


: THEORETICAL RESEARCHES ON SOME EFFECTS -
OF A CONDUCTING BODY IN THE ELECTROMAGNETIC—PIELD‘NITH
- SPECIAL REFERENCE TO ITS SHIELDING—EFFECT ST

Sunmary

EREEA T In this reoort the author has made some theoretical researches ‘
.~-'iﬂab0ut the shielding effects of *a shielding conductor in a electro-

"f_fmagnetic field as one: of the means to: prevent the inductive inter-
. ferences. '’ There are many means, Of course;.to prevent these induc-

o tive interferences, and these means must be different as the natures

.+ -of-interferences are. different.  But, common to these, one. of ‘the
o most prominent features is the increase of frequencies to be con- -
“;_*sidsred

IS Fromerly, in the oroblems of inductive interference the fre-sn e
"w,gquencies concerned are mainly from 50 to 100 cycles.  ‘For instance,
- the frequency of - inductive power ‘lines’ to the neibouring telephone o

’*}K;Lferences we use ‘the: folloNing means, namely,»at the side of oower '
: lines.r, ~ b : :
' ~ 1) to transoose the transmission line, = - - |
2) to, cut:off the fault line by a quick resoonse relay ‘as the
: 'zero: phase ‘currents flowing through the fault ooint give
a serious interference,

~.and” telegraoh 1ines.1s 50.or 60" cycles, ‘and ‘to prevent -these inter—f]'

) to separate both, power. and’communication lines'as wide asfﬁluf?'

ﬂ-ﬁ{and at the gide of communication lines.‘; R TR 4‘*“’””
] 71) .to equip arresters or -cut out fuses, " ' bR
2) to neutralise the disgturbing waves. by some deVices.“rAf
3) to improve the balacing of communication lines, ‘or in--" "' .
. . clude them in a cable to screening off the externel dis—f-““~
L turbing fields.’ RIS .
ifi,After t as the D.,C, sources. of electnnchemical industries the
- mercury- arc rectifiers of large capacities are’ ‘established in- many
- * places of ‘this country, - By the reaction: of these’ rectifiers, at
. sequence:. of. high harmonics: currents flows backward to the power
-+ lines. feeding to the rectifiers, and these harmonic currents: have i
. -made serious disturbances to the neibouring carrier current teleohOne
lines; . .'The frequency ‘range ‘of their inductions.are about 250= 3,000
cycles.: :The sensitiyity of humann ears is very. 1arge in. this' range,
S and. accordingly the degree of interferences are’ naturally very :
’*agfserious.;g~:
o ~After War rectifier of large caoacities for industrial use are
» ireolaced by them for" the electric rnilway use.. 10 the- other ‘hand
" the development of the television has made to necessary to. transmit
. the signals of wide frequency ranges without. any distortions. P
\i-And for this purpose coaxial cables or. other new transmission modes o
have become to use., In future, inductive interference of these cir—”




7*;cuits must become the subject of research.s' For the treatment of
}these prOblems wd can ‘not use the 01d "circuit theory and must -
. start from Maxwell's fundamental field ‘equations’ directly.»'_ Indeed
v in this: report the authOr has taken these equations as the starting
: .*point.;»; : i -
L Lo In this report we assume ‘the following suooositions. i e. R
*)vwe neglect the displacement currents in conductors Or in
;"8) ‘The' wave equations must be seoarable with resoect to its
o variables. PO TR E L SR
This reDOrt are compOsed of ten chapters.‘ i ' >
A ‘In: Chaoter I, the author: states the outlines’ of the researches' sy
about the! problems ofiinductive: interference made formerly, and pointshﬁ
out: the”broblems which must b nvestigated and also outlined th' B
uthor 8 researches briefly. SR
o In Chapter II° and IIT. the theo y‘of interactiOn of a4 linear cur
rent s0urce and: the thin cylindrical conductor: parallel to. it are.
;given. Fundamental field equations:in: cylindrical coordinates and
‘ssolutions for. these in-or: outside ‘of ‘shielding ‘¢conductor due 1o .the:’
- “two ‘or .four: parallel electric ‘or-magnetic current filaments of in-
'wyfinite length ‘are: given. .~ On.this basis the: actual electric and.
. magnetic: lines ‘of forces- inside ‘the perfect conducting hollow AN
'*cylinders are-drawn, (Fig. 2.7-2. 27)
PR ~In. Chaoter III the effects’ of - small defornatiOn of the shaoe
Avpﬁufof a’ shielding conductor from- the ‘eircular cylinder are’ discussed
-gFThe anhOT employed ‘the elliptic cylinder ‘coordinates" and solved the
Wwave. equatiOns in this’ coordinates. To attain the result it was
“found’ necessary t0 ‘solve the Mathieu equations; which is not yet'. . .
~throughly.. tabulated for permitting the ‘numerical” calculations.-y ':
 The ‘author has: calculated the necessary . tables new and discussed
the effects of. deformatiOn throughly.;p» e \”_(
~ In:Chapter IV, the various effects. of a shell of spherical pro—.~ﬁ
late ‘spheroidal and oblate ‘gpheroidal ‘form: in the electromagnetic L
. field produced: by a 1oop current coil are investigated In. practice,gyj
this problem is: correspond to . the éffécts 0f screening: box inithe... .
_electromagnetic field. . The author has.calculated the: spherical func—,ﬂ;
u-_n,tions of: pure imaginary argument and.has worked out the” calculations - 7.
77 :of ‘the. field:concretely. - The. solutions of wave equauions in spheroi—’Ts
isgﬁdal coordinates are also. given. Fati -
A ‘Chapter V. is ‘concerned to’the treatment of the multinlex shield-*;h?
jbing from ‘the circult. theoretical point:of view,. . The: ‘analogy between L
7" these two methods are remarkable by using the poténtial and stream - . .
'.7.,ﬁ1functions ‘in the field theory, ‘and.. comoaring these to the voltages‘“
'wfxand currents of transmission lines. R <g.
L The following two.. chaoters ‘containg: investi ations of the elect-*
ﬁ[aromagnetic reactions of . thin: cylindrical or nlaneconductors in the e
}”field produced by’ the currents 4in.a lo0p. ©011,! : BT
-7 Chapter VIII dealts with.the fields’ due to. the current in S
_twisted wires, . The effects of twisting, are; considered by use" of
j:vector :and - scalar potentials.-i Asymptotic exnansions of modified
. Besgsel’ functions are- obtained by using the: method of steepest
deescent... “By. using these: aODroximate exoressions the celculations
' must be made very.: simole..u,*r vvvvv T '
. Finally, in chapter. IX, the effects of a slit;or‘slits in a
thin cylindrical conductor are’ considered by using the method of




**l,iﬁ!ﬂ-:inijnd:;-vikii:» C 4‘7‘:

_'c0nforna1 reoresentation, and " the effects of a plate of finite,

© " breadth are also considered, The source of field is a linear. :
... dipole (Dipollinie), The effects of:slits are formulated by using
..:-the elliptic functions, Comparing. the results to these for the -
.l case of uniform field obtained by-He. Buchholz the corresoondence be-”
-’-ﬁTtween them are very interesting.

“In above nine chapters the form of a conducton.is 1imited to the

Tfyfone which:enables us to solve the fundamental field ' equations,

-, ".Thus the results obtained are concrete and quantitauive.v “Almost- all
.i,goractically important cases are not beyond ‘this 'scope. ‘But: un-f"

flﬁofortunately the mest .simple and important exceptional-case, namely
7 the case:.of screening box of hexahedral shape can not solved by. ‘the

7 method ‘of boundary. value oroblem . For this and. for general donduc%-

" tors of more comolex shape the experimental data of various effects

kfv'are hoped.,

. The . author exoressahis grateful thanks to Dr. M. Goto who has
. .read the manuscript and has given many useful c¢riticisms and sugges—i* o
© tions,  Mr, T. Suuuki, one of. my colleagues, has given every assist—- S

~.ance with the. drawings and ‘many Oother works.

"32‘ The authOr also exoresuuhis sincere thanks. n
A, Mogi.,

9E1ectrotechnica1 Laboratory, o;t“ﬂ-

May 20, 1048
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