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The paper prcsents an analysx o f  the source-excited f ields. The method is 
applied to the case of z, wave gu~de former, by two parallel plate dielectrics. The 
condition for the existence of su~face wave, leaky wave and guided wave is 
di,cusssd. 

Elecironiagnetic naves guided or radiated by a physical structure satisfy 
Maxwell's equa~ions, boundary conditions, Sommerfeld's radiation condition 
a t  infinity and launching conditions. The sub-division of a dynamicelectro- 
magnetic field into guided waves, surface uaves of the forward and  backward 
types. leaky waves and radiated waves, is convenient but arbitrary as electro- 
magnetic waves manifest themselves in these categories depending on  the  
Iocation and  nature of the poles of the integrand of a contour integral which 
also has branch points. The value of this type of integral is expressed as rhe 
sum of branch-cut integrals and residues at  poles of the integrand. The 
source-excited Belds are written In terms of such integrals, so  that  the branch. 
cu t  integral accounts for radiated wove6 and the resdues  for the discrete 
spectrum which consists of  waves guided along an interface. The  present 
study is an at trmpt to explain the existence of theie waves from the point of 
view of the contribution du: to  poles and branch-cut integrations in the integral 
representation of the electromagnetic field. Special emphasis, however, is 
placed on the evaluation of the field by the saddle point method as this 
approach dispenses with the branch-cut which in most cases cannot be chosen 
uniquely The saddle-point method is used in solving problems on ground wave 
propagation and problen~s  which take into account the presence of the source. 

I n  a source free regio~r consisting of a perfect homogrr\eous and isotropic 
medium, t h e  slectroinagn-tic field is eiven by thesolution or thcuave  rquation 

( v 2 ,  k2 )  $ = O  Ell 



where y!i is the eigenfunction cor~espondin!: t o  the e :gen~alue  k.  The eigen. 
function is expanded n 6 series of sume s: itable set o f o ~ t h o g o n a l  functions. 
The coeficients of this expansion are d\.tcrmined by imposing a p p ~ o p i i a t e  
bourd.iiy conditions on  the surfaces. The orthogona i ty  properties o f t h e  field 
compoiients expressed in ierms of mrde  fi.ncrions, arc the direc consequerces 
of the orthogonality properties of the eilenfunctio-,s. For  non.degeneratc 
eigenfunctions, the following ortizogonalltly conditions hold:  
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wi!h the following normalisation condition 
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The orthogonal set of  mode functiors is complere i n  the sense tha t  i t  
allows En arbitrary E or I4 field within a wiveguide t , ~  be expanded as 

E - ~ A , [ E ~ , + I , E : : ~ ~ + ~ ~ E ; ;  121 
? 

where ?he single primed and double primed quantirips irdicate E-mode and  
H-mode functions respectively and the coeiilcients A p  m d  8, w e  given by 

So, from a knowledge of the transverse component of E over cross- 
section A of the guide, the amplllule of thc modes, and from the eigenvalues, 
tho characteristics of the modcs. can be determined. The pioblem is then 
solved in terms of the eigenfunilions and sigen?laluec, Thus ihe concept of 
eigenfunctions and eigenveIues ir mathewarically useful and bas yielded 
valunb:e informerion abou: the characteristics and  cl8ssification of modes' in 
conventional dosed metallic guides, where, no  significant error i s  introduced 
by not applying the redlation condition at  infinity. The launching condilion, 
ho.wever, determines the field configuratio,~. N o  dynamic electromagnetic 
tirid can exist in the absence of a physical source. Irs the case of source-ire6 
solutions, the source is regarded as being si:uated a t  2 - - W ,  ~ b e n  + Z  is the 
direction o f  propagalion Brit for open waveguides, the exyansion of the field 
only i n  z discrete spcctram of  waves, is not complete :ind rhe expnnsion must 
be surpirmcnred by a rsdiation field, This approach is e$sant!slly necessary 
for rhe undersrandlng of the differant aspects of eiectroningnetic Waves. 
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When an electric source J (r) is dis:ribnted throughout a finite volume 
V,  the  electric field E (r') at  any point of observation r?s expressed by :he 
volume integral 

where, thc dyadic green's function r(" of the first kind is given byt 

Pi'' (r, r') = i~ + [(i; . is - ( i l k 2 )  V v I )  G(" (P, r') 

+ V, \J: N(') (r, r') + i, x V i, x L' ' R (') (P, re)] fd 
where the scalar Green's function G(" is 

$p is the  eigenfuncr'ion corresponding to E-modes and rp, is the 
eigenfunction corresponding to H-modes. Primed operators operate on 
primed quantities only. The function 6"' obeys the following inhomogeneous 
equauon and satisfies t h e  appropriate boundary condi!ions also. 

(a2 + k i )  G": (r, r') := 8 (P, r') Is] 
Here 6 is the Dirac delta functiort 

POLE WAVOS AND BRANCH-CUT WAVBS 

When an interface separating any two media i q  excited by a line source 
parallel to one of the axes, say y, the interface being parallel to the yr plane, 
the problem of finding the field at or away Prom the interface is formulated 
in terms of thz Green's function 

where the transverse ( x )  and longitudinal (t) propagation constants are 
p and 4a respectively. They are related as follows 
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ko b e i : ~  the free space wave number of plane wav-s 

7.12 above integral ( q u a t i o n  9 ;  which rq-resents a c o n l i n ~ ~ o v s  spectn m. 
is s v ~ l u a t e d  by intepriiting along the  contour aboun i n  Fig. I .  Tbis contemr 
lies on the top or  proper leaf of thc two-s!~reted Rir nanr(ian p h n e  so that 
the wavei given m e  to  by the poles saticfy the radintil n condition i .e . ,  
Rep > 0 for all such waves. The integral along t i;e infinite semi-eir:le 
vanishes and the integral of  equation [9] becumes 

F (x, 2) - 2  li i 2 Residues at poles inclu.ied by the con our - Branch-cut 
:rt:pral L i  11 

FIG. 1 
Top Loaf of h.Plana 



The branch-cut integral rcprcsents a continuous spectrum of waves 
which are not bound to  the interface and hence accounts for radiated waves. 
The  waves due to  the residues a t  the poies may be considered a5 those due to  
a discrete spectrum. T h e  waves in a conventional HSP guide may be 
considered analogous t o  pole waves. But  the fieid in an  open guide i s  
represented by the sum of  the contributions due t u  the branch-cut integral 
and  the res1dui.s as the poles. 

STEEPESY DESCENT METNOD OF EVALUAIION 06 E N F E O R P . ~ .  

T o  avoid the dificuity of choosing a uneque branch-cut, the saddle 
point method which is sometimes also called the stcepest descent method, is 
used. The solution of the  integral of equation [9 ]  is arri \ed a t  by trans- 
forming the  h-plane representation into a r-plane representation by t h e  
transformation h - Ifo sin r and p = - ik, cos T. Here T - 5 iq represents 
a complex plane. This transformation maps the quadrants of the h-plane 
into infinite strips a s  shown in Fig. 2. The or ig~nal  contour along; the real 
axis of the h plane maps onto the contour along 

If this le deformed into the steepest dcscent path (SDPJ given by 

and passin: through the saddle point r = 6 ,  t h e  i i~tegmtion of  equation 191 
along the SDP gives a space w a v e  G,(r 8 )  at a point of obsrwation ( r ,  e) 
-$g * n / 2  and a field close ro rhe interface G, ( z )  for f3z & n / 2  i n  an 
asynptotic form when kar > z 1 and k,,lzl z > I together with Terms like 6, 
due to  the residues a t  the poles between the original contour and the SDP. 

I t  may be noted that  if the SDP captures any poles on the bottom leaf 
of the h-plane, these give rlse to what are called leaky waves 

Thus G ( x ,  z )  = G, ( r ,  8) o r  6, ( z )  

Eqlldtion 1131  is invalid when a pole occurs near the saddle-point. 
I n  such a case a slightly different method leads to  a n  additiona! tun7 expressed 
in  terms of the complementary error function along with terms of the type 
shown i? equation [l3]. 



The mepest descent method of field evaluation has been used to study 
the propagation charac'eristcs of waves excl~ed in a p;rallel plane dielectric 
waveguide excited by a two dimensional delta function source. The funda- 
mental equation which needs solution in this case is 



Ir  - propapi ion  conrtani in tile direction of prcpngaiion z. 

ko - Free space wave number 

k -Wave  number in ihe dielectric 

a -Half the spacing between the plates 

d - Thickness of the  plates 

Eqcation 14 gives the field outside the guide. 

Some of  the results obtained from the  solution of this equation Iead Do 
the following conclusrons : 

1. For  smaller thicknesses therz is only one mode with the surface wave 
character for spacing3 ranging Prom h X to 6 A. 

2. There is a particular type of mode which results in a wave trarelling 
a t  an  angle to  the surfaces Such nlodes do  not  exist for small 
spacings. The number of such modes increases with spacing. 

3. Leaky wave modes are significant only near the source for spacings 
of the order of 9 X to 2 A. 

The authors are graiefu; lo Prof. S V. C. Aiya for encouragement and 
giving facilities for ;he work. 
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