 ,2. IO~~ I044 ,3• 10~~ 48,26. I(r3 132 ,2. 10~~10~1 1)8 . j 0 ’~ 3303.I0~~ I53• 10 ”~ 418•10 ’~~
101* 372.10’ s 10443.l0~~ 482,6.10’ ’~ I322 I0’’~

(&)

O 0,372. io’~ y’T 10 ,44 I0
~~

V”Tl0.483. 10_4 11T1 I, ~~
. io—’j1~~

Key: (1). Hz. (2) . Copper. (3). Steel. (s). Aluminum. (5)

Lead. (6) . Calcu lation formula.
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Tables l.a. Wave impedance (on module/modulus in ohm) of
dielec t rid  (air) relative to the electrical (Z~), magnetic (~~

)
and plane (i.) of waves.

( / )_Minuim.H ~~UMa 
______ 

(12) 3a cypsisciiu
(3) ~ r ~~~ — — (4’)

/M~ g 3 3
0 U — - U — n .
I ‘T i ~,~0 

~ .5-
. ..?

~O’ 79.1O5-~~ 79.L0~’ ig.i0~~ 79.10—6 18•10” 18.10” 18J0’ 18. lOll 376,7
10’ 79.10-S ~~~~~~ 79.101_6 79.)0—~ 18.10’-’ 18~10’ 18•10’ 18-)0’ 376,7
10’ 79 IO~~ 79.10~~ i9.i0~~ ig.~o—’ 18 10’ 18 10’ 18.10’ 18 10’ 376,7
10’ 79.10—6 ig i0—~ 7g. i0— ~ 79.1ô—~ 18.10’ 18.10’ 18 10’ 18~10’ 376,7
10’ 79 I0’~~ 79•l0~~ 79• 10—~ 79

10—2 18•I0’- 18•t0’ 18-10’ 18.10’ 376,7
10’ 79.)Q—4 79~IO-~ 79.jO_2 79.10~ ’ 

18.10’ 18•J0’ 18.10’ 18.10’ 376,7
10’ ~~~~~~~ 79.10—2 79.I~~

.l 
~79 

18.10’ 18•10’ I8•I0’18.10’ 376,7
10* 79.I0’5-’~ 79 i~

—
~ ~g 79.101 18 10’ I8•~0’ 18.10’ 18•l0’ 376,7

10’ 79 - 10 ’ 79 79-101 19.102 18. 10’ 18.10’ 18.101 18 376 7

Z~’=iwp r,.. 179. 10 7fr, I 18 10’
A w i ,, I/ ir ,

Mote ~ — relat ive dielectric p .rieability (for air i ”)1

r ,,1; 
~. Hz.

Key: ( 1 ) .  M agnetic wave. (2) . Electric al wave. (3) . Hz.

(II). Plane wave . (5). Calc ulation formula .

Page 33.

The more differ  betwee n them selves values 2, and Z,, the

grea ter the value of the reflections of energy on

boundaries dielectr ic — screen — dielectric.

The values of the wave imped anc e of di f ferent  metals

- — 
-
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(cop per, steel, a l u m i n u m , lead) are given in Table 1.3, and

dielectric (air ) relative to the electrical , magnetic and

plane of waves - in Table 1.4. Helatio~ship/ratios Z~,JZ,,

for different metals with f = 106 Hz and r,~~0,01 are given

in Tabl e 1.5 (see Fig. 1.3).

In the cons idered frequency regio n (tc 10~ H z) Z,E >Z~i 
-

and the relationship /rat io Z~
’/Z,g>Z~ ,’ZM. i.e., boun dary

dielectric - the metal of relatively electrical wave  gives

subst antially larger effect than relative to magnetic wave.

Comparing differe nt metals it should be noted that the best

effect of reflect ion of copp er , then goes a luminum , lead

a~~d the smallest ref lec t iv i ty  of steel. Therefore copper ,

substantia ll y being inferior steels on the a t tenuat ion of

ab sorp tio~ (As). it has very great advantages on the

atteneation of reflection (A o).

Tables 1.6 and 1.7 and F ig.  1.9 gives corrected values

of the screen attenuat ion of the re flecticn of cop pe r

screen for different frequencies and radii of screen. Here

for a compari son is given the curve/graph of the

at tenuat ion of absorption A~.
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Fig.. 1.9. ?requ.ncy dependence of tteauation of absorption 4.J

and of reflection, of magn etic wave (4). of electrical vave (Af)
an d of plane wa ve (A~

M )

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

Table 1.5. Relation ship/ r atj o z,/z ,, for differ ent metals  wi th f
= 106 Hz and r,—O,OI am.

___ 
(~~1 (3)  (~~} (_ 5)

_

~~sab ~~
— —~~~

— 9 i p~~s~ u- 48 6-10’ 1,1.10’ 37,5 10’ 13,7.10’
~15 7,6 184 80flao~~a,~~~~ lOI S 36,1 781 285

Ke y: (1). ?orm of wave. (2). Coppez~. (3). Steel. (4).

Alumi n um. (5) . Lead . (6) . Electr ical. (7) . Magnet ic. ( 8 ) .ha-t I p L~ e-
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Ta ble 1.6. Freguency dependence of the attenuation of the

reflect ion of the copper scree n of the dif f eren t t ones of

wa ve (wit h r,—0,O2 ii).

f. m. Z
,~~*M 

- 

£..o* Z,1,,ws -
~~~~

-- —
~~

-— 
~~~ A~~..en A~~Nan A~,~ Men

10’ -9.10” I57,1.10 376,7 0,0I18-l0-~ 7, 54 10” 17,0.10’ 10I ,2-IO’ 31 ,698 —1 ,04 19,32610’ 9-10’ l57 ,7.10-~ 376,7 0,0372 10—’ 2,419-10” 239 101 ,2 101 29,396 0, 412 17 ,02610’ 9.10’ I57 ,7.10-~ 376,7 0,0372.10~~ 2,419.1011 .239.10’ 101 ,2- ID’ ~4 ,796 2 5 4  14 72610’ 9-10’ 157 ,7 I0—~ 376 ,7 0,0372.10-2 2,419-10’ 1 ,239 101 101 2-10’ 10 196 4 5 9  12 42610’ 9. 10’ 157 ,710-~ 376, 7 0,0372 10-’ 2,419-10’ 4 ,239.10’ 101 2-10. 15 ,596 689 10 12610” 9. 101 157,7 1 0 ’ - 376,7 0,0312 2 ,419-10’ 4 ,239.10’ 101 ,2 10’ 10 ,996 9, 19 7,826

C~~~~~ 
-‘~~~~; c~~t ~~~~‘Z- ; ~~~~~~‘-

Table 1.7. Dependence of the attenuation of the reflection

of copper screen with different radii of scree n (vith f =

10’ Hz.).

A Z~~.ii, £u.CM 

Z~ 

A~~um. A~~ N,II 

— _______

2. 10
_2 9 10. 157 , 7-10- 376 ,7 0, 0372 10-2 2, 4 19.10’ 4 ,239 I( 01,2 101 20,196 4,59 21,626

2-10 5-’ 9-10’ 157 ,7. 10- 376,7 0,0312.I0_ 2 2,419.10’ 4 ,239-IC 01 ,2-10’ 17,896 6,89 21 ,626

2 9.10’ I57 ,710-~ 176 ,7 0,0372. 10..
~

2 2,4 19- 10’ 4~239- IC 01 , 2-10’ 15 ,596 9, 19 21 ,626
2-10 ’ * 10’ 157 , 7 176,7 0,0872.10-i 2, 4 19- 10’ 4 ,239- IC 01,2.10’ 13,296 11 , 49 21 ,626
2 10’ 9. 101 157 ,7-10 ’ 176,7 0,0372.10-2 2, 4 19- 10’ 4 ,230-IC 01,2- 10’ 10,996 13,79 21 .806

M~~~J~~~ H€~~~~/\/pJ
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From the preced ing in form at ion it is evi dent tha t the

attenuation of the  reflection of electric field A01, havin g H

very large value s in the ran ge of low frequencies, wi th an

increase of freq uency sharply it decreases. The attenuation

of the reflection of magne tic f iel d A~’, on the con trary,  on

frequency curve/graph has the growing character , incre asing

from zero when f = 0. moreover A~~>A~’. W ith an in crea se in

the ra d ius of scree n A~! it grow/rises, and A~ decreas es.

Let us examine the resulting effect iveness 
~A1=A~+A 0)

the screens of relatively electrical and magnetic fields.

Fi gures 1.10 and Table 1.1 gives calculated data ~ f the

attenua tions of the shadowin g of the cop per scre en wit h a

thickness of 0.1 mm in the range of frequencies to 10’

Hz. The attenuation of the s~ a dowi pg of ma g net ic fie Ld A~
has in all frequency ban d the growing character. Decay

curv e of the sha dowin g of electrical field A~ has com plex

na ture - f i r st it falls, an d then it increases. ?he

minimum is observed at frequencies 10 6_b ? Hz. The

attenuation of shadowing as the strip of wave in the ra nge 
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to 10’— 10~ Hz has constant value , an d then grow/rises

beca use of absorption in met al. Rate /estimating the specific

significance o f the componen ts of shadowing A~ (absor ption)

and A 0 (reflection) , it can be note d that in the range

approximat ely to 10~ Hz prevails the att enua t ion of

reflec tion , bu t above becomes determining the attenu ation of

absorp tion. The role of the a ttenuation of absorption is

especially great of magnetic screeiis.

As a wh ole, com paring scr eenin g e f f ec t of unif orm

screens wi th different transmission modes (Table 1.1), it is

possible to state/establish that the electric field is

shielded substantially better than magnetic , i.e., A~~>A~’.

Plan e wav e is the intermedia te positjion that (A~>A P > A ~ ) .

L - ~~~- ~~~ --_ _ _ _ _ _ _ _ _ _  - - -
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_ _ _

_ _

U ~,Z 
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Fig. 1.10. Comparative effective ness of electrical and

ma gnetic shielding.

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

Fig. 1.11. Attenuation of absorption of screens from

different metals.

Key: (1). sp. (2). Steel. (3). Copper , a l u m i n u m , lea d. (4).

MHz.
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Therefore magnetic fields are definit e during screens an d

fr om their mixing effect necessary first of all to sh ield

couplers and radio mechanics.

Let us examine in more d etail t he e ffect iven ess of

screens of relatively magneti c fields .

P ures 1.11 , 1.12 and 1.13 give corrected values
A11, A0, A

or mag netic screens from copper, a l uminum , lead they

will stop thickness of 0.1 mm. Maximum val ue possesses

steel screen (see also Table 1.1). Maximu. value A~ for

nonmagne tic screens possesses copper , then goes aluminum and

f ina l ly  lea d (A~ for lead 100 times less than for

copper). This is explained by the poor conductivity ~ of

lead. The screen attenuation of reflection A 0 at f r eq uency

cnly 1 N p, a l u m i n u m  — 3.4 N p ,  but  stopped in all only 1

Np, i.e., nonmagne tic screens have th e hi gh value A0.

Asalyzing the screen attenua tion of d i f f e ren t screens as

a vh~ le (A,~ A~-f-A ,,), it can be noted that in freque nc y range

app to~imat ely to 10’ Hz the greatest result give the copper

and a l u m i n u m  screens, an d in hi gher frequency spect rum th e

- - 
- - 

-~~ -~~~ - -_-
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11
ad va ntage remains after steel screens. However , in a numbe r

of cases d ue to hig h e lectrical losses, steel b ec~ mes

unsuitable for  t h e  production of s ing le—layer  screens. With

an increase ~i of steel , occurs the  redis t r ibut ion  of the

screen attenuation of absor ption and screen at tenuation of

reflection . Change j~ f rom 100 to 200 gives an increase A.

approximatel y on 0 .8  Np,  and value A 0 decreases. As  a

whole the increase ~i gives subs tant ia l ly  positive effec t in

an increase in the screen a t t enua t ion .

Fig ures 1.14 shows the dependenc e of the screen

attenuation of copper and stee l scree ns on thickness.

I

I-

_ _ -  - -_
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Fig. 1.12. A t t e n u a t i o n  of reflection of screens f r o m

d i f f e r en t  metals.

Key: (1) .  Np. (2) . Copper. (3) .  A l u m i n u m .  (4 ) .  Lea d. (5) .

Steel.. (6). MHz.

Fig. 1. 13. Resu l t ing  of at tenuat ion  of shadowing of

different metals.

Key: (1) .  Np. (2). Coppe r. (3) . Aluminum. (4). Steel. (5) .

Lead . (6) . MH z.
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W ith an increase in the thickness of screen, increases it

that  screens, moreover  the character  of this g rowth  of

ma gnetic and nonnagnetic materials is various . A, h o n e y s

com p arat ivel y tem po r a r i l y  increases wi th an increa se in the

th ickness of screen. Increase t in steel is led t o  a

sharp increase in screening effect. So, durin g a chan g e in

the thick ness of screen from 0.1 to 0.2 mm screen

attenuat ion grow/rises at coppe r by 20o.o, and of stee l —

to 70o/o. This is explained to the facts that in the

freq uency spectrum 
- 
being investigated of magnetic materials

considerable role plays the compone n t of th e scr een

att enua t ion of a b sorption A~; of nonmagnetic mater ia ls  this

componen t is ver y small.

The conductivit y of metal 5ubs tant ia lly  a f f e c t s  the

shielding properties of screen (Fig. 1 .15) . Screening e f fect

of the noniaagnetic screens of equal thickness is cause d by

the properties of e lectrical conduc t iv i ty  of meta ls .  The

se q uence of metals on the shielding effect  (copper —

~luminu . — lead) corresponds to the sequenc e of their

conduc tivities u. As a result of the fact that , lead is

13 t imes less • copper , screening effect of the lea d

shield is 2—2.5 times less than copper one.

~

—
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1.7. Wave mode/condit ions of shadowing.

The wa ve mode/con ditions of shadowin g is prop~~ ated in

the range of the superhigh frequencies: from 10~-10’° Hz it

is above, encompassing the range of decimeter, centimeter

and milli meter waves . The limit of the demarcation of

electromagnet ic and wave node/conditions is the

commeasurabiiity of wavelength X with the diameter of screen D~:

when 1~~ D. sets in the wave mode /conditions of shadowing.

In this case one shoul d procee d fro m th e comple te equa t ions

of e lectrod ynamics and along wi th  conduction currents to

consider bias currents.

~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~ T i - 
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Fig. 1.14. Depen dence of attenuation of shadowing on

thickfiess of screen.

Key: ( 1) .  Np . (2) . Steel. (3) . Copper.

Fig. 1.15. Dependence of at ten uat ion of shadowing  on

conduc tivity of metal.

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

’
)  i/ J2 7’Z- ’
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If in the examina t ion of electro ma gnetic screens it was

sub ject to operate with fundam ental wave cf electric wave

mode , the n in wave  mode/conditions one should proceed from

_ _ _ _  - - --
~~~~~~~~~
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the waves of higher crde r TE and T M .

The special feature/peculia rity of wave mode/conditions

is f luctuating w a v elike nature of a change in the

attenoation of the shadowing of elec trical and magnetic wave

wi th an increase of frequency. This is connected both with

the na ture of elect romagne t ic fiel d of sup erhi gh f re quencie s

an d with the specia l feature/peculiaritie s of mathematical

ap paratus for the calculation of screens. For a plane wave

the attenua tion of shad owin g A,BH in all frequency range fr om

0 to SliP smoothly grow/rises without any oscillatory

phenomena.

-
~
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Table 1.8. Value of wa ve dielectric resistance in electrical z:

and magnetic Z~ fields.

(/1 51,~~4 Z~

10’ 2 ,O96- lO~~ 1 , 8- 10’ 7 ,9-10— s
10’ 2 ,096.1Cr6 1 . 8 - 1 0’ 7 , 9 - I Cr 4
10’ 2 ,096-l0—~ 1 ,8-10’ 7 , 9 - I 0~~10’ 2 ,096- io—~ 1 ,8-10’ 7 , 9 . 10_ 2
10’ 2 ,096-ICr 3 1 ,8•i0’ 7,9-I0 ’
10’ 2 ,096- 10 2 1 ,8-10’ 7,9
10’ 2 ,096-10 ’ 1760 874,24- 10’ 0,89 106 ,0 410

5,42-10’ 1 ,14 0 536
7,15-10’ 1 ,5 15,8
8,77-10’ 1 ,84 0 7801010 2,096 69,51, 04 - 10” 2,19 101 810
t , 15.10’0 2 , 19 101 810
1 , 15-10” 2 ,41 176 778

384 545 0
2,54.1020 5,33 0 760
3,33.10” 70 643 0
4,08.1010 8,56 0
4,85 10” 102 0
5,58-10” 11 , 7 0 755
6,35.1010 13,34 695 0
7.OB. 10” 14,86 0 754

- 7,86.10” 16,5 704 0
858 10” 18,0 0 749
0,34 10” 19,6 715 0to’-’ 36,96 100 740

Key: (1). lIz.

Page 39.

During the  calculat ion of screens in the w a v e

mode/conditions of re la t ively electrical and magnet ic  fields,

one shoul d use known already formula A,—A .+A 0 — In - I ch x.t~ + I nh l + +  
~~~~

-

thxw~$ wher e all the  values, except wave dielectric r .sistance ZA, 

:~~~::~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -
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are ident ical for e lectrical and magnetic fields. For

magnetic and electric fields wave impedance respectively

Z~ ==Z,i ~ ic~r,J 1 (,cj,) H,(scj,) 
~~~• (1 .48)

= z, ~ Kj,JR (Kj,) H; (~ r,) J -

The screen attenuation of absorption A~.’1n Ich IcMtI for

electrical and m agnetic fields is equal. The screen

at tenuat ion of re f lec t ion  A 0 because of values Z~ and

for  electrical and  magnetic  fields is different .

Table 1.8 and  Fig.  1.3 gives corrected values of wave

dielectric resistance of the relatively electrical Z~ and

magnetic Z~ of waves. Approximately to equality bet ween the

wavelength an d the d iam ete r of scree n (A~~D,) the

curve/graphs of wave dielectr ic resistance Z~ and have

smoot h ch aracter , an d then in ran ge SHY, beginning with 10’

Hz they bear the  oscillatory n a t u re  fo r  a wave —

increasing , and for z,H — damping. These wave processes

occur closely va lue
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Fig. 1.16. Frequency dependence of attenuation of shadowing

of electrical A~ H an d ma gnetic A’,’ of tields , p lan e wave A r

and atten uation of absorption -A, in the range of SHY.

~~ / .~ei2 -= N p ;  CJ3r~~~SH F , ~~ Hz J7

Page 40.

Table 1.9 and Fig. 1. 16 shows the values of the

attenuatio n of the shadowing of the electrical ~~ and

magne tic ~~‘,f SHF f ields in wav e zone . In f igure  is also 

-- - - - -~~~~~~~~~~~~~~— --  ---~~-~~~ -~~~~~~~ - - -  - — -~~~~~~~~~~~~ ---  ~~~~~~~~~~~ 
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given the frequency dependence of the a t t enua t ion  of

absorption A~. During gra phing of the value of the

attenuation of shadowing,  they are l imit ed to value 11 Np,

since large values difficult  to measu re an d to r e a l i ze .  The 4-

attenuation of a bsorption for  both f ields equal ly  has

smoothly increasing character. The a t tenuat ion  of shadowing A,

a~ d t he attenuation of reflection A0 have an oscillatory

nature. Physically this Fhenomenon connected wit h resona nce

phenomena w hen ~~~D, testifies to the wave na tu re  of

electromagnetic f ield on SHY . Mathemat i ca l ly  this is ca used

by the presence in the fo rmulas  of calculation A, (SHY)

the cylindrical  funct ions  of the f irst (I i) and th ird (H 1)

ki nds t h a t  are given to a t tenuat ion  an oscillatory nat ure.

In the  points, whic h correspond to the zer o coord ina tes  of

func t ion  I~ , fa i lu res  reach — —. For a magnet ic  wave the

re sonance begins when 1C~,r,=3,83; 7,01-5; 10, 167 so fort h.. Or , bear ing

in mind  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ we will  obtain the
C C ~

points of resonance wit h following relationship/ratios D,1),= 1,22;

..2~ 2-~~~~; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- 

-- - A
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Ta ble 1.9. Values of the attenuat ion of the shadowing  of

the  electrical A,5 an d magnetic A’,’ of f ie lds in w a v e zon e

wi th different radii of screen.

r1—1 ,5aui ; t—O .Olj i.u r,. ISMM; 1 ,O , OLAIJI

,. ,, .,
~ 4 •- -

10’ 9,55 17,60 10’ 10,20 19,10
6,37.10* 13,74 15,41 6,37.10’ 16,09 17,77
1,26- 10’ 16,36 16,55 1,26.101~ 16,20 16,40
2,53- 10’ 16,18 14,44 1 ,67.1010 19,21 15,82
2.93-10’ — oo 2,53-101° 16, 18 14,44
3,31 - 10’ 16,03 14 ,23 2,93.101~ 

- 
00

5, 67-10’ 14,12 15 ,41 3,31.1010 16,03 14,28
6,1.100 = — 3,57.1010 15,95 14,67
6,3-10’ 13,24 15,27 4,1.1010 15,69 15, 15
8,2-10’ 14.05 13,30 5,67.1010 14,12 15,41
8,49-10’ — 00 6,1-10’-’ —

8,75.10’ 14,99 13,07 6,3-10” 13,24 15,27
1,07.1010 13,48 14,76 8,2.101S 14,05 13,30
1,12.10” 00 — 8,49-tO” 00

1,29 1010 14,49 13,73 8,15-10” 14,99 13,07
1,36- 101’ — 00 1 ,07.1011 13,43 14,76
1,45.101 14,35 13,86 1 , 12.1011 00 —

1,55.10’S 13,52 14,35 1 ,29.10”- 14 , 49 13,73
1,62-10” 00 —

1,70-10” 13,69 14,08 -

Key: (1 ) .  Hz.

Pa ge 141.

~~~ i electçical w a ve the re sonance begins when
1,84; 133; 8,531

A s p  foct h, which corres p onds to relationship / ratios
~~~~~~~~~~~~~~A so forth.

As can be seen from Table 1.9, in the range of

frequenc ies 10 ,_ lOl l  Hz , there is on 2— 3 resonances for

I_._ — — —-~~~ -‘ ______ - ~. — -
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magnetic and electric wa ves. Thus, resonan ce phen ome na ar e

observed for bot h transmission modes: ma gnetic an d electrical

wi th the d i f ference only in ampl i tude  and frequencies of

resonance. Mathemat ica l ly  its difference between A,h’ and A !

is caused by the  facts  that  in the f i rs t  case in foriula

f igure  as functions L~ and H 1,, and in the second

derivative of these functions I ’~ and H ’ 1. Wit h f = 0,

pr od uc t 11H 1 gives zero an d therefore for  a ma g ne t ic fi el d

with f = 0 A~’=0, but the produ ct of the derive l these

funct ions  l’1H ’ 1, gives infinity and therefore for  a n

el ectrical field at f 0 va lue A! =00 . For a p l a n e  wave

the atten uation of shadowing A ’~” in all frequency ran ge from

O to SHY smooth ly they  grow/rise wi thout  osc i l la tory

phenomena.

Is of interest to compare the f o r m u l a s  of the

ca lculation of the  a t tenuat ion of shadowing in

electromag netic (h . f . ) and wave (SUIP) mode/conditions. Since

the atten uation of absorption A~ in bot h cases is equal ,

let us examine only the formulas of the attenuation of

reflection A0.

For the magnetic field: 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~ :
. -

~~~~~~
- - - - -4
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.4~’(n~i)= 1n~1+ ~~~~~~~~~~~~

A~ (csq)=Ln i + ÷ f’ i n, c~r,J ,(Ic ~r,)H i(I c*r,) th .cJI.
h . f;  ~~~~~~ SHF .J

W here ~~~~~~~~ Bearing in mi nd thatZoiK~r.= J/~~~I wj/~~r,=iopr,=Z~ we

wi U obtain that 44~ (S II?) = In J I + + f ni, (K~r,~ H, ~~~ th ,c,,t

Disregarding by one as com pa r ed with the second me mber of

sum, we can rd A~ (SUP ) =A~’ (h f.) +&4~ , where
= In gl1(xjs)H i(x~rs) I

or 
~4~’( )  A~~av~ + In n i,(~cj,) H~ 

(ic~r,)I. (1.49)

= SHY 5 5 4 / =h . f . 1

For the electri c field: -

- 2 Z ,

A~ (cmi) — In 1+ ÷ f t  I ,ix r,J-~ (scj,) H (.cj,) th ,cJ

— h.-f ~ c.64’ = SHF3

where ~s . _ _ _

~ io* r,

Page 142.

4 [i~
• I

Bearing La mi nd th a t Z. — 
— 

Z~’, we w i l l
i I 0 I (UI

obt ain that A~ (SlIP ) = i nj i  + ÷ ~~_n (I K1,r,)’J;(Ic,r,)H,(~c/,)thKJ~.

Disre gardi ng one in compar ison with th. second term of sum ,

~~~~~~ ~~~~~~~~~ _ _ _ _ _ _ _ _  ~~~~~~~~~~~ 
- 

~ - -~~-:~~ T~~
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we vUl obtain that ~~ (S B?) (h f .)  +M E , whe re

.A E InIn(i ic~r,) 2/~ (,c~r,) H i(I c~r,) I , or A! (cmv) = A! (By) + in Jn (1 r,) ’ J ~ (g ~r,) H; (Ic ,,r,) I . (130)

Ke y: (1) . SHY.. ( 2 ) .  h .f.

Value s L~AO
H and i~A~ are caused by the special

feature /peculiarities of shadowing at SHY , that characterize s

wave nature of processes in this frequency domain. Fig ures

1. 17 and 1 .18  shows comparative th e dat a of the

attenuations of reflection for an electromag netic z~ ne (h.f.)

a~ d a wa ve zone (SHY), se para tely for  the magne tic A and

electrical A~ of waves. Figures 1 .19  shows the specific

significance of the resonance compone nts iAOM and &4~ and the

resulting values of the attenuation of shadowin g A.’~
’ (SHY)

and A! (SB?) in wave zone.

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~~~~~~ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- -~~~~~~~
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Fig. 1. 17. Atten u ation of ref lec t ion of electric field in
the range of SHY.

Key: (1). SHY. (2). Lf. (3). Hz.

Fig. 1. 18. A t t e n ua t i o n  of reflection of magnet ic  f i e ld  in
the range of SHY .

Key: (1) .  SHY. (2) . h. f.  (3) . Hz.

Page 43.

Tabl e / , 1 0  gives calculat ed the da t a of the at tenua t  ions of
t h e  shadowi ng of copper sc reen in t he  range of frequencies
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from 102 to 1010 Hz. From curve/graphs and table , it is

eviden t that  to 1O ’— lO ’°  Hz of at tenuatioll  length of

re flection for  an e lec t romagnet ic  mod e/conditions are close

to values for a wave mode/conditions, an d then wh e n
begin to oscillate. Va lues themselv es ~~~~~ and ~~~ are

comparativel y small and are char acter ized by amplitude and

the freq uency of resonance ..

Let us examine the funda mental laws governin g a change

in the screen attenuation of wave zone from the

constr uction of screen.

. - - - --- -~~~~~ - - — -L -. ~~~~~~~~~~~~~~~~~ - - -~ 
- - - -
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Pig.. l..19. Components of attenuations of shadowing in ranges

of H.f. and SUP.

Ct3~i ~S)-/ F~ B~~~~~c ; z b ’z~J

Pig. 1.20.. Attenuation of shadow ing of magnetic field with

different radii of screens.

Key: (1). Np.. (2). Hz.
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Figures 1.20 gives the frequency dependence of the

attenuation of the shadowin g of magn etic field A~’ for a

coppe r screen by thickness t = 0.01 mm ty a tadius r,1=0,5

am and rgu~5 ma. w i th  an increase in the radius of

screen, gcov/ri ~.ns screening effect and resonance ph enomena

they are moved into the range of lower frequencies.

Figures 1.21a and b gives the freq uency dependences of

the attenua tion of the shadowi ng of electrical and ma gnetic

fields for  screen wi th ra d ius of 5 mm an d the d i f f e r ent

thickiiesses: t1 0.01 mm and t2 = 0.001 mm . FrDm it is

placed to an increase in screening effect. Moreover

resonance frequencies virtually remain constant/invariable.

Figures 1.22a and b shows the dependence of the

resonance frequencies of the attenuation of shadowin g for

electrical and magne t ic  fields on a change in the rad ius

of screen. Curve 1 is related to the values of the f i rs t

resonance, and curved 2, 3 and 4 — respectively to the

values of the subsequent resonances. Wit h an increa se in

the radius of scree n , the resonance frequency decreases . So.

if for a magnetic f ield when r,-~IO i the first resonance

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~ ‘
• :~~ 
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begins with f 01 = 1.8.10’ Hz, then when t.30 a it

begins wi th f 01 = 5.6.10’ Hz.

Table 1.10. Attenuation of shadowing for electrical and

magnetic fields in wave zone (copper; r3=l0 mm ; t = 0.01 mm).

f, A~~(io 4(1! ) A 4 A 4 4(C2!) 4(cai)

102 0 35,34 0 (1 35,34 0
10’ 0 , 00099 31,44 0 0 31 ,44 0,00099
10’ 0,0237 26, 14 0 0 26 , 16 0,0237
10’ 0 ,9042 22 ,44 0 0 22 , 44 0, 9042
10’ 3, 114 20,03 0 0 20,03 3, 114
l0~ 5,42 17 ,63 0 0 17 ,63 5,42
10’ 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, 2 14 17 17 , 2 14

8,77 10’ >17 ,0 > 17 —00 0, 15 —~~~ 17 , 15
1, 10 102° > 17 > 17 — 0 — 17
1,52•10*° > 17 > 17 —0 ,576 — 16, 424 —

1 ,8.1010 > 17 > 17 — —
~~~2,46 .IOIU >17 > 17 — —0 ,9 — 16, 1

2 ,64.10*0 >17 >17 —0° — —~~~ —

3,22.1010 >17 > 17 —1 ,24 — 15,75 —

3,33.1010 > 17 >17 — --ce — —~~~
4 ,08.1010 > 17 >17 ce — 1,46 —co 15,54
4 ,85.1010 > 17 >17 —1 ,63 —oe 15,37 —

~~~
5,65.1010 >17 >17 —~~~ — 1 ,76 —~~~ 15,24

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Note . At the frequencies of large 1.”9.10’ we take A ,

(h, .f.) 17 Np.

Key: (1). Hz. (2) . h f .  (3) . S UP.

Pa ge 45.

Example of the calculation of screen. To determine the

magnetic screen atten uation of the copper cylindrical  screen

with a thickness of 0.1 •a and with  a radius of 20 mm

at frequency 1 14Hz.

Solution.

I. From Table 1.2; 1.3 and 1.4 we find values of

wave diel ectric resis tance , copper ai~d coefficient of ed d y

currents:

Z~=l138 10 3 oa., Z~~~pTO,372-1O~
3 oa,

~ = }“I 21,2l

LJ? J
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Fig. 1.21. Frequency dependence of attenuation of shadowing

of electrical (a) and mag netic (b) fields with thickness of

sc reen t1 = 0.01 and t2 = 0.001 mm and r = 5 mm.

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

Fig. 1.22. Dependence of resonance frequencies  of nt t en nation

of shadow ing for electrical (a) and magnet ic  (b) f ie ld s on

• ___ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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change in radius of screen.

Key: (1). Hz.

Page 46.

2. We determine attenuation of absorption of screen:

S11= = 
th, rf ~I2 I .o I 

= 
2 , 13eh14.1’

e4n =In I~!-I = I n hj l~~.~I..o, 75 lip.

•. ~e determine attenuat ion of reflection of screen:

so=

~ 
I f ZA Z11\ 1/ 138.10 3 e10 0,372~l0 ’~~.’’~~\-I- + j 1+—

~ + — 1 185~~’~~’2 
~~ Z0 / 2 \0,372.I0” ’,’4~’ I38,l0. 3 e~~

0 / ~~C

lii Vr2I,2 ,o ,I I ,l I e u IW 
-

Whence

so = 185,5eI4r.i ,1IehI~Ir 
= 205, = 0,00487 ~~~~~~ .

Ao =In J~-I nIo i_ I~..Ir1=5,325:sp.

4. We deter mine total attenuaUon of shadowing:
A . A n +A , o15+s~~~~ 6 o ~ t/p.
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Page 47. Chapter 2. SINGLE—LAYER SCREEAS..

2.1.. “Wave” method of deteraining 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 noncon formities dielectric — metal — dielectric.

In this case the shielding properties of screens are

expressed as the wave characteristics of the metal from

which is made the screen, and the dielectric, whic h

surrounds screen. “ wave ” method allows to aatheaati~ ally

simpl y and physical ly  convincingly present the processes,

occurring in screens.

Let us determine the screening effect of single— layer

screen (Pig. 2.1) b y “wave ” method and let us com pa re with

t he  results, obtained earlier with solution by classica l

L ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. 

~~~~~~~~~~~~ 

• •

~~



DOC z 78000203 PAGE

IC,

• method on the basis of the equatioi~s of Naivell.

We take the thickness of screen t, the coefficient of

eddy currents ~~~~~~ Let us assume that to the surface

• of screeu in region I falls the wave of the source of

interferei~ces E. As a result of the nonconformity of

electrical, character istics (boundary of I—Il) the p ar t  of

• 
- the energ y will be reflected back into region I. The part

of the reflected energy can be expr essed by the  coeff ic ient

of reflection (P iz )  in the f o r m  E 2 E PLZ . An other part

of the energy p asses into reg ion II and , vary in

proportion to t~ refractive index (q~ 2j, viii undergo

attenuation according to the law e”. Pield in region II

will, be determined Ei=q~e~~ E,, This wave in boandary of

Il—ui part ially  ‘ill, be reflected (E 3 q~p ne ’~’E) and

partially it passes for  screen (E4 =..q12q21e mE) ,  Wave E3

partially passes into region I (Eo q1~ 2~~~
=
~ E) a partially it

will be reflected from boundary of ~—II it will retur n

conversely ~~~~~~~~~~~~~~~ This wave part ial ly passes

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

Es-. q1,q3~p~,p,3e”3 “E

- ~~- . ~~~~
—- 

- • •

• 
~~~~~~~~~~~~~~~~~~~~~
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~-l$tE 
~~~~~~~~~~~~~~~ ~~~~~~~~~ -.,

~~~~~ ~~~~~~ ‘~
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~
• Z

~4’

H
a-’ -tnt. •. a’ ~~~~~~

f t.., ,~p,,M,’,3) ~ f

Pig. 2. 1. on the calculation of screening effect f

single—layer screen by “wave” mathcd.

Key: (1). region.

Page 48.

Wave E5 on boundary of 11—111 gives the wave E7,

wh ich wil l cause the reflected and refracted waves , and so

• this process can continue to in f in ~iby until waves completely

damp. As a result it is possible to write for region

where operates the sum of the waves reflected, the

following expr ess ion :

= ± ) = E1 + q11q~p (p~ ~1r- ’ e’
~~~E. (2. la

I— A 1

• • •--.
~~• . •- ‘•

.
= -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ • • • • •~~~• • • .•~~~~

. ..
~~

. • . • •
~~~

. • •.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
---

~~~~ Pt-.
-—

DOC = 78000203 PAGE A”

/D
?

It summed up this  series, we obta in

Eo = (
~ 

+ ~~~~~~~~~~~ e-: ) E. (2.

Let us hence determine the resulting coefficient of

reflectjoa (reaction) of the screen

“= = 
~ 12 + ~~~~~~~~~~ 

e~~~ (2. l~)E I—p,,p.3e~~

In region III in the shielded space, will operate a
whole series of transmitted through the screen waves of the
type E4~: E’= ~ E, =

~~~q’sq,,~pupu)’~” ~~~~~~~~~

s = !.= q,,q,,t’~~ (2.2)
5 — p~

p
~ e~~~

t

Then screening constant is equal te

* ~~~• - •- • -•- •‘ .~~~~ -~~~~~~ --~~~~~~~~~~

- •
-

~~~~~~~~~ :L’- - -.-~ . 

- 
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/ 83
tab we convert the obtained expressions for P and S. it
is known that the refractive indices q and of reflection t

are expressed as the wave characteristics of the
conjugated/combj~e~ mediums Z4 and Za:

= 
2ZA ZA — Z a (23)q 

Z A +Z,
’

Bearing in mind that in our case Z1 = zj, we will
obtain:

q _____n A + Z, ‘ 
q~ ~, •fZ ~ (2.4)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
*

where Z 1 — wave dielectric resistance (Z1), a - the wave
imp edance of metal (4).

Page 49.

After substituting values of q and p in (2.2) • we
will, obtain

3 ~~~~~~~~~ ~~~~~~~

or

S = 
Z + fl’ ~‘~I (Z~ — Z~) ’ e~z,z, T z,Z1 ‘ 4

-

•~~~&*~~~• *  
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~T~~~.--- —~---~- 

- —
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Converting this expression, we will obtain

s= I
?‘ e~~~ _ 

e”~ 4± Z~ e~~ 4 -~~
2 2 • 

4 Z~Z ~~~~~~~~ 

- ______

Passing to hyper bolic functions, we will obtain

thKt~~~ 
_ _ _ _  

(2.5)

or it is final
1 

(2 .6)
~~~~

Comparing (2.6) with fo rmu la  (1.~& 7) ,  we note tha t the

“wave ” me thod and  t he  classical method of the so lu t ion  to

differential equations give identical result.

2.2. Coefficient of the reaction of screen.

Electromagne t ic screen, shielding circuits and incts from

interferences, simultaneously exer ts esse ntial influence on 

~~=. • •~~~ :~~~~~~~-‘--- 
— a—’ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- •- •-- ---

~~
-----

~~
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its own parameters of the shielded cell/elements (circuits,

ducts) , a f te r  redis t r ibut ing internal  electromagnetic f i eld

and chang ing the conditions of the passage of s ignals along

these circu its. This phenomenon is caused by the  react ion

of screen, which is led to a change in its own para mete rs

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

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

the parameters of the effect which include the electrical
( K=q+i ~~~and magnetic (M= r + iw m) of coaaunicatiou/connectio n.

The effect of screen on the electrical charac teristics

of c ircui ts and ducts, included into screen, can b e

determined with the aid of the coefficient of the reaction

of screen P. Electromagnetic screen is characterized by two

• parameters: the screening constant S, which determine degree

and the fundamental laws governing of a change in

electromag netic field outside screen, and by the c3efficient

• of reaction P. which determine degree and the funiamenta l

la ws governing a change in electromagnetic field within

screen. Both parameters are organically interconnected and

can be ma themat ica l ly  determined one of another.

Pa ge 50.

- 
•  

-•-



~~~~~~~

DOC = 78000203 PAGE ,Y

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 investigated and make it

possible to select the optimum constructioa of

electromagnetic screen, which is especially important for

ccmmun icat ion cables where the large number of circuits is

arrange/located in immediate proximity of screen and

exper j.ence/tests its electromagnetic control.

Parameter S makes it possible to consider the shielding

abil i ty of system and the degree of a decrease in the

field of the interferences in the effect of one electrical

• circu.t on another. Parameter P makes it possible to

• investigate fro. 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

circuj,ts and ducts, contained screen, can be both negative

and positive. Under specific conditions and the de3iqn

relationsh ip/ratios of scree ns, the i r  reaction can improve

the electrical characteristics of the shielded cell /elements.
• Therefore during screens, one should attempt to obtain

maximum screening ef fec t  and the  most advantageous para meters

• .. ---• — • • • •- • 

— -- .
•

- ‘..A ~.. - • —
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of the reaction of screens. The coefficient of reaction is

determined by “wave” method and is expressed in the  tori

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

(2.7)

Convert ing expressions (2.la—2. lc) taking into account

values of g and p, we will obta in  the f i na l  coe f f i c i en t

of reaction in the form

I / ZA 4.
2 ~Z ~~Z

“= (2.8)

where Z2,— wave dielectric resistance; Z~~- is wave impedance

ci metal; t is thickness of screen; 
~~
= V I~~i~— the

coefficient of eddy currents.

Anal yzing formul a (2.8), it cam be noted that the

coefficient of reaction the greater, the greater t he

• ncncoiiformity bet ween the wave dielectric resistance Z~ and
• of metaL 4. Dering the weak screening effect  P ~ 0, i.e.,

the screen does not reflect energy.  Dur ing  ~he p o w e r f u l

• screening effect of the magnetostatic screens P = f-i , 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 nonmag netic and magnetic materials. This position is

visually illustrated by Table 2.1 and Fig. 2.2, wh ere

corrected values of the coefficients of the reaction of

steel and copper screens. The coefficient of the reaction

of copper varies from 0 to 1; P of steel depending on

freq uency undergoes more complex change.

Page 51.

in the  range of l ow  frequencies, approx imate ly  to 7—8 kHz ,

• the coefficient of reaction has nega t ive  value, the n i t

passes through 0 and begins to grow/rise , bein g f i x e d  to

• unity’. Thus, P of steel has two characteristic zones. The

f irst  zone — the negative values P ( f rom — 1  to 0) —
correspond s to the  nagnetostatic mode/conditions of shadowing;

in it small sur face effect and equivalent depth of

penetration are greater tha n the thickness of screen (0 >

t) .  The second zone — the posit ive values P ( f rom 0 to

• +1) — corresponds to the electromagnetic mode/conditions of

screen. Equivalen t depth  of penetrat ion is less tha n the

- ~~~~~~~~~~~~~ • . :: •;



DOC 7800020 3 PAGE

thickness of screen (0<~ Surface effect is considerably

increased. Transition of one zone to another occurs with kt—— 0~7.

Copper screen, as all other noumagnetic screens , has

only positive values of P and operates on the pr incip le of

electromag netic shadowing..

~ ~~~~~~~~~~~~~~~~~~ 
• • •i:: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - • ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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• Table 2.1. Data of the calculation of the coefficients of

r.actj.oa.

(.) (2~J Me~~. i— O .O8a. ( 3)CwIb . s ~~o , I M a

~ Pe1
~ 

- 

P.”

o o 90’OO’ 0 +0 1,0 180’OO’ —l 0
0,1 0,0310 82°24’ 0 +0,03 0.2181 178’34’ —0 , 22 +0,08
1 0,2998 76°11’ 0,07 +0,29 0 ,2246 167°13’ —0,2 +0,09

10 0,9499 17°39’ 0,91 +0.28 0 , 3927 92~00’ —0,014+0,39
20 0 ,9845 9°04’ 0,97 +0.15 0 ,5447 59~52’ 0,28 +0,47
40 0 ,9935 4°33’ 0,99 +0 .07 0,6577 35°07’ 0,53 +0,37
60 0,9958 3°02’ 0,995 +0,05 0 ,6940 25°35’ 0,63 ±0,29
80 0,9960 2~10’ 0,996 ±0,04 0,7145 22 16’ 0,66 +0,27

100 0,9962 1~49’ 0,96 +0,03 0 ,7299 18°5I ’ 0,69 +0,24
110 0,9965 1°43’ 0,9965±0,027 0,7371 17°55’ 0,70 +0,23
130 0 ,9967 1°36’ n,9967+O,025 0,7498 I6~40’ 0,72 +0.22
150 0,9968 1°27’ O,9968±0,023 0,7616 I5°28’ 0,73 +0, 2

• 1 ,0 o~oo’ i,o +0 1 ,0 0’OO’ 1 .0 +0

n.y : (1). f, kliz . (2). Copper. (3). Steel.

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ •~~~~• ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



• 
• •— •-- 

~
,.- -•- - - - —-

~~~~~~~

—, •-

~

——-,

~

—--•• • -

~

-

~~~
• •=

~
--

~
•--• - • •-

~
••
~~~ J~~~• -•~~--- ‘-~~~~

-
- - -

~~~~~

---• •-• -,- 

—‘

DOC = 78000203 PAGE 2#
‘71/

p 
_______ _______  _______

Di

~ 
ID 28 30 40 f, #Z

-

~~ 
~~~ .L_pe~wuMt siegmpis~i.umiswii p

vu,ug 
_______-U

Pig. 2.2. Pregnancy dependence of coefficient of reaction of

copper and steel screen.

key: (1). Copper. (2). steel. (3).. Node/conditions

magnetostatic. ( 14 ) .  Mode/conditions electromagnetic.

rage 52.

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

reaction of copper is greater tha n steel, an d alr ead y,

beginning with frequency f = 20 kHz, is almost eq ual to

unity.. To this are explained the high characteristics of

- 
•J • •

.~~—-  

.~~~ T ~~ •~~~
•
~- - i ~

j  •

~~~~~~~~~~~
- -• 

~~~~~~~~~
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~~~~~~~



DOC = 78000203 PAGE

the copper an d other nonma gnetic screens cn the attenua tion

of reflection (A 0 copper suhstantia].ly more A0 steel). The

reactjve componen ts of P have a max imum for steel with f

= 20 kHz, and for copper wit h f = 1.9 kHz.

Prow the formu la s of calculation P, it is evident that

because of th from coapcsite argumen t (kt) the

module/mod ulus of the coefficient cf reaction has

oscillating—increasing character (Fig. 2.3), moreov er value P

(formula 2.8) it increases with an increase in the

coefficient of eddy currents (K / i ~~o) and the thickness of

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

re action does not depend on a f u r t h e r  increase in the

thickness of screen. This means that in this case the

th ickness of screen is greater t h a n  the equivalent depth of

penetration of field into the meta ll ic thickness of screen

(t > 0).

At the lar ge values kt the reaction of scr een can be

determined by the formula

f~ 
Z~— Z , 

, (2.9)
zA + ZN

This fo rmula  complet ely coincides wi th the f or m u l a of

the calculation of reflection coef f ic ient, widely utilized

111L ~4 -~~~~~-~ 
ft — — —~~~~~- 

—
~~~~~~~~ ~

-
~~~
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~~~~

“
~~~~~~~~~~ - ----- —
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for the investigation of the phen oaena of heterogeneity in

the theory of electrical circuits.

2.3. Analogy between to the processes of shadowing and by

t ransmit t iags of energy cn electrical circuits.

The ph ysical essence of the pbencme n a , wh ich occur in

electromagnetic screens, in many  respects is similar to the

processes, which occur in electrical circuits d u r i n g  the

propagation of energy  on un i fo rm lines with mismatche d

loads. Therefore is of interest the comparison of the

methods of the calculation of the screens, which are based

on the solution to the fundamental equations of

electrodynamics, with the methods of circuit design, used in

electrical engineering and in the courses of the theor y of

electric coupling (Pig. 2.k). For this, we convert (2.6)

and (2.8) :

A..=A.+Ao=InI+J=InJch Ki [1 ÷+(N + +) th~}I
— 

-
~~
- (N — 3-) th ~ , (2.10)

akere N—~ &

~~ ~~~~~~~~~~ ~~~~~~~~~ - ~~~~~~~~~~
• 

~~~~~~

-

•~~~~~~~~~ ~~

-- 
• 
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Fig. 2.3.. Character of cha nge in coefficients of reaction

with increase in thickness of screen.

Page 53.

Passing from the recording i~ hyperbolic functions and

to exponential  functions , we wil l  obtain value Ae in the

following form:

A,=in

= In e~’ 
(N+ I)’ —e~

t (N —.- 1)1
4N 4N

Replacing N with the values of wave impedance and

converting expression, we will obtain

A = In e’~ I 
-
~ Z N \‘~~~e~~ dt / Z~ —

2 )  ZJM ) ‘2 J~Z~~~ ‘

L ~~~~~~~~~
--  

~~~~~~~~~~~~ 
• -

~~~~ ~~• —= ~~ ~~~~~~~~~~~~~~~~ - - •
~~~~~~~~~~ •• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- —
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i/s

After carrying the first term for brackets and

piecemeal taking the logarithm of, we will obtain

A,= -~=+2In Z1 -f- Z~ ±In ( Z A — Z N 
~‘e~ ’2 1Z *ZM ~ Z~±Z ,~ I

(2.11)

This formula  completel y corresponds tc the formula of

the calculation of the attenuation of the circuit with

mismatched loads, widely used in theory  of the electrical

circuits:

a~=a1+2In~ 2 1/ iA ~~~~~~ 
i__

( ~ )
~e

_r
~’~~.

where ZB and ZA — are the line characteristic and load

re spectively; 1 — is length of line ; y is a pr3pagat ion

factor. This formula consists of three terms , wher a first

term is the non—ref lection attenuation of line (nfl, the

second — supplem entary attenuation of ref lection as a result

of the impedance iisaatch of loads with the

resistor/resistanc e of lines, the third is supplemen tary

at tenuat ion of ref lect ion due to the interaction of

mismatches in the beginning an d end/lead of the su bsequen t

componen t waves.

• a~~~~~~ - • - - -•
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The coefficient of the reaction of screen can be

converted as fol lows: --~~~ (N — N) ~~~ _ ( N— 1 ) ( N  ± I) ( eIct — e )~~~

z zil—zu ,tCt _~~
_ Kt

substituting N..
1~-

, vs viii obtai n ~~~ Z~ +Z N 
‘ 

e~~_ e_d
~~~*~~~~~)

2 ’

• - ________________________________________________________________________________
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( I )
,) ‘3it pin,

• - /,
/

2J 

~~~~~~~~~~~~~~~~~~~ 

z,

-
~~~~

z,E ~j z,

~~~~t -4

Fig. 2.14. To comparison of methods of calculation of

screens and circuits.

Key: (1). Screen. (2).. Line.

Page 54.

During the considerable energy absor pt ion by t h e  screen

when kt ) 3 (reflected energy does not exceed So/o)~ we

will obtain

i,
,, N — i  ZA —Z , (2.12)

N + 1  ZA ± Z N

This be the value of reflecticn coefficient, wi del y

________________________  • •
-

~~~ ~~~~~~~~~~~ ••~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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utilized for the investigation of tI’e phenomena of

heterogeneities in electrical circuits’. The physical essence

of the p he nomena of shadowin g in question an d the obtaine d

mathematical analogy make it possible to make following

conclusions. The process of the passage of e lec t romagnet ic

energy through the screen is analogous to the pro:ess of

the propagation of energy along electrical circuit.

Difference consists in the fact th at in lines is

investigated energy of the transmission, and in screens —

energy of effect. During the investigation of screens, is

examin ed the mot ion of energy not alon g line, but it is

per pendicular to it, from pertur bation source (circuit) and

to screen it is further through the screen into the

shielded space.

So both with propagation of electromagnet ic energy along

non— uniform circuit and during moticn in radial direction is

necessary to consider two factors: i-he attenuation of energy

iu metallic thicker screen (An) and the attenuation of

reflection at a boundary dielectric — screen - die lectric

in connection wit h the theory of lines corresponds

to the attenuation of energy in line itself (a!), a A~ 
—

beca use of the nonconformi ty of the wave impedance of the

different sections of non—uniform circuit. Electr3rnagnetic
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energy,  after achieving screen, partially is passed thr ough

it , somewhat a t t enua t ing  in this case, and partially it is

reflected in the first boundary dielectric — screen. In

boundary the screen — dielectric the part of the energy

again is reflected, and part penetrates on screen.

Reflection an d the passage of the electroma gnet ic ener gy

through the screen can be presented in the form of

re peated process and mathemat ically i.t is possible to

express i n  the form of i n f in i t e  ser ies. In ana lyzed  f o r m u l a

• (2.1 1) the f i rs t  term characterizes a t t enua t ion in thicker

than the screen, the secon d — screen attenua tion b ecau se of

reflection at a boundary (dielectric — screen - dielectric)

f u n damen tal componen t wave, and the thir d term considers the

attenuation, whic h occurs because of repeated reflections at

a boundary of the subsequent component waves. Th’~ decisive

role during shadowing ha ve the first of two members.

Durin g the energy transfer on wires, the effe: t of

reflection is extremely undesirable, while during shadowing

the presence of this effect gives positive result. The more

powerful  the ref lection of ene rgy  on boundaries  dielectr ic  —

screen — dielectric, the the lesser part of the energ y

penetrates the shielded space..

- 

~~~~~ ~~~~~~ 
— -

~
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For a screen with high attenuation fkt > 31. the
s =

formula of shadowin g will take the form:
2 1 2 \  N

and respectively scree n attenuation will be A3 =In _L = ln  ~~~
S

F I + _ !_ (N + J. 1 This fo rmula  can be g iven to the form ,
2~~ N , J

taken for the calcu lation of the electrical circuits:

A 3 == Iii eK
~ 

(N + 1)’ 
~~ t + 21n 

ZJ~ ~~Z M (2 . 13)
• 4N 1/2 2 ) Z ~Z N

The obtained result has very  co n vincing phys ica l

treatment, With screen with high attenuaticn screen

at tenuation will consist only of the attenua tion of ener gy

because of energy absorption of meta l (1st term) and

attenuation because of reflection at a bcundary (2nd term)..

The third term of formula (2.11), that characterizes the

screen attenua tion , whic h occurs beca u se of the mul tiple

reflectioi~s of the subsequent components, here does not

participate. This is explained to the facts tha t  in  th i s

screen the subsequen t components cannot in f luence  t h e  value

of screen ing effect, since as a result of high attenua tion

their val ue is ver y low.

_______ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~•
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2.14. operating principle of magnetic and nonmagnetic screens.

Nagnetic screens with direct current and in the range

of low frequencies operate as magnetostatic accordin g to the

principle of the closing/shortin g of magne tic field in

thicker than the screen due to its increased

magnetoconductance (p = 100 and is above , formula (1.1414) ).

With an increase of frequency, grow/rises the role of edd y

currests , occurs the displacement of magnetic  field from the

thickness of screen and its increased magnetoconductance

loses its value. Screen passes to the electromagnet ic

operating mode and operates just as nonmagnetic screen ,

because of eddy currents in thicker than the screen.

Non.agnetic screens in all frequency spectrum operate as

electromag netic, i.e. , according to the princi ple of the

on set in them of the eddy currents. with direct cur rent

they do not possess the electromagnet ic shielding properties.

With an increase of frequency, screening effect grow/rises

(f ormsla (1.45) 1.

~~ ~~~~~~ ~~~~~~~~~~~ 
••; -~~~. --• - ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - 
-



- —

DOC 78000203 PA GE ~~~~~

/~
,

The graph/diagra m of the frequency dependence of

magnetic an d nonmagnetic screens is given in Fig. 2.5. On

curve/graph are visible three characteristic frequency zones.

In the first zone from 0 to f = 3— 10 kHz, ma gne tic

screen works in magnetostatic mode/conditions and possesses

the best shielding properties, than nonmagnetic screen. In

the secon d and third zones both screens are located in

electromag netic mode/conditions. But in the second zone from

f1 to f2 —— 106 Hz nonmagnet ic  screen has larger  scr eening

ef fect than m agnetic one, but in the third zone from f2

10’ Hz , is above of curve/graph clearly evident ly  the

superiority of steel screen.. This is caused by the facts

that magnetic screens absorb veil energy and they very

badly/poorly reflect it I A~ >A 0i Of noena gne tic ma terials, on

the contrary. A0>4 ~.

Page 56.

Frequency 0.8—1 ~Hz is the frequency of section, lower than

wh ich predominates the attenuation of reflection abo ve the

attenuation of absorption (A 0>A~). a above , vice versa A~>A 0.

Therefore in the lover frequency region, where screening

effect is determined by the attenuation of reflection ,

copper screen is noticeably more effective than steel. In

- ‘  - i. ~~~~~~~~ i~-~ -
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the range of high frequencies (0.8—1 11Hz is above) • where

begins to predominate the attenuation of absorption, it is
ketter to apply steel screen. This position is visually

illustrated by Fig. 2.6, where is g iven the calculation of
values 

~~~~. A0 and A~. f or the copper and steel screens with
a thØ ckness of 0.1 mm.

2..5.. Comparison of the screens of different constructions.

in technology of communication/coanection and radio

engineering, have extensive application all three fundamenta l

structural/design varieties of the screens: flat/plane,

• cylindrical and spherical (Fig. 2.7). The screening constant

of these screens is determined by formula (2)

s—
• ch ,ct I ’  1~~I + -~~

- (N + -~-g th id

where N Z ~,4

Difference  consists only of the  va lue  of the wav e
impedance which enters in paramete L N. The wave impedance,

exerted by dielectric medium (air) to the different forms

of wa ves, is expressed by the formu las:

- ~~~~~~~~~~~ • - - - -  
_ _ _ _

— .d~ 
— ~_1 _.

“ ..~~~~~~~
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.aJl si 1.IJIOC,ICO~ aoJinbi Z~ = I w~ 2r,(rJ ~e r, = -
~~~~

J1,J1H UHJIHH.flpUqeCKOI~ BOJIHb1 Z~= 
I 

. (2.14)
(~;jMB ~~~ pH~eCK0A BOJ1H~ Z~= ~~~~~ .

Key: (1) . for a plane wave, (1k) . eber.. (2). for
cylindrical wave, (3). for a sphericaj wave.

• 
~~~~~~~~~~~
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Fig. 2.5. Effectiveness of shadowing ot ncnnagnetic and

magnetic screens.

Key: (1). Np. (2). Nonmagnetic. (3). Magnetic. (q.~~~ ~~~~~

Fig. 2.6. Screen attenuation of absorption ~~~~ and of
reflection (A0) of copper and steel screens.

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

______ —— ~~~ • •- • ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
- — - — - -  •~~~~~~_~
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Page 57.

The wa ve impedance of metal is determined b y ex pression
Z M~— 1 1w ~ 

(1
comparing the values of the wave dielectric

resistance of flat/plane, cylindrical and spherical screens,

it can be noted that they are expressed by

relationship/ratio (wi th n = 1):

For the virtually interesting us frequency spectra and the

constructions of screens there is inequality N > 1/N. Then

th e  effectiveness of the shadowing of f la t/p lane , cylindrical

and spherical sc reens will be ex pr esse d b y the approxima tely

fol lowing relationship/ratio:

S~:Su :Sc =I:2:3. (2.15)

Thus, if the screening constant of flat/plane screen is

• accepted for uni ty, then the screening constant of cyl inder

will be two times of mor e than Su = 2s11, a sphere (sphe re)

th ree t imes — Sc =3Sfl. sinc, the screening effect ,f scree n

the greater, th. lesser value S. on screening effect the

indicated three fundamental structural/design varieties of

screens it is possible to arrange in the following

sequence: flat/plane screen, cyl inder, sphere. This

~~~~ . L 1  - - ~~~~~~~ - -— ~~~~~~~~~~~~ - - - - --- ~~~~- 
-
~~~~~~~~~~~~~~~~
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relationship/ratio is correct for the screens, prepared f rom

identical metal and with the equal wall thicknesses,

moreover the distance between the pacallel plates of

flat/plane screen equal to the diameter of spherica l or

cylind rical screens

The advantage of cylinder in coapariscn with sphere

and , in tu rn , f la t/plane scree n in comparison with  bot h

these constructions is caused by the facts that t he  pla ne

wave has better relationship/ratio of the wave dielectric

resistance and metal N _ Z ~/ Z M, and t herefore occurs larger wa ve

reflection on boundaries dielectric — screen - d ielectric

and with respect is provided larger screening effec t of

reflection (So). Taking into account that screen attenuation

A 0 is connected wit h screening constant formula A0 1n~-~-~

and etilizing an equivalent given above Sn:SU:SC=1:2:3, it is

possible to determine ccapa rative effectiveness of different

screens (flat/plane , cylindrical, spherical~ in nepers.

—
- 

-
~ 

— — !~z..’ _.~~~~~~~
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iig. 2.7. Structural/design forms of screens.

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

Page 58.

Accepting screening effect of f lat/plane screen as

original value , we will obtain

• A~ = In -

~~~~ 

= ~~ = A~~— In 2 = K, — 0,7,

F -- ~~~~~~~~~~~~~~~~
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of the form of screen is very valuable fact, since it H

allows in the practice of calculation a~~ constructions of H
screens, and also during the deter.ination of the

effectiveness of the existing screens to apply the given

formulas of the shadowing of flat/plane, cylin drical an d

spherical screens to the screens, clos€ to them in

construction. Thus, for instanc e, if there is a longitudinal

screen with rectangular cross section, then it it is

possible to replace with cylindrical screen, if its si des

are ap proxima tely equal, an d to p lanes, if it has sharply

pronounced form of rectangle. The screens of the different :1
layout, which have by all three coordinates almost differing

extent, one shou ld fo r  calcula tion replace by equivalen t

sphe rical screen.

For magnetic screens operates reverse/inverse law. In

this case between the screening constants of flat/plane,

cylind rical an d spherical screens, there is the followi ng

equivalent:
S0 :Su:Sd =I:_ ~_ :  —j~-- (2.16)

i.e. on screenin g effect on the first place is located

sphere , then cylinder and finally flat/plane screen. This

position has the following physical explanation. rlagnetostatic

~~~~~~~~~
- 

~~~~~~~~~~~~~~~~~~~ 
-

~~~

-

~~~~~~~~~~~~~~ ~~~~~~ 
-
~~ 
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screen operates on the principle of the closing/shorting of

ma gnetic flux in magnetic mass of screen. The lesser the

resis~or,’resjstance of screen to this flow , that more

screening effect. The construction of screen in the form of

sphere or cylinder more fully satisfies this requiremen t in

comparison with flat/plane screen.

-‘. . -. - 
~L _~7~~~~T •• ~~~~—--- •- — • --• •~~ - --• — —
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Page 59. 2.6. Screening effect of shells of relati vely

outside interferences.

Previousl y g iven theory an d the derived f o r mu l a s  are

valid onl y for the shadowing of bilateral circuits, w h i ch

are located in the common/general/total joining of ca ble,

when there is no ground effect and the distance between

circuits (but), as a rule, it is less than distance from

circu~.ts to the earth/ground (h), i.e., a ( h. Screen ing

effect is caused only  by the attenua tion of a bsor ption A,,

an d by the attenuation of reflection A0. These phenomena

are connected with vortex/eddy transverse currents in the

shielding shell.

If the  distance betwee n tha t which affects and t hat

subjected to effect circuits is more their distance of the

earth/grou nd (a > h) or if is utilized asymmetric system

(with the earth/ground as the return conductor), then ,

besides components A~ and A0. caused by transverse cur rents,

one should consi der a lso the screeqiag effect cau sed b y the

longi tudinal  currents, flowing in the sh ie ld ing  shell A . The

longitudinal curren ts, induced by the affecting circuit,

create in the shielding shell the reverse field of 

~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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reaction, th e weaken ing field of int erferences. Screening

effect , caused by longitudinal currents, reac hes the

significant magnitude in the case of the grounding of the

shielding shell. This pheno menon occurs in metal cable

sheathings during the shadowing the latter from the external

source s of the inter ferences, for exami~.le, 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 e f f ect of metal shells in the eff ect of the

external sources of the interferences (Pig. 2.8) viii be

defined as A3 =A 0+ A0+A~. Values A0 an d A0 see in

formula (2.10).

Let us examine screening effect k~ caused by the

longitudin al curren ts metaiclad, which take place on circuit

the earth/ground — shell — the earth/ground.

The screenin g constant of metal cable sheathing

relatively outside interferences is determined by formula [7]

s1 .~~- , (2.17)
z06

wh ere Z~~ is cou pl ing resistance of the shield in g shell;
Z0~— ~~s im~~edance of c i r c u i t  t? she11_ground~

t .

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Fig. 2.8.. To determination of screen ing effect of rela tivel y

outside interferences.

Page 60.

Value Z06 is composed of the internal resistanc e of the

shielding shell Z~ and of resistor/resistance Z~ff~ ca used by

magnetic field, caused by the current , which takes place on

the shell

(2.18)

wher e L,f i is externa l inductance of circuit “she ll is

the .a.rth/ground~ . The n

S,H = Z12 

(2 19)

or

S_ Z12 4

4 4” - 1w LIM 
(2.20)

~~~~~ • • • ~~~~~~~~~~~~
_

~~~~~~~~ ~~~
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—— ~~~~
- -- 

-

~~~~~~~~~ ~~~~~~~~~~~~~~~ - - .—- ---- -- - — — — -

r

DOC = 78000203 PAGE frI(’

The a t tenuat ion of shadowing vU], be determined as

follows:

A,nu =1n I~~~~~I n i~~~ +In~ 
1_

~
1
~~~

3 !-I . (2.21)

First term of this expression corresponds to the n t t e nu a t i o n

of absorption A~. It is really/actually:

coupling resistance

2~t J ~~ 7~ , (2.22)

the resistor/resistance of the shell,

7 1 1
‘2 232~r t r 1 th ,cj ‘

where Z~=1/iw,i/o— the wave impedanc e of metal; 
~~~~~~

— the coefficient of eddy currents; t is thickness of the

sh ield ing shell; r 1, r2 — inside an d ex ternal ra dii of

shell’. Then lnV 1n
~
chi

~
t t A n. The attenuation of the

shadowing of shell is the mode/conditions of protec tion from

outside interferences will be 
-

A..l=ln I ch 1ctt+Jn f1+
iwl

~
1
~~~1~ Ich KtI+In

J 
1+ i c ü L~~2sI ,th Kj

(2.24)

This expression is included all three components of the

- - -~~ - - ~~~~~~~~~~~ - •
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screening effect: A,.~~—A0+ A0+A~.

The attenuation this same of shell in the

mode/conditions of protection from interferences of bilateral

circuits it is possible to determine of expression A =In~ch Kt~+ln~

1± +~~
th Kt I . where the f i r st  term — the attenua tion of

absorption (A~)~ a the second — the attenuation of reflection

(A 0) ,  i.e., A~=A~+A0.

~or determining value A. compare these two for mu la s ~4~~~n

and Aa:

(2.25)

wher e
2ii r

I + I w — th id

A,=In . (2.26)
I + •j - ?- th idt

Page 61.

We convert expression ( 2 . 2 6 )  in connection with

high—frequency and low—frequency ranges. Fcr a low—frequency

ra nge (with kt .~< 0.25) approximately to 3 kHz, 

~~~~~ -~~~~~~~~~~
- - -  -

~~~~~~~~~
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l~ear in g in mind tha t tb kt —— kt , Z~ Z %1 =l ~r , x/ ZM =a. we wil l

obtain

A2 = 

1 -- 1w L~~ 
-

~~~

— th ki 
= ~ 

I -.  Iw ~~~~ r ~ (2. 27)

L i - ~- —~— ~~-th i~ 1~~
_ __

~~2 ct
2 Z M 2

This expression to expedient ccnvert and to ex press by

parameter R0 (resistor/resistance of shell). Bearing in mind

that the resistor/resistance of shell to direct current

equally to R0—~ ‘ , we will obtain
2v  at

I ~L R0
A2=ln a

or

A2=ln 
R0~ L~i w L ~ (2 .28)

~ I wIL.
Ro :

Since H/rn,

Az =In !_ Ro
~~~~~~

H
? H

R0 -~- iw ~~IO

Key: (1). Ip.

_________________ --- -
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For a hi gh-frequency range (with kt ) 3), beg inning

approximatel y from 10 kHz, bearin g in min d  tha t the secon d
term is greater tha n one, we will, obtain

2~~rl w L .H—th icl
A2 = In In It) L)H 4i~ T (2.29)

2 2 ,,

Since wav e dielectric resista nce Z i ~ 1~i~r ,

~
4z In I4 fl~~j == 1n(4~~ ~~_ i ( = r 1 f l f L .~ 10,1, HeFi~, (2.30)

Key: (1). Np. where L~~-— is external inductance of

circuit “shell—gr ound”, H/a, de termine d b y for mula:

1 .72 
—i ~ 1 iO-~ , ~~~ (2.31)

~ L wp~n,~D 2 J

• Key: (1). H/a.

- 

- where h is a depth of the laying of cable, m ; 0 — the

diameter of cable, mm ; . is the specific conductivity of

the earth/groun d, S/rn; 
~~ 

— magne tic ~eraeability of the

earth/ground , equal approximately p~ = 3,.1O~~ H/rn. Bearing

in mind that  the  external  inductance of shell is equa l for

the tone frequencies approximately 2.10 3 H/a (2.10-’ H/rn),

we will obtain the attenuation of shadowing because of the
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longitudinal currents: ‘A~ In1LBH .I0’~ 
1n 12.10 ”1O’H3 Np.

Page 62.

Figures 2.9 gives computed values A1. Here fo r a

comparison are shown values A, and ~~~ Calculations are

carried out for the copper screen with a diameter of 30

ma , by the thickness of 0.2 am. Prom the figure one can

see that the shielding shell in the mode/conditions of

protection from outside interferences (A,~0
’) has hig her

shielding pro perties, tha n in the mode/conditions of

protection from interferences of bilateral circuits (A-,).

Excess caused by attenua tion leng th of the sha dowing of

longitudinal currents is approximate ly  2—2 .5 Hp in all

frequency band. At high frequencies value A~ is de termined

only by the external inductance of circuit Nshell_ground~.

With an increase in the frequency, the shielding

charac teristics i4 au and Aa increase, wher eas A . at high

frequencies has slowly dropped/collapsible character.

Calculations show that approximately to the frequencies of

15—20 kHz prevails the attenuation of shadow ing because of

longitudinal currents (A2), a more than it manifests it se lf

- - .~ .~~~~•.-.—- — : ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ .—~~~ -~~~~• -  -•
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the effect of t ransverse eddy currents  (A,).

Thus, knowin g the effectiveness of screen frorn
(A,=A~+A 0),

interferences of bilateral. circuits it is possible by

means of the addition of value A~ to determin e the

characteristics of this screen in the mode/conditions of

protec tion from ou tside interferences ( 4 ..~~ A,÷A2) ,

2.7. Special feature/peculiarities of the shadowing of

coaxial cables.

jn coaxial cables the screens are applied for the

protection of circuits from mutual and outside interfer ences.

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

cc.uunicating systems and the telecasts of direct/st raight

(A—B) and opposite (B—A) directions are placed in one

cable.

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. Exte r nal wire is the r e tu rn

conductor of the circuit of transmission and performs the

role of the electromagnetic sc reen, whic h shields coaxial

circuit from interferences. For this ver y reason the

external wire of coaxial cable is designed both for the

passage of communication signals alon g cable and for the

provision for the required norms cf interference shielding.

.
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ - •  
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0 ~ Q 5fl 120 150 200 240 280 320 350 j
rig. 2.9. Screening effect of shell in conditions of

prot ection from outside interferences (A,.,) and in

mode/conditions of protection f rom i~terfer .nc.s (A ,) 
-

Key: (1). Np. (2) . f , kHz.

Page 63.

Durin g transmission on to coaxial cables least shielded

from noise is the low frequency spectru m of the order to

50—60 kftz, and in the range of hig h 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 between circuits

grow/rises and protection against outside interferences falls.

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ • ~~~~~~~~~~
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The character of the freque ncy dependence of noise current

in cpaxial and bilateral circuits is given in Fig. 2.. 10.

These phenomena in coaxial circuits are explaine d b y the

fact th at due to proximity effect  the current  densit y in

the external wire of coaxial cable increases toward s its

internal surface. With an increase of current frequency , has

a tendenc y to be concentrated on the internal surface of

ex ternal wire, and on its externa l surface tightly decreases

(Fig. 2.11). Therefore with an increase in the frequency,

decreases the strength of field E~ on the extern al surf ace

of wire and gro w/rises the effect of the self—protection of

coaxia l cable.

At the  very h igh  frequenc ies when entire current is

conceItrated wi th in  coaxia l cable, the strength of fiel d of

outside cable approaches zero, screen ing effect reaches

maximum , an d the interaction between circuits theore tically

is absent.

~n accordanc.e with deterainatio~ by da tum in Section

1,1, the screening constant is determised by the expression

S - ~-=~~ (2.32)
£ H

vker• E ’ and H ’~— are strengths of field with t he  presence

• - - -. - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—---—m • ~~~~~ 
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1

of screen; B and H — in the absence of screen.

In connection with coaxial cabler taking into account

th at the thickness of external condsictor (screen) is

insignifican t in comparison with the comaon/general/total

section of cable, value ~~~~~ and E (H)  it is possible
to replace with strength by the external and internal

surfaces of external. wire — the screen of cable.

1

- _~~~~~~—~..-
,.=_ - —  ~~~~~ ----~~~~- —---~
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Fig. 2.10. Frequency dependence of mixing effect in coaxial

(2) and symmetrical (1) cables. -

Fig. 2.11. Longitudinal component of electric field in

thickness of externa l wire (screen) of coaxial cable.

Page 614.

In this ca se, it is most expedient to operate wit h coaxial

componen ts electric field E:. Then the screening constant of

coaxial. cable is expressed by the relatio~ship/ratio

s E2 (npH r + ~ (2.33)
E 2 r ,)

Key : (1)-. with.

Vali~~s 
E : of coaxial cable are determined with the aid

of the equations of electrodynamics in cylindr ical coordinate
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system.. ~he longitudinal component of electric field at a n y

poin t of the section of external wir e — the scre en of

coaxial cable is determined by for~~la ( 5 )

E~=Z 
I 

— 
ch rK (r, + t— r)J (2.34)

~ 2 t 3 r ,r sh ,cI

where ZM~~~ I~~A / G is wave impedance of a.tal — screen ;

— the coefficient of eddy cur rents; ‘~~
— is an inside

radius of screen ; t is thickness oI screen; I — the

curren t, wh ich takes place on ex ternal w i re; r is the

current radius. ,

Yalues E~ when ~r3 and r~+t are determined by the

fo lloving formulas:

IEZ =Z M —ch ,ct 1I~ M r =r ,
2nr , 

. (2.35)

E — Z  j ... flpH r=r,+t
Z 

~ 2n j 1(r ,~~1) r, sh icl

Key: (1) .  with.

Respectively the screening constant of coaxial cable

will be expressed as follows:

Li)

s = 
E~ (npH r. +0 = _J.__ (2 36)E~Qip~i r.) ch ,ct

~~~~~~~~ ~~~~~~~~~
—-

~~~ 
- -

~~~~ 
- 
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•



V -

DOC = 78000203 PAGE

Key: (1). with. It is here taken  into account , t h at  ,‘ ~~~~ I.

The screen attenuation of coaxial cable will be

As=InI+I=ln l ch ,ctl. (2.37)

In the range  of high fre quencies, when kt ~. 3, it is

possible to use the entreated formula

A,=frd I=Ij/ r~
j
~t J .  (2.38)

Comparing the obtained expressicas S and A3 for the

calcu lation of the shielding properties of coaxial cables

with analogous expressions for calculation S and A, of

balanced cables, it can be noted that the shadowing of

bilateral circuits is determined by total screening effect

cf ab sorption (Sn) and of the shadowing of reflection (S0).

In coaxial circuits operates only the shadowing of

absorption I S ~= 1I ch K 1 I .

Pa ge 65.

This is caused by the facts that in coaxial cables the

current directly passes along screen (to external w ire) • and

in bilateral circuits sc ree n is loca ted in the sph ere of

inf luence of elec tr oma gnetic field, created by the current,

which takes place on the shielded circuit. Therefore action

LA •-
~~ --—-——— •*-, - - - - — _•—• -• — —~~

.- — _ 
— - -———r— — :r: - _- n~~~~~~~~~~~
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of th e  screen, utilized in the mode/conditions of the wor k

of coaxial cable, gives smaller effect than in bilateral

circuit. At the same material of screen, its thic kness and

current frequency, screening effect in symmetrical and

coaxial cables differs by attenuatioa length of reflection

(lo). How ever, this not th at means tha t the m i x i n g e f fect

iz~ the shielded bilateral circuits is less than in coaxial.

Qn the contrary, the interference shielding of coaxial

cables is above, since the field of the interferences of

the balan ced cables is substantially more than coaxial ones.

Therefore, although screenin g effect of balanced cables is

greater tha n coaxial, their interference shielding is

considerably below.

Table 2.2 gives given data of the attenuations of the

sha dowin g of coa x ial ca b les in the range of the f r e qu encies

of 3 0—550 kHz with thickness of boundar y of screen 0. 1 mm.

The atten uation of shadowing increases from frequency. The

best effect gives the steel screen, wors t, i.e., lead.

Noreover, if of nonmag netic screens with an increase of

frequency the attenuation of shadowin g evenl y grow/r ises,

then in steel screen this growth is slower.
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table 2.2. screening effect of the si~gl* la!CE scr eens of

coaxia l cable (A ,), ip.

(~) (~2) 
— (~)(. M~4 MUb AaiosirnwR C IUIeIL

30 0,25 0,25 0,02 3,44
60 0,46 0,29 0 , 04 3,99
200 0,72 0 ,46 0,07 5, 54
310 1,67 1, 25 0,20 6,24
560 2,45 1,73 0,35 6,83

n.y: (1). f , hE x. (2) . Copper. (3) . Aluminum. (4) . Lead.

(5). Steel.

_ _ _ _  _ _ _ _ _  
-• - ~~~~~~ _ _ _ _ _ _  -~~~~~



- - — - 
~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~ — 

~~~~~~~~~  -

- —V 
V   

~~ -

DOC 78000204 PAG E ,I~
/~~

D

Chapter 3.

I~ULTILAYER COMBINED SCNEENS.

3.1. Operating principle of aultilayer screens..

The el ectromagnetic screens of the com b ined mul tila yer

construction are app lied wh en is necessary  the h igh

screening effect. Screens consist predominantly of the

consecutivel y alternating nonmagnetic (coppet , aluminu m) an d

magne tic (steel, Permalloy) layers. The special

feature/peculiarity of such multilayer screens is the high

sh ielding effectiveness and compara t ively low losses of

energy in screen. These advantages are explained as follows.

In the examination of the uniform screens of ele:troaagnetic

action, it was establish/installed that screening effect is

determined by th. combined action of the shadowing of

absorption S~ and of the shadowing of reflection S0 on

boundaries dielectric — metal — dielectric. The effect  of

reflection is caused by the nonconformity of the wave

characteristics of the jcininq med ium s (Z~ and ZN), and the 

~~~~~~~~~~~~~~~~~~~~~~~~ 
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greater this nonconformity, that the more screening effect.

In this case energy of iut .rf.rem c~~, encounterin g in its

path this electrical nonconformity  (Zi�Z M). partially it is

reflected and on ly  partially it pasees into the shielded

space. This phenomenon will serve as initial torque/moment

for construction and applying the multilayer combined

screens. In the aultilayer screen, comprised of me tals w ith

different wave impedance 4. operates the whole system of

such multiple reflections from the boundaries of electrical

nonconfornitjes (ZNt*Z~ *ZM3*ZM4 so forth). Therefore  the

screen , which consists of several thin layers of d ifferent

metals, will, possess the larger effectiveness of shadowing

in comparison with the uniform 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 betwee n

different metallic layers.

— -  - _______ - 
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a)

wo,

we2 -

7, #z,v, #zp,.t #7.,3#Z,

Fig. 3.1. Effect of reflection in single—layer (7) and

three-layered (b) screens.

Page 67.
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Essential are the or der of ban din g, their electr i cn l

combination, the relationship/ratio of thickness ot the

la yer, and also place with respect to the affecting

circuit. Thus, fo r  insta nce, combination steel—copper—aluminum

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

exterior layers of aultilayer screen are made from

no n mag netic materials, then losses in it are com pa ra t ively

small.

~t woul d be possible to solve the problem of the

multilayer combined screens on the basis of the solution to

differential equa tions for each layer and the determinations

of integration constants from the boundary continuity

conditions of the corresponding components of electromagnetic

— field. However, in connec tion wi th the large num ber of

layers (three it is more), this is very cum bersome an d i t

is connected wit h indirect con versions and computations. For

convenience we will use wave principles taking into accoun t

the incident and reflected waves. In this case the incident

wave corresponds mainly to the field of the source of

interferences, an d the wave reflected — to a fie]i of the

reaction of screen. The examination of the phenomena of

shadowing by “wave ” method substan tially sim plifies the

solution of problem and gives the demonstrative 

- V -  
_ _  -V 
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re presen tation of the essence of the processes of shad owin g,

especial ly in connection with multilayer screens.

3.2. Shielding characteristics of two—layered screens.

According to wave method the ph ysical essence of

shadowing lies in the fact that electromagnetic energy,

af ter achieving screen , par tially is passed throu gh it,

somewhat attenuating in this case, an d partially it is

reflected in the first boundary dielectric—screen because of

the nonco nformi ty of the wave charac teristics of d ielectric

and metal. In the second boundary (screen—dielectric) the

- 
I part of the energy again is retlect~ d an d only the par t

of it passes further. The same is repeated on the

subsequent boundaries of mu ltilayer screens. This process

continues to the complete attenuation of the refracted and

reflected waves.

Figures 3.2 shows the two—layered screen which has

thickness of the layer  t1 and t2 and the coefficients of

eddy currents k~ and k2. The phen omenon of the pa ssage of

the electromag netic energy throug h the screen according to

V - ~~~ ~~~~~~~~~~~~~~ ---V - - - - - - V  _ _ _

- ._ i r i ~~~ ~~~~ 
-
~  

—
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“wave ” method is represented in the form of the infinite

series of the component incident, [eflected and refracted

waves. For the solution to stated problem , one shoul d

examine three groups of electromagnetic fields.

DIu~~ ~~ W,V~. 
(~ ) ~~~~I RejUe~ if gaa

c..~ c~ni

~~~~~~~~ 

~~~~~~~~~~~~ ~~~~~~~~~~~

—;

_‘
__ V.t:

~:E~~:ç f , ’S ,S7t

E,.w 
øi

p~
_— ~~~~~~~~~~~

r;_
___ -(~%,~ ~8 f~ Z ~~~~

f.~~~~I~E ~~~~~~~~~

f.,,.P~’fP,Pf’( (~,.J4ffl,p~)~~c

Fig. 3. 2. Electromagnet ic  processes in twc— layered  screen.

Key: ( 1) .  Range. (2) .. First layer.. (3). Second layer.
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Page 68.

Elect roaagnetic wa ves to the  left  of screen ( range  I ) .

In this range operates the incide nt wave of the source of

in terferences E an d the sun of the waves reflected beca use

of the reaction of screen (E2,, E6. ..., E4~ _2). The

addition of fields in range I will make it possib le to

determine the reaction of screen P.

The electromagnetic waves between screens (range II).

Here acts the whole system of the repeatedly waves

reflected from both words of screen (E1 ,, R3, . ...,  E2~~ 1).

Electromagnet ic waves to the right of screen (range

III) . Here are summ ar ize d the waves , passe d thr ough the

screen (E ,, B 1, _..,  E,~). Screening constant is determined

in the form of the ratio of the fie l ds, passed through

the scree n into range III , to the field of the source of

interferences B.

Reflection process and refraction cf electromagnetic

waves can be presented in the following form. On the

surface of the first layer of screen, falls the w ave of

the source of interferences B.. The part of the energy will
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~e reflected bask into range I and it can be expressed

through the coefficient of the react-ion of the first layer

of screen P 1 in the form B2 = P1E. The part of the

energy passes into range II, af ter decreasing propor tional

to the screen ing constan t of the f i r st layer of screen SI,

i.e., B1 = S~ = 51E. This field, after entering to the

surface of the secon d layer, partially will be reflected B3

= E1P2 = S1P2E, an d partially passes into the shielded

space — range III. Passed into range III field will be

determined in the  f o r m  B 4 = S2E1 = S1S2 E, where S2 and

P2 are screening constants and reaction of the second layer

of screen.

Wave £3, be ing reflected conversely, it will  cause in

range I wave of reacticn K~ E3S1 = S~ P2E an d in

range II the incident wave E s = E3P1 = S1P1P2E. This wave

partially passes into range III in the fcr m B1 = E5S2 =

S1S2P.1P2E, an d par tially will be reflected (B 7). Wave B7

wi ll ca use the incident, reflected and refracted wi ves, and

so this process can be continued to infinity. It is

natura l  tha t  all the  enter ing compcnents  of this series

will have continually decreasing amplitude. As a result it

is possible to write that in ran ge I operates the field

of the reaction of screen, equal to the sum of the waves

~~~



DOC = 78000204 PAGE j’Y’

/6~
of tbe type E4-).~..1 BEFLECTED:

= P,1E = ~~ E4~_2 P1E+~~ P, S~ (P 1P2)~~
2E.

Summarizin g this series, we will obtain

I P,S~ 1
= P~E = E [ P 1 + (3.1)

Hence the coefficient of the reaction of two-layered

screen can be ex pressed by the coefficients of the re action

of separate layers (P1 an d P2):

P~=P1+ . (3,2)
1 — P ip1

Page 69. 
-

~tn ran ge III  — in the shiel ded space — will  ope ra te

a whole series of passed throu gh the screen fields of the

type E,-~:

= S12E S1S2 (P1P~)
”
~ E = S1S2 E. (3.3)

Hence the screening constant of two—layered screen viii

be determined in th. form

s = 
S S, (3 4)

12

utilizing formulas of calculatio; s and P of uniform

screens [formula (2.6) and (2.8) ] a~d after substit uting

- 
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them into expressions for P~~ and S12, we will obta in:

—
~

-(
~

, !—)~~~~~~1~~~± -i-- (N!÷_ L )thK,(2+ _
~. (N 3 ±_ L~ thK 1t1th K2t,

(3.5)
—

~~-(~~~1
_.. 

~
-) th K 111--- _

~~
_ 

~~~~~~ 
_VL_ ) th 

~
t
~+ -~-(—~ —N 3) th ~ t, th K 3!,

12 

~~~~~~~~~~ (w 1+ _ L) (Ii 
~~~~~~~ f (i~,3+ —~-- ) lb ,c31,± 

~ 
(N3+~~ —)t h ‘c~t~ thi~3!2

(3.6)

where k 1t 1 and k2t2 — the parameters of the first and
second la yers of screen; N~ = Zx/Z~4 ;  N 2

N 3 — the relationship/ratio of wa ve
impedance.

3.13. Shielding characterj~~jcs of imuitilayer screens.

The shiel din g property of screen, which consists of
three and larger number of layers, -they can be de term ined

- .~~~ 
- i - -— 
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with the consecutive su bstitution of valu es on the bas is of 
V

the initial posi t ions, examined above for a two—layered

screen. Util izing formulas  of the calculation of t wo— layered

screens, we consecutively lead mul ti layer screen to

two—layered and  we determine its cha racteristic (S and  P).

Let, for example, it is necessary to determine

characteristics (S and P). Let, fo r  exa m ple, it is

necessary to determine the characteristics of four—layer

screen. First we lead two layers to one t w o — l a y e r e d  scree n

and find its S and P. Then we add the third layer and,

coun tin g th e f i r st of two lay ers for one, we find throug h

formula (3. 4) the total shield ing characteristics of

three— layered screen. Finally, we sum three-layered screen

with the fourth layer and with the aid cf this sane

formula it is obtained the unknown shielding characteristics

S and P (total) of f o u r — l a y e r  screen. This met h od of

consecutive substitution it is possible tc develop to how

welcome quan tity of layers in the com bine d mul ti lay er

screens.

Page 70.

Using in an indicated manner , let us examine  the shie lding

characteristics of the three-layered screen, which has use 
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along w i t h t he  screens of bimetallic cons t ruc t ion .  Let us

assume that  S1, S2 , S3 and  P 1, P 2, P 3 — screening

constants and the coefficients of the reaction of unif orm

screens 1 , 2, 3, consisted of into common/general/t otal

three—layered screen. Parameters S and P of two laye rs (2

+ 3) according to formulas (3.2) and (3 .4 ) : S~~3 =

S2 S3/ 1— P 2P 3, p 23 4 P 3S~~/ 1—P 2 P 3.

Accepting of these of two layer s as one , we sum

screen (2 + 3) wi th  screen 1: ~~$2 3  = S23 S1/ 1—P 23 P 1; P 1 23

P 1 + P23S7/1—P 23P1. Su bs t i tu t ing  her e  values S23  and p23.

we will  obtain that  the  screening cons tan t  of t h r e e — l a yered

screen is equal to

s1s,s$
(I — P1P,) (I — P1P,) — P I P.S2

and the coefficient of the reactio j of the three- layered

screen

Eou.=P,+ (3.16)
(1 — P 1P )  (1 — P,P,) — P 1P3S~

Analogous expressions for ~~j 2 3  and P 123  are ob tained

during the solution to equations for three—layered screens

by “wave ” method by means of the addition of the inc ident

an d reflected waves.

-
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Deariny in mind that  the term , which contains the

tourth degree of the coefficient of screening is extremely

small, it is possible the coefficien t of the reaction of

screen to present in the following form:

P1.=P 1+ 
P1(I—P,P ) S~ 

. 

- 

(3.11)
(1 —P 1P1) (1 — P,P, ) — P1P S ~

Wides t application have three—layered screen s w i t h

identical skins (S 1 = S3 and P 1 = P 3) .  For th is  case of

formula , they ta ke the f-arm :

s s~ S1 P,(I — P1P,) S~m— (1 —P 1 ’—(P1S, ~~~~ 1 + 
~

Page 71.

Tables 3. 1. Scteen a t tenuat ion of two—layered screens. 
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MeAb—cTaa, (‘~ ~3) Mmu~~~ 4—c,,s~~~ (3) Ca peq—cr.jv~ A,noc~IauA—cyaa b

A,~13 A03, A,13 A0~ A,~~ A~1, A013 A 312 A 1112~~~ A 013

(5~ fl pif~~arrnrnio..~ no~ie (z~=z~)
10’ 0 0,575 0,575 0 0, 138 O , l38 0 0, 45 0 , 45 0 0 , 575 0 , 575
10’ 0,23 1,82 2 ,06 0 0,928 0,928 0,23 0,755 0,985 0,23 1 , 26 1 ,49
10’ 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
10’ 20,3 5,89 26,19 3,55 5,85 9,4 16,8 4 ,62 21 ,42 19 ,2 5,55 24,75
10’ 68,6 7,0 75,6 14 ,4 7 ,00 21 ,4 55,4 5,82 61 ,22 65 6 ,75 71 ,75

~ c. ) flpa sJIexTpwlecKou no~ie (z~=zfl

10’ 0 29,4 29, 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
10’ 0,975 24 ,7 25 ,675 0 ,046 24 ,2 24 ,24 0 ,966 22 ,6 23,56 0 , 965 24 ,2 26, 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
10~ 20 ,3 18,2 38,5 3,55 18 ,2 21 ,75 16 ,8 17 ,1 33,9 19,2 17 ,85 37,05
10’ 68,6 14,7 83,3 14 ,4 14 ,7 29 ,1 55,4 13,5 68,9 65 14 ,5 79 , 5

7)  rIJ,H ~jio~~ol% ao~rne (z~=z%~ =z 0)

10’ 0 14 ,0 14 ,0 0 13 , 45 13, 45 0 12 , 3 12 ,3 0 13 ,5 13 ,5
10’ 0,23 14 ,0 14 ,23 0 13,4 13,4 0,23 12 ,28 12 ,51 0,23 13 ,5 13 ,73
lOS 0,975 13,85 14 ,825 0,048 13,3 13, 34 0 ,966 11 .89 12 , 856 0 ,965 13, 4 14 , 365
10’ 5 ,42 13 ,2 18 ,62 0 ,391 .13,15 13,55 4 ,61 11 ,5 16 , 11 5.1)6 13,2 18 ,26
10’ 20,3 12,0 32,3 3,55 12 ,0 15 ,55 16,8 11 ,0 27,8 19 ,2 11 ,7 30 ,9
10’ 68,6 10,82 79 ,42 14 ,4 10,9 25 ,3 55, 4 9,65 65 ,05 (15,0 10,6 75,7 
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Key: (1). Copper—steel. (2) . Aluminum—lead . .  (3) . Lea d— steel.

( 4 ) .  Aluminum—steel. (5). In magnetic field. (6). In

electric field. (7) . With  plane wave.

Page 72 .

3.4. Effectiveness of multilayer screens in d i f f e r e n t  f ields.

Let us examine the action of two—layered screens during

the d i f fe rent combinat ion of met als (copper , a luminu m , stee l,

lead) relative to electrical, magnetic and electromagnet ic

fields. ~hickness of the layer of screens 0.1 mm . Frequency

band from 10~ to  10~ Hz. The calculation of the

attenuation of shadowing  is conducted according to formulas

4 1.25) and (3.12) . Wave impedance is determined frz n the

formulas: Z~’=iü~ir (dielecttic of relaUvely magnetic wave);

(die lectric of relatively electrical wave)  ; zr=Z0 ~
(dielectric of relatively plane vavq) ; ZM = I  j I ~7~ (meta l for

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

attenuation of the absorption (A 012) , of the screen a t t enua t ion

of reflection (A 012) and of the rse4llting screen atten uation

(A :,12 = A~~12 + A 012) for two—layered screens of the type”

copper—steel”, aluminum—steel and alum inum—lead under the

influence of the ma gnetic (Z ~~) ,  electrical (Z ~ ) and f la t/plane

electromag netic (Z0) of waves. The attenuation of absorption

V (A~~12) does not depend on transmission mo de an d in all

cases sharply increases wit h an increase of f requency.  The

grea test effect on the attenua tion of a bsor ption is reached

because of steel layer in combina tion copper—steel and

aluminum—steel. riost bad combination aluminum—lead .

The a t tenuat ion of reflection (A012) for different

tr ansmission modes has the di f fe rent fre quency depen dence:

for an electrical wave (A~ 12) — wi th  an increase of

frequency i t  fa l l s  f rom i n f i n i t y ,  for magnet ic (A~ ~z) —

it increa ses f r3a  zero , and for  plane electromagnet ic wave

(A 0 ~~~~~ — has at f i r s t  ccnstant  va l ue , and then  somewhat

decreases.

~he screen attenuation of two—layered (copper — steel)

scree n wi th magnet ic , electrical an d plane waves is shown

to Fig. 3.3~.
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Fig. 3.3. Screen attenuation of two— layered  screen
(copper—steel) with magnetic (A~~ 2), electrical (A~~~ ) and

ENplane (A~~12) waves.

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

Page 73.
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~or a magnetic field with an increase of frequency

it increases f r o m  zero to large values.. For the  electric

field A3~~2, it falls at first f r om in f i n i ty, and then

slLarpi y increases , hav ing  a minimum at frequencies 10~—10~

Hz. ~he a t tenua t ion  of the shadowing  of plane

electromag netic wave  in the ra nge to 10~ Hz has constant

value (13 Np), and then substantia]l1 grow/rises.

2n absolute value best of all the combination of

nonmagnetic (copper—aluminum) and magnetic (steel) layers . So,

at freq uency 106 liz for  a magnet ic wave screen copper—steel

give s atten uation 10.33 Np . a luminum—stee l  9.76 Np,  lea d—

steel 7.83 Np and combination of nonmagnetic metals

aluminum—lead — altogether cnly 5. 1 Np.

From the preceding inf orma tion it is evident that most

susceptible is the effectiveness of screens relatively

magnetic field, and therefore during screens the. it is

necessary first of all to design, on the basis of magnetic

effect. Taking in to account this, let us examin e in more

detail the action of three—layered  screen of relatively

magnetic effect for the different combinations of metals

(copper, steel, of aluminum and lead).. The results of the

ca lculation of the screen attenua t io~ of three—layered

V~~~~~ 
_ _ _ _  .

- _~~ LVV~~~~~~~~~~~ ~~~~~~~~~~~ 
- V ~~~~~~~~~~~~~ ~~~ ‘V ~~~~~
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screens are given to Fig. 3.4. Thickness of the l ayer  is

accepted equal to  0.1 mm. Skins, Qq the basis of the

requirement for the achievement of mini mum losses and best

screening effect, are accepted of nonmagnetic materials. The

best results gives the screen, com prjsed of nonmagnetic and

magnetic materials. A~ screen of the type “copper ” at the

freq uency of 150 kgh  is equal to 8 Np. The application/use

of steel wit h h igh  magnetic permeabili ty (p = 200) makes

it possible to ob ta in  at frequency 150 kHz supp lemen ta ry

screen attenuation in 1 Np. Good results gives a screen of

the type “aluminum ”. The most unfavorable combinatio n is

obtained in constructions lead—steel—lead. This screen has

the screen atten uation of the order al together only 14 Np.

The considerations given above in connection with

two-layered screens about the  e f fec t iveness  of the

combination of different layers in wide frequency spectrum

are valid also for three and larger number of layers of

the Combined screens. 
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Pig. 3 14, Frequency depende nce of the scree n attenua tion of

the three—layered screens:

1 — copper—steel—copper (~ 200); 2 — copper-steel-copper
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(p = 100);  3 — aluminun—steel—aluij~um ;  4 —

copper—lea d—copper ; 5 — copper—aluminu a—copçer ; 6 -
lead—steel—lead.

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

Page 74.

Af te r  establishing that  the most advantageous combina t ion

cf ma terials for the creation of mu lt i l ayer  screens is

copper an d steel, it is 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 thic kness

of 0~ 08 m m will become — 0.1 mm . Here for a com parison

give n data of single—layer copper screen (1). From

curve/graph it is evident that A) five—layer screen (4) of

the type 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

three—layered by I Np. 10 absolute value at freq ue nc y

130 kliz, single—layer screen gives 3.5 Np, three—la yered ,

- — 
- V  -~~~~~~~ — —~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --
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i.e., 6.7 Np, and five— lajer — abou t 10 Np.

3.5. Ph ysical processes in comp ound/ com ~osite screens.

In accordance wi th  foregoing the screen attenuation of

tvo—layered screen can be determined by the formula

(3.18)

where, in turn,

= In ~ = In 1 ch ic111 ch ,c,i,~ (3.19)Sin Sn.

44.iJ=InJ ~~~~~~~~~~~~~~~~~~~~~~~ 
-

+ -F (N. + 
~

_) th .~t, + ÷ (N . + th ~1t1 th K~~IJ .  (3.2O~

~nalyzing the obtained results, it can be no ted that

accord in g to its s t ruc tu re  of the f o r m u l a  of the

calculation of the shielding properties of compound/composite

screen are analogous to the formulas  of the ca lcula t ion  of

the shadowing of single— layer screens. Screen atten u ation (A .i.)

consists of screen of attenuat ion cf absorption of metal (A~11) 

~~~~~~~~~~~~~~~~~~~ V 
- 

-
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and the screen attenuation of reflection (A~~). The sc reen

attenuation of absorption includes -the product of the

hy perbolic cosines, correspondin g parameters (kt) of the

first an d second layers of screen an d it is equal to the

sum pf the attenua tions of the absorption of both layers

of screen,

— — ~~~d

/ /  ~~~
+-

ZO ~ 0 60 30 100 ~1fl f, ni~

Fig. 3.5. Results of the measurement of the screen

attenua t ion of the d i f f erent mu l tilaye r screens: 1 —

single—layer (copper) ; 2 — three—layered (copper-stee l

copper); 3 — four—layer (copper—steel--steel—copper) ; 4 —

- ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
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five— layer (copper—stee l—cop per—steel—cop per) .

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

Page 75.

The screen attenuation of reflection contains several

com ponents which are caused by reflections on the

appropriate interfaces:

-
~~
- (N 1 --  

~ç~
— ) th K It1—~LH3~eKTPHK — I c~iofi aKpaHa; 

(~)

V~f~ ~~_) t Ii i~ t 2 _11 C.IO~% 3Kpana~~~LH3Jl eKTpMK;

+(~‘~ 
+~~— ) th Kiti tI1~~t2 ---- I c.J1o~ 9KpaH a—H cj io~l ~~~~~~ (3)

Key: (1). Dielectric — I layer of screen. (2). II La yer

of screen — dielectric. (3) . I layer of screen is II

la yer of screen.

The absolute values of the indicated expression s are

caused by the rela tionship/ra tios of the wave im ped ance of

the joining mediums. The greater its nonccn formity, the

greater the value of N above screening effect. Thus , for
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instance, role and the specific signif icance of di f f eren t

co uplings in common/general/total screening effect are

characterized for the screen of construction copper-stee l by

the thick ness of the layer on 0.1 mm at the freq uenc y of

100 kgh of relatively magnetic field as follows: =

13.8.1 0 3  ohm , ~~~~~~ 0.12.10~~ ohm , = 3.3.10~~ ohm..

Respectively N = 115, 1/N e 0.0087;

N2 = 4 ,2, -L= 0,24;
N1

N, =0 ,036, ~!~=27 ,5. 
V

N2

Then the attenuation of reflection on the appropriate

bo undaries will be: 3.7 Np—air—copper , 1. 1 Np -a i r—stee l, 2.2

N p—copper— steel. All couplings together (air—copper-steel—air)

give 3.9 Np. Consequent ly,  the greatest screening effec t

gives bou ndary dielectric—copper. The effect of boun dary

nonconform ity dielectric—steel is very small. Reflection at a

boundary of different metals gives somewhat larger effect

than  on boundary of dielectric—steel. Furthermore , with one

layer (t2 = 0) Analyzing formula of the shadowing of

compound/c om posit e screens assumes the f o r m , chara :t er i s t ic to

the single—layer screens: A)12 = A) = in ch kt [ 1 +

1/2 (W + 1/n) x th kt). If both layers have identical

~
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~T6
th ickness and are  made f rom u n i f o r m  meta l  (k 1t 1 k 2t 2 =

kt ) ,  then

A,11 = In ch’ rct [1 + (N + th ,ct + th¼t 
} 

=

= ln I ch 2,ct [i + + (N + - ~-) t h  2ict ]~. (3.21)

i.e. the two—layered screen, made f r o m  un i f or m meta ls  (t 1 +

t2), gives the same effect, as the single—layer screen of

the doubl ed thickness 2t [see formula (2.6) ].

Page 76.

The screen attenuation of the two—layered scree n

is expressed as the attenua tion of absorption A~~i~ and

attenua tion of r e f l ec t ion  A 012 of this screen. The shielding

characteristics of the two—layered screen A 912 also can be

expressed by the shielding characteristics of the

single—lay er screens, entering this compound/composite screen

(A )1 and A32) . A c t ua l l y , since ~~~ = Si Sj/l — P1P21
’
�fA)lZ

= in I ~~P~Pz/SiS 2 = AV31 + A32 + where

— . L ~~~~~~~~~ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~ -
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A,1 = In —
~
-- = In ch K1t1 [1 + _L (N 1 + _!_

) th Kiti]S1 1 (3.22)

A,, = In -i-- = In ch ,c,t, [i ± —i— (w 2 + 
~

—) th 1c2t2]

Parame ter A p of this at tenua tion of in terac tion

(reaction) between the layers of screen. It is cha racterized

by the e f f e ctiveness of the combination of d i f f e r e n t metals

ii~ compound/composite screen:

A~=In  l —P 1P~ j =

1 1 1 1 I I
1C111~~~ -~- (N 2±~ —) th ~ ‘~+ j-(w3+-~~

-) th~c~t1 th ~~~
—- 

[ 1  
— —i-- (N 1 + i;—) th K 1E 1 ] [i ~~- —i-. (~-~± 

~
—) th

(3.23)

Value of P is given in chapter 2.

3.6. ~Iultilayer screens wit h dielectric separators.

j s of practical interest the question concerning

if f.c tiven ess  and advisability of equipmeut/device of

_ _  ~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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dielectric liners (paper, plastic) or of air gap s between

the metallic layers of the combined screen. Let us examine

the simplest case of two—layered metal screen with the

dielectric layer between them. For investigation let us use

the for mu la of three—layered screen [formula (3.15)):

S = . (3.24)
(I — P1P2) (I — P2P,) — nP 1P3S~

Coeff icient n considers t~e effec t of the wall

thicknesses of screen. For the cylindrical screen n =

(R i/Rm)2, for the spherical screen n = (R4JR 3) ~ (R 1 is a

ou tside diameter of I lay er. R3 — the inner diame ter of

III layer ) .

b r  the thin—walled screens, examined earlier, it is

accepted as n ,~~~~ 
1.

Page 77.

In order to determine the screening constant of two— layered

screen with layer, it is necessary in to formu la fo r  S to

su~~t4tute the shielding para meters of dielectric ]nyer (5 2

and ~~~~ For dielectric S2 z ~ and p1 = 0. Then

S = (3 .25) 

~~~~~~ -~~~~~
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The screen attenuation of this screen will. beA)lr ft)101S1
I=A ~t-+~4 ,3 +.4p, where A~=1n1_L i — screen a t t e n u a ti o n  I

of metallic layer; A,3= In I-~- I — screen attenuation II of
S3

metallic layer; A~= I n l l —n P iP 3 L — Attenuat ion of the

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

Com paring th e obtained result with the formulas of the

calculation of usual two— layered screens (3.23) , we see that

the difference is only - in the parameter A~. In the

two—layered screen Ap = in 1 — 

~~~~~

for determining the advisability of applyin g the

dielectric separator between the metallic layers of screen,

let us calculate the screen attenuation of the screen of

cylindrica l construction with the different thickness of

separator. Screen is steel—copper, fre quency — 100 kHz , a

radius of screen — 10 mm . Table 3.2 gives given data of

the calculation of the screen attenuation of two-layered

cyl indrical  scree n wi th the different thicknesses of the

dielectric separators between layers.

App lica tion/use of the shims , close i~ thickness to

i A ~~~~~~~~~~- ‘ “  
- 

-
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m
metallic layers (1 mm ), does not give essential ef fect

(difference altogether only 0.2 14 Np). The separator 
- 
wit h a

thickness of 10 mm is led to an increase in the screen

attenuation on 0.75 Np. However, the application/use of this

thick separator between metallic layers js clearly

inexpedient , since it is connected with an increase in the

overall sizes of screen and consumption Cf materials for

its production.

Tables 3.2. Screen attenuat ion of two—layered screen (copper

— steel) with the different thicknesses cf the die lectric

separator between layers.

(%) (~ i
ToIu~ua ~~~~~~~~~~ 3.yyxai,~ e Ne*~~ro 311711V11 CYIJIb- 3uyxwe b3lHt~~ 3ItP..J~. 3aryxl-

TpI~eclccI .mro c~~~ ~eIcT.~~ xie
IIpCkal*ka , JIM Mu Mfl ?~Sfl

0 3,4 2,2 —0,94 4,66
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 V

f

K ey: (1).. Thickness of dielectric separator, mm. (2).

Attenuation of copper layer Np. (3). Attenuation of steel

layer Np. (4). Attenuation of interactio n Np. (5). Screen

~~~~~ i - 
____  _______________  - -  - ~-
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attenuat ion Np.

Page 78.

3.7. Optimum constructions of the mu -It i layer  combined

screens.

There is essen tial interest the determ ina tion of the

most advan tageous relationship/ratios of the thicknes ses of

the com bined screens an d in the establ ishment of in itial

positions from the develcpment of the o p t i m u m  screens of

the combined construction... Bearing in mind that the greatest

effectiveness in the multila yer combined screens gives

com bina tion of nonwa gne tic (copper) an d ma gnetic (steel)

ma terials, let us examine first of all such screens.

Above in Section 3.5 it was sh own , that the screen

attenuation of two—layered screen is determined b y the

fo rmula
A,l,~

=1n )
_!_

I== lnl__
~
Lsi j = A.1+A~ - -A~

V

~
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or

A912 = In _L = A~12 -~-- A012.

-For obtaining s imp ler and more demons t ra t ive  resu l t s ,

let vs examine the conditions of engineering the 3ptim un

screens separatel y for the low—frequency (6 > t) and

high—frequency (9 < t) zones of transmission. For a

low—frequency range is characteristic the use of magnet ic

materials (steel) in magnetostatic mode/conditions. The screen

attenuation of flat/pla ne steel screen is determined by

formula A = in 1+~Jt/l4r) . The coefficient of reaction has

a value, close k — 1,, i.e., pC. = —1. The screen

attenuation of copper screen in the range of low

frequencies is determined by formula  A~’=ln/1+,c~r~f. The

coefficient of reaction for this case is close to 0, i.e.,
P~’=0.

The attenuation of the interaction of this two—layered

screen (copper—steel) is equal to zero: A p = in (1 —

P4P2) = 0.

The screen attenuation of two—layered screen will be

~~912 = In J I I  -~-K ~r9Ii) ( 1  -
~~

- .4,, I

Disregarding ones as compa red with the second terms,

~~~~~~~~~~~~~ - ,. 
~~~~~

-
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wh ich stan d in brac kets, we will obtain A312 in

j k P2 t a t a/41 — . where indices 1 are related to coppe r layer,

and indices 2 are to steel. Accurately the same expression

is obtained for cylindrical and spher ical screens. Therefore

basic con dition/positions an d the conc iusio~s of the presen t

investigation for a low—frequency range are valid for all

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

cylin drical, spherical).

For the det erminat ion  of the most advantageous

relationship/ratio of the thickness of the layer of the • 1
screen by wh ich is reached the grea test value of screen

attenuation, ye investigate expressic~ A112 to the maximum

= ° ~~~~~ 
<0

Page 79.

4
Ta king into accoun t tha t the general thickn ess t = t 1

+ t~, we will obtain h1~2 
= in ~$L (t—t1)1 whe re N =

k ,p2 / 4 .  Then

OA~12 I —— 2z~ 1, — t 1 I I

~~~~~~~ ~~~~ ~~~~
As a result we will obtain optimum condition in the

fo rm
t1~~t,-~— 1/2 . (3 27) 
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Thus, the most advantageous result is obtained with the

equality of the thickness of the la yer of copper and steel

Cf two—la yered steel—copper screen (2]. In this case,

maximvm screening effect is determined by the formu la

K~~ t 2A,12~- - - In 
~ 

. (3.28)

From formula it is evideDt thab the screen attenuation

is determined by the value of eddy currents in capper (k 1

= ~~~~~~~ by the value of magnetic permeability of steel

(P2)  and depends on the thickness o~ the layer of screen

(t1 = t< = t~ p . The obtained conclusions are valid for

f lat/plane, cylin drical an d spherical screens in th e ra nge

of frequencies to 10 kliz. Investigat ion and formula s (3.27)

and 3/28) can be common for any combination of nonmagnetic

(copper, alumi num , lead) an d ma gnetic (steel, Perm al loy)

materials.

In a simila r manner can be determined the optimum

construction of a three—layered screen of the type “copper”

[formula (3.15)) 3. In this case the most advantageo us

results are  reached at the e q u a l i t y  of the th icknesses of

all layers of screen (t1 = t2 = t3 = t/3) , and scr een

~~~~~ A - - ~ 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V



-
~

-

~ 

- 
~~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- — --—--  “ ‘
~~~~

DOC = 78000204 PAGE ,I~~
iø

attennatio n is deter•ined by the formula

A — In ~~~~~~~ (3.~~
4 1

The obtained result  is propagate d to the  f i a t/ p lane ,

cylindrical and spherical screens of three—layered

construction in the range of frequencies to 10 kHz. For a

high—frequency range the most favorable effect is reached at

the large thicknesses of magnet ic metals (steel) and smaller

— n onm a gnetic me tals (copper, aluminum ).

A ch ange of the opt imum thickness of copper layer in

percentages from the overall th ickness  of screen (t = 0.4

mm ) is shown to Fig. 3.6. On curve/ graph  are c l ea r ly

visible three frequency domains.

Range I is a direct current an d very low fre quencies

(to -0.5 kHz). Here the best results gives purely uniform

steel scree n (tM = 00/0 and t~ = 1000/c). This is caused

by the facts tha t in the in dicated frequency range the

electrom agne tic sha dowing  is vir tually absent, and therefore

screenin g effect of copper is negligible, but steel works

i-n magnetostatic mode/conditions and gives very good results..

Page 80.
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Bange II is the spectrum approximately from 0.5 to 10

kHz. For it can be recommended the equal thicknesses of

copper and steel layers (tM = 500/0 and t~ = ,~~~/o). The

effective action of copper begins in electromagnetic

mode/conditions, and steel continues to work predominantly in

iragne-tostatic mode/conditions.

Range III is a frequency spectrum from 10—20 kHz to

high frequencies. Both copper and steel operate in

electromag netic node/conditions on the principle of eddy

currents. Prom curve/graph it is evident that with an

increase in the frequency the optimum thick ness of copper

layer decreases, and steel — it increases.. So, if at

frequency 7 kHz the optimum thickness of copper layer was

500/0 of the overall thickness of screen, then wit h f =

of 110 khz it does not exceed 15q/o.

In the range of more high frequencies (approximately

more than 1000 kklz) the compound/composite combined screen

generally becomes meaningless, and from the viewpoint of

shielding effect in preferred position is located by purely

steel screen (tM = Oo/ o and t C = 1000/c). This result has

1~~~ ~~- ?.~~~~ . ~~~ . - - - 
~~~~~ V

V
~~~~

V
~~~~~~~~~~~~~~~ 
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completely logica l phy sical explana tion an d it com ple tel y

corresponds to the basic condition/positions of the wave

theory of screens.

Abo ve sho wn, tha t screenin g ef fec t w as caused by

cumula tive e f fect of the a ttenua ticn of reflection (A0) and

of the attenuation of absorption (A n). There it is

substantiated, that copper possesses high reflecting

proper ties, and steel — by the high attenuation of

ab sorption in metal. Therefore in tke range of com parative ly

low frequ encies (10—20 kHz), w here p revails the fac tor of

the atten ua tion of r ef lection , there is nc need in thick

steel screens. W ith an inc rease of f requency ,  grow/rises the

specif ic role of the atten ua tion of absorpt ion , scr eening

effect of steel becomes more than copper, an d theref ore it

is expedient to increase the thickness of steel layer.

-~~~ 
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Fig. 3.6. Optimum relationship/ratio of the thickness of the

layer of the combined screen (copper—steel).

Key: (1). Steel. (2). copper. (3). kHz. (4).. coppe r, mm.

I
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In this case is realized the positive effect of the

attenuation of the absor ption of steel layer and is

-~~ ~~~~~~ 
-
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/
preserved the proper value of the attenuation of ref lection

at a bou ndary dielectric—copper (A 0) ,  which compara t ive l y

barel y de pends on thickness of the layer. Finally, in the

range of even more high frequencies (about 1000 kHz), when

the attenua tion of absorption in steel (A n ) begins to

predomina te above the attenuat ion of reflection at a

toundary dielectr ic — coppe r (A0), it beccmes more effective

the application/use of a purely steel screen.

To Fig. 3.7 , are given t he  results of the calculation

of the screen attenuation of steel—copper screen with an

overall thickness of 0.14 mm with the different

relationship/ratios of thicknesses they will stop and copper.

Calculation is carried out at a rad ius of screen 17.5 mm

an d frequency 55 kHz.. From the figure one can see that

wi th an increase in the thickness of steel increa ses the

parameter A~ and it decreases A0. The most advantageous

effect gives the com bined screen wit h thick steel layer

(tC =820/O) QiIJ tonkim mednym sloem (tM 18o/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

thickness.

The report/communications given above by ch3ice of the

k — -—- ~~~—-‘ .~. . - —-i- -- - -  _ -
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o p t i m u m  re la t ionsh ip/ra t ios  of the  t~~~ckness of the l aye r  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 calc ulation

of a three—layered screen of the type “ccpper~ wit h an

overall thicicness of 0..6 mm with the different thicknesses

of cppper and they will stop. Calculation is carried out

for frequency 8 and 110 kHz. From curve/graph it is

evident that at frequency 8 kflz the most advantageous

effect gives the screen, which has equal on 0.2 mm

-thickness of the layers of copper and steel. 

- 
- -
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Fig. 3.7. Screen attenuation of tvo—~Layeted screen with the
different thicknesses of copper and steel.

Key: (1). bUsses. (2)_ Opt iiua value. (3). a..

~~~~~~~~ ~~~~~~ ~~~~~~~~~ ‘ —



• ____  -
~~~~~ 

.- -

DOC = 78000204 PAGE
It, ’

Pig. 3.8. Screen attenuation of three—layered screen

(copper—steel--copper) at the d i f f e ren t  thicknesses of coppe r

and steel and d i f f e r e n t  frequencies.

Key: (1). Np. (2) . kftz . (3) . mm.

Page 82..

In the range of h igh  frequenc ies sharply grow/rises the

specific s ignif icance of steel. Here the best result  g ives

screen. having  copper lay ers on 0.. Q5 ma , and steel la yer ,

equal to 0.5 am. In both cases the combined screen is

acre effective than the un i fo r m ccpper or steel sc reen of

equivalent thickness.

3.8. Nultilayer screens in coaxial cables.

For an increase in the screening effec t, the external

wire—screen of coaxial cables is made composite. As a rule,

it cpasis ts 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

co.bieed screens in coaxial cables. Electromagnetic waves can

penetrate both thr ough  the in ternal  and th rough  the external

surface of external wire. In the first case (Fig. 3.9a)

cable itself is the source of interferences, in the second

— the abcable is subjected to extraneou s interferences (Fig.

3.9b)~

)iii 1~ ble 3.3 gives the formulas Cf the engineering

calculations f single—/aono—di— and three—layered screens in
4 wiave Independence of the metal

both, mode/conditions of effect. Here Zm 4s ’7 ’  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

i—•
~’ iwtW •~~~1)c r ~~t~~t of edd y currents; t is thickness of sc reen.

Analyzing the given formulas, it can be noted that:

1. The coefficient of screening consists of two

coapoxients: a) b y  t h a t  charact eriz i ng at temuation in thicke r

than  screen and b) the  caused by reflection energy  on the

boundaries of layers. Attenuation in thicker  than  t he  screen

(attem uation of absorption) is expressed by chkt ;  t he  number

of cosines corresponding to the number  of layers of scree n.

~~~~~~~~~ I~~ -~~~~~~~~~~: 
• 

—~ - -~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 
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The atten uation of reflection is expressed as t h k t  and the

relation of the wave impedance of the layers of screen;

the number of these reflections corresponds to the num ber

of boundaries of layers.

a)

Fig. 3.9. On the calculation of the composite 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 boundaries, and

therefore formula contains two members, whic h characterize

reflection (ZMI/ZM2 and 2,4,/Z1~~). The more differs the wave

impedance of boundary metals, that higher screening effect

of multilayer screen.

~~~ ~~~~~~~~~~~~~~ 
. •i •  
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2. Com paring these formulas w ith formulas for

calculation of symmetrical shielded circuits, we see that in

the case of coaxial cable there are no reflections on

joints diel ectric — metal — dielectric (S0), characteristic

to balanced cabl es. /

3. From the fo rmula  of thr ee—layered screen (S 123) it

is ppssible to obtain the formula  of two—layered scree n

(~~ z) .  if we accept t~ = 0 and from formula S~~ — the

formula  of single—layer screen (S 2 ) ,  if WE accept t2 = 0.

Tables 3.3, Screening constants of the multilayer screens of

coaxial cables.

— 
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Key: (1). Construction of screen. (2)-. Calculation formulas

of coefficient. (3). Coaxial line is the source of effect.

(4). One Layer. (5). Two Layers. (&) . Three Layers. (7).

Coaxial l ine is sub jec ted to externa l effect .

Page 84.

4. Screening constant S is complex quantity. Its

module/modulus characteriz es the degree of shadowing, and

angle shows phase displacemen t between electromagnetic fields

outside, also, wi thin screen..

5. Shielding properties of coaxial line, which operates

as aifGcting circuit (for example, S12), are less than

pair, subjected to effect (S21).

Between screening constants, thqre is the approximately

following relationship/ratio:

S1~~ S~4?-i , (3.30)

vbjl• bet,.. ; the scr•es att emua tioM

A~1~~A,11+1n I~iI. (3.31)
NI
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Since for a composite screen (copper—steel) ZMZ/ZMI =

Z— / Z”~ ~ 28. respectively the  difference in the screen

attenwation of the cable, subjected to effect, is more than

the a ffect ing ca ble approximately  o~ in 28 = 3.3 Np.

6. Screening effect grow/rises with an increase of

• f requency and thicknesses of screen. The greater the  layers,

that sore screening effect.  The aultilayer screen, equi valent

according to thickness to sing le—laye r screen , has the best

characteristics because of the effect of reflection at a

boundary of the coupling of different metals.

Let us examine in more detail the optimum con structions

of two—la yered and three—layered screens.

Two—layered screens. Let us establish/install the

shielding characteristics of coaxial line with the different

thicknesses of copper and steel layers and let us determine

the lost advantageous relat ionship/ratio of layers a

composite screen.

Tables 3.4. Screening e f fec t  A~ and the resistor/resistance

of losses S~ in composite screen with  the  differen t

relationship/ratios of copper and steel.

- ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
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Tii i5i~~ 3 ‘1.

• t~,jui~ ¼ .4~ % 
J 

A.,s . ulp
~~~

1L1 5

• 0,8 0 . 
- 

11,0, - 102,0
0,05 0,75 6,25 13~45 —• . 0 ,1 • . 0,7 . •- 12,5 10,55 6,08

• .0,2 . 0,6 25,0 8,70 3,17
0,3 0,5 37,5 7,44 3,09

- 0,4 0,4 50,0 658 3,09
0,5 0,3 ~~,5 ),34
0,6 . 0,2 Th,0 4,07 3,09
0~7 • 0,1 . 874 2,71 3,09
0~8 0 . 100 . • 2.25 - 3,09

Key: (1). mm. (2). Np. (3) ohms/km.

Page 85.

Table 3. gives corrected values cf the attenuation of

shadowing A , and of the res istor/resistance of losses R3 in

the  composite screen of coaxia l lime with the d i f f e r en t

relationship/ratios of the thicknesses of coppe r and steel,

‘I
____  
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bu t with the constant overall thickness of screen t = t~

• t (. = 0.8 mm and tc frequenc y 60 kliz.  From tab le it is

evident that between the copper and steel layers of screen

is a opt im um relationship/r atio. The a t tenuat ion of shadowing

reaches the  maximum value at t1~ 0.05 mm and t ( 0.075

in. In this  case 1)12 of com posite screen, is 13. 15 Np .

while the steel screen of the same thickness gives A 3, =

• 11.6 N p, and copper — A~ = 2. 25 Np .

The relationship/ratio of the thicknesses of copper and

steel layers af fec ts also the losses, introduced by sc reen

in to the circuit of transmission. with an increase in the

• copper layer , value B~ falls, and then is stabilized on

the deter mined value. With opt imum , in the relation to

sc reen attenuation, the relationship/ratio of the la yers (t1~

= 0.05 and t~ = 0. 75) of energy loss are su f f i c i en t ly

considerable , which  makes this con E truct ion v i r tua l ly

unacceptable. Furthermore, in production sense it is

extremely dif f icult to use copper layer by  the thick ness

altogether only 0.05 mm. In the existing constructions of

coaxial lines, copper and steel layers are located

appro~ciaately in relationship/ratio 3:5.

In connection with the screen in question with an

L - - 
- . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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overall thickness of 0.8 mm value t,~ 0.3 mm and t( = 0.5

ma. As can be seen tron Table 3.4, b i th  this

relationship/ratio is obt ained suf f ic ien t  screening ef fec t

(7.44 Np) with the low losses of energy.  Value R.) of

• composite screen is equal to R~ copper screen and it is

3.09 2/km. From Fig. 3. 10. where is represented de pendence

• A~ of copper , steel and composite sc reens from the overall

thickness of screen t it is apparent  tha t  screenin g e f f e c t

on the order of 7 Np at frequency 60 kflz can be provided

with the thickness of the screen: copper 2.1 mm , steel 0.5

mm bimetallic 0.8 mm (t~ = 0.3; t~ 0.5).

Three—layered screens. The results of the calculation of

the attenuation of shadowing 5123 of a three—layered screen

of the type “aluminum” with an overall thickness of 0.2 mm

are given in Table 3.5. Here is shown the specific

significance of screen attenuation because of absor ption in

aluminum (A~), in steel (A 1~j) and because of reflec tion at

a boundary alumi n um—steel (Ac ’ ) and steel—aluminum (A~~~ ) .

__________________________________ _1~ -~~~~~~~~
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Fig. 3.10. Screen attenuation depending on the thi:kness of

screen made of steel (1),, bimetal (2) and copper (3).

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

Page 86.

To Fig. 3.11 , is given the  f requency  dependence of

• ~~~~~~~~~~~~~~~~ r~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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screen a t tenua t ion  (13123) of t h ree—laye red  screen

(a luminum— s tee l—aluminum)  wit h d i f f e r e n t  thickness  of the

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

3.12, are shown the values of the componen ts of the screen

attenuation A~ , A~, £~ for this sam e three—layered screen

at frequency 100 kHz.

Tables 3.5. Screening effect of three—layered screens.

( ,)
To.~~.. c.noa IKpIHa,MM f,~ 4 4 4 4~~ 

A.

O I—.O 18—0 0! 39 3.03 0,001 0,000 0,67 3,70
60 3,52 0,002 0,0(~ 0,70 4 ,23

100 4 ,03 0,003 0.003 0,80 4 ,82
310 5,56 0,008 p 005 0,96 6,53

• 55(~ 6,08 0,010 0,008 
- 

1 ,01 7,11

0 06—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

_______________ 
550 3,08 0,35 0 ,040 2,l8 5,65

0 09—0 02—0,09 30 0 ,08 0 ,06 0 ,003 1,46 1 ,61
60 0,1! 0,13 0,004 1,50 1 ,81

100 0,13 0,21 0,009 1/78 2,13
310 0,23 0,6! 0,020 2,11 2 ,96

________________ 
550 0,26 1,0! 0,030 2 ,12 3,42

~~y: (1) th. thickness of the lay~~ of screen , mm .
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Pig. 3.11 Pig. 3. 12.

Pig.. 3. 11. Frequency dependence of screene d attenuat ion of
the three—layered screen of construction luminua—steel—al umjnu.

• with different thickness of the layer total thickne ss of

screen 0.3. mm) .

fey: (1). Np. (2). kHz,.
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Pig. 3.12. Components of screened absorption (A~ a n d  A~ )

and of reflections (An) in the three—layered screen of

construction aluminum—steel—aluminum at frequency 103 kHz and

the different thicknesses of screen.

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

Page 87. From given data it follows that the comb ined

three— layered screen of the type “ a l u m i n u m ” in all cases is

better than the uniform aluminum screen; greatest screening

effect is reached at the thin layers of aluminum and the

thick layers of steel. optimum is the copstruction of

screea of aluminni—s teel—aluminu m with respect 0.01—0.18—0.01

ma , respectively, in thickness of the layer.

The values of screen effect from absorption (A
~ =

• A~ ) and  reflection (A o = A~~
L 

• A~~~ ) for are d ifferent

frequencies and the thickness of the layer of the combined

screem are different. In screens with thick steel laye r, is

m ore the effect of absorpt ion, while in screens wi th the

thicke ned aluminum layer, prevails the t~~fec t of ref lect ion.
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• ~oreover reflection at a boundar y of layers steel —

alumimu. is substantially more than  reflection at a bounda ry

al umioum—stee l .  f r o m  Fig.. 3.12 is evident that  with an

increase in the thickness of steel s h a r p l y  grow/rises the

absorption in steel and it decreases absorption in a l u m i n u m ,

an d the effect  of reflec tion has a maximum wi th  t h e

• relationship/ratio of layers 0.07—0.06—0.07 mm .

end section.
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Chapter 4..

sh ielding of com municat ion cables.

4.1. Type s of cabl e shields.

Page 88.

The stability of comaunicat ion/connectiCn and i ts  qua l i ty

during transmission w i t h  respect to cable lines to large

distances to a considerable degree are defined by the

pr otection of coupling circ uits both from mutua l  and outs ide

interferences. Most radical safet y iethcd of coaxial and

symmetrica l cable circuits f r o m  interferences is the i r

shielding.

Dable shields bave cylindr ical form and most frequently

hi_A~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
, . -= -
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they are fu l f i l l ed  in the for m of cont inuous  shells ei ther

ii~ the for m of the spirally superimpose d winding from

flat/plane tapes or in the tori of cover/braid from

tine/thin wires. Shields they manufac ture, mainl y, from lea d,

copper , the y stopped or aluminum , an d fur ther more , ther e can

be the com posite an d mul tilayer combine d shields where the

indicated materia ls are alterna ted in the most advantageous

coibimation.

In cables with external plastic shells for protection

from outside interferences, there are applied tape/strip type

shields predominantly from the aluminum , copper, steel

strip e, superimposed spirally or longitudinally along cable.

By construction and according to operating principle,

the shiel ds are divi ded in to those who shiel d from outside

interferences and f r o m  interna l ( m u t u a l )  in terferences .  The

sources of outside interferences are high—voltage electric

powe r lines, contact circuits of electric railroads, ma n—made

interferences, atmospheric elect r ic i ty  and p owerful  r ad io

statipns. The role of shields fu l f i ll the  metal  shells,

arrange/located above cable core. As a rule, they have

continuous constr uction and are fulfilled •ade of lead,

a lumin um or steel (Pig . 4.1). Known also two—layered

conatr uction~ of shells of the t y p  aluminum—lead , al ma imum

— steel , etc.

- -~~~~ ~~~~~~~~~~~~~~~~~~~~~~
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rig. *.i. External metal cable sheathings of the

ccmmuoicatiou/connection: a) lea d (MKSB); b) aluminum ( PI KS AP ) ;

C) steel (PIK SSP) ; I — lead; 2 — steel strip; 3 —
aluminum; 4 — polyethylene; 5 — steel.
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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 level and is provided the possibility of

the organization of high—frequency communicat ion/connection

along single—cable system (it runs itself one cable). In

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ •~~~~~~~~~~~~~~~
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el’s,

single—cable comaunicaticn/connection the screens electrically

divide the circuits of direct/straight and opposite

directions and el iminate interferences betwee n them.

I
In coaxial cables for  providing the required norms of

interference shielding in single—cable co.munication/connection,

external  wire is ful f i l led  compos ite. As a rule, it

consists of the copper cylinder, above which is superimposed

the winding from one—two layers of steel strip. Are know n

al so trimetal screens of construction copper — stee l —
copper.

In the balanced cables of single—cable system, are

applied au lt i layer  separ ating screens. ‘10 Pig. 14.2, is shown

the symmetrical shielded cable of single—cable

communication/connection I or a system K—60. Screen has

three— layered tape/strip construction (copper — steel —
copper) 0.1 mm in thickness of the  layer.

In the radio—frequency cables of antenna feeder

designation/purpose, are applied the screens of flex ible

construction of the ty pe of cover/braid made of copper or

steel wires.

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - • °~~~~~~~ ~~~~ ~~~~~~~ 1• 
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In l ow—frequency cables are shielded separate wires and

circ u~ ts with high transmission level (circuit of

broadcasting, wirephoto , sig nal wires, etc.). As screens here

is applie d metallized paper or a l u m i n u m  foil.

~~ 2. Cont inuous screens.

In cable techno logy are applied the protective shells,

ma inly, from lead or aluminum. Recently appeared also the

steel f lu ted  shells. The shielding characteristics of cables

are i mpro ved dur ing  the use of t w o — l a y e r e d  shells of

construction a l u m i n u m  — lead and a l u m i n u m — steel. A l u m i n u m

is su perimposed in the  for m of spiral s t r ip  or shells.

_ _ _ _  
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Pig, 4.2. Shielded cab le of single—cable

ccmmunicatj on/ con4ectj on.

Key: (1). three—layer shield (copper — steel — cop per) .

Page 90.

• 

~• The shielding charac teristics of cables also a f f ec t  the
armor deposits from steel str i ps, availa b le at the cab les,

• intended for a separator directly into the earth/gr ound .

• The screenin g constant symme trica l communica tion cables
witb a capacitance/capacity of 14 x 4 with shie lding

shells of lead, aluminum they became giveq in Table

4.1, but coaxial cables — in Table 14.2. Dampings of the

A ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~- i i  —~~~~~~ - - ~~~~~~~
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shielding of the cable sheaths of relatively magnet ic field

over a wide range of frequencies are given in Table ~4. 3.

The values of the screening constant of the different

types of ca bles (ur ban , coaxial, symme trical ) are g iven to

Pigs. i~,3 and 4.4. 
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Table £4.1. Screening constant of balanced cables wi th

ca pacity ~ x 14 wit h different protettive shells.
• ( I )

f a 4  MKC 6 ~MKCAT1~ MKCAfl E MJ(CACfl&11 
~MKCCnI MKCtII

10 0,76 0,22 0,27 0,95 0,19
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 0,95 054
• 5 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 0 ,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

10 0,028 0,018 0,0048 0, 12 0 ,026

5 0,021 . 0,003 0,0033 — 0, 016
5000 10 0,021 0,01 0,002 0,0033 0,06 0, 015

• 70 0,019 0,003 0,0033 0,066 0, 013

( S .  • 

— 
• 

• 

—_ _

• TO~H. i~~~}’,• 2 , 12 0,53 0~42 0,4 • 6,25 2,6
-

~~~~~ 
(5 \  t~~ ) (7,) (g) ) ( q ~

) (/ 0)KoIfcTpyxwIK CRHH~U 1 .25 aa~~x. aAI~~MH~~ a~notj iiisd ~~~~000ao’iKIi a.is. crv~~~- ii# Lisa. ct~~~- l isa, c.sis.e~ J0,4aii ~ue~~~• iwe mKmi lisa ~~~ ~~JflM 1,25 isa, c,s- 
~~~~ 04 .~~0,Saa O,Sius ~ is~se aei~~

________  ___________  
0,5 .ma 

_______

Key: (1). Hz. (2). V/km . (3). Resist, direct current 0/km .

( 4 ) .  Construction of shell. (5). lea d 1.25 mm , steel strips

O.:5 mm. (6).  al u min um 1 mm. (7) . a l u m i n u m  I m a , steel

strips 0.5 mm. (8) . a l u m i n u m  1 mm , lead 1.25 mm , steel

strips 0.5 mm.  (9) . steel 0.4 mm. (10) . a l u m i n u m  stri ps

0.2 mm steel 0.4 mm .

_ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Page 91.

Table 4.2.  Screening constant of the cable sheaths of

coaxial cables.

( I) KMS-4 ICMAE-4

tO 0 ,60 0,10 0 , 46 0, 60• 20 0,58 0,093 0 , 38 0 , 54
50 0, 52 0,064 0,30 0 , 46

50 100 0 ,46 0,043 0,21 0 , 37
150 0 ,36 0,040 0, 17 0 ,27
200 0 ,34 0 ,041 0 , 15 0,25
250 0 , 33 0,044 0 , 14 0 , 30

_________ 
300 0,34 0,055 0 , 15 0 , 32

50 0 , 24 0,018 0 ,085 0, 15
300 100 0 , 20 0,015 0,080 0, 14

50 0, 067 0,008 0,028 0 , 049
800 100 0,064 0,007 0,026 0,048

50 
— 

0 ,036 0,0042 0 ,016 0,027
1500 100 0,035 0,004 1 0 , 016 0 , 026

50 0,025 0,0028 0 ,012 0 , 020
2000 100 0.025 0,0026 0 , 012 0 , 020

50 0, 018 0,0022 0 , 010 0 , 015
3000 100 0,018 0,0022 0 , 010 0, 015

_________ - 

50 0,015 0,0012 0,006 0,011
5000 100 0,015 0,0012 0,006 0,011

• Key: (1). Hz. (2). V/ha.
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ta ble 4.3. Attennation of shielding of ditferea t ca ble

sheaths over a wide range of freqeencies.

MKC5 IMKCA II MKCAfl~ MKCACflBI1
4*4 7*4 4*4 4*4 4*4 7*4 4*4 4*7

• 10 • 3,7 4 , 3 5,27 5,55 6,33 5,8 3, 52 5,3720 4 , 1 4 ,75 6,01 6 ,25 7 ,34 6,6 4 ,75 6,8950 5,0 575 7,25 7,4 9,63 7 ,7 7 , 12 8, 75
- 100 8,85 6 , 7 8,26 8,35 11 .4 8.7 9,74 10 ,9• 150 6,45 7,3 8,74 8,8 — 8 ,9 11 , 2 11 , 4

200 6,9 7 ,8 — 9,06 14 ,0 9 ,55 — —
250 7 ,25 8, 15 — 925 — 9 ,75 — —. 3(X) 7 ,45 8,35 — 9,4 — —

~ T T h~~~~~.. (ii) ~~~
c,~~ ~~~~~~~~~ ~~~~ ‘(s) ‘~~‘ 

_
~~~I, ~~~ ~~~~~~KoucTpyx - —~~~~ -

~~~~~~~~ s4smsi4 ‘
~~~-~~~~~ ~~~~~~~~

~~~~ 
lisa 

H2~ ~~ O.4isis

~ o ( 
~~o

’ 13o

n.y: (1). kHz. (2). Construction of sbelL~. (3). lea d

mm steel strips . (4). aluminum 1 mm. (5). aluminum

am steel strips 0.5 mm. (6). aluminum 1 mm lead 1.3 mm

steel strips 0.5 m m .  (7) . steel 0.4 mm.  (8) . a l u m i n u m

strips 0.2 mm steel 0.14 mm .

Page 92.

• from given data it follows:

1. Alum inum shell has substantially better shielding

charac teris t ics, than lead and steel. In a comparatively low

frequency band (to S kHz)  the  sh i e ld ing  characteristics of 
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cable in steel shell (MKSSP 4 x 4) and the lead arm ored

cable ( ZIK SB 4 x 14) are approximatel y analogous, whi le  in

the range of h igh  frequenc ies, 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 t y p e ” a l u m i n u m ” — steel. Aluminum

possesses good conduc t ivi t y ,  steel — by h igh  magnet ic
• 

~rope.rties.

2. Shielding properties of shells , containing mag netic

material (steel), depend substantially on value of

longi tudinal  eaf (E~ ) , induced in shell. As can be

seen from Fig. 14 3 , with an increase emf ,, the v a lu e  of

screening constant decreases at firsb, an d then , after

achievin g the minimum , some what grow/rises. Th is is cau sed

by the dependence of magnetic permeabi l i ty  on the value  of

magnet ic  intensity in steel. The shielding properties of

nonmagn etic  materials do not depen d on va lue  eaf in  shell.
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Pig . 4.3. Pig. 4.14.

• Pig. 14.3, Scr een ing constant of d i ffe r en t  cables wi th  f =

50 Hz.

Key: (1). V/km.

Pig. 4.4. Frequency dependence of the screening constant  of

d iffer ent cables wi th the longi tud ina~l euf of 60—70 V/k .:

— MKSBP 14 x 14; 2 — KIIB— t$; 3 — M K SB 7 x 4; 14 — NKSAP
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4 x 4; 5 — MKTP—4; 6 — N KS B 14 x 4; “7 — MKSB 1 x 4;

8 — MKP 1 x 4.

Key: (1). Hz.

Page 93.

3. Increase in diameter of cable , and also thickness

of shell gives noticeable impr ovement in shielding

properties.

Were above correc ted values of scree nin g constan ts unde r

the idealized CDfldjtjofl$. Under actua~l con ditions the

sh ielding properties of cables depe nd on the con dit ions 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  de pendence of the  real val ue of

the coefficient of shielding on value yb.l~ where y
~~—

the propagation factor of circuit “shell—ground” and I—

the length of cable. At low values Vo6’~ tha t corr es pon ds

to the case of the ruby—colored ler~gth of cabl e or low

- .~~ 
- -.- 
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-
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value of propagation factor ( insulat ion of shell f r o m

ground), P is small and screening etfect sharply descends.

At large values YoO1~ i.e., with the  large length of

cable or the la rge propagation factor , F — ) 1 and  real

screening effect  reaches ideal.

Cables with jute deposit in comparison with cables in

plastic shell have better relationship/ratio between the real

and ideal shielding coefficient. This is caused by large

value y~. of jute cables.

They substan tially affec t the value of the rea l

screening constant of the value of earth resistance. The

lesser the value of earth resistance, the real screening

effect. Tc Fig. 4.6, is shown the value of the real

screening constant with different values of earth resistance

and lengths of cable (cable MKSB. 4 x 4 with f = SO

lix),. Here shown ideal value of screening constant.
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rig.. 4.5. Pig. 4.6.

Fig. 4.5. Coefficient, whic h characterizes real screening

effect.

Pig. 4.6. Real screening constant with the differen t values

of earth resistance and at lengths of cable.

Key: (1). ohm.

Pa ge 9LL

Pot provi ding a good value of real screening constant, it

is necessary to have low earth resistanc€, and in cables

_ _ _ _ _ _ _
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with plastic deposit periodically along route to eguip

groundings (through every 2—3 ka).

The analysis given above proceed s fro m the con dition

that near cable there are no other extended metal l ic

ob ject/subjects. If at trench lie/rests not one, but several

cables or are s ur round ing  metall ic masses , then screening

t effect noticeably is improved. Noreover the thicker the

cables, the greater the screening Effec t .  This is

graphicall y i l lustrated by curve/graph F ig. 4.7, whe re is

shown the dependence of sc reening effect on the num ber of

cables and their diameter. For example, for the cables with

a diameter of 40 mm the pres ence of two adjacen t cables

is led to an i m p r o v e m e n t  in screening effect  two time s.

~~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 longitudinal along cable. Sc reen

strips can be superimposed butt (Fig. 14.8), and also with

positjve and nega tive overlap (with th. gap between strips) .

Tape /strip scr ens can be both siagl.—l.yer mmd meltila yer.
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rig. 4.7. Screen ing effect of urban telephone cables of the

type TG at frequenc y 800 Hz depending on diameter under

lead covering with the different number of cables in

channeling.

Key: (1). S. am.

(~~I !!/ ~1 - ( ~~--- J
(2 tWUMMO (

~ 
1~~~ AI~nid

(UI/i ( YYZL~ (i/fl)
~~~~ 

sve~~o.muec’. 
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(s~ £‘ w.,oai

(
~~~~
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(1) ~~~~~

Pig. 4.8. Tape/strip (a) and braided (b) shields.
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Key: (1). Spiral. (2). Longi tudinal .  (3). Wjth over lap . (4).

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

Page 95.

Are known the combined tape/strip shields of the type

copper—steel—copper , aluminum—stee l , etc.

Tape/strip type screens widely are applied in cable

technology. They are the component  e lement  of c o m m u n i c a ti o n

cables in plastic shells, which shiel ds cir cui ts fr om

ou tside in terferen ces an d which stabilizes the  parame ter s of

the transmission of cables. Tape/strip type multilayer

combined screens per fo rm also the vole of the sepa ra ting

screens, which separate/liberate the circuits of

direct/straight and opposite directions in single—cab le

CcmaUn iCat i f lg  system.

The sh ielded groups , lays have , as a rule , w i n d in g

structure. Therefore it is logical to expec t t h a t  between

pitch of strands of screen and cable is a determined

optiuw. relationship/ratio. Furthermore, there are op tim u m

dependences between the thickness of the layer of multilayer

- 
- - 
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tape/strip screens and the superposit~ion methods of layers.

Below are set forth the results of the investigation

of tape/strip ty pe .ultilayer combined screens and are given

the tunda mental principles of the construction of such

screens. Tape/strip screens, on the basis of the

technological special feature/pecul iar i t ies  cf cable works,

have predominantly spiral form. The widt h of screen strip

(c) is connected with the angle of imposition (a), by

win d ing pitch (1*,), by the diameter of the shielded part

of the cable (4) by relationship/ratio c~~,cosa.’nd~s~nu.

This foll ows d i rec t ly  f rom Fig. 4.9, wh ere is depicted the

scanning/s weep of one splice of screen strip to plane.  The

greater the diameter of cable (d,). facts wider must be

stri p~ Between t h e  wid th  of screen strip and w ind ing  pitc h ,

also there is a direct dependence. In limiting cases when

a = 900 wid th  of strip c~~”,4..  and when a ) 0

value c —, 0. In real cable make—ups the overlap angle

(a)  I.s found  f r o m  30 to 800 .

Let us examine the  dependence of screen at tenuat ion on

the space of the imposition of screen strips (#s,) and

let us determine the effec t of the mismatc h of the space

of screen strips (h,) an d pitch of stran d of circui t (he).

~~~~~~~~~~~~~ 
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To Fig. 14.10, are shown the results of the

measuremen ts of spiral screens with the different

rela t~onshipjratios of the space of th. imposition of screen h~

and of pitch of strand of circuit k~ and  dur ing  the

different co~atructions of screens, pitch of strand of

circuit h~’.U*~ mm. Freq uency of the measurements  110

kHz . For the developwent,detection of the effect of contact

resistance bet wee n screen strips on screening ef fec t

measuremen t unde rwen t  also the screens , made from s t r ips

with the lacquered surfaces. The maximum value of shield

attenuation occurs when h,..k~.

L ~ -~~~ ~~~~ ~~~~
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H
Pig. v.9. Sweep circuit of one splice of screen strip.

Page 96.

In this case al l  the  s t ructura l/des ign varieties of sc reens

(overLap, joint , gap) give the best effect. In the absolute

value of value A~ for the d i f fe r e mb constructions of

screens when compa rat ively they d i f fe r  li t t le  from

each other. At the mismatched spaces (/zS=h~)  and the

presence of gaps, value A, sharpl y changes. so, if when

/z,=h~ the screen at tenuation of the strips, superimposed

with gap 3 am , is 2 .6 Np,  then when h,/h~—0,5 value A;

decreases to 1.6 Np. An increase in th. gap is led to a

regular decrease in screening effect .

pith matched pitch of strands of circuit h~ an d of

the  windi ng of screen strips it, the presence of gaps and

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~ j .. ~~~~~~~~~~~~~~~~~ ~~~~~~~ —--
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slots in screen •anifests itse lf comparat ive ly  l i t t le .  So

the gaps wit h a wid th  of 10 mm when h./h~=1 decrease

va le. A, altoget her only by  0.14 Np, while whes h./h~=0,5

decrease is 2 Np .

To Fig . 4.11 , is given the frequency dependence of the

screen attenuation of spiral screens with  the d i f f e r e nt

wid th  of shield s t rip  (c = mm (a) and 30 mm (bj J.

Pitch of strand of circ uit 100 m m .  Here corrected values A.

of continuous cylindrical  screen. The shielding

characteristics of screen substantially affccts the width of

screen strip. W i t h  n a r row stri p screen at tenuation is lower

than wi th wide.

. 1
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Fig. 4.10. Pig. 14.11.

Fig. 4.10. Resul ts of the measuremen t of spiral sc reens

with different relationship/ratios ~./h~~(h~-.IOO a.4 where  1 —

cylin drica l screen (1 = 0.08 mm ); 2 — cepper s t r i p  wi th

overlap; 3 — copper s tr ip wit h over lap  (lacquered) ; 4 —
copper strip bu t t ;  5 — copper st r ip (gap  3 a) ; 6 —

copper strip (gap — 10 mm) .

Key:  (1) .. Np.

rig. 4.11. Resul ts of the aeasuremeut of screening effect
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with the different width of copper screen strips (c) C =

30 mm (a) and C = 71 mm (b), where  1 — cylin drical

screen; 2 — strip with covering; 3 — strip butt; 4 —
strip with gap 3 mm ; 5 — strip wit h gap 10 inn.

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

Page 97.

Especially substantially the width of strip affects during

its imposition butt , also, with gaps. So, with narrow strip

gap 3 nun by frequency ISO kHz descends A, almost by 2

Np, and with wide strip — altogether only by 0.35 Np. The

frequency dependence of screen from narrow strips wit h gaps

ha s flatter charac ter , than in the screen , ma de fr om wi de

strips. With an increase in matched pitch of strand (h-~..h~)

grow/rises screening effect and the best results they are

reached w hen h,..h~-i- oo.

The frequency dependence of the screen attenuation of

multilayer screens with the different methods of the

imposition of screen strips is given to Fig. 4.12. In all

cases copper layers were superimposed equall y with overlap,

~~~~~~~~ ~~~~~~~~~
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and steel strip was superimposed: with gap (1), butt (2)

a~d with overlap (4). Furthermore , was checked the

effectiveness of the imposition of two steel strips with

gap (3), the second strip overlapping the gaps of the

first strip. Here for a comparison are given the results

of the measurement  of f ive—layer  steel—copper screen s (5) .

In aLl cases we re utilized the copper strips wi th  a wid th

of 30 mm and with a thickness of 0.08 mm , steel s t r ips  —

by the width of 25 mm and by the thickness of 0.1 mm .

overlap of strips gives essentially the best results (on

Np), than the imposition of strips butt , also, wit h gap.

The difference between the imposition of strips but t and

with gap is altogether only 0.2—0.3 Np. The third

super-position met hod of strips (two strips with gap) is

vir tually eqivalent to the imposition of strips wit h

overlap.

Keeping in mind the technologica l difficulties of the

imposition of steel strip with overlap, it is ex pe dien t if

necessary of obtaining the lar ge values A. to a pply the

superposition met hod of two steel strips with gap.

Five—layer screen in comparison with the best constructions

of three—layered screens gives supplementary effect in 1,

— 1.5 Np.

L ~~ ~~~~~~~~~~~~~ • ~~~~~~~~~~~~~~~ 
~~~~ ~~~~~~~

-—

~~~~~

-

~~~~~~~~~- - 

-
- —



Comparing the  e f fec t  of gaps in the screens of

mult i layer  and single—layer  constructions , it can be no ted

that  in mul t ilayer  constructions it manifests itself

considerably less
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Pig. 4. 12. lesults of the measuremen t of the sh ie ld ing

proper t ies  of au l t ilayer  screens from strips.

Key: (A). Np. (B). Material of screen. (C). Designatio n and

construction. (D) . Note. (1). Copper — steel — copper.

(11) . Copper. (2). Copper — steel — copper. (3). Copper —
steel — steel - copper. (3a). Steel. (14). Copper — steel

— copper. (5). Copper — steel — copper — steel - copper.

(E). kHz.
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Page 98.

This is explained to the facts that in the aultilayer

screen constructions of the slot of one layer they overlap

wi th the stri p of ano ther layer , and therefore the

emission/radiation of energy decreases.

On Fig. 4.13, is given compara tive evalua tion of

different constructions of screens according to their

screening effect  in wide frequency spectrum. The best result

provide con t inuous  shells and two—layered  shells. The

two—layere d shell , which  consists of copper s t r ip  a n d  stee l

co ver/braid , gives in comparison wi th  other  types of the

measured screens the greatest screening ef fec t , moreover  it

is effective both in the tone frequency spectrum and in

the range of high frequenc ies.

A screen of the type of steel cover/braid gives a

good ef fec t  in the  range  of low frequencies, and in the

range of high frequencie s, its action substantially descends

on the strength of emission/radiation from slots. The

screening effect of copper cover/braids depends on the

densit y of the imposi t ion of wires. At frequency 1 NUt ,

the cover/braid of l000/o densi ty possesses on 1.5 N p

_ _ _  - -:
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greater screen attenuation than the cover,braid of 500/0

density.

The action of the aetallized paper as electromagnetic

screen is developed only wi th  20 kflm ; in terms of ab solute

value its effect is very small.

To Fig. 4.14, are given the results of the measurement

of the screening effect of the semi—conduct ing electrical

shell with the grounding through dif ferent intervals along

the length of cable. From curve/graphs it follows that the

groun ding of screen gives essential e f f ec t  in a decrease in

the effect of electrostatic field. Grounding at bot h

end/leads of the cable gives screen attenuation on 1 Np

more than at one end/lead. The more frequent along the

length of cable is arranged the grounding, the. Wi th an

increase of frequency, the effect of grounding decreases.

Durin g the determination of the optimum constru ction of

ca ble sep ara ting screen , it is necessary along wi th the

shielding characteristics to consider also the react ion of

scree n and v, the f i r s t  t u r n , the e lectrical losses,

introduced by screen into the circuit of t ransmission.

.~~~~- -. ~~~~~~~~~~
~ .
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Fig. 4.13. Results of measurement of the screens ~i f  t he

d i f fe ren t  construction: 1 — copper strip and steel

co ver/braid; 2 - copper strip; 3 — copper cover/br a id

(1000/0 density); 4 — copper cover/braid (SOo/o d e n s i t y ) ;  5

— lead covering; 6 — metallime d paper; 7 — rare steel

cover/braid (d of wires 0.24 mm).

Key: (1). Np/km. (2). kilt.

Page 99.

To Fig . 4.15 , are given the  results of the

measurements of the different constructions of two—layered

____ 
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screens in the spectrum to 150 kftz. In all cases copper

was arrange/located nearer to the source of interferences.

Thickeess of copper strip 0.08 mm , wir ina  — 27 m m ;  the

thickness of steel strip 0.1 mm , width — 25 mm. From the

charac ter of f r equency  dependence and absolute value s

findiegs can be divided in to  two groups.

ja the first group enter the screens with electrically

uiUfora are copper by layer. Here losses are small and

with an increase of frequency have the falling/inci dent

character. This is caused by screening effect of copper

la ye r~ In the second group are located the screens wi th

electrically heterogeneous copper layer. In this case the

field of interference s penetrates throu gh the slots of

copper layer in steel, and losses are determined b~ the

parameters of steel layer. In the seccnd case of loss, it

is lore than in the first, almost 8-10 times (in frequency

150 kilt).

Comparing losses during the different constructions of

steel layer , it is possible to no te tha t the grea test

losses in troduce the layer , superim pose d with th e ov erla p of

steel strips. An increase in the numb er  of layers of

screen to 3—4 ~r more in practice very l i t t le  a f f e c t s  the

- ~~~~~~~~~~~~~~~~~~~~~ - - - “
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magnitude of losses, introduced by screen.

On the basis of the aforesai d hi gher it is possible

to formulate following recommendations regarding the

construction of the separating screens of spiral

constr uction.

______ • - • . - 
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Pig. 4.111. Pig. £4.15.

Fig. 4.114. screening effect of the semi—conducting screen

ui~der the varied conditions of the g rounding :  1 — screen

is not grounded; 2 — the grounding through 6 m; 3 — the

grounding through 3 a; 4 — the grounding throug h 1e5 m; 5

— copper strip (400/o coating).

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

Fig. 4.15. Measurement of losses in the different

-
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constr uction s of two-layered tape/strip screens.

Key: (A) .  ohm. (B) . Construction of screen. (C) . S teel is

overlapped, copper — gap. (D). Steel — gap is copper —
gap. (E). Steel is overlapped, copper — joint. (F) . Steel

— gap is copper — joint. (GI . Steel — gap is copper —
joint. (H). Steel it is overlapped, copper — it is

overlapped . (I). kHz.

Page 100.

1. Selection of materials, their comUnation an d

location must be such, so that skins of screen would give

best results on a t tenuat ion of ref lect ion A 0. and

internalization - maximum values of attenuation of absorption A0.

Therefore for skins one should utilize nonmagnetic materials

with large reflectivity (copper , aliminum ), and for interior

layers — magnetic m aterials (steel, P ermal loy ) .  Best of all

for interior layers to use several different materials with

large p.

2. Opt imum relationship/ratio of thickness of the layer

depends on frequency range for which is constructed screen.

-
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Best screening effect they give: to 10 kIlt — the equal

layers of copper (aluminum) stopped, from 10—20 kIlt are

above — the thin layers of copper ~aluainua) and the thick

layers of steel. The higher the frequency, the mor e

ef fec t ive  the  th icker  layers of steel. With direct cur rent

and at ver y low frequencies (0— 0. 5 k il t) , and also in the

frequency region more than 1000 kilt best screening effect

give unifor m magnetic screens made of steel.

3. Losses, introduced by screen into circuit of

transmissi on, determine need for having ncnmagnetic skins f or

any frequencies. The thickness of these layers must be such

so that the field o.f interferences would be closed in

nonmagnetic metal and would not penetrate steel. For

obtaining minimum losses the thickness of external (copper,

alumiaum) layers one should accept the equal or larger

equivklent depth of penetration of the  f ield of the  highest

transmitted frequency (t ), 9). These layers one sh ould

ful f il l with overlap.

‘4. Layers it is to fulfill as far as possible

continuous with grea test electrical uniformity. Joints and

ga shes in electromagnet ic screens must be arrange/ loca ted so

that they would have the direction along the pro bable path
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of the propagat ion of eddy currents  in screen and wou ld

not ;nter sect these currents. In magnetostatic screens from

magnetic material joints and gashes one should orie nt of

the ~.n parallel to the lines of force magnetic field of

the source of interferences. Furthermore , gashes and the

slots of one layer compulsorily must overlap with the

continuo us metallic mass of anot her layer.

5. Screen strips one should superimpose with space,

equal to pitch of strand of circuit ~~~~~~ and in that

direction, that also spiral joining. Strips must be

superimposed w ith the overlap 2—3 mm and have the maximum

width which according to design considerations it makes it

possible to use the taken space of helicity (h.) and

d iameter of the shielded splice (d.). With technol ogical

difficulties in the imposition of screen strips with overla p

(steel) is possible the imposition of two strips with gap,

moreover upper strip must overlap the gap of lower.

6. Surface of screen strips must be free from ox ides,

corrosio n and other defects so that between strips would be

good electrical contact. This especially is substantia l with

the sncoordinated space of screen strips and pitch of chain

~~~~~~~ Is expedient the coating of screen strips wit h

~~~, 
.
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anticorrosiv e metallic composition with good electrical

conductivity (tiuplating and so forth).

Page 101.

7. In multilayer screens screen strips must be

superimposed wit h ma tched pitch of strand (ha fl~) 
so that

each layer would ha ve direction, coinciding with di rec t ion

of spiral joining of turned to it lays. Screen strips must

be ssperimposed with overlap and have maximum possible

width, om the basis of the diaaetçr of the shielied splice

and taken pitch of strand.

8. For decrease in effect in communicat ion 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,purpos e are f u l f i ll e d

pred ominan t ly in the torm of metal l ic  cover/braids f rom

- 
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fine/thin circular wires or strips. Such screens are the

com plex system o.t the wires of roun d or rectangular

(tape/strip) section. Cover/braid is fulfilled into two

layers, one of w h ich has right d irection of lay, and

another — left. Are known also the one—sided cover/b ra ids,

wh ich have metallic strands only in one direction. Circular

wires hav e a diameter 0.1—0.5 mm and are banked in ply of

2— 14 and more wires.

In cable technology greatest pro pagation have the

entanglements, with which each ply cover/ccats with itself

- 
two othets, and, in t u r n , 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 ma kes

it possible to establish,iastall the definite dependence

between the diameter of screen (dm), the space of

cover/braid (h,), the w idth of plys and a quan tit y of

wires (or strips) in one ply.

Similar to pitch of strand, the space of cover/braid

he is called the measure d along tLe axis of ca ble length

for extent/elongation of wh ich a series is described t h e

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 cab le. To

Fig. II. 16, is shown the pattern of the location of plys

of ome layer of cover/braid, expanded/scanned to plane.

lit... . ~~~~~~~-± - ‘~~~~~~~~ ~~ ~~~~~~~ -~--~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- .
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Fig.. 4.16.. Pattern of the location of plys of one layer

of cover/braid , expanded/scanned to plane.

Key: (1). Pattern of the location of plys (strips) of

braid~. (2). Position of the wires of cover/braid with

crossing.

Page 102.

From the figure one can see that c’ = c/cos a = ad/cos

a, where c is width of p ly; n — the number of wire s in

ply; d — the wire diameter; a — the angle of the

im position of cover/braid. Quantity of piys a (in one

direction) , necessary for complete coating of the surface of

screen at the length of one space of cover/braid, is

determined from expression in—h ,/c’~~h,cos a/nd .

t 
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The dependen ce between the space of cover/braid , the

width of ply an d quantity of plys is determined by formula

h~~ snc/oos a or f r o m  other. Since tga=.hs/~u4 and cos a = of

1/ i/F + tg2 a, &h

ha~~~d.
y
~~ .)l

J:n connection with tape/strip cover/braid from flat/plane

wires in these relationship/rat ios, one shculd accep t; a —

the num ber of strips in one direction at the length of

the space of cover/braid; c is width 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 rat io of

the surface of screen , covered wi th  metal J7 M , to the

complete surface of 17. j4~r screen of one layer of

cover/braid density will be determined by formula

= 
“a 100% or, if it is known air—gap clearance a, ~h,cos j

(c/c * s) l000/o. Taking into account that cover/bra id has

two layers, its density will be, it is logical, a nother ,

since the clearances of one layer will partially o verlap

wi th the wires of another layer. In cable technology it is

I. - — —- — —
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accepted the complet e density of cover/bra id  to calcula te

according to formula  K (2I(~ — K22).l000/o.

By ~..able scr eens the density of cover/braid , as a

rule , exceeds 900/0. In the complete absence of slots, the

density of cover/braid will be 1000/0. But virtually this

is iaaccessible, since plys or the strips, which go in one

direction, cannot lie close to each other, since t hem

d ivide plys (strips), which go in the opposite direction.

Prom Pig. 4.16, it is evident that between p].ys is gap

with value 0. 73d (where d — the diameter of the wir es of

cover/braid). Tape/strip cover/braid has a smaller quantity

of gaps, than cover/braid from circular wires.

~t is of interest to examine the fcllowing questions:

— the effect of belicity on the shielding properties;

— effect longitudinal and the transverse slots, gashes

and gaps in flexible screens;

— shielding action of cover/braids with the different

relationship/ratios of pitch of stran d of circuit and space

of the helicity Cf cover/braid;

- - —--- .
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— the special feature/peculiarity of the freque ncy

dependence of screening effect of braiding screens;

— the role of contact resistance betveen the wires of

co ver/braids on screening effect such of screens;

— screening effect in the direct/straight and contrary

direct ion of circuit and screen wires, strips;

— the  density e f fect of cover/braid and dia meter  of

wires (width of strips) on the shieldin g properties.

Page 103.

The effec t of helicity and the role of slots were

exp lained on the experimenta l model of the screen, mad e

from the copper strips with a width of 7—12 mm and with

a thickness of 0.08 mm. Screen strips were superimposed

with the d ifferent spaces of kalicity h,~ 25-~-l00 mm ;

pitch of strand of circuit h~.-60 mm. Between wind ing

pitch of strips and pitch of strand of circuit, was

observed strict equality (h,-.h~). The gap between str ips 
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was retained in 2—3 mm . The results of the measuremen t of

the screen atten uation of such slotted screens in the r ange

of frequencies from 20 to 150 kHz are given to Figs. 4.17

and 14.18.

Exami ning the given results, it is possible to

reveal/detect/expose the following laws:

— with an increase in pitch of strand of scr een

strips (h.~~h~J screen attenuation grcw,’tises; when k,—h1—oo

screening effect is maximu m ;

— slots exert a substantial influence on screening

ef fect , not iceably decreasing the  value of screen

attenmation ;

— the agree ment of wind ing  pitch of screen and  pi tch

of strand of circuit it has also great effect on the

value of screen attenuation. During strict agreement of

spaces (1., h.j screening effect is maximum.
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Pig. 4. 17. Fig,  4.18.

Fig. 4. 17.. !~easurement of the frequency dependence of screen

damping of copper cover/braid at different values 1’./1t~

where 1 — *A 1  2 — h~/~~~— O 7 ;  3 — k_J~~ ..O.56~ 4 —

Key: (1). Np. (2). Drum shell. (3).. kHz.

Fig. 4.18. Screen attenuation of ccver,braid from the copper

strips: 1 — cylinder (f = 150 kliz) ; 2 — cylinder (1 =
60 kliz); 3 — strip (f 150 kHz); 4 — varn i sh—trea ted

tape (f = 150 kHz) ; 5 — copper strip (f = 60 kilz); 6 —

varnish— treated tape (f = 60 kHz).
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Key: (1). Np.

Page 1014.

During the disagreement/mismatch of spaces, value A,

decreases. So, w ith f = 150 kHz a change in the

relationship/ratio h.Jh~ from 1.0 to 0.5 is led to a

decrease in the screen attenuation to 35o,o (from 2.5 to

1.9 Np). This phenomenon has completely logical physical

explanation. With matched pitch of strands of circuit and

winding of scree n (h,=h5) are created the most favorable

conditions of the passage of eddy currents in screen

(current it follows along the screen strips). With the

distur bance/break d own of equality between h, and /z~ edd y

current, being propagated on scr een w i t h  pitch of stra nd of

circuit (hnj, it encounters in its path of slot, gas h ,

the contact resistance of wires and other obstructions,

which lower edd y current and whic h decrease screening

effect.

The effec t of the agreement of pitch of stran ds of

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~ ~~~~~~~~~~~ -~~~~~~~~~~ ~~~~~~~~~~ 
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circuit  and helicity of screen appears both in the slotted

screens and of spiral screens withou t slots; however , of

slotted screens it manifests itself more powerfully.

To rig. LL19 , is given the frequency dependence of the

screen at tenua tion of screens with longitudinal and

transverse gashes. Transverse gashes more adversely affect

the shielding pro perties, than longitudinal, equipment/device

of longitudinal gashes (throuq~ 8 mm) with f = 150 kftz

led to a decrease in value A, from 4.8 to 3.8 Np, and

equipment/device of transverse gashes (through 10 m m )  led

virtuall y to the total loss of screen prcperties (A,~ 0,6 -
‘

Np). The character of the frequency dependence of screens

wi th long itudinal and transverse gashes is various. In the

first case is observed an increase in screening ef fect with

an increase of frequency approximately acccrding to the law

of continuous screen. In the second case an increase in

the frequency d3es not give a noticeable increase in the

screea attenuation.

Differently also manife sts itself in screens wi th

longitudinal and transverse slots their value. If in screens

w i t h  the longi tudina l slots an increase in the w i d t h  of

slot is led to a considerable decrease in the screen

L -
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attenuation, then in screens with the transverse slots its

width plays almost no role. In screens with the

longitudinal slots and gaps , the value of screen attenuation

sharply changes with an increase in the width of slots. By

itself presence of longitudinal gash is uct prod uced a

considerab le decrease in value A..
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iig. 1.19. Results of the measuremen t of copper screens (t

= 0.08 a m) with the longitudinal (2) and transverse (3 and

4) gashes also of d r u m  shell (1).

Key: (1). Np. t2) . Mix.
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To Fig. 4.20, are given the results of the

me asurements of screening e f f ec t  of coaxial cables in the

spectr um to 5 M Hz wit h screens from the different

combinatio ns of copper and steel cover,braids. Here for a

• comparison corrected values of screen damping of continuous

copper tube. According to the character of frequency
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dependence curves can be subdivided into two groups~ 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 fea ture/pecul iar i ty  of the f req uency

dependence of uniform copper cover/braids lies in the fact

that at first they give positive effect, and then in the

range of high frequencies their screening effect sharpl y

descends. This is caused by phenomenon of the

emission/radiation of h igh—frequency  electromagnet ic energ y

from the slots of cover/br aid. The effect of slotted

emission/radia tion begins to ma nifest itself with frequency

10~ Hz for single—la~er cover/braids and 10’ Hz f o r  t wo—

and three—layered cover/braids. The comparison of curves 1,

2 and 3 sho ws t hat wit h an increase in the number  of

copper cover/braids f rom one to thre e screening e f fec t

regular ly  it gro w/rises. The second group of curves (4 and

5) ,  which relates to that  which was comb ined cover/b raids

copper — steel and copper — steel — copper , has at f irst

rising , and then stable character 1~ all range of f requency

curve/grap h to 5 MHz.  Three—la yered combined cover/b raid (5)

in terms of the absolute value of screen damp ing is

substantially bet ter than  u n i f o r m  three—layered  cover/braid

fr cm  copper (3) , also, in the  spectrum tc 1 M Hz v i r t u a l l y

equivalent to the cont inuou s copper tube  with  a th ickness
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of 0.06 mm (curve 6).

The experimental study of cable cover,braids showed that

their screenin g effect in many respects depends on surface

condition of the wire of cover/braid, value of contact

resistance betwee n wires and the quality cf the imposition

of cover/braid on the shielded circuits. Table 4 1 4  gives

the results of the measurement of the ccntact resistance of

copper and steel cover/braids. Contact resistance were

estab~Lish/installed by measurement on the direct current of

one meter of the cover/braid, cut on generatrix so that

all wires were gashe d and connection w as realized only

through the contact between wires.. ¶Dhere are given

measurement data o~ the resistor/resistance of one meter of

whole cover/braid.
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Pig. 4..20. Screening effect of metallic cover/braids in

coaxial cables (resi~lts of measurements).

Key: (1). Np. (~2). Hz.
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The contact resistance of steel cover/braid is

incoanensu rable more than in copper cover/braid. If of

copper contact resistance is g reater than the

resistor/resistance of one linear meter 7 times, then at

steel virtually lacks the contact between wires. In this,
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consists one of the reasons for unsatisfactory properties

and instability of steel cover/braids. A screen of the type

of cover/braid is unstable in time. In the course of time,

the contact resistance grow/rises and screening effect

descends.

Measurements establish/installed that the weakly pressed,

loose cover/braid has smaller screen attenuation tha n 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 d isrupted

make—befor e— break contact and deteriora tes the densit y of

co ve r/braid.

On the basis of the conducted investigations, it is

possible to formulate following recommendations regarding the

construction of flexible cable screens of the type of the

cover/braid:

•1) The dens ity of cover/braid must be as large as

‘4
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Fossible and com pose 90—96o/o. An increase in the diameter

of the wires of cover/braid gives cer ta in  increase in

screening effect. The presence of gaps sharply decreases

sc reening effect.

2) Tape/strip screens one should give the preference

tetore w ire, since the first possess the more f avo rab l e

£slationship/ratio between the overall surface of metal and

ga ps and have more favorable  conditions for the passage of

eddy currents in screen. As a result screening effec t of

the tape/strip screens is higher than wire ones.

3) In all cases the space of cover/braid (space of

the 1aposition of screen strips or wires h.) must  be

strictly agreed with spacing of the joiming of circuit (h.J.

i.e., k.—~~

4) For providing the stability of the parameters of

screen in time and an improvement in screening effect, is

expedient to apply strips and wires with anticorrosive

proofjngs (tinpiating, silver plating, zinc plating so

forth). It is necessary to approach the achievement of low

contact resistance between the wires cf cover/braid. 4

14 - — — _____
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5) Copper cover/braids one should give  the  prefere nce

bEfore the steel and othe r types cf cover/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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Table is.Is. resnlts of the esasnr.mqn$s of contact resistance

for different cqver/bcaids.

1) T.n ~~~~~~~~ 
(
~ C a u p o y a s  an~eii~i~ ,a~~ )( ç..m.,n.... ~~~~~~~~~~~~~~~~~~~~ .jila

• 
~tes. O,24 .IO_ 2 I 1.7.IO_2

1,95.I0_2 ic’ 
-

Key: (1).~ Type of cover/braid. (2).. l.sistoi/rezista*ce of

cover/braid, Q/a. (3). Contact r sistance, to Q/m. (is).

Copper.. (5). Steel.

Page 107.

~
) Is very eff ec t ive  the app iicatio~/use of the

combined screen, which consists of copper and steel

cover/braids. In this case the stability of shadowing is

obtained in wide frequency spectrum .

7) One—way cover/braid in comparison with usual

bilateral cover/braid possesses essential. advantage in the

expenditures of material aod has somewhat best shielding

characteristics because of the absence of the technolog ical

gaps, unavoidable with bilatera l cover/braids. But this

one—sided co-vet/braid can be effective only during strict

agreement of spaces of cover/braid w i t h  pitch of s t rand  of

circuit and the coinciding iapositiw~ of screen strips

(mice.). Tb. stability of el•ctrical cbarastsristic. in time
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of this cover/braid is worse than  in usual  bilateral

coven braid.

8) ~ f aecessary for the creation of the flexible

sc reens, which h a v e  the  h igh  shielding characteristics in

high—frequency  r a n g e , one should appl y m ult i l a y e r b r a i d i n q

sc reens or ut i l ize a cover/braid in combinat ion wit h sp ira l

screen from f ine/ th in  copper , a l u m i n u m or steel strips.

9) In all cases of engineer ing f lexible  cable shields,

it fol lows as f a r  as poss ible to avoid gashes and the

gaps , which do not coincide with di rectio~ of f low in

shielded circuit, and on no account to allow/assume the

disturbance of the ccmpleteness of shell  in the di rect ion,

perpen dicular to direction of f low in circuit. Are

allow/assumed onl y the joints and the smal l  gaps , whic h 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 aust cor respond to pitc h of strand

of circuit.

10) is very effective the grounding cf screen shell.

The more f r equen t  the grounding  of screen , the greater the

effect of electrostatic shadowing.
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11) In the radio—frequency cables of coaxial

construction the space of cover/braid must compose i~5_ 55 0 ,

and the density of the imposition of cover/braid 90— 960/0.

In this case is reached optimum screening effect, the

stabilit y of the parameters, strength and the flexibility of

cable.
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Appendix

Re lationship/ratio between aepers and decibels.

• The attenuation of line (a zij or at of four— pole

is accepted to eva luate  in nepers or decibels (be l s) .

Calculation/enumerations in nepers are based on the natural

system of logarithms, and in decibels (bets) — on decimal.

A tten uation in 1 Np corresponds tc a decrease in the

power in e’ = 7~ l~ times, and current or the voltages

— in e = 2.71B times:

c~r

a = l n  1fl — — — r ea ,e~~~2 , 7I8(I i Ii U~ I
~

Attenuation in 1 bel corresponds to a decrease in th- e

po wer 10 times, and current or the voltages — 3.17 times:

cr
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‘
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Decib el is one tent h part of the  bel. We wil l

respectively obtain that the attenuation in 1 dE

characterizes decrease in power 1. 26 times, and in current

or vpltage — 1. 12 times:

a=IOlg .! er ~= IO0 i4l ... IO0.I = 1 ,26,

~
“ 

~~~~~~~~~~~~~~~~~~~~~~~

In Table P. 1. 1 corrected values of attenuation in

decibels with the different rela ticnship,/ratios of power .

Between nepers and decibels there is the following

relationship,’ratio:

~~~ 
=20 ~ 2Qu~~~ Ig e ~~~~~~ 0,4343

i.e. a ( d B )  = 8.686 a [Np) .  Consequently,  1 Np — 8.686

dB , 1 dB — 0.115 Np.

Are given below con version tables Np — dB and dB —
Np (Tables p. 1.2 and P. 1.3)

h11~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table P.1. 1. -

~~~~~ 10 .1 1 12 I~ I~ 16 I~ 1 8 1 9 1 b 0 1
b0.n

i .cn 1,26 1,58 1,99 2,51 3, 16 3,98 5,01 8 • 10 lO~PS -

• (i) .  d13.
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Table p. 1.2. Translation/conversion of aepers into decibels ..
(‘1 

- 

‘2) 71;:1 ~~~~~~~~~~~~~~ 7?T~~~ ~~ ~~ c~ c~~sen (1(5 Hen 86 1 ( Cf l  86 iu’ii (~‘6 11e6 ~16 Hen 86 sen rn KCfl

0,01 0,087 1,4 12 , 2 3,7 32 , 1 6,0 52 , 1 8, 3 72 , 1 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 73,0 10 ,6 92 , 1 12 ,8 111 ,8 15 ,0 130 ,3
0 ,03 0, 264 1,6 13 , 9 3,9 33, 9 6,2 53, 9 8, 5 73,8 10 ,7 92 ,9 12 ,9 112 ,0 15 , 1 131 , 2
0,04 0 ,347 ( ,7 14 ,8 4 ,0 34 , 8 6,3 5 4 7  8,6 74 , 7 10 , 8 93,8 13 ,0 112 ,9 15 , 2 132 ,0
0,05 0 , 434 1,8 15 ,6 4 , 1 35, 6 6 , 4 55,6 8 , 7 75 ,6 10 , 9 94 , 7 13 , 1 113 ,8 15 ,3 132 ,9
0,06 0,521 1 ,9 16 ,5 4 , 2 36 ,5 6,5 56,5 8 ,8 76 , 4 11 , 0 95, 6 13 , 2 114 , 7 15 , 4 (33,8
0,07 0, 608 2 ,0 17 , 4 4 ,3 37, 3 6 ,6 57 , 3 8 ,9 77 , 3 11 , 1 96 , 4 13,3 115 , 5 15 ,5 134 ,6
0 ,08 0 ,695 2 , 1 18,2 4 ,4 38 , 2 6 , 7 58 ,2 9,0 78 , 2 11 .2 97 ,3 13,4 116 , 4 15 ,6 135 ,50.09 0, 782 2 , 2 19, 1 4 ,5 39, 1 6,8 59, 1 9 , 1 79 ,0 11 ,3 98, 1 13 ,5 117 ,3 15 ,7 136 , 4
0 . 1 0 ,869 2 ,3 20 ,0 4 6 40,0 6 ,9 59 ,9 9,2 79 ,9 ( 1 , 4 99,0 (3 ,6 118 , 2 15 ,8 137 ,20,2 1 , 74 2,4 20,8 4 ,7 40 ,8 7 ,0 60 ,8 9 ,3 80 ,8 11 , 5 99 ,9 13 ,7 119 ,0 15 ,9 138 , 10,3 2 , 61 2 ,5 21 , 7 4 ,8 41 ,7 7. 1 61 ,7 9 , 4 81 ,6 11 , 6 100 ,8 (3 ,8 119 ,9 16 ,0 139 ,00,4 3.47 2 ,6 22 ,6 4 ,9 42 ,6 7 ,2 62 ,5 9 , 5 82 ,5 11 ,7 101 .6 13 ,9 120 , 8 16 , 1 139 .80,5 4 ,34 2,7 23,5 5 0 43, 4 7,3 63,4 9,6 83, 4 11 , 8 102 ,5 14 ,0 121 , 7 (6 ,2 (40 ,70,6 5,21 2 ,8 24 ,3 5 I 44 ,3 7 , 4 64 ,3 9 , 7 84 , 3 11 , 9 103.4 14 , 1 122 , 5 16 ,3 (41 ,6 1~0,7 6,08 2 ,9 25,2 5 2  45 ,2 7 ,5 6 5 1  9,8 85, 1 (2 ,0 104 , 2 (4 , 2 (23 , 3 16 , 4 142 ,4
0,8 6,95 3,0 26 , 1 5 3 46 ,0 7 66o  9 ,9 86 ,0 12, 1 (05 , 1 14 ,3 124 . 2 (6 .5 143 ,30 ,9 7 ,82 3, 1 26 ,9 5 4 46 , 9 7 .7 66 , 9 10 ,0 86 ,9 12 , 2 106 , 0 14 , 4 125, 1 16, 6 144 , 2
1 ,0 9 ,69 3,2 27 ,8 5, 5 47~~ 7 ,8 67 , 8 10 , 1 87 , 7 12 , 3 (06 ,8 14 ,5 125 , 9 16 ,7 145 , 1
1 , 1 9,55 3,3 28, 7 5,6 48 ,6 7 ,9 ~~~6 10 ,2 88,6 12 ,4 107 , 7 14 ,6 126 ,8 16,8 145 ,91 , 2 (0 ,4 3,4 29 , 5 I ~~~~~ 49 ,5 8,0 69 ,5 10 ,3 89 , 5 12 ,5 108 ,6 14 , 7 127 , 7 16 , 9 146 ,8
1 .3 (0 , 4 

~~~ ~~~ 5,8 504  8 1  70 , 4 10 ,4 90 , 3 12 ,6 109 , 4 14 ,8 128 , 6 17 ,0 14 7 , 7
3,6 31,3 5 ,9 51 , 2 8 , 2 7 1 , 2

Key: (1).  Np. (2 ) . d li..
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oç dec, bc/c i>i to ~i~ pe rS  
_____

~~~~~ 
o- ~~~~~~~ i ( ~- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

D(~ ~86 sen 86 se,~ ~ sen 86 sen 86 sen 86 sen 86 sen 86 sen

0, 1 0 ,0115 14 1 ,61 37 4 ,26 60 6,91 83 9 ,55 (05 ( 2 . 1 127 (4 .6 149 17 , 2
0,2 0 ,~~30 IS 1.73 38 4 ,37 61 7 , 02 84 9 ,67 (06 12 , 2 128 14 ,7 150 17 .3
0,3 0 ,0345 16 1 ,84 39 4 ,49 62 7 , 14 85 9 ,79 107 (2 .3 129 14 ,9 151 (7 .4
0,4 0 ,0461 11 1 ,96 40 4 ,61 63 7 , 25 86 9 , 90 108 (2 ,4 (30 15 ,0 (52 (7 .5
0 ,5 0,0576 18 2 ,07 41 4 , 72 64 7,37 87 10,0 109 12 ,5 (31 15 , 1 153 (7 ,6
0,6 0 ,0691 19 2 , 19 42 4 ,84 65 7 , 48 88 10, 1 110 12 , 7 132 (5 , 2 154 17 , 7
0 ,7 0 ,0806 20 2 ,30 43 4 ,95 66 7 , 60 89 10 , 2 I I I  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 (2 , 9 134 15, 4 156 18 .0
0,9 0, 1036 22 2 ,53 45 5, 18 68 7 ,83 91 10 ,5 1(3 (3 ,0 135 15 ,5 157 18 . 1
1 0 , 1(5 23 2 ,65 46 3,30. 69 7 ,94 92 (0 .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 (8 .3
3 0,345 25 2 ,88 48 5,52 71 8, 17 94 10 ,8 116 13,4 138 15,9 160 (8 , 4
4 0 ,461 26 2 ,99 49 5,64 72 8, 29 95 10,9 117 13 ,5 139 16 ,0 161 18 , 5
5 0,576 27 3, 11 ’ 50 5,76 73 8,40 96 11 ,0 118 13.6 140 (6 , 1 162 (8 .6
6 0,091 28 3, 22 51 5,87 74 8,52 97 11 , 2 119 13,7 (4 1 16 .2 (63 18.8
7 - 0,806 29 3,34 52 5,99 75 8,63 98 11 ,3 120 13,8 (42 (6,3 164 18 ,9
8 0~921 30 3,45 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 (66 19,1
10 1 ,15 32 3,68 56 6,33 78 8,98 101 11 ,6 123 14,2 145 167 167 19,2
II 1 ,27 33 3,80 56 6,45 79 9 ,09 102 11 ,7 (24 (4,3 146 16,8 168 19,3
12 1 ,38 34 3,91 57 6, 56 80 9,21 103 11 ,9 125 (4,4 (47 (6.9 169 19.5
13 1 ,50 35 4,03 58 6 ,68 81 9.32 (04 12,0 126 14 ,5 148 (7 ,0 170 (9,6

36 41,4 59 6,79 82 9,44

key : (‘). ~B. .z) . /Vp .
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