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1. General description

aperWtuhreenillhteileeie'Sirguiahge"/aOvnedugeutiiiieg$ereenxvithaconeentric circitlar

(see Fig. 1), the sei'een behaves like

a shunt reactanee inserted in the
transmission line. XVe shall diseuss

#he behaviour oÅí such a sereen in
the present paper.

   Now, the symmetricai .ZZJ-type
wave is tal<en to be incident waves

in the circular wave guicle of inner

radius R, i. e., we assttme that #he
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where J's are cyKncler ÅíuncÅíions oÅí the ' first kind. ancl )"i"" 8i/-Br
XL, == }L./R ,'''''', (&, &,, g3,'••••- being the root$ ot' tfo(x) -N- O), while

h.2 = 1"2 um )L,.2 xs'itih (o2s{)pGo ww- k2.

   In complianee with tl]e o?zth mocle of" inciclent waves ancl wieh the

axial symmet}•y oÅí this transm2s$!on .g.ysteni, Eom waves are sul)pose(l

to be excite(l a,ncl therefore .ZZ. clepencls upoii 7' alone in the aperSm•e.

IIenee, we can asEun]e in the apcrCui'e, wh!ch is situated at x -- e , that

                          (Er),., ww- V(r), (2)

while on the sereen outsicle the aperkure, we have

                                '                             Er :O• .
[l]here{'ore we obtait? tke Åíollowiitg ecluations at "• -- O; namely, oit the•

inci(ielit w.aves .qi(i.e of the screen (:• < O),

                                 co                   .ZIIr(-) =: IZI"M+=anC -') Er "t, ({>' >
                                 nml
                                     'an(l, beyoncl. t}]e sereen (x> O),

            '          '                              on                      E.C") -im- Z'" a.("' E,"'i. (4 )'
                             ?imj

   Now, making use of the orthogonaiity oÅí ffi(Xno') , an(Å}) are expressecl

in terms of iPn(r) by (:3) ancl (4). IPartieuia}'ly, when n =: on,

                    (em•(-) -- rl.il'i"b. (Ie:)' L")llr'iin + iop,.)7 • (s),

an(l when oz S 7?z,

                           (-) rm . )Ln                         ccn• -zgjnr.h.' (6'>

                          (+)- . Xn                        an• nv -zg)" r.h.' (7>

where
               it'         rn hww !, (,fi (Xnr))`7'd7', q. == i,P"(r) Ji(X.o')ra7'.

   Next, ife(') and Ue(-) are expressed in term$ ot' (5), (6) and (7) a.gL

follows (in the following, field quantities represent the values at z =: O) :
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                                oe     .. iiieC-'nv--S,}(,;Er"M+.Z.,an(-'ei:,to,E7`-"Z

                  '
                -- - ieo(o (Ji(xN.T") + /III.l,ak'(.-)di(xn")l

                .: - ie,(ti 12 eTii (xX.ln") -i- iS:iPn(o!)G(oY, 7')," elr') , ( 8)

                                                            'aitcl

                 JEIe(") =- fo(o iPyt (o/)G(?/,e')7"do", (g)
                               'o•                                      '
ivith

                G(o! , r) -- ,S., (tl/i(X.7/) Ji(N.e')} / r,, h. •

    Since the sereen is thin, it l}as been assumecl in the above that the
relation E.(") : E.(-"' hoids in She re.crion OSo' ;51.l. ,o, where p is the

raclius oÅí the aperture, '
    Simiiariy, xve have the Telation He(") =Ue(-") only in the re.crion

O!$:. 7• th/.. ,o. [Vhen, we obtai}}, in the interval OIEIIr{:;.l-{. ,o, '

                   iJiS.M") == !:Ve(?")G(ol,r)7" do". (IO)

Maltiplying both si('les with ik(7'),' ancl intergrating from O to ,o, We

have

          S:iiPn(")X{i.(XM?')7•al?• == !:!:ap•(oY)G(o/,7•)A;n(?•)7•'de'7•d,•. (10

   If the solution a;n(r) of the inte.crral equation (10) be formd, "'e can
compiite (g,z('") ancl a,,(+), and obtain the field quantities exactiy. But

it is very diMcult to Åín(l bhe exact solution iPn(o') and its numerieal

integration is aiso ti•oublesome (1). Mayer (2) has ealculated tl]e proper

frequency of the nosecl-in ca•vlty, by a metho(l somexvhat simila}' to
ours. }Iansen (3) has also treated the similai• problem about the Åëy"
lindrieal eavity, his expression corresponding to our expression (10)

being however somewhat different Åírom ours. It is beeause oÅí the
faet that we deai with t!}e progressive ancl refiected waves in the guide,

while Hansen eon$iderecl the stationary waves in the cavity.
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2. Behavior of a small aperture

   For arbitrary magnitude oÅí p, it is difficult to solve (10) either

anft, lytically or numerieally. XVe sl}all therefore discuss the case of

p<< 27rlk. In such a case, it will be seen by aitalogy in the eleet}•o-
static case that yr (?') xvi11 have a singularky like 11i/p2-o'2 in the

neighbourhood of the peripheyy oÅí the aperture, and dme to the axial

symmetry, we have
                            th(o) -- o.

Hence it will be justified to

1fr'(O')

put

== b?•13/ g2 - o.2,

xvhere

   Su
 b is tl]e

bstituting
"nknown
this into

eonstant
(11), we

to be cletermined

obtain

by (11).

.

     i
b---    )V•nz

ctM

/IS,.i
atn2

rnhnS
(12)

with

ct7} !!il
!p

2'

,7

Henee, i!' follows that

ol/g2 - o•2

     i
qn ww- Xn} ctman

,fi(Xn7') el7' .

/-iixislj
Ct2

nt

?' n•'hn'
(1;3>

The convergency of series.

   Noxv, we assttme that
and other modes in both
cut off. [I)hen, we obtain
mission coefficient ai"") by

in (12) and (13) will be cliseussed later.

the mocle oÅí the ineident waves is m -nv 1
reflectecl waves and transrnitted waves are•
the refiection coeffieient ai(-) ancl the trans-

 the expressions:

al("")== 1 + i Xi

           hlrl ql == iH
(rC,t;,1' /s.,

rct
.fti)

-nv

 1 /Il +z

-(
s)1•

(14>

al(")
 = i(- is)/(,

+z
(-BwtA)l

(i4t>
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respeetively, where

               A tr: ai2/rihi, B=: IX"" a.2/h.'r.,

                                      vtre2

hLl, h3',•••••• being positive nambers and eonneetecl with h2, lbp.,•-••••

as h2= --- ih2', h3 == - ih3',••t•••.

   Comparing (14) and (l4') with the case oÅí transmission line, it will

be seen that tl]ey correspQnd to the refleetion and transmission coeM-

cients in the transrnission line with the shunt reactanee iX. inser#ed

as shown in Fig. 2, where so is its characteristie impeclanee.

   From the comparison, we get

        - A/B =: 2X./zo -nv 2g.,

and so the relative irnpedance is

            g. =-A12B, (15)
or the cor}'esponding relative suseeptanee
is

                           np -- 2BIA.

As A ancl B are both poskive, it foilows
it is found that the small ch'cuiar apex'tmre

reactanee.

3. Detailed caleulations

   We shall estimate the series in the

T}]e expression a. is expressed

v =: -lr pa :i:
           a.=:p3CZ"F((,',Ni,:)O)),illllt/}") = p3,v/ 'r

                  'where
             7•i (x) == ;/T/2x ellg(x) -- sinx/x

Since h.2-- k2-(g./.B)2 and r.-ny -l-R2

approximate formulas a}'e obtained, when

                         h. 'Nv - ienlR ,

and

                 tl'i(8n) 'N' iv/.2g.eOS(g't - S

iXp

ez

Fig. 2.

that g.<o.
behaves lil<e

       (lsr)

  Therefore,
a capaeitive

       denorninators of (12) and (13).
by Sonine's first integral (4), by put'bing

                                   op
           t7itsfi()Ln,o) "= e"2'i(]'LnR) ,
       2 Nn. ,O

           2- cosx/X •

           {Ji(g.)}2, the foilowing

          en-> oo ,

                                (l6)

           Tmi7r). (l7)
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Therefore, we get

               X'i'.. == iii'C-; ;l,;i,('i Si'2sl,,R))L' .v

Since g.-v n7r (xvhei} no pd),

                         ecn2 .,O"IR 1
                            "v z' ww1}/.                        ?'nhn T 7z-

Zl]'rom this consideration, it has been prove(i
(l3) conver.tres `as the series ]:.E], 1!n2.

   XVhen we approxiniate (14) by tl}e $um oÅí

the oi'der of" .n.)agniSude of tke remt},inder can

the relation Z1/7z2 -ww 7r2/6 , as $hown ln tl}e
           nval

Tani7noto.

i7r ,o411

   s)t g,,-
(18)

that the denominator of

 fiiiite number of terms,

be estin]atecl by use of

following table :

ni

I

 ce=
n=no

1/n2

O.64
O.;39.

0..9.8

O.24

O.22

O.20

O.I8

O.X7

O.i6

7I#t)lo-l

 Z l/n2
 nwl
  1.0
  1.25
  1.36
  1.40
  1.42
  i.44

  IA6
  1.47
  1.48

I

'Next, we shall coni}?ute the 7?. oÅí (15'), xxrhicl] beeomes

           ijP",111'i'=:S,ve..7i•IiJ,'i"'iS'tifgel2./71,?ItiiSi,gOl,-i2']2. ,s.,,

XVe substitnte (16)'-v(18) int•o the ,rebove expre$sion, and remembering
t}}aS g/lb'<<l, we repiaee the denominator {2'i(}iR/Tli)}2 in the ex-
pression (19) for tP-op. by {-X3-(ei,o/le)}L'. rVhen, xv•e ob'tain

                  od            ;op.tF 5L;] 9'",3i' ("ii,,, {tfi(e,)}2(i ili,,/,is.n" - ÅíOS,fi, ,nx)2, (2o)

                  nut1

xvhere ,o/1/l ffi-ig-x. [I]o the right-han(i side we have a,ddeC! a term with

n =:1, but this te-vm eait give only negiigibly smali contribution.

e

te



Sinee

Spiitting

            II                     (?l-T')''X
               n=sl

                co                     2                  L'OS 7Z7TaJ          SM' = (n7r)2os2 =

               nml

 an{l moclillying them a little,

                        1
                 bii ==
                     2(7rx)

                        1
                 tiII--
                     2(Tp

        . SM -ww 2(7i-{n)2

 Using Bernoulli's polynoniials

              B2m(,hs) =(-

Effect of ct Oond2teting Sereen witlt C'oncent•ric Apertttre.

                     '
}n"v 7z7r , IS'e maY XVI'ite

     an eesEi-i:
,Z,.,(S(ig'i,{lv:,f.g.i'-COgS,l,l,""')2m-pu.,(S(i,tli'klilt?'-eO,,S,',l.1X)2

S up into three parts b'i, Sii and Sm as

       co .n ou -n  si- •7-l,l#lltLz.i,i"'--,Åí.,.,Zsin;,?.f.-?pJ,

                      etm1      nut1

       e" ee            ' s -rw Sinn7rvX' C,,OS'..7iirp7= 1 .:sinn77",T. gosn7rx,

we obtain

l-

l-

s

Bti ?n + i (p.r)

 t) (Tx)" n            Ol• ml

       co (7,•illl,)2Z COS72i...l:Ii:E•li7; ,.

      nsu1

 we get

t [S., il,?i - S, .., eos,2, i-xl ,

)ts iS., •gm ?, ltT.) ,

[S,.., l•T + IIil.,cos;-,s7rx)

                oe     1)m+i 2(2on) ! Z

                nzaI

--
 (. I)m+i2(2on + 1)!Z

                   tl=J

     1
bi, ==
    6pt

4 (X

cos 2w.7rpc

(2n7r):'"t e

  co

4- .9ax3 + x2),

sin27im ,x

(2ob7T)2?n+i,

l2,9
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                    Sii• nv- 31;3 (x3 - l3i,x2 + l?lix),

                                '
                   Sm -- 2kn (x - x2),

Sinee x<<1, the predominating terms in Si and Six are both oÅí the
ord. er oÅí 11,x2, and that in Sm is oÅí the orc!er of 11x. Hence,

             SI k; 61i2, SII5F'6i:2.,,r SIII th Slll•

[I]herefore, we get S* 11(3,x•2) and consequently

                    ll77.t; 31ii"l.".Ei(eri (ei)]L' IS. i.

If we let X,g ancl X, represent the gt'iicle "'ave-IengSh ancl the cut off

wave-length of the inciclent waves B'oi'  respeetively, i. e., hi=: 27rlptg

and &-- 2TR/X,, the above expression can be xxrritten as follows:

                        .m e {ffi(&)}2Xck
                      nP-r2 x,R x'i'

Since Ji(gi)k 1/2 ,

                              3)Lc"' l[ ,
                            =m.                         np -V rt x,li af '

                                                     t
[l)bus, i'b is clearly seen that op. teRds to infinite as 1/.x'`.

i
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