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A untc2 roctionolly conducting aeroen is aocn to by 

capable of oupcorting ourfoco ciovcoS horiovc it hoc the 

dratibach 

 

that onorgr travcla along the dic'cction of 

conduction .i10 phaco. propog atco obliquely. A pair of 

porotlt1 + .0 oci'ocno hoc bocn found to ho cdvontagaouo 

in that the ! orgy t'avolo parallel to the oidoo of tho 

otructuPQ Pcductng the pocoibi.tity of Qs —o focto couoc2 

by uniting. 'the vr£d t) of the structure for a physically 

roolicabta oyttcn. Thio oyntcm in froc-n,oco hed boon 

otudiod bV T . APOPO and hoc oleo boon briefly rovto cd 

in this thouia,4 

Ho cvo *v  to canotrucif U.C. ocrccnn in free—spoco tine 

been found to ho a rather difficult problc; . Dielectric 

chooto to tur,port the U.C. ncrconc have bocn cuggootcd and 

on analytical on toil on a practical otu3y of :his evotcm 

• has boon ottc ptcd. 

AD an Citcnc ion of Arorc' ttork, a c otorminantal 

oquation of thin nc nyctcm and the field ouproociono hovo 

bocn dar ivczl. The rooulto inforrcd hornfrom have boon 

compared tiit thono obtoincd in cone of U.C. ocrocno in 

fPOO F3'pOCQo 

A waVOV,324o cocprioing a pair of parallel U.C. ocrccno 

ciith batsoltca chooto to tuppo thom 0  hoc aloe bocn 



constructed and an attempt has been made tc launch 
surface waves onto It in the laboratory. Discrepancies, 
however, are encountered due to crude measuring techn- 
iquea and the choice of improper dielectric material 
which have been discussed in the text. 

0 
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1.1 NTOcT.O4 

kloctroci otic energy cart be upportcdo  and by 

careful lot c ii sg con be c. do to prcdorntnatc4  over 

a Clogs of opcn boundary ttructuros, + uc ac in the COCc 

of cioncd cyUUndricol conducting tube and the convontie -

ei Tht vovc-tvancntsnion line. The ticvo0  tuc lounchcd D  

propogatcc v thout r diotton along on interface between 

twoo txdie wtti difffrcnt phyotcol proportiec. The o«r. 
fiends  having the usual propagcticn function a JOS clang 

the to of to ctPuctureq  ontonds to infinity in the tren-- 

avoroe dtroctic but tho energy density docroa oo with 

distance so tecta  in wwaeticov  rnoci$ of the on orgy of the 

• wave is cc o atPaincd to flow in tho i cac dioto noiçT,hbour 
hood of the otLiCtUrO. 

To tout t ooc requirements of a surface wave, the 

intorfo co botwo n two different rcd io ouct be otro L ht 

In the di ectic, of propagation of the cavo. If the trio 

r:cdio ccneovc how finite lessee, the rain otroao of 

energy cut c rrly those tosses no vall as provide for 

any poor tva ittcz1e The rdiotion, thus, is conotr c 

to ecan enorçjy obcor c4 f oo the wave indopcndcntly of 

the ocdio arg,K4 ing it. To comply with the osocntiai 



condition that the only flow of energy awry from the 
interface is thst required to s"pply the losses in the 
media concerned, either the electric-or magnetic-field 
component, tangential to the supporting surface must 
have an evanescent distribution over the corresponding 
equiphese surface. 

Consequently, It is necessary that tangential electric- 
or magnetic-field should have an evanescent distribution 
over the supporting surface. Th  ie is a vital characterir' 
tic of a surface wave. 

Although an squiphase surface can and does have, in 
case of a surface wave; some form of evanescent structure, 
the converse of it is not true. That is, it is not nece 
scary that, all fields having evanescent distribution over 
a particular equt-phase surface constitute surface craves. 
waves. a,2,3 

1.11 DrawsteriAngle and Surface Waves 
Most interesting feature of surface waves is their 

non-radiating property which they exhibit when allowed 
to progress along a straight interface in the direction 
of propagation. Brewster angle, in electromagnetism, 
is the angle of incidence with the normal to the surface 
for which no reflection takes place. Alternatively, one 
can construe it as that in such circumstances there is no 
outward radiation from the surface. it might therefore 
be expected that a surface wave is sir ply a wave of the 



va alrcz fiold CGnfiJrottcn tncicicnt on thc curfnco at  

tho D~ctota' ong~.c. Oi a flat ourfocathia ec dtt on 

an bo eitat)litc analyt1cc11y. Tho onart glai to 
n4P S1 to tho UOVO- Mato on 0gUiç oco oU aCo4 and 

ouff©rs a docoy in c plitxro titch dittonec 'ror tho 

ou? !cCO. C . 

3.1.2 ;u,faceiava tbdo Typoo 

(:+nota , yawn of intorcot ore L-rt oo. ItOvor, In 
apodal caoCID nircd-mdoo do occur. or h000ncouo CcJto 
only t tngla tntovfoca It cc ccrnod and hmac thorc it only 

one finite bot +ory eondittc to ootiofy co that the corr'-
ocrondine carVaco uavou do not cXLt tt any cut-off 
ph cnoi.cnon. 

There otiot three dictinet fore of ctrfoco c~avaao 

(a) The Zonnec or inhe çenocuo plana-tare nurro tc 
0 flat 4uPfocoo 

(h) The 'cd lot cylindricot iove a1in vurportcd by a 

not curfaco, 

(c) The %v.mc rfojdi»GoubOu or orLal cylindrical r avOQ 
ocoociotc with a tranovor3oly cylindricalcupfocO. 

The f !.o „ dIatptb aticn o of to throe fb :a of ourf 'cc' 

traveo are r'iOt 	n Pik. 1l P,2 and 1,3 vOCpCct~,~►clg r1,Lva l . 



1.1.3 Outstanding Differences of Surface-waves 
from Conventional Wave-guide Modes# 

Althou,, surface waves have several features similar 
to those of conventional wave-guide Mods* they differ 
from them in following aspects; 

(I) The possibility of a surface-wave mode of prop-
agation with no low-frequency cut»off. 

(it) The non-exi,t.nce of an infinite number of dim► 
crate modes of propagation at s given frequency. 

(iii) The existence of a finite number of discrete 
modest  together with an •igen-function solution 
with a continuous eigon value spectrum. 

(iv) The possibility of mode solutions with a phase-
velocity loss than that of light. 

1.1.4 Launching and Support 
The rface-waves described so far are known to satis' 

fy Maxwell's e+ cations. This is a necessary condition 
for a wave to occur in practice, but is not a sufficient 
condition. for instance, a homogeneous plane wave is not 
phy*ical ly realizable, because it extends to infinite 
distance, entailing $ radiating aperture of infinite area 
and infinite amount of power. At a sufficient distance 
from any finite aperture the ftold produtad in free spate 
must take the form of on outwsrd-travelling spherical wave, 
known as the 'radiation' field. This field represents a 
leakage of energy which we wish to guide by the surface 
wave. The problem of excitation is to avoid radiation as 
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far as pond!+lo. t"^ny poparc and r•aporto hovo boon pub 
ltthcd on thin cubjcct. The officicncy of on antenna 

in ouciting a aurfocc-t:avo rcdo is dcfinc an the rotto 
of the potor 'cdtotci cc a hurfoco Lava to the total por 
rotated. ovorc1 tnvcotig-~torn hove chin that launching 
offricioncioa of So percent and r rc con be obtoincd. 

A typical ,aunehing dcvico is o florc horns the 
aperture fto,ld of Whic can be chocen rich li1c the 
t ran evorcc fold of the our focc crave. sloto in conducting 
plonoa„ dipo$oa0 and line oourccc hovo aloe been atudi 
and provide fairly good officiancico when proporly oricn' 
ted with roope:•et to who ourfacc-wove guide.13cO,11Q12,1 

For a pro curfoco wnvas tho supporting ourfatc ruot 
be otraight in the direction of propagation of the wove. 
If there ovicto a solution to riartisell' a oc~uationo ropro 
acnting a field diotributton of the curfocc-vova forc. 
the corrocçcnd ing ourfaco rave con bo oupp rtcd by the 
aurfaco in + 3bction. 

• that the oupporttng curfocc is curved or tcporcd in 
the direction of propogotton, another important factor 

to tntrcdacc3 bocuu co in thOoo circumctneco the ociooth  
progress of tho cava is dicturbcd 9 tending to cot up 
Podiation end eauoing a departure from the pure curfoco 
dive field. Zf a cuddcn dincontinuity to introduced alcig 
the lcngth of the euic oo the Coco cffact to producc 1. Thin 
offoct con to t intrt2cd by using o guide of high ourfoco 
rcoctancc b e'hlao, however, cnauroc that a large proporU07% 



of tho cnorcf of tho t3vo to ntorcd c'tthin tho uurfocop 

coitic unavoi.do to rcdiation in inhcr nt. 

$.1.5 Doftnttton of fufoco . cvc 

$inco rgnco icovo entoUc o otrolot intarfoca, 

bctaccn two hocogoncouc ccdi.n0 in the diroetion of pro- 
pogotion for Ito toot choroctortotic fcor-~turol viz. o Ito 
non-radiating p3 oportys we dofino Q curfocr civo in tho 
follovinc wy. 

it 	A cHfcieo wavo to one that propagatco along 

on interface bottieen two different ccdtn vithoufi radiot-

ion; ouch rcdlotion 'being conctrudo to cacon energy 

converted fro w±the surfoec"w;zvo field to ciornc other fo :t6j 

1.2 F.lfl CDL .UTSS „ i06 j 

1.2.1 Tho Zornoch :: vo 
nneclt0 In 1.9O? dooeribtd the bohovlour of a wavy 

Out trovo .lcd ,tthout the c1 onge of pottor n over a flot 
ourfoco bot cn to h orjcnoouo mcdla having differcnt cc d-
activity and pOcitttivtty. This cove vtoo oleo c aolutton 
of tautiel1'o cquattono. The field diotribuUion of this 
ourfoco cove io thorn in F ,g. 1.1. It i o an Inhomogcncou c 
plone govt bocouco it cocoyo In otplitudo over the wavo 
fit ,pith inctcoctnc dictonco from the curQcco. 

Lot th : virfoco lice in the x- piano cit y cl 0 and 
cho ccdi.o on cQch Dido of the intor oco oro hor ogcncouo. 

for o cicvo trcvolling clang tho interfaco In the poottivo 



r-diroetton titth 0 p?opogotton eooffttetc t 

a ci a j0 	 i. • (1.1) 

tbt throe tacnCnto of the fiord roquirc to oottcfy tho 
tt o dt lcnciono1 C'ovo Qquotion ore 

(1) Bcl= tho urfoco - t c.diuo l (p, 0 baa° j C1) 100# 0 
far Y 06  

H A  offer t ooIY 	fu 

.$ ,.4] 	u1Y -Yu 
AE 	 ?   ... (1.2) 

V. 	~ c 	my -Yu 
y1 A( 	}Q 0 0 

c: hcro A is a c rnotont and tho propagation cacff1eimt along 

tho rovio is 

U1 O 	jbl 
	... (1.3) 

ropr000nttng on ottcnuotic m1 and ph000 chongo bi for a 

v,ave trovolfino Inrorda fto+ the curfoco. 

UI) Abovo tho rfoeo- ticd.l.ur 2 OCCU tn9 of ( it ~o°CI000; 
co ), 1. o. t'o y .. 00 

i fit U2Y - C 	
oYu 

W8 

L 	a -A ( —PI— )Q "f it Q y its 	... I►+ ) 

0 	
;u2v 0..T:i 

J 
r::croO u2 o 
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x oro icer. (1413) ohorio that the field docoyo at the roto 

a2 ritth inc aoinç di toneo a and alto aufforo a progr000 
ivo pho oo ehcno b2 for a vovo travelling tortrd o the 

curfoco. Thisis In accordance ith the ural dofinition 
of curfaee + vo for vtcb the po=or floti boo two eoopc 

nanto, one rcprorenun the coin otroo alcag the into 

face and oub cct to the ottuwotton a and phot . change r ,~ 
r hilo the o c 9 tho lnor one, to dbroctcd into the 
ourfoco to supply the loanoc. This is oar.co to to say that no 
radiation tahoe place. 

On the to oidoc of the interface wo hov►o, 

Yg + u at 	1i0(0 je) 	 ..U ) 

.`ithin the au faro 

!n the air outoida the ourfoco 

Y' 	u4 a 	0 ► :j  C0 	 .. 

1.C.2 The t io), Cylindrical Surface t'Jov 

Thin + vo supported by a fiat ourfaco dtfforo frc 

the piano ;:-ovo tr, that the wave' rcpt hero to ftnito in 

cutent in the t orltoata1 direction. The field distribution 

f o cht 	in 1t.1.2 and dofin ing thin in cylindrical 

cco 	atoc for a aiodiur., rich con tanto f 	C1v M vithin  

the nurCroco0 ooau~cd to be curroundod by air, to got the 



following field eorponints: 

i In 	 i.e. for y. 0 , 

jwt my (2) 

Eri 	A 	)e 
	(-JYr) 	,►. (1~»9 ) 

~. 	
j
y 	~t • A( 	~,~ 	~ ly (2) H(.JYP)  

with equations (1.3) and (Lb?) as bt fora• 

(it) Outsldh* ,Surf, !, i.e., for y ), 0 

H 	~ , eJYZt iOugy (2) ~ ~r 0 

E 	a 
A( 

, 	t 	t 	Hl 	~j11 * 	.. (1-10) 

x y 	j t t -.u2y (2) 
k m A( r). 	4 	HO (u. j Y r) 

0 

with (1-b) and (1-8) as t (fore. 

Comparing Eqs. (1-2) and (1-9) or (1-4) and (1-10), radial 

form of surfacer wave has the sane field distribution in y 
direction as the corresponding Zenneek wave. In the radial 
direction field dv sys according to a Hankal-function. 



1.2.3 The 5o#arfeld-4ou 	or Axial Cylindrical 
Surface Wave. 

Sommerfeld, at the beginning# pointed. out that 

a transversely cylindrical surface can support a surface 

wave. Goubi extended its applitatlon to a wsysrguida 

consisting of a metal wire with dielectric costing or 
corrugated surface. The field distribution of such a 

wave to shown in Fig. 1.3. From the field distribution it 

will be soon that, when the radius of the cylindrical 

surface i s Increased to infinity, the So arfeld—Goubdu 

wave becomes Identical in form with the :neck wave. 

If a surface, having constants Fo,• Ci' i is surrounded 

by air# the field components can be represented as follows 

U) n side the Surface when r ,( s 

	

H91 	 1 

	

1 
	 ~. 

	

r . 	3111 J1(ju1r)  

with Egns. (l-3) and (1-7) as for the Zenoeck crave. 

(it) 	LLC f a e.. when r ?i a 
_ 1 	3)t Yx (I) r^ • u2  1 ~JU2  ) 

t -Xx 	 .. (112 ) 
a~• A 9 	• 	x{01 (JU2~)'  
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1, Y t 	-Tx (1) 
Fir2 +* A (2") u # 	0 	H1  ciu2.r) 

with L.gn s. (14) and (1-8) as for the Zenneck wave. 

.1.3 SURFACE IDANCk. AND ITS LIQ?1.CTS 
ON EL1 UD DISTRIBUTION [1,6) 

1.3.1 ►rfsee Empedance 

Some times it is very convenient to specify the 

properties'of guiding structure in terms of surface 

impedances because it may describe the behaviour of 

surface wave outside the surface without knowing the act-

ual constitution of the supporting surface. The surface 

Impedance Zs  is defined as the ratio of the tangential 

components of electric and magnetic field at the surface. 

In general Zs  is complex end can be represented as 

... (i-'13) 

Obviously, for a given structure there are two possible 

values for this impedance, one depending an the transverse 

electric field and the longitudinal magnetic field and the 

other on the transverse magnetic field and longitudinal 

electric field. 

Sine surface impedance is defined In terms of field 

Components Its value would depend both on physical proper-

ties of guiding structure and the nature of the field being 

investigated. This way, some structures can support several 

surface waves of different types, and the value of surface 
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impedances may be different for each surface wave. 

1.3.2 Effect of Surface Impedance on the Field 
Distribution outside the Surface 

The idea of a surface iv pedanc r is widely used in 

calculating the attenuation in wave—guides, the effect 

of the losses in the conducting walls being included by 

imposing an Impedance boundary condition at the surface 

of each wall* 

For any medium# having finite conductivity and thick
neea greater than the skin depth, No  and xa  can not be 
separated physically, sines presence of Ee  entails a 

corresponding Xe  quantity *rising from the penetration 
of the field« In any good conductor Ua  is slightly larger 

than X59 although these may be assumed to be equal for 

most practical caiee. In a logs free media with polythene 

coated smooth copper surface Xe  can be obtained without 

having Pa. Thus the reactance arising from the finite 

conductivity of the metal can be increased by coating it 

with a thin laysr of dielectric or by making the radius 

of the cylindrical surface largo compared with the skin 

depth. Any increase in R. increases the inclination of 

the we front from the normal, and thies in turn, increases 

the phase velocity along the interface. Also by analogy 
with electric circuits it can be anticipated that the 

corresponding phase velocity would be reduced by an 

inductive surface and increased by a capacitive one. We 
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shall show these effects of surface-impedance by consider-
tng the cess of Zenneck and Radial Cylindrical Surface 
waves as follows. 

Zenneok and Radial Cylindrical saves 
Looking Into the surface supporting a Zenneck wave 

we hav* 
1. 

• 22 
and for radial cylindrical surface wave 

*» 	 .... (1-15) 

The values of Zs, here, are defined for y w 0 and are 
independent of the distance from the surface. 

Thu s 

or 	Zs  0 .'.(b2+js2  ) 	 ... (1-16) 
e 

Therefore, 

#.. (1-i?) 

so 	 I  

and 	vs  +  	"I. 

0 

This shows that for both of these wave forms the quantity +2, 
representing the rats of decoy of the field with distance 
from the surface, it directly proportional to the surface 



reactance*  vèt1s, b2, representing the phase factor 

depends only on the surface resistance and corresponds 

to the attenuation of surface wave. Our interest, therm► 

fore lits in surfaces having low surface resistance. 



2.1 INTPOLYJCTWN 

As long back as 19D6 Toroldo-dt$rands defined a 
unidirectionally conducting screen. R.A. turd (1960) 
studied the, problem of diffraction by a unidirectionally 
conducting half-plan• and observed that a surface wave 
could exist on this wire structure. In 157 Karp also sol.-
vad the rime problem but the transform technique, u ead by 
Hurd was independent and such simpler than Karp's method. 
In 1961 Rummy found a new way of solving Maxwell's 
equations which was most suitable to study the behaviour 
of surface waves on anisotropic sheets like a U.C. screen. 
In 1965 Aron$ studied the modes of propagation on a U.C. 
screen shielded on elth er side by parallel metal planes 

and solved the, problem of bifurcation of a parallel plate 
+waveguide by such a screen 19,1. 

Seshadri (1962), Karol and Karp (l96344), Felson and 
Hassel (1966) and several other author's have. studied the 
problem of excitation of surface waves on ;J.C. screen. 
since we are much interested in studying the behaviour of 
surface waves we will confine ourselves to this problem. 



£ off 1! on of U,C. goon 
t ~ctic+ally conducting ocrecn In one on which 

the inducc-n cUoetric curronto ore constroincd to fIcti 
along pci2.ci dtr'octicno. Such an tdo.aUi2cd otructuro 
ecay be yo1*31 ly a~^prortmatcd by a grid of tightly pic! cd 

Inculetcd q thin iiiroo rrhooc orientation define the divoct--

ton of cc riucttcn. 

If She rjavc-lcngth of the olcctronatotic field to 
large copcvi to the olccnt apecingo the boundary condi_ 

tiono on soar a ourfoco roquiro the voni hing of the 
electric fiotd Conpcncnt por l.lol to the csivoo r oroao the 
pGrpcndteulo' co: pcncnto ©f electric field and parallel 
c©cnponcnto of carotic field ora continuQuo through the 
nurfacQ. 

The intwocting fccturo of a unidirccttcnoily conduct-
ing nerc.ce In &to ability to support ous-faco moves t hi,ch 
Corry cnorc,-y along the eurfaco and hove on ovunoocent field 
in the poop J1cular diroction thereby moudng thio etrue- 
Lure a uocfut arototypo for certain 	facc wave oppitco-- 
tiona. `°e o of r othodo hove born omployc by difforent 
authors to calculate the flolde and in p articular the 
curQocc cxavcoo c rcitod by oica ontery currcnt d i otri 
tion€. c?v10 



2.142 D.scri$Lo ! of the Problem 
We assume • unidirectionally conducting screen, 

infinitely wide in y-dir,'ction and occupying a region 

z 0 in (x,y•s) Space. A second rectangular co-
ordinate system (X'sy'•z')  may be sot up, such that 

x10 x#cosy-'y' sina 
Y * X'$jfn a+y' ceps 

where a is the angle between the positive r and posi-

tive *• direction,, -*/2 < a ,C n/2. In x'-d3restton 
conductivity is supposed to be, infinite and in y' direct-

ton it is taker to be zero. 

The components of an incident plane electromagnetic 
wave, them$  Can be given by 

L a A 16 

vh*re, 
«r 

[ k1, k2, k3  

r ox C v.vt2 

The problem is to find to A , which satisfy the fall 

in g boundary conditions 

E,  a 0 on the screen, 
Et «► continuous across the screen, and 

H' • continuous across the screen. 
[4.7 3 



9.2 PtIOPLRTZLS OF SJRFACt WAV* S ON 
UNIDIRE:TICNA .Y CO 	"t'lN 3 9CF hLN 

Pusssy(1981) found a general solution of Maxwell's 

equations at s single frequency and expressed it as the 

combination of two types of solutions. L acb of the 

solutionsis characterized by an electric vector which 

is equal to the magnetic vector times the intrinsic 

impsdancs of fro@ space but a quarter cycle out of 

phase. He expressed these two solutions by moons of a 

single sellar function by using Mertz potential tachn-

iqus to the corresponding fields [6 3 . 
The particular method can roughly be described as 

a decomposition of the field into right—hsnd d and 

left-- handed circularly polarized parts. This approach Is 

•quivalent# in generality in a rough way, to the usual 

microwave technique of solving Maxwell's equations, 
namely, the, decomposition of the, field into transverse 

electric (Th) and transverse magnetic (Tit) parts. This 

typo of analysts has proved to be advantageous in solving 

problems involving propagation over anisotropic sheets 

such as a ".).:. screen shown in fig. 2.1. 

In the following two sections, the behaviour of sur- 

face waves on U.'. screen and a graphical picture of the 
same given by 1us sey using his Herts potential technique#  

will be described briefly. 



U.2.1 !%lution of t'.clvo1I' u kçuntLco by 
Cu©OCy0o tcthd 

To otO +-xtth c» r,rito rc , ic11' o quc ttci o, for a 

loSo4r o rcc.a in tPc fore 

Jae L I 
.. (2ri) 

-'at 
r~ith o 	to be tho t ocumcd ti'o factor. 

Otuti o of (2i4) have boon con otdocd for which  

tubotttutt of (-2) In (2i) o givoo 
0 ,+ 	 .. (2-a) 

Ero T to tho intrinetc iupcdonco givcn by the relation 

Ti Iw 

Thuo to typo a of ooiutiono dcnotcd by G1 end , apo 

.. (2-6) r 
$nt,toad of w:orhing wLti the three ocolor functions which 

ccnetttuto th?cc core n,onto of :Ip the whole field to 

o rpr000ed by rc: no of only one ocolar function. Thic hoc 

bon clone by age -lying Hert2 potontiol tochnicuo to bi• 

Tho re cult o av found to be ti c 

.l c i t: v n A :1I •~ ~i w I Z' U1 a. 



.m 2_ 

ar 	t 	7 ( 	- Off' 	U1 + 	'11 	... (Qui'?) 

rnccro 	to n unit v--ctor, U1 and U2 ore i1orti potential 
functions and I32 = _.t2 ~ C . The forru1co for L ore obtained 
by roverotnq 4 e of n of A. The, function t1, froo which 
to derived to any aolutt:n of tho ocntor vavc equation 

... (2-8) 

The total f told IO then# can be found by cutting 

so that on cubetitutton from (2-0) in (2-9) givon 

' 	r sr a ti  + ''2) . 	I (u2-u1) 	... (2-10 

Hcro, (ul+U2 ) and (UU,-U1) are the Ti: and TL Hertz potent 

tot funettona for h and the ropro cntotten (2 4) is eooploto. 
It can readily be shot'n that L, and 	are orthogonal to 

oath other 0610 

C.2.2 Application to U.C. Screen 
The ooluttcn of tt o typo 1 0 ,3YJ H complion with the 

boundary conditions of o U. crccn where L porollol to the 

rxlrots muot be u(-ro and H pori llol to the ulreu muot be at 

boot ccntinuaun, since the dioecntlnuity in tangcntinl H 
in porpond lc,i for to the current. Thin roqu rc that H 
pornitol to tic rilrcc should oleo bo roro, oo that bounc my 

c.;nditton n an L end. i3 Arc samo. 



Thin tn C cn csr rasflcd r^oro evpiiettiy by lotting 

a f told of tyro F1 for 2 > U oid of tyre 1. for $ < 0, 

 and 

 

WI1 E are c uprc n cd a s in (2w?). Lct 

rd 	 Ct2C) 

Fror (.-7) it io found ti- at t°'.!o makes ton9cntio1 H dij- 

c• ntinuou n by the ortount 

22 ttL. 

3 

L:. 	0 on z 	U 	 .. (2M1Z ) 

J Should h~ rare1101 to 1 , whoro !1 is Conic Vector in 

r-y piano. Thin con bo intorpretod, physically, as that 

thcro cyton, a:'i cicctric current shc.ot J o3 z = 0 f1o.s tng 

it porfcctty we ducting dtrcction, r, in tch the filar cnts 

of the ccr~.Ln ; %tnt. 

Or iLt UO take 

it+Yy+Yz y 	(x > t9) 	.. (2-1t ) 
Y u+XY z 

`J2 = 400 	y 	2 	< 0) 	•. (u) ) 

rrcc Lce • (3 7 )s t7o got 

JY1 {I a LI Cm (TN. + 	M i+ + 	~'~ ~'~ 	.. (—l?) 



t'hor'c, 

Y a 	vet ¢) Yy 4 	Y 
	

.. (2.18) 

On o,vin , (0-17) civoc 

L. a 0 	 .« (2-19) 

Thio n.~canr, L art ccnocqucntly 11,, are circularly polnrl-
2cd. The ct~.. ncnt of oloetric field in the direction 
of th c ritrc n riots id be 2 cro, 1 f 

Y1.Y ,« Y~, 0 0 Q 	 .. (2-20) 

''ubntitutinc (2-20) In (2-16) and (2-17) following roG' ltB 
Oro obtotncd 

Y 

and . 	( 2-)u1 

4  ~ 

Hcncn, Y p too the solution and may be ccnctdcrc to 
reproccnt t c rode of ovcit~ation. 

A h 

Y cs J~; 
V 	v . 

frc.m (2-I') and (2-22), it can be :hotin tot the in otont- 
cncour c1cctvts field, r•htct it the real and icucgtnnry 
parts of i.. at t a 0 and It -1'x/2 , is t3ngcntiol to the 

'y^ ? 14 a n (y Y 	) 	conn n 	.. (2—~ ) 



Thcoc curvoc h-ve becn plotted and aro chot n in 
IFi9o. 2.2 end 2.3. ,l three dimensional picture of the 
caro in oho ir. pig. 2.4. It may be noted that tho 
rhosc vector litea in the y plane and hoc componcntc 
( 0, Ay ), chile electric vector lies in the y-z piano. 
uncec-ucntiyo ti-o ciavcfor icoveo ohli ;uQiy ovs r the 

ccrccn t tth 	heeo velocity lccs ton the velocity 
of light. Alm the poynting vector, founu to be 

.. (2-28) 

is along tt e atte which to the diroction of conducticn. 
If t' a sib of ~y hap, bion changed and cigno of F in 
('*-28) have been chocon tueh that field d crear~.o c pon 
cntioll.y vi.th vi. 	 c2trtonco, the sense of polorioation retains 
unchanged. 10 3 

Thus an cutitned behaviour of surface t ovos on U.^. 

rcrocn it thet 

(1) They arc oto rsavoc having . phase: velocity tote 

than the vc'..eaity of light. 
(ii) They ore circularly polarized in the plane normal 

to the titr . . 

(iii) T CV travel along the titros +pith the velocity of 

light. 
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FIG. 2.2 THE INSTANTANEOUS FIELD OF A CIRCULARLY POLARIZED 

SURFACE WAVE TRAVELING OVER A u.c. SCREEN. 
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FIG. 2.3 THE FIELD OF A CIRCULARLY POLARIZED ':SAVE, 

Ii CRE/- SG EXPONENTIALLY !Vd!TI-I DISTANCE FRO~:~ 

-~ U;: ISCI N ~~ls t 
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FIG. 2.1 ENERGY TRAVELS ALONG Y' DIRK. WHICH  IS THE DIRECTIO 

Or CONDUCTION WHILE PHASE PROPAGATES OBLIQUELY 

1! ; --D1Ri3. OV 'R A u.c. SCREE1. 

-IG. ?• 	!'!/-WEFORM MOVES OSLIQUELY OVER THHIL u.c.SCRI 1 

Iii! T 	UtRECTIOU OF THE PHASE-VECTOR. 
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3.1 NL .D D& t PAIR OF U.C. CR42 FOR 1HL, 
P OPAUPMLo 1 OF 	?AVS 

It has b,-c-s occn in the pr :viour chapter that a 

single unid . c lcnai1y conducting acrocn to capable of 

oup orting cirfacc caves. Ho evor, Arora In 1966 pointc 

out the limitation of the single acrocn co a practical 

curfac cavo guide. o has been described by Rumgcy, tho 

surface wave cnorgy, on a U.(. acrcun alr. ayv travcia 

in the direction of conduction while the + ave--front. adva-

ncot obliquely, In a practical system whore d tmcnsignr, 

are altiaya finite in Iran worse d treed n, energy trano 

port of a ourfoco gave hoe car: 9onont o porpcnd l cul.ar to tho 

ridoa. Thus itriting the tiidth of the practical curfacc-

cravc guide cau^>c s uch Coro serious aide cffecto than 
rihcn tt-.o dircctien of energy transport t  in rallel to the 

cidoo. 

Arora in 1960 eugç3cttcd a turfaco tiovo guide, ccnciot- 

Ing of a poir of parall -1 unidircct onally conducting 

tncrcc,n8* 	c.os free fror. thin dra sbact:. Ho ana1ytcd 

the problc::: o ;d found the propagation prorcrttcn and the 



rarer trontttcd olcnç3 such a guido. In a occond 
ec7 untcotic11 aioo in X966, he i rvc stigatcd the 
proble:, of vurfocc-move orcttottcn by meano of a line 
ecurco ortontcd parallel to the y--oxio or detor :inod 
tho po!'!cr In tl,.c surfz co vinvo and the radiation p3tt-
ern and aloe calculotcd the aurface ave bunching off 
I 

 

ctcrcy. 11a 

3.2 DE CtUPTIC 3 OF PAID OF U«C;. UI.LWS 

The ortcntrtton of a poir of parollci unidirectionolly 
conducting GcroCna in cthctin in Fick. 3.i. acro x to tho 
dtrectton of propagation and r is the trenovcrce direction. 
The screens ore suppo:tcd to he Infinite In extent in V-
dtrection. r' And x ore the directions of perfect conduct 
ton of top and bottom ocre+ no, respectively, whore x' rakes 
on angl.o a with the ,-oto and x" makes an angle -a with 
the same. The oerocno ore perfectly tnsAottng in y' and 

• ye dtreeticno which arc perpendicular to n` and x", rospce-
Lively. Tho dt9tonce hottween two cerGens .o 2o in froc-- 
space. 

Two dthinet , surface-wove r; odds more found to @trot, 
ono of vht h was terwcd tranoverso-sym etric and other 
Iongitudtnol -nyrcotric according to the oymr otry of the 
transverse and longitudinal cocponents, rerpcettvely, about 
the 2 = 0 p1eno. 

Fron the cyrnetry of the structure it con readily be 
onttcipotcd that the d .rection of phase propoc~otton and 
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that of the energy transport are samo. Thus, limiting 
this confirmration in y*-directlon 4 wt fl not much affect 
the surfaco cavo propagating away from the ends. C 10,12 j 

The behaviour of rurfaco waves on a pair of U.C. 
scrccns will be atudicd and rj fcwr results obtained in 
Arora' c work will ho dittcusscd in the following sections. 

3.3 	 .0 DIT RM ANTAL, iLUATION 11oj 

The solution of wave equation for a structure compri-~ 
sing a pair of parallel unidirectionally conducting screens 
and occumod to be infinitely wide in y-dircction, when is 
subjected to proper boundary conditions, gives tho yr- 
components of electric and siagnetic fields as well as tho 
dotorminantol ocuotion of the system$ which it 

^u o 	u ♦k2 tan % o 
 U "h~'ton a 

whera, 
U2 = ~$ ~► It2 * 	 .. 

k2 0 	'0Co ° 	 , • (3 3 )  

the decoy coefficient 0 u, being real and positivo.gorr-
osponding to ¢ and - signs there tiro two positive-coal 
votuos of u,ond therefore oqn. (3-1) leads to the conclusion 
that there cro two typos of surface waves that can be supp-
orted by thin particular otructuro. 

Using oibscript 1 for 4 sign in (3-1)s for n odo 1D 



dntorninanto1 c.c°uotton rcducco to 

ton 1% ujo - 	tf tonga 	 .. 
ui 

It is apparent iron ti, io equation that ulo incroosccc5 
both with iz and a. .'hen k approaches Infinity or a 
approachos 	decay coefficient ul appvo chop Infinity 
rhtch means that the vovo t Ul dcgcncro.to into tc o difff 
crent surfocc rrovcri, one bound to the top semen and 
other to the bouton ono. uta against ko/n hoc bocn pio€tcd 
by Aroro and is shown in Fig. 3.2. The p1moc change cooff- 
icicnt, 	, can ho coy utcd rrith the help of ocn. (3-2 ), 
Variation of die a inst ko/a tm. chain .n Fi+ . 3.3. 

Choo± ino 'oign in ccn. (-1) and using s ubacript 2 for 
this redo, the dotorrtinantol o ption rcducce to 

cot h. U20 = jk2tan2a 	 .. (3i ) 
U2 

Vorioticn c of u2o and that of 020 against ka/n ore 
shown by dotted curves in Figo. (3.2 ) and (3.3 ), rospoct-
ivoly. In uric e000 o1oo, the ar vo will dcgcnorato into 
trio aurfoco vavon cficn a approaches 900 or It approachos 
infinity. Variations of It ton U and It sac 4 oro also 
indicoted in Pigs. 3.2 and 3.3 so as to cor para the trio 
surface tiovro codes. It can be soon that ulo and Pia oro 
the straight line curved rsh .io u20 and i Za arc boior, the r. 
This is ottpoctcd frr the inoc;uoiity ton h u1n < It and 
in consequence from ogn. (3-~) ?,o > Ito occ a 
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The following expr, -ssions for the y-cot ponentx of 
electric and ia+ etic fields for the two types of 
surface waves have been obtained. 

rode l.- 

r -u1(z-a) j1x 

i: A 	tJ ~ 

u1(Zs) ..i 1x 
A e 	0 

L j r 

	

	 .iu1(x'a) a. j x 
...r.... tan 4e 	a 

t tn a A 	 tain"" 
	u1a ra 

'J a u1(z + 3) —,3%%x 
 tis" a t~ e 	e 
U
' 

tote 2:- 

Ac 	e 

	

Sixth u2t 	JA2x 
V 	stnh U228 

u2, (z + a) —J ??2x 

-a 4< z.0 a 

2,,< —9 



	

j y C 	 -uC! (S - a)  

tcn a A a 4 	o 
U2 

	

ton
eC 	stn 	— j 

	

U2 	it h u20 	 .. 

,~ ► + 	uC ( 2 f a) --j 1 

	

u4 	 g 
v 	 ~ 

Using t`a -,ro11'a ccuaticnn and the fact that tho otructuro 
is infinite in y-dirocticn * 

all the other ftold cor oncnts can be obtaincd using foil- 
orA g o~rproaoronc 

L  - ~
a 

.. (3-11) 
0 

.....~. 
t9 

FJ 	... . 	 . 	 e. (3 43 ) Pp w 

Froc the above oixproc tons for the loid co ponentn 
for the trio aurfaco t'avoo it,can be soon that for curface-
c,rvc: Godo 19 trancvorao conpononto arc: aycotrtcoL about 

2 +m 0 plane t. to lcngitudinol car*;oncnt arc onttoyctrienb 

ot~out the 	and for ourfacc—t ave wodc 2. Longitudinal 

cot poncntc w c cyrr:otricol thilc tronwvorco corrponcntn 



u35w. 

are antisyt! rtricxi about 2 = 0 plane . Hence,these 

codes of propagatLon of surface wave over ILC. screens 

have been neitied 'trxn *verse synm etric' and *longitudinal 
fynmetric' des,respeetively. 

For mode i, th(. angle which the rerooeleetric 

field comt,oncnt makes with the x-axis varies from + a 

in the region 2 >f a to -a to the region z $ a and passes' 

through a a C at z - 0. For mode 2, this angle varies 
from + a in the region x >, a to c •- a to the region 

z s< a and pastes through a 0 at z 

Doth of these surface-wave types are elliptically 

Folerired 1.10 j. 
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4.1 1NTROD=+T 1CiN 

In the pwovi©uc choptor the behaviour of surface 

waves on a pair of porei lol unidiroctionolly conducting 

screc.ne in froc - spacc V  studiod thoroughly by Arorof  has 

been revtcwcd. Although the analyice and the rosulto 

obtained thoorotirolly ore perfect in their form, it was 

interesting to obcorvo and prove them practically. cinco 

to construct n unidiroctionolly conducting screen in f"roe-

tpoco was rather difficult, a thin dielectric sheet h>:ving 

dimensions of the screen was suggested to mount equally 

spaced parallel conducting wires. Another possibility was 

to have a printed wire ooch on 0 thin dielectric Shoot. 

In any colo, o dielectric support roc nocoeoary to have a 

practical our2oce-tiovo guide comprising U.C. screens. 

Consoquentlyv It becaro a topic of further interest to 

Onlyso thio new problem mathematically and then to observe 

the practical. ru.uulto. In the following sections an o roct 

treatment of the problem follo:aing Aroro's oppro;ch ut11 

be given. A comparative study of the pair of U.C. ocrccns 

in free-space and that usith dielectric cupcortn will also 

be done. 
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4.2 	' UC"t` F1i. 

A dtagrar aticat view of tho pair of parallel ung.- 
diroction€ by conducting ocroeno supported by dielectric 
sheoto with Poopoet to coordinoto altos to thorn in 
dig. 4.1. The distance bots'loon two dielectric sheets to 
2a. The thichnoos of one dielectric shoot is than 

The top and bottom acroant ore conducting in ,' 

and v" diro+ttons,rcopoctively,vhilo in perpendicular 
diraetions, y' and y►y, they are porfoctly insulating. The 
angle bctworn r' and ,? diroctiono in 20. The x'-axio, 
taken to be the direction of phase propagation of tho our-

face wave, bisects this cnglo such that direction of 
conduction on tap screen makes an angio 	and that on 
bottom sercen makes an angle -a with xaiti. The dioloc,-
tric is os urted to be loam-loss. dy the symmetry of tho 

structure (about the z c t) plane) the direction of phase 
propagation and that of the Poynting vector averaged over 

the cross-oection will coineido as in coca of parallel 
U.C. screens in free-space. 

4.3 	tIM. `" LUTIQ VF 	i.QJATION AD 
APPLV'AT IOt" TO SOMAEY OND T' ION S 

The acrcinc may be assumed to be infinite in y-
direction, so that 

0 	 (~ «2 ) 
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FIG. 4.1 A PAIR OF PARALLEL u.G. SCREENS WITH DIELECTRIC 

SUPPORTS. DIRECTIONS OF PERFECT CONDUCTION AT 

TOP AND BOTTOM SCREENS ARE X' AND X RESPECTIVELY. 

X IS THE DIRECTION OF PROPAGATION. SCREENS ARE PERFECTLY 

INSULATING IN Y '  & Y " DIRECTIONS. (DIELECTRIC IS LOSS-LESS) 
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crsi thrco t) tr -c tono1 wove vruotton rcduccd to a 
two d trop is o1 oro. Aocuming 	tt ;c do cndoneo, 
tho gcnortl otprotonc for tho y-cotnponcnto of oloo- 
tris and c cttc fields for t3 curfoco crovo trovot1tng 

in +ve r9tpoetton may be written co 

l(z 

 

0) --j 43x 

I
a  

U12 - 2 ~- - j Ox 
D 0 	4 1 Jo 

1Y 
E Fo 	y o 	Q 

(c " 
D 0 

b 2 

'-b 	2y 

-b >, z >,-a 

2 < —0 

and 

Io 	a 

[ tt o
U2 	o-u2 ; J ?x 	

b< z o 
r , U12 	--u 12 	, ~c 
L 0 	3 o 	J a 	 ..b$ x 4 b 

t 	 ~ 
[ U21 	U22 J

0 '1? x 

Co 	a 	 t~-o 

0* (4.4 ) 

,.More u l cri) up or tho tronsvoroo docoy ceofficionto 
for surf ocQ} ±-i -vc In frcc~-opo+cc roto oral in dtolcctr .c 



region, Pec octivoiy, and ore given ac, 

2  2 
Z  polo 

4 0 • .. (~G.. 6 ) 

Moro, both u1 ; nd u are real and ponitLvo. ! y TSD oll °9 

cquationt rnd using on.(-2) frolloin j rcl0tionc are 

obtained which will give oil othor fold eo+rponcntst 

(. 	) 

ax 

x 	10 

H 

From the cortin.sity of tangential ccaponento of elec-

tric and r-acnotic fields at the boundary, follo.ring 10 

conditiono at the 4 boundarlc s should be applied to tho 

f cold oquoticns 

... (4-11) (i) s c h coc o. + L.yO1n a= 0 

on z 	+ -o 

(ii) aLco a -~-   sin a=0 

on 2 = —0 

(iii) Lx Should be continuout acrogo z = +0 

(iv) L~ thould be continuouo across 2 + --0 

(v) Ly ±hhhc~31d ho continuous across z " + a 

... (-l2)  

... ( -1:f ) 

,.. (4414 ) 

...  ('-th ) 

~b658'~ 

'" 	`~1RY UN!vrRcrTV OF ROOW 
•r' 
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(vi) ~:y should ho continuousae.rov s 2 m -a 	.. (-l6) 

(vii) ix, should bo continuous across 2 	.. 

(viii) c:x r -,outs bo continuous across z a -b 	.. (4-18) 

(ix) Ly should Sc conttnuous across z = +b 	.. (0'-19 ) 

(x)  LY sh=ould b ccntinuout across z = -b .. 	(4-20) 
(xi)  H. should be c nttnuouo across z = +b . ♦ 	(4-21) 

(xii)  I-Ix ch 	i1d ho continuous across 2 = -b .. 	(4-22) 

(xi .i) c : uid lie continuous across z c +b .. 	(4-23 ) 

(xiv)  _ should- Sc continuous across z 	-b .. 	(4-24) 

(xv)  if' a d4cos a + ~I~ sin a 
continuous across z 	+o .. 

(xvi)  k" + HH,cos a -H 	sin a 
continuous across z 	-a .. 	(4-26) 

Applying these conditions to the field expressions 
following si rteen equations are ohtnined 

%C 

= 4SIU 	A ton a 	 .. (4-2?) 

C 

1.1 tan c 	 .. (.-2o) 
i 

, u 
 

3u r 	ta 
	U28 -i 

a 	1) 

u2  -u2a 
A 	o 	+':a 	 .. (d-31) 

11C 0 C. o¢ 6 eug 	 .. (4.-2) 
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3u0  :"" 	Ub 	 u 
	(4-33) 

D L • 	L. e 	J 	e 	J 0 

"'u b 	b 	" :ulh[ e 	. F +~
v 	

' 	 N 0 	»  (4 q-3 ) 
0 

u 	O.ub 	ub 	ub 
5 4 +r e 	= D + 	+  

'°tkpb 	Upb 	 -u1b 	u1b 
F e `"+G e 	=De 	1:e 	.. (4-36) 

Ju 	u2b 	-u b 	ub 	-u e1b J 
.. 

 

.~ 	L 10 ~o 

e,b c~ +supb' 	— 	E* I I «. (g ) 

u„b 	-»u2b 	u1b 	uib 
Ke 	+ L.e 	= Me 	+ N 0  

»u,b 	u2b 	-u b 	u1b 
Q 	* P 	 + N e 	 .. (4-40 ) 

	

u ju2 - 	.. Jul A co S c+ X s in o --'- L D 0 	•C e u 3COS a 

	

+ etc e 	+ L e 	is ,n U 

J  ju? r oea.taisina =.«-~ ge t' Ce '~~ 	Cosa `U- fl 	 l'o 
” 	-u 8 	u 2~ 

	

00 	' ' 3 ✓̀ 	n a 
J 	.. (-2) 
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.4.4.1 Deterrr inanta1 bqustion 
Since, t solve equatiois(4-27) to(4- 2) is tedious, 

by the symmetry of the structure following assumptions 

have b cn made 

(1) For symmetry 

D n L, . rx sw N 	 .. (4-43) 
(it) For antisym:etry 

otvtng • tq. (27--44 ), relative values of 16 amplitude 
coefficients have been obtained snd deterrrinantal equ,et- 
ions for the two carer, have been determined, which are 

(1) For syr etry 
u 	 u 	-« ut 

1+21 tanh u,b - (1- ' tanh ulb) e 
U 
2  u  u  -2u t 

1+ 1 tenh u,b t (1 - U2 tanh u, b) • 

F u

-2u t i 

	

2 	1* u ' Crt"nh u1b + (1 - 	£ ,tanh u,b)e 	1 
 wrrrrw ~~ r r ......r., 	

ll 	- tan2 a 

	

lI~ 	U 	 U 	 ~~,~ 

L 1 + 	Crtanh u1b- (1" U ertanh~ u1b)s 

k2 
.Oul + 	tan2a 	.. (4-4b) UI 
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(it) for anti yc ,otry 

u' 	 u 	-2u't 
1+ 4 cot:Ih u'b -(i- 4 Goth u'b)o 

1+ u , cath u l b+ (1- u , Goth u l b) a 
2' 

u' 	«2u "t 
2 1 .+ '" ' Ccoth u'h+(1- 4 crcoth u'b) o 2 

,,. 	.JL 	 U 	 ~ t I tan a 
1+ ," C Goth u,'b-(I- 4€ ,cot r alb) 0 

2'  2 

p = 
	

j+ 	2) 
UI 

ribero prti od decoy cccfftctcnto corrc,cspond to the oecord 
surface wares and Cr e CJC0 (Ca, being the p rmtttivity 
of the dielectric materiel.). Egns. (4-45) and (4-46), no a 
particular coot in which 

t Q 

• C 	1 	 a • (4-47) 

U 1C 	p 1, j C 

reduce to the fo lovInç) forino, rc.np+ ctivoly, 

tonh u10 = k tang*/ul 	 .. (4-48) 

end Goth u o = k2tan2 /u02 	 .. k4-49) 

Thca . Marc the come ocuotiono which worn obtained for 
surfecc wavoo on a poir of parallel U.C. ccrccns in 
2roc.--opaco for tro1ovor oo-o?t otric and longitudinol- 



cyc etrtc c000' rc' poctivcly, in raptor-39 K ncoq 
the a uc~pttc o (-3) and (-4) ore correct. 

Tho votuct; of ii , cott fytng 0 '+. ('.3&) and 
(r 	C), hove icy co cu otr for a 	t e oto tt/s3 voryinq 

In the rongo i 4 t/szz 4 1. TIn roculto have barn plotted 

and Oro the In rt g,4 A2, Pro tho graph and tho dotor- 

ninontat cgwuatL c It ton be horn that 	t crop oo c ith 

tncr000ing voluco of a a sd tzl •. In Oqn o. (GO) and (4-44 ) 
if a opponchoo t) or ,/ . oppraochoc An ftnttyo the Iran o 
vows decoy eooff to cnto u, and u2 opprO shoo infinity and 

thercforo, the cavo t tUl degenerate into to different civ- 
fcco vovoo, one hcaund to tho top ocroen and other to the 

bottom ono. 

C:oleiloting A for to particular value of a from 
oqn. (4 $) and that from oqn. (i&) it can be shot n that 
value of A inc ocoo ii h incroocing values of Cr» It can 
be concluded# theroforoQ that the photo velocity of tho 
tronovortr-oycotrtc cur'fecrr-tovo iitl be doerooced for 
a dielectric o+pprtcd curfoce tiovo çuido rearming a pair 
of parallel 'J.Co ocr'oonow CalculotL g 0 fra. {4 o) and that 
fro (4.40), it con ug zin be hov that for o iangttudinu)-

oprrnotrtc surface t ovo oleo pha oo velocity docroo coo ritth 
dioloctric ousp rte. 

A groom t Ott oc1w ti/n and A boo been plotted for both 

oyc'.. --ot+1 ie or cn n ^"a otric coece and to ohct n in * tg.4,2. 

1nic porticulor voluoo of the porc4 otoro choccn Oro 
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t 0,3 cit1 
ba 1 cm. 	 7 

U: - 20° 

C r a 2.55 
f a 10 G14z. 

4.4.2 Field Comments 
(1) yrnmetrtca1 Case 

The y-coitonents of electric-and m, netic-fields of 
this surface-wave code are given below. 

8) —jilx 
A►a 	 e z>,a 

.. 	a 	U2 (2-8 ) 	u 	-U, 	~~, b 'I -J Al 
L + tanh Falb,} 	- 'tanh u1b)e 

U  u  -tut 
+ 	tang uib+(l - 	qn , u1 j) U2 

b 2 e 
2A a ' cosh u ta e 

..,...» 	a 	....-.......r.. ter  
cosh u1bF, 	tanh u1b + (1- tank u b}* 

-2 u t 
 

2 

r u 	u2 (z a*2b) 	u 	—u9 (z+a l A- 'u aflh ulb )e 	+ (1+ tanh ub )e 	j e 1+ 
 -

u 	 u 	-2u2 
tan) u1b+(l- 1 tanh uib)e 	, 

u1(zti) —ji 1 x 

••• (4-50) 

m 

-b z b 



YrL3,.rd 

and 
wE 	-u ( z 	,o) — x 

Hya 	Jul 	ton a c 1 	+ 	1`  
1 

A tan a (it -uLC- .torah u1b)o
u2 
 

2 u  u  u  -2u t 
uib-(l-• Z C tOnh u1b)o 

J, e 	2A ton a 0 	cosh ulz c 
U2 	ru 	 **2u2t th 	 -1 oo ulbu+ u2ertanh ulb"(t~. u2Crtanh uib) 

-b 

Atan + 1j U2 ,torah u b )e 

.~; 	 t~ u Crtonh u1b)e 2j01  

u2  u  u  -ut 
1+ 	rtanh uxb - (1- u rtonh u1b)e 

u1(z1o) j;1 
.., AtanC0 	0  
1 

.. (4-51) 

It can n~1otn be goon in thin case tt at troneverso comp 
oncnto of electric and fnocnottc fieldD are nymxotric. about 2 a 0 
planc ttilc the longitudinal com; oncnt , ore onttcyrr otric about it. 
The anigo whist t o direction of Loro-oloctric f eld-ccmponcntn 



~akLo with tho 'oti, yr ris:n frog + a in the rc ion 2 ), n to -a 

in the region 2 $ 0 and pones through a = 0 of z = 0. Tris 

tyava is also of tptically polarizcd similar to the c600 of U.". 
gcrccnRr in fr r-space. 

(It) Ant i9yc etrin C'aoo 

__1(2-8) 
LCAC 	4~-J 

u 	u'(z-a ) 	 x,+ fi  b) - f 

	

A (1+ 7coth U b) c 2 	+(t- 4coth u:b)c 2 	Q 

uI 	 u' 	~:c "t 
T+ acoth  u b + (I- 	cath uih)o 2 - U 	 bfz a 

2A 0 	Sinh U11 2 0 
—2u't 

	

sinh u lb + 3 troth u*'b+(L 	coth u'b) o 2 J 
< 2 < b 

u` 	u' (z -a+2b) u' 	-u (z+a)1 jP r 

	

AL(t-. . +cath u11b)c 	+(L.+u coth u{b)e 	Jo 
u 

1 + 	cothuih+ 

u1 (+°) -Jt Oa 
-A a  fl 

uI  
(I - ,4 coth ulb,~, e2 

«.. (-52) 

I c the expr©c3.ic for y"componcnt of olectrtc-ftold, and tho 
y.cot poncnt of rQo nctic-field to 



MTC 

	

._; 	- " (z-. a ) _ j ;E v 
My - 	A tan a e 	a 	 x, a 

ul  timn a F{ .+ u ~ C Cat: u1b)e E 
u' 	.U ' (z+ -E b r -j, x 

	

+(I- lCrCOth u1b)e 2 	Je 

	

...-u 	...... 	 u .......... -....  

-11Crcoth a{h-(i- 'u~i`C rcoth u,'b)e E 

	

2 	 E 

b< z i a 

-1't  

	

L 	At 	a 	inh u j
- 

z , e 

	

....+.r.... 	. 	~.~-_ r,a 	 _....+.w------ —r....r 	 .....+..rw.r.rw~+.~.w—..r  U2 

	

U I 	-2u,yt 
Sind, u1b I+ 4P.coth u'b - (I- 4'Creoth u1h )e 	J 

-b$ 2$b 

"" 	t-►' 	 u; (z -as2 b ) A ton a I( I.- L1Crt oth u''b) e 
E 

+ (t+ 'u ,`Crroth ultb) e  
-Ev t 

-(1- 4c coth ub) e 

 

E  I  uE r 

-b)lz ),-a 

	

'E 	tj' (2 + a) -j ix 
= — 3 	A tan 0 e 	 C 	 z ,{ —a 

Z 

►or ttr, syrimtry properties thlc mode my be called 
lor; itudinal-sytretrie oae. tolarizatton in ti ; case is 

•.amv rs in trano, Ferrec-symmetric case. The angle which the 
direction of 2er--:Icctrie field cakes with x-axZr varies 

E 
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fro' ♦ a In ri Acn E > a to ; — a In tb c• rcc ton z < a 

r~oratng throu,";'I y-axis at z = t+ none. 

t .5 PRN TICAL FN & *, V :- .1 iD Coi,PtiUww 
US C. CCI A-t..s',1`a 

An otic- pt hcs btcn rondo to fabri ;ato in the labor-
atory a surf ce t nvoguido fo"nrLti'g - potr of parallel 

't.". screc:nr, Wtb bakclito theots to cups ort them. urfoco 

cwavcs roro ercitcd end rccvivcxi wtt the holp of wrvo-o.aido 
orad horn at a frec-npoct frcgacncy of 10 ciz. A few moa&urc-
mentq were tokcn and results obtained are 9ivcn in the 

following sccttcnt. 

3.5.1 Design month erationa 
Since at the tiro of fabrication of the screens the 

problem of '1.r. ocruens with diotectrie cupporto had not 
bocn rratys ' and the characteristic ocuatton for the Sago 
-:an not knot n, the foi1oitn j a^~~roxir-ate de9l n Assuming 
'roc pees conditions has been done. 

For o patr of per-11o1 IV% acrccno In free space, 

using the retnticns 

to (4-54) 

and u f" k tan a 	 .. (4-55) 

surfaco-iave-lcnjth and t3.c dirtonce , at r*ich field 
+could derny to 1/c of it originol value, at different 

ngloa hove hean calculated and ore tabul tcd on the nest 
page. 



Table —1 

a 'curfoco Dt tenco at which field will 
(ciogreeoJ (et .) decay to 1I° of Ito original valuo 

10° 	2.55 	2.7 

150 	2£ 	1.78 

20° 	2,82 	1.31 

^8° 	2.715 	1.0 	 V 

300 	2*6 	0.83 

From the practical point of vtc-.r field should not 
decay too rapidly in the transvorca dirocticn and at the 
Dema time sur ce-wavcilcngth should be diotingutohabio 
from the free opcca-ovo'4cngth. Having then° conoidorot-
ions in mind 

a = 200 

has been selected as the anglo which the direction of 
conduction makes with the direction of propa ti°n. 

Since for n U.C. screen otcmant spacing should bo 
. much lose than the wavc4cn~=th 

(ii) 26-St2G wirov •and 
(iii) element spicing a 0.2 cm. 
have been chocc.n. 

The spacing between the screens should be of the 

order of aero-1cngthe hcncc, 

(iv) 2o m I- CtiO., has boon kept variable. 



(v) 	incc the field docoyc to 1/c of fto original voluo 

of a dtrtanec l.J1 en. from the ceroon o dtonco + ticoo 

18r1cr hoc be . hcpt bctt ocn lowcr ocroen end tho ground. 

(vi) To ovoi f end offoctoo oeroon diconr~tone chouLd be 

forger th'n t4c: trove tenth, theco oro taLc i as 38x30 one. 

4 8.2 Con ctr uon 
Tooth crd dote  v ore cut in a rocton ,ulor on r3Io -

olutein iun fpo;: to otrotch vitro with propor ton cion and 
clorrient npac.in+j toe nointoincd to the dooicicd v8Iuo. 
Aroldito had thccr ucd oc on odhocivo to f3i up the wire 
onto a 38 O cc. bokolito shoot. After gtvth9 proper tiro 
for odhooion the oerocn woo ooparotcd out of tr,o aluminium 
frore. Mother ocrcc.n woo fabricated in the otmo way and 
the two wore t ept under pro ouro for sevorat days. A wooden 
boec with preopoct cupporto w►o sq fabricated to put the 

screens of popor opocingn so as to form o dcoircd surface-

wavogu ido. 

4.&.3 porfor mco ash Conulto 

A bloc r dio rc of the practical cot up to oho in 
Fig. 4.3. The t7nvo was launched by a wovo-çuldo section 

o citod by a Lflytron ostillotor and received by a crystal 
detector and rotor. Approuimoto mcoourcmcntc of wovo-
1cngths at c~ = w '° and e.liDo by turning don the oot~-up 
to 80°, i.c. rn!Ang a = ?0pq those being tot,cn. Free-
opoco tiovc-lcrsgt,h woo also bctnq it000ured in the caro coy. 
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:ave-•lengths4 at the two angles were also being colculotcd 
fror the thoorotical re'ul,ts and a corrp;rtcon is shown 

in the followtn j table. 

Table -2 

I ~:aver-Iongth 1'.1ave-icngt 
lot a=20' ilota=700  

Theoretical 	2.8 	1.01 
Practical 	3.1 	2.94 

I'roc- space 
nave 1 cn gth 

3.08 

An exact calculation of surface nave--lcncth on a pair of 
parallel 	cereenQ with dielectric support having a 
relative pePc ttivity, Cr 2#5o, was b ing done using 
oqn. (4 -48) and Fig. 4.2 which gave a theoretical wave-
length, at a = 2CO 3  1.8 cars. 

0iscuoslon 
A eonpartson, observed from Ta)^1e 2 and the thoore-

tical wave-length calculated from oqn. (' -45 ), shows that 
there was same discrepancy either in the practical set-up, 
measurement technique or in the design of the wave-guide 
Itself. It can also be seen from the table 2 that measured 
crave ngths for a = 200  as wall as for a = 7 ` are almost 
same and noarly equal to the fret-space avo-length rather 
than the theoretical surfoce-wave-length. It boo already 



be Ln ohoorvcrj that thy; characteristic: o"ations for 

the surf  surfoec'-vovccuto c prising C1.. ; eroenc in frcc-

cpacc and 'shat hiving dielectric rapports ore diff-

ercnt and !^tter in highly affected by the dielectric--

constant of Vic matoriol used. The theoretical results 

obtained t-- tro concs nt a frequency off' 10 GHz and for 

a = 20 arc tieing tai' ulatcd bclo for 	co rarison. 

Table —3 

Yroncvorso Distance at which 
decay cocff— field docayo to 

	

01 	icient.1 	1/c of its origin— 
v, (cm ) 	al stren c,th 

~11._..... ._,___J__-___p..1w 	 ..~ ~.~.... ..i..~....,.W. 

U.". scrccna 	2.2i 	0.703 	1.31 in froc—sraco 

J.. sero c 
'it' d iolc,ctr .c 	$. ► 	2.8 	 0.358 

It can t'c seen that the value of A, and hence the 

tranavorsc decay coefficient u is Larger in case of 

diolectrie vigrorted tiavequidc, The wave therefore to 

much conf.incz to the c;urfece rather than predominating 
in the 5icO nearby. it might, thorefordg hc: possiblee 

thct rihilo r-!:inc nccsurcments the free— pac ave 

r.rcdcrinntcJ over the surface— cavo since the latter rias 

foot dccoya,nc; over to ocrocn in transvorco direction. 
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A bend in the ecr€cne in the direction of wave 
propagation oleo occurred when thcy wore .rcpt frooly 

in apoca for long and this might have cauocd unnocece-
cry rofloctiono to disturb the wave. 

Althouç baIZotito has been uacd to construct tho 
U.C. screens, It in rather o poor r .icra ovo material 
with c act properties not known. Prospect right 6bovo 
boon u s ad instead, but it woo found to be too soft to 
take the tension of ti+ htly packcd coppor wires. 
Losses in bo! olito night account for the fact that 
ossportmontat results obtained did not cocply with the 
theorottcnl ones. A good Qicro ovo c~atortc1„ like 
tof'ion, probably, could give bettor rocuito. 

Another drawback woo with the meaaurct ont tochn-
icuc itself, which was being limited by the available 
facilities. A precise moaourcmcnt tochni ,uo would dof- 
initoly improve the results. 
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CHAPTER - 6 

5.1 $UMMiHY 

Surface waves in general and in particular 

those propagating on a pair of parallel unidirectionally 
conducting screens have been studied and their behaviour 

has been discussed during this course of work. These 
have been defined as the waves that propagate along an 
interface between two different media without radiation# 
and the radiation If there is any being construda to 
moan energy converted from surface wave to some other 
form. 

It has been observed by various authors that 

surface waves can be supported by a U.'. screen, however, 
the surface-wave energy on such a screen travels along the 

wires whiJ.( the wave-front advances obliquely to this 
direction. To avoid the end effects caused by limiting 

the width of this structure, Arora suggested a symmetr-
ical structure comprising a pair of parallel unidirect-
tonally conducting screens in which energy travelled 
along the sides of the screens. This situation has been 

thoroughly studied by him and has been briefly discussed 

in this thesis as well. 
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Ourin0 Cx r !ourco of etudy o practical aurfac -

riovocutdo e —wining of o pair of porolloi u. c. ocrocno 

hoc br:cn pror !'td to tsotch tho bchoviour of thcoo 
ourfooe"vovcr: In rcolity. Hottovor, a 1J.(:. ccrecn in 
frcc-opnco hoc boon found to be difficult to construct 
in the l,t~' o'Clory. It boo, thcroforo„ bccr cuggoctod 
to construct 5.C. ocrccnc using thin dielectric cheeto 
to nupcort the~. This; led to on intoraoting rroblcc 
of onolyciinc tic uyntom. 

The rlotorrinantol ocuation for tho poir of 
parallel 'J,C. ocroon±i with thin dielectric ohtcts to 
support ti's; t y i ioc. r derived following Lr. Arora' a 
approach. 'bhp%rhaco ehongo coefficient, 9 oc a funct- 

\` Lon of fro c1 ry hoc boon ror putcd using the doterrtnantol 
uotior and a car, r-h hoc been plotted in order to cho^ 

thi vorinticn. A corporativo study of ourfoco—wave 

behaviour en '.iia ntructuro, therefore„ has been done 
in thio pr .  mntottor. 

It hoe ween obncrvod that the ph000-velocity► of 
curfaco-w vcn on Lhic structure is much reduced and the 

wove Is aware confctn+d to the curfoce oa compared to the 

surface move on 'T.C. ocroenc in free space. Those offoct+ 

incroaao wit:i on in roared value of porctttivity of the 

dielectric c -toriat uccd. 

A rwcvcj4de c riotng o pair of porollo.t U.C. 

acrocnc viits` botiolito chests to Gupport thcie hoc boon 
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fabricated in the dcportmcntal rrorkchop and an attempt 
has been r..-4c to o~ccito surface aavon olcng this guido 
in the laboratory. A fora moacurornento an to coo the 
ourfacoavo bohaviour on U.fl. screens have also boon 
tokon, hot ovor, due to triporfocttons in design ao ro11 
as in moaourc acnt tcchniquoo, the results obtained arc 

not compatible t ith theory. 

5.2 CQ!'IC .J 1S A'+ 'S3 : . gU 	 FURTHER WORK 

The pair of parallel U.G. screens ttith thin dio-
lectrie sup sorts hE o been coon capable of supporting 
t ,o nurfoco iavc modoc, na oly, trancvoroo cymmotrtc 
and longitudinal aymmotrtc' tiavoo. foth of those ti von 
ore of 'cion ovo' type. The results of the analysis 
have hotn that thin dielectric sheets Iced to a large 
incrcaoo in the concentration of fiold near the surfaco, 

it may ho intoreating to evaluate the ottcnuation 

constant of ouch a curfaco Pave by finding the power 
dissipated in the dielectric and the unidirectionally 

conducting ccrcens. This constant might considora'r*ly'tbo 
decreased by properly choocdng the par motoro of the 

d ioloctric choot o. 

To invoctigato the practical bohaviourAurfaco 

Havoc propagating onto It, a suitable doctrn of aurfocc 
r2avo$uido composed of U.C. ocroono rroul,.d bo intorosting 



to do. This can he done by using the detormin4ntal 

equation derived in this thesis. 

A suitable peasurtment technique should also be 

contrived in order to Investigate the bshorviour of 

surface waves it the close vicinity of the screens. 

1urth*rt ex citation problem of this structure 

may yield some interesting results. Tobavtstigat. 

the radiation properties and launching •ffici.ncles, 

therefor*, may be a topic of further research. 
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