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- © 7+ Introduction

This is a theoretical study on the radiation from magnetic current -oscillator or sl(;t oscillator.

The expprimental studies on electro-magnetic screening had been investigated by Dr. Y. Asami,
who found the fact that intense electro-magnetic wave emérges throug'h narrow slot of suitable
length on metal plate or metal enclosure. S

Upon this fact, s/omé experimental studies to utilize such slot as a kind of aerials were pei-
formed with various interesting resmlits‘ On the other hand, a theoretical discussion on these pheno-
mena which the author has treated assures their theoretical foundation. As 'will be mentioned ,late‘r,
slot oscillator must be a magnetic current oscillator, hence properties of the magnetic current
oscillator must be clarified, In the following paragraphs these: properties will be explained in de-

tail.

1. Fundamental Equations of Magnetic Current Oscillator.
The fundamental equations of Magnetic current. oscfllato; can be deduced similarly to thosq
of electric current oscillator. ’
Now let ¢* be the volume densxty of free m'lgnetxc ch‘uges,'md P* be the vector quautity
defmed by, -
PF = — PUPE e e T T ............ (1, 1
Then the hmgnetic current density 4% is expressed as

-

i
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P) ‘

; e O R O U R
== _ : 1,2
and field equrations‘ becomes as follows, S \
pxH = VL PXE = — gt O l
eIy o1
o v 1 Tl PN (1, 8)
peE=0 o = g | -
If the vector H* satisfies the equation - ‘ . ;
. —~}72H*+€ﬂagﬂ*/9t"‘ = PRl e e ............. (1, 4)
then, the ficld can be expressed as follows, o
H=p xpx 0%~ P D B= — 00y XAF e (1, B)

If the rectagular coordinates of the point of observation and the current elements are (@), 23, )

;md (&, 50, &) respéctively, T * will become -

) . ot p o —jkr ) jwe p oo gk ‘ -
i () = o 3,@; © M ap= 1 & %* €) S dy (1, 6)
w1y Cor jwie 4w Yy -
where, ' »
P F Gr ,éx:,@)/ (E)dvt | pP = (2 —E,) 4 (Ra—&,)t + (-;L‘:;““é'x)z, B o= };L

Next _we shall try to compare the equations of magnetic current oscillator with those of electric
current oscillator. Let F, T and E/, H’ be the radiation fields of electric and magnetic current
oscillators respectively, then k

B=pxpxll , H=jwepxH e e S P PO 1, 7

}I/:VXV;X E'X‘, B = ‘fﬂjw/,espxﬁ’ié ............... T LI TRRL TR TERRLERPREY (I’ 8) ‘

" Now let the axis of the linear electric or magnetic current oscillator coincide with the z-axis
and let the current distribution along them be as follows

’ L = Iosin (B —a) % I

R ST s U S (1, 9)
o IF =IF sin (B - a) e J . ’
then 17 and II* become as follows
. N jwt €2 ,~jkr ¢ "
7. = .[" e S E S (BE — ) dE e (1, 10)
jwe 4r Jeo v ‘
K jwt (€2 ,—fkr
e O Sin ke - g)dE e s (1, 11)

T ojwe An ey

Thus we can find the similarities between both electric and magnetic fields of the current oscillators

whose current distributions are quite the same. For example, the fields at the point far enough

from the sources of the electric current element Jie**dx and the magnetic current element If e/*¢

dz become as follows, respectively,

Fde "ﬂwtf—kr)» ' . - » g
Hp =j '[;‘;;N e’ : sing , & =vyH,, p:}/’i{ SR (1, 12)
i *l jfwt ~kr) ‘ . i ’ S
Flp==—j /1”9{;2 ¢ . sinfl, Hy == =—FEolp e T (1, 13)

In the case of the magnetic current oscillator, the direction of the electric ficld is at right angle
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to the oscillator. 1f the current distributions in electric and magunetic current oscillators are same,

the radiation ‘patterns of both systems become quite the same.

E“jnd'}mental Cosiderations for siot U,ul ator.

N
There are several ways to proof that the slot oscillator must be a magnetic current. oscillator
b
One of these will be shown as follows. E . '

Let us consider thL hole on an infinitely large conductor ;,“:6'_‘1: ‘.b‘ :&TT:%Z\
plane, upon which 2-y axes are taken ‘md let the- area of the ‘ ?»b’ ; ;;;/W :
hole be §= 42 x 4y (Fig.1) Assume the electro -magnetic field . ;‘t%;: XV D
over this_ area to be uniform Wthh is expressed by (B, Hy) Y der :"‘ ’ . L
Adopting the electric _current density and magnetic current A £ O

. density ¢ and ¢* in'stead of H, and E, on the surface of the ‘,..'; V. .b:
" hole as below, k ' :‘ N .“-‘
Ppem = Hy i mm e By e 2, 1) 'fe';‘l', N ..'..“.;
~and putting : ] A i A
Hy= H=H,e™ | Ey=F=Edw @ oL 4
then, this hole may be deemed as an electric Curlent elcment Vig. 1
ixdydn = — HS parallel to the z~ams and a xmgnetlc current element i# dvdy = — ES pamllel to

the y-iaxxs. Hence the radiation field at ‘a distant point from these sources will be

. - . ei(wt-k/')
Ey =j(Hypcosl + E
JCwe-xry N r,,..,,,‘,f .................. 2.3
Ep = —j(Hyy + ﬂo cos (i} - emrp £ ' : @3
" . .

Ha'—':‘“‘E&O/?? v e = *a/’? ,
But this field does not’ satisfy the boundary conditions on the conductor surface. Hence, ‘to
avoid this inconsistency this field is considered to be reflected on the conductor surface, and the

actual field Ey, Ep will be obtained by superpdsition of the original field E; (), Ee(¢) and the’
reflected field £y (n — @), — g (x — 0) that is :
’ Ly =By (0)+ By (1 — 0 - ~
‘U v". . i € )1 O PR U U @, 4)
By =By () — By (n - 0)) ,
thus, we-get o '
Ny Juwt ~ k)
EB :] ],J,“LS,‘ cos @ ,['7,
R r
7 Faot-kr. b oL e et e e 205
Ep= —j Q‘? cos (esing " : . : @ 5)
A ' r . !
Hy = —Eoly , He=E;/7

It can now be shown that this field satisfiés the boundary conditions. This idea had been
shown first by Stratton.P

We see that the above field is cqual to the. field radiated by thc magnetic current element

we QES == 2)+ 4y along the y-axis, where ¥ == — LAz and, also, the source corresponding to the
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reflected wave, can be considered as the image of the original source and its current densities will
be i, = H, i*= — E. Thus, the current density ofjthe superposed source of both<the original and
the image fields will be nothing more than iy = — 2E. ) ”

Hence, in’general, denoting by 2 (&, ) the electric field given over the surface of the hole and
72 the outward norrﬁal on this ‘surface, then the current density of this surface is givcn by the ma-
~ gnetic current density €%.(£, ») only and this is equal tob
EF(E, 7)== 90 X QIE (£, ) vrveerin e ST @, 6)

3. Calculation of Radiation Impedance of the
Magnetic Current Oscillator.

For the first place, let us consider the case of the electric current oscillator. In this case the
radiation impedance can be calculated by the wellknown e.m. f. method which is shown as follows.
Suppose that there are n linear conductors carrying electric current and are parallel to one an-
other and to the z-axis. The currght in the jth conductor is J;. The z-component of the electric
' field at the jth conductor due to ith current is- E;;. Then the total mean power“of this syatem is
!

. nomofEY - ;
P=— ; R, 5 o S Epe T dE; e e 3, 1
e )

F=1-4 £ij

where, the integration to be extended the over length of cach conductor. In the e.m.f. method, P

is also considered as the total radiation power of this system.

Writing
Y e éilﬂk‘?" - ”jﬂjw‘t Lo, I LA ..... 3, 2\

Eji ;i: ](w; Uﬂ; L’“M ) j

then -the expression of B becomes

7% n
- 1 Ry S% S Iog Tag Zgi o wverroemesrsssoss s 3, 3)
2 i=1i=1 -
where,
: : e : .
Ly = — \ Ujssin (k6 — ) dE;  voovevroreinn freeees ke »(O, 4)
JEg .

The (ﬁlalitities Z;i are called the mutual radiation impedanées between the ith conductor and
the jth conductor. ' ‘ k ,

Next let us comsider the case of magnetic ;:urgent oscillator.’ In this case we can introduce
the m.m.f. method instead of the e.m.f. method. Supposing that there are n liner magnetic current
oscillators and are placed in the same manner as in the previous case. Let H'j;. thc z-cox'nbonent
of the m‘i\gnetic‘fieild at the jth oscillator due to ith osciliator, then the work néceséary to maintain
the magneﬁc current ff dgainst the m.md. due to the field 'H’,-i can be calculated, and total mean-
power P¥ of this system must be equal to total sum of'th’cse works. That s, )

. - L e (95, 10 s ‘ o &
P —_ 5 ]\)C Z,‘J ZJ ) .b e dj (l”‘g]' B iieeaseieaeeaiiraas Praraiee R KIS (3, O)
ERREANE R Y

1] ‘ ,

Putting

®
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I = I sin{ké; — ) edt ) i . . N
H LM! U‘” e?wt j . -

the -expression of P becomes

P R 22T 7
~where, o
. y . T o ' o
. N g T sin (B — ag)dE; <overenne T PP U 3, 8)
. BESF N - .

The quantities ¥37 are the mutual . radiation admittances. Comparison .of these easily lead to
thé co--relation between Z;; and Yj; that is, ‘ .
Upe = 7 U ’

hence

fp? .y == 10

Putting V(&) the voltage between two lonzer sides of the slst in case of the slot aerial may

be considered-as a magnetic current aerial carrying a current of 2/(£), hence, the mutual radiation

admittance Y}’ of the slot is : D

Tiet Vs be the voltage amplitude at the féeding point of the slot theu the electric current am-

plitude J, at the same pomt will be shown as follows,

L=V Y., di=Va Yo e e TR S 3, 11)
Hexice, ,tllérx-;ldiatiprl ’poww B of‘the sl(l)t‘ system Cavn be shown in the follov@ing form.
P :12 Rc_Z 5 Tos Tog th ........................... [T e (O, 19)
where 7 _ ,
Z;: - /?; m= Ay s SETISTIEY e ........ SEPTR Ll (3, 13?

' The quantities 7” are the mutual. mdmtxon unpcdances of slot system, and can be calcuhted
from the electric current oscillator system wh1<:h has the same structure as the slot system.
For exdmple, radiation impedance of a single linear conductor of length /2 is
711—-701-r1425 2 ‘ ‘ v ‘
Hence, the radiation impedance of a single linear slot of length /2 will be calculated as fpll«

OwWS,

20 = (1200420 = 8635 — F2LL £+ Do (3, 14)

\

4. Radiation Impedance when Length and Width

- . ' - of the Slot are varied.

Tn the previous case, we have considered a linear oscilltor which cross section’is very small,
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Let us_next consider the case that the oscillator has a finite cross section.
In the case of the electric current oscillator of finite cross section; current flows along the sui-
face by the “skin cffcct The radiation power from .such conductor will be considered. . ~
1f we divide the total current Iy into many linear current elements parallel to the axis, then

the radiation powcr' can .be calculated as. follows

i P= § & (10 ,‘,ifl ) (fn ‘Ziﬂ ) .................................................. “, 1)

where s is the periphery- of the cross section, and Z;, is the mutual rcldxatlon 1mp€d4nc<, between

ds; ds.
‘two linear current elements 7, ar d I, 2
_ s s

Expressinw thc radiation power P as

P 1),2”]“' ..................... s e (4, 2)
where,™ . . “
4 1 oo ]
A 3 B Zondsidss oo e 4, 3
- PRE . . : g

then, Zy is the radiationrimpedance of the conductor of finite ‘cro‘ss section ‘with s a§ its periphéral'
Tength. : ‘ k ’

Thus, if we can find the radiation impedance Z:\of‘the slot -which has the same dimension ds
the metal plate oscillator will be calculated by“ the. eq: 13.13)

‘ Assuming that the phase constant £ along the oscillator to be the samie as that of free space,
th()ugh\t'he whole length of the oscillator would be A--i?;t_d,, the current distribution along the os-
cillator vanishes at both .ends, but at the center the derivative of the amplifude cugve will be dis-

continuous®’. Under this assumption it is possible to calculate the radiation impedance of the slot

oscil'ator whose length and breadth are L == '; + 4 and q, respectivily,
5 T
500 A N
// - ~
5007 - Pt :
p N
. . . I !
- e

400 e <\ X \\‘}\\1

L~ g ) 3
00 ST f*:\

w/‘ﬂ“ ™~ - ™ \‘\.
200 4 NI

1004 \ !
0 L X A 040 \ ped l . T Lh»/,\
¢ Y

040, 042 044 . \ Io 500 52 054
e , , SN .
- 200 ~ \ s
, ] M e
300 .
F\
N t8) ~ .
N . ) - Vg 2 Z'” = R
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Tig. 2 shows such radiation impedance Zf'“" R - j X of slot. when total length L is just
equal to 4/2 radiation impedance is always',‘;;}l -i211 £, in spite 0{ different values of @ and in the
case when L is varied around /2, R ahd X both vary but their rate of change are diffeient cor-

respondmg to thc values of a.

For emmple, if thc width. of thL slot is,a == 4¢/1000, then X =0 at L =0, 1!"5/1 and Z
kes a pure resistive value, while at longu, or.shorter L, Z” becomes capacitive or mducuvc res-
pectively. ‘ '
In the case of electric current oscillator the real part of the radiation impedance ‘\/arics slowly
when its length is varied from 4/2 but in the case of the slot oscillator we see that Foth real and\

imaginary parts vary extensively.

o

5, Resonafice Character of Radiation Power.

. % - Es
The resonance character of radiation powér of the slot oscillator when its length is varted will
be considered next..”

Assuming tlat the slot is made on am infinitely large metal plate and is excited at its center

by a lecher wire the reflecting coefficient at the feeding point will be

, m= (7" — Z)Z D + Zy) g
\iflieré, Z, is the surge impedance of the feeder.. pa{ ®

Hence, the power radiated by the sldt becomes 4y T

P=1- AR

Since Z('S is the functxou of Icng,th and “width
of the slot, thé relation between the radiation power 05
and the duneusxong of the slot may be obtained as o Ao D
shown in Fig.3. It is seen from the figure that the o N
radiation power becomes maximum near the length ] . Zo =500 @
where the radiation impedance becomes pure resisti-
ve with the tendency that the’ resonance character Y L/}'\
becomes flat into .a wide band é]mracteristics as the nal 0L Wk 04% OkF 0 053 G5
width of the slot is increased. ’ L ' Fig. & i

-
*6. Blectric Current Distribution on the

. Conductsr Surface arvound the Slot.

Let us choose x-y plane oun the conductor surface upon which a linear slot of length A/2 is
made with its center located at the origin and the slot itself coincided with the y—axis, (Fig. 4) If

the magnetic current distribution along this slot is

1\ == ] cOs ky reljet S SRR e W (G T)

the fangential com-onents of the exact field on the conductor surface on right hand side of y-axis

will be as follows,
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I] . _[”‘: bjwl[ er-ikr: & .ﬂi,‘:v." ‘ 3
dy =g e e | :

v Ar ™ 7 . ‘ :
R A ] S P I 6, 2r
L IE gt ) (Y“ 2) e~ IR (}’ + 2) ek :
Hy=—j 2 o M2 —
7 7 4 I x o ] x S

Thus, the current demsity € on the conductor surface

leads to : » e v )2
= Hy, iy Hy e 6, 3) Nt ' .
we mu/ét use the real parts of H, and Hy in eq. (6. 2), hence £ |~
i, and iy take, the following#forms, {’ 2
fo T g0 SillA(wt —— U]) . ' . °
iy = iyo sin (Wt — O) ‘ ‘
Here, iy and iy are the ‘amplitud\e distributions of i, and iy,
rcspe‘ctivc]y,_ and @, = const. and Oy == const. Cgive the” equi- ® ”%L
phase lines of i, and iy respectively.”
The current distsibutions on the front and back of the : i
5 pl,ane are -exactly same. iyp and iy are shown in Fig. 5 and
IFig. 6 respectively. Vig. 4

In Fig. b i, flows down from above and this current crosses the slot at right angle. The ma-
gnitude of this current density is a maximum in the w-axis’ and it becomes larger the nearer the

slot is approached. and the current densify is-seen to be very large at both ends of the slot.

k\i:m/ | \\

!

xX
Fig. b — @
The curves show the magnitude of 7 along the lines
z =0, 0.2,
-+ shows the direction of 7,

when slot length 75 taken ¢gual to 2.

The equiphase lines of 7, at a distant position are groups fo confocal ellipses which foci are

at both ends of the slot.  Near the slot they.form a dunibell shape swelling around both ¢nds of
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the slot. V : R

“On the other hand the distrubution of iy is shown 'in Fig. 6. The fact that iy becomes large
~near both ends of the slot but the directions of the currents along both longer sides of the slot
are opposite to each other, means that i, does no/t contribute so much to radiatioﬁ. Thus we can
“explain the experimental fact that the dimension of the conductor plate in y direction has little ef-

fect on the radiation pattern.

Conclusion. -

:

In this paper the author has clarified the properties of the magnetic current oscillator or the
o & P . . « e . . !
slot oscillator, namely, the radiation. field, and its pattern, radiation impcdance, resonance charactor

of the radiation power to oscillator length and the effect of dimensions of conductor plate.
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