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Excitation of multilayered cylindrical structures with
the help of ring source
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(Reccived 18 February 1976, revised 27 May 1970)

A eylimdrieal veometry consistine of a conduetor (radiug @), ring source
(radhives @), aireolmm (radins b)) thin layer of Sh (radius ¢), thin layer of
suprconductor (radhius oy and a thin layer of Sh (radins ¢ such hat
o oo d ey is studied. The rmg souree ds assumed 1o he
the ring ol magnetio cwrents, This sttucture gives the mnltiple peaks
of radintion ficld of equal magnitude at different angles including some
poaks of lows rachintion ficld at obher angles for different values of various
parameters of this structure

1. INTRODTCTION
Source exeitation of evlindrieal structure has heer studied by Sharma ef al (1975)
and Run Chandes o ol (1974), In addition to this maltlayered transmission
lines are also investipated by Dmitriyvev et @l (1973). Bere in this article wo
infend to diseuss the eadintion prattern of the mulblayered system while exeiting
with the help of ving of magnetie currents, "The vine souree is assmmed 1o he
sitwded incan s The aie eofumn i< surrounded §iy thin flavers of antimony, saper-
condactor and aninnony. The peometry consizts of o condnetor alopg its 2 axis.
The radias of conductor, rino souree. air cohimue antimony layer, superconductor
and onfer antimony layer are respeetively o b eod and e (a2 @ <0 b <7 ¢
<< d <o)

2. ANAnYsIs

The ring source s sitwaded in = = 0 planc. The source term is given by

Mo «7' S8 @) Where .7; is the wut veetor along ¢ divcetion of the eylivdrical
coordinates and 3 bheing the Kroveeker's delta lunetion. Following the proecduare
given by Dhani Ram ¢f ol (1972) one can arrivoe at the following solutions for the
first. asynonetric mode in evlindrical coordinates.

by = AT (0op) | By Y ((mgp)ay << p <2 a .. (1a)
b = d \rop) 1 Bu Y (wgpa << p -2 b e (ID)
By = Ay (o) FB Y (oyp)b = p e e (L)
ey - d(eop) 4By Y (vep)e << p <= d .. (1d)
by — AT (mp) 4By Yeyp)d << p < e o (1e)
hy = AL D) € < p e )
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Whero 4 is the Fourier’s Transform of I, given by
< )
hip, kz) = [ H, (p,2)e /45 d2
- Q0
and tho inverse transform js given by

1« .
I‘lv(/'x ) - Iy I l(:(/l, /.‘;)('7/‘:‘ I[/.‘_~

Sy Yoo and H O are Bessel functhions of first biud, second ind and Flankel
function of first kind respectively of n-fb ouder

9 Rl “
g == g, — At

o " N
OF = Wy b

and O T T o

<

Where w0, iy € e ek op e rempectnely tac sousec freguency, permeabidity aud
prrmittnicy of froe space propagation veetor, diclectrie constant for antimony
Iayor and diclectrie comstaut lor sup reondaddor

. I

Now applying the following boundary conditions

(i) Hp — uy, the tangental cieetnwe veetor vie I (p, <) 1 continuons,

Thordlare
dhy R
y 14N —0
' ) )

f ! P b

(i) At tho location of the magnetic ring source ot electromagnetic waves
(p = a} the contiuuation of [, and jump conditions gives

bylas = Bylarve

dh, ! dhy, e
Bl Ty T TIve

laqo a-3
(ili) At p = b, the continustion of M, aud L, will give

holo_s = hylors
L1 dhy

by

i ‘,lhz + ZL_"
b-s Ldp o p i/’ = b8

Ca
“dp T op

(iv) At p = ¢, the continuation of H, and I, will give

er | dh hy L dh, by
Fale—s = Ryl cta ‘,i (];: ;,g'l = 37/;_ +—;—;£
C=& ! e+s
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(v) Agzam at p = d, the continuation of 1/, and F, will give

c,,!d_ﬁ_, hy » !yz,, hy

halueo ~ hyldso p I‘dﬂ' "
-

dp

)| )
/ 'd- s £ 4 A

(vi) At p - e, the continuation of /1 and £ will give

Ydhy  hy dhg ko
ke oo Moleo do ' p gy Tp
,

| b (o
whre d-0

After applying these boundary conditions one can get the magnitude of 2y o
surring in cq. (10)

Now g e -7 p region

| on
1. - - :[m,l:,lll‘“([["p) exp (Qh)dk; U )]

The varinblog (ny, 0y and 2,) oceurrog o this v, have mdtiple vadnes e the
neighbourhood of o, - 0 ¢ Dawd ey, - O pospectivaly. Thoeepand By i
10 ho cver tuneton of 2y woen one expands it about o 0 B Heelo® Tone
tion appearimg b the mtceiand has dogarithnie sipealaiay e d bt wiv s hmineh

points of the wtegeand . Cowsidering the eq (2) 1o be cvaleated i £e plane as

al B

contour integral  Latroduce the trangofrmadtion
ky = kysinT

whete 7= A-|jn

This transforms the region of mtegration m ke plane mfo a siriy ot 7 plare.
whicli = honnded by fwo craved tines corvespending o the braneh omts L= I

wor plane, The branelc cuts o7 ple are given: by
sin A cos e - ]
which yields
Vo = kycost, Vi = kgv/(eq—sin* 1) and
Py — kgv/{€x—sin* 1)

and eq. (2) gets transformed to

U (p.z)= .)L [ AgMVH W (kop con 1) exp (jhysin 1)k cos 1dr . (3)
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Shifting froni eylindrical coordinates (p. 5. 2) to spherical covrdinates (r, 0. ¢)
and taking approxmate value of Hankel funetion of the integrand of eq (3) for

large valuos of », we have
H 1 [ . 3 l.‘ 2 'It‘
strg, [ o exy (-SmiE g cos B eos Tl

(4)

oxp [k cos (1— )Yk, cos d7
Saddle point of cq. (4) is given by

d
cos (1—() =0

dr

which gives 7 — ) saddle point.
The steepest Deseent Path s given by the constant phase of exponential
factor of the integrand of o (4) and is (o poss throngh the saddle point. So

one can have
T g cos(1—1)) - const

and i pass through 7 - - ¢ which gvos

cos (A =0 cos ha - 1
sin (A-} 7/2 0) cos ha |

This s plotted e the Fig 1 Now taking, the help trom standard mothod

X ‘
SLUHT PATH
S0 )Cosheg - )

TTECPLol DL
Sin A

POINT

BRANCH CU1S
ow N Cosh o= %0

Mig. 1. 7 plane ropresentation for saddle point. method
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(Colln, 1960) for the lowest ordor approsimation of the mtegral, one can end
up with

1. 1)

AT

Heve 100y - | lylkz by~ ) | and

I, is gnen hy

. Doyl ~-Liqg)
Y egdtes Ryl
oy N, Yatrad) D (ealy cq VY (o)D) Y (sl teg Vad (CF 200 Y040t
Jie ) 3 Y g (o) Yatege)- Yt ) d ey e V= $ (g e 1y (040
vl ol s ) gt 1Y sl e i) VLY o) ) ()
s Yo Vleae W e Yyt = Yoley)d (ege e 1y
OV o) by Yolra 1l (e ) ) ]|
gl b g i Y yege) - Yol Dy g )i (e Yoy

! '/l("n'l) )'n("u"I)

b gl eV Y (e ) |L 1o (o) e gleg0) = (o)
oty

Pyt Valeg) 1 Vgt gl g Y gy Iy egn) Yole et !
[ S by g Y oleg) ] Gty Y G gandd (g Vg d (et oL gft)

, ) u\'n"‘l)] . ool oleg) Yooy 10t by Ve
. Sl o Yot (o) eV g yegh),

LE g Yot Ve (g D8 Dy g Xy (e = o ((eg) b egds

A

. ditrh) Y gyt y)

Julty) VY alea) ety Y Gegtdd (egOb e g (o) - ey )y

)

V- R AVATE DN R SN CIT RO IV I SR AR TR N VA T fart Lolryty)

Jolrgty)
VY otewO) o) Yalea) S lege)iegad olegt) = o (e},
d(eb)egn ) G(egey)
‘(;'("{”"':I] o VY atea@ed (g Y (e ey
ol
ol gl (o) Y (o) ieu(esl) )',(‘/‘“h) "
cal o Yolea) il (o) Vo o(0gh)
oge Ygtedniegad o(egad = (g W ol Yi(ege) = o ((rg) Yylogn))
Dy V(e )
Joleyty)

VO e ()

 Valrat) ) Yi(ry VLo R egttd o) = y(egt) |

sy = eV glepd)d (el —eq by J(eyd) o ead PV 1 (eyd ) 125y — o (00t ) Ry
=R (e dW Y (ol ea Vel (00 00 10 Y y(rufd) ] () }|
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Loy = e Vad o(020) Ya(nw) = T y(0g0)e ) Lale () Xy ()
- Yu(" ey (e dtes b (e Jes Iyl gtege) - ey} slatese ) g B
Roy = 4o Uy Voleae) Y j Y00 Y e () Ve
SR GO P ATYNTS HIN AFTRD ITUANE T R AN VAN Bl Yo(rae)d (g )4 B
1 (vgr)
. I:
S0
By~ ey '| Yolegd). ].(r,r/) =l Y ey VD (el )00 (ea VB B ((0ad)!
(I N COCA TR I I RS ROWR B BN PINTA T N AT LR S BN TINTA R
Yi(eye)

A

/:7:
) CaVolly(rg) n
ridolrge) ‘7

Py — /""x . )'u("l')

ooy
By vanving varous parameters ocenreng inexpression of I one can get the

charactenisties ol the radmtion field

3. Resvurs anp ConcrosioN
The value of 1.1, ] was compured with the help ol TBM-TE30 computer for
various values ol parameters given by oo oand o(r, 1O A0 B00 - 1O F
t-- 0L k= wie) The compnted results are griven me table 1 and also plotted

Table 1 Ktleet of the radias of the ring ~omee (a)
ap— Obem b 28cm o 280006 cio d o 2.800085 ¢m
( 28001056 w27 10t padsec Uoa 20 em
The drrertion (m degrees) gnven helow Tnvee lees mitense vadidaon field (morelative oy The
threetions other than these have the masmnam anplitade of the radistion Aield (m relative

wiits having vabie 1 1E3213006)

T2.50,0 16.25 12750, 775, 4920, 14 25, 25,25, 200, 31,00 180, 28500 7606 1925, 17 H. 7,00 44,0,
18.25. 17.25, 150, 36.76. 15.0, 0.5, 17.5, 2.0, Lo, 225, 120, 1.0, 24.25. 2 5. 075, 5.0, 17.5
8. 250 T30 207008, 106 2000 £2.70. 300 (.60 1200, 43,0, 170, S1.000 25,75, 4.25, 3.25.
3720, 380, 16,0, 31 25, 30,25 170 7625, 32 00 19 25, 67 0, 54,25, 5.0, 4.0, 60.2b, 37 6, 16.25
RO LD IO, LT 9000, 3050, S0, I85, 810, 190 5 7'. N 7h. 247 2.’.,0, 16.5. 23,75, S 25,
42,00 1725, 1R75, 31 76, 26.0, 26756, 105, 1675

These direetions have the mugmitude of (he raditon field respectively

13922, 18535, 13425, 1 3050, 12806, 127146, 1.2627. 1 2111, 11960, 1.1799, 11778, 1.1605.

1633, 1143, 1285, L1206, L2 Lo891. 1os19, LG94, 1.0683. 1.0636, 1.0622, 1.0615,
1 0586. LOG4T. 1 0525, 10456, LOo451. 10424, 10395, 10376, 10366, 1 0349 10320, 1.0281
1.0269, 1.0198, LOITS, FOI3T. L0129, 10513, 10105, LOM6T, 1063, 1.0049, 1 0042, 1.0036,
10034, 1.0028, 1,0022, 1 0018, 1.0016, 1 0015, 1 0014, 1.0007, 1 0007, 1.0003, 1.H002, 1.0002,
1.0001, 1.0, 1.0, 1.0, 0.9833 0.9146, 0.5735. 0 K676, (L.GRRY, 0.6R2H, 00635, 0.6503, 0.5502,
0.5193. 0.4945, 04022 0 3173, 0 2302, 0.2213 0 2029, 0 1353, 0 0986, 0.0918, 1 0798, 0 0743,
0.0743, 0.0282, 0.0I88, 00005, ’
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m the fig. 2. The plot shows the effect. of the rads of the central conductor
on radiation pattern. For baving more preeision in direetion the plot is made
only for fiest 10 degroes. Thix is a fraction of the total radiation pattern but this
surely oxhibits the general bhehaviour of the radiation field For a; = 0.3 em
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Iy 20 Varmtion of the fiold amplitude with direetion {c

==+ sohid curve ay 0.1 em, @ = 185 em, b . 28cm, - 250005 cm
} o —- 28000865 e, 2800106 ent = 2% 10
-~ - dottod eurvo ay <= 9.16 em radsoc-!

(solid plot) it shows less broad maximunm radiation zone while for a, = 0.15 en
(dotted Tine) there ocenrs five broad radiation zenes havimg maximum radiation
(1.75% 10 3.25°, £.25% 1o 5.25" 10 6.75° 7.25° 1o 8.0° and beyond 8.0°).  This is of
course v small range of direetion but 1t is obvious when one proeceds  towards
higher # the masimum radiadion zono gets broadened and frem 80° to 89.75°
(for a, - - 0.1 em and ay == 0.15 em) there veears a uniform radiation zone having
maximum radiation.  But the direction of 90° remains to be having Jess intense
eadiation in all the easos  The inerease in @ causes the more directions having
loss intense ficld (tablo 1) The varintion m pattern due to the variation in othor
paramnelers is not reported here. This structare essentially gives the broad multi-
peaks while on exeitation with the help of ring rouree Tt is worth noticing that
theso rosults are obtamed with the help of theorctical background and need to o
voritind exporimontally.  As far as the physical explanations are concerned the
leaky wavos exertation on such surface are the well proved phenomenon and
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hence the explanation rendered by Tamr et «f (1962, LY63) secms Lo he most
promusing and aceeptable.  This vadiation system can he visualized as mults-
layered multipeak radiatimg system.
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