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Abstract 

The characteristic equation of a cosinusoidally spacing modulated corrugated cylindrical metallic 
structure excited in Etrwave has been formulated by using non-homogeneous mixed boundary condi- 
tion. Power curled by surface waves inside and outside the modulated medium which is tie2tcd as 
an artificial dielectric and power lost and hence attenuation constant have been deteimined. Expres- 
sion for the relative amplitudes of Floquet harmonics with respect to that of the ftrid2,rnental has 
been derived by finding the Fourier gap coefficient and using WKIIT approximation. Surface impedance 
of the modulated structure has also been determined. 

Key words: Surface wave modulated structure, Floquet harmonics. 

1. Introduction 

In a recent paper, 2  the authors have introduced the concept of equivalent dielectric con- 
stant for inhomogeneous surface wave structures, viz., nonuniformly corrugated cylindri- 
cal metallic structures with spacings between the thin (t< 2.) discs being modulated 
cosinusoidally. Hence, transforming the surface wave structure to an equivalent struce 
t.ure consisting of a thin metallic rod coated with a dielectric whose dielectric constant 
is modulated cosinusoidally in the direction of propagation, the problem has been 
formulated in the form of Hill's equation which has been solved' to yield the phase 

constant I --= (2/ iv) arc sin LAW sin .10 0/2). The present paper is concerned with 
the derivation of the characteristic equation, the solution of which yields the radial 
propagation constant k J, outside the modulated dielectric medium. The parameter 0, 
involved in 13 contains I c 1  . The radial propagation constant k 2  inside the modulated di- 

electric medium is related to k 1  and is a function of the modulation index 6 (< 1) and 

u.nmodulated dielectric constant e which is a function .of the spacing(s) between discs of 

radius &and the radius a of the inner supporting rod of the uniformly corrugated struc- 

ture. The theory of power carried by surface waves outside the modulated dielectric 
medium relative to the total power has been developed. The Fourier gap coefficient 

C. involved in the power flow 
expression is determined and using WKBJ approximation, 

the relative amplitudes of both backward and forward space harmonics with respect to 
that of the fundamental have been studied. The paper 

concludes with the derivation 

of expressions for the attenuation constant by the power loss method and surface 
119 
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impedance of the modulated structure. The present paper deals only with the theoretical 
aspects of the problem. Numerical calculations to illustrate the behaviour of surf ac; 
waves and experimmtal verification of the theory will be reported elsewhere,  

2. Wave equation and its solution 

The wave equation governing the propagation of E-wave in a modulated dielectric medi wn  
with spatially varying dielectric constant c (z) in the direction (z) of propagation is given  
byl 

VxVXVx (W (PI 4), z)1,1 k 02  (z)v X [W (p, 4), z) eti 

-TuHzy  xvxvx (p, (/), z) is] = o 
• 

In order that the axial cylindrical surface wave• may be supported by a cylindrical 
surface the relation between the radial (k) and axial (y) propagation constants may be 
written as 

	

k2 = 	[k2 0  (z) + 

where y = ij3, if the structure is assumed lossless. 

Since for Eo-wave, 3184) _-= 0 the wave equation (1) is transformed to 

1  Bifr, 	32  1 ac 	apt  k2 	4_ 	_ - •  

	

ap2 	 g 	3z2 	€–(z) az az 

which yields the solution for W in terms of the modified Bessel functions as follows: 

(p, 4), z) = 	(k p) B Ko(k p)] tin' 2  (2) 

where 01 1 2  (z) satisfies the following equation: 

r  d 2 	de (z) 1 	d 
dz2 —larr r( za) + K 02  e (z) + 	Ol t 2  (Z) = 0 

IntrOducing2, 

(2) 

(4) 

(5) 

(z) = (1 , 	2 mz) 
L 

and the new variable = mzIL, eq. (5) is transformed to 
Co 

[ d2  
c-k-2  + 0 0 + 2 	0. cos 2nd WI9  2  = 0 (6) 

where 
00 

W12(1) = exp (± i13) E C „ (13) exp (± 2 in 	 (6°) 
ism•—clo 
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which accounts for the Floquet harmonics. Hence 

2+72  [Alo(kp) + BK0(kM. (p , , 	(1 — cos 

00 
x exp ± 21! ) 	 C ($) exp (-± Linzlz) 

n.-00 

=-- z[Alo(kp) ± BK0(4)] 

121 

(7) 

In eq. (6) Co = f (k , 6), whereas (1„ = 1, 2,... (n 0 0) are f (6) only (1). 

3. Field components 

Using the following relations between LP and the field quantities 

H 	p 

ratij, + 1 Ho ] E = cte57:1(i) LOP 	P 

i  0H0 
E = 

P  WE 0 E (Z) a Z 
a  {8) 

the field components in the modulated medium (a < p < b) where b denotes the radius 
of the discs and a is the radius of the inner conductor supporting the corrugated medium 
are given by 

Med 2 : a<p<b 
I 0 (k 2a) Ks (lc ip) i 

H 3  -- A [ (k 2P) ± K. (k 2a) 

I 0 V( 20 (k 2P) A d 	[ I 0  (lc  .,p) ••'” 

K (lc 2a) E 22 = we e  E (z) 
(k 2a) K  (k 2p )] 

Ep2  = — A 21 [ 1  31 (k 2p) ÷ K0 (lc 20 (9) 

since: at p = a, E,2 = 0 and 

11 1  (k 2p) = ...... (lc 2 ph: 02p) 
k 2p 	k 3 

Since in medium outside the modulated structure 

= x A i Hou )  (kit)) 
so that the condition at infinity is satisfied, the field components are 

(9 a) 



Co 
C„ (fl) exp (± i0) 

+ (1 — (5 cos --2 nzY 2  d--13  L 	dz 
I 

7■NT ;; 
I 	6 cos 2E2\1 ' 2  

L 

± (1 — a cos 2nz)"2— L 
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Med 1: b<p<co 

2A, 
H01 = 	i

tK1 (kip) 

Et , = iy 	
2A

' 	Ko  (k p) 
lupe 06 (.7) 

• 2A 1  
Ep, = ix' — (kiP) 

 

00) 

where the following transf9rmations have been used: 

 

2 
(ik, p) --= 	K (k P) 

K0' (kip) — 
K, (ki p) 
 ki 	' 

(ikip) = — r  Ko' OW) 

	

K1  (kip) 	K0  (kip) 
K1 ' (IciP) = 	kip 	1c1 00 to 

and 

-27rz )112. 
= (1 — 6 cos — 	C 8 (13) exp (± i0) 

n--co 

Xi  = 	 ( 1 	cos 2.2—a) -1" 2  na  • 2 irz 
coc oe (z) 2 	 sin • 

C. (11) exp (± 10) 

• 
+fi)(±7-) 

11-8•00 

dC„ (p) I 
dz 

- 	exp 	10) 

inie n exp (± ID) el (lob) 
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4. 

!The 

217 ma: 	fiz 0 = 	_ _ 
L • 

Boundary condition 

inhomogeneous mixed boundary conditions 

OE Ez/  + 	-= 
4  K 1 ,  Op 

a2E, 2  + b2 
8E:2  

K-  =- Op 	2/ 

h alloi a1 1/01  + 	 Khp  Op 

0110 2  a2 1-10 2  -r U2  Op 

can be reduced to the following mixed homogeneous boundary conditions: 

OE 	02  E 
+ b 	= 0 

	

op 	1 op2  

aE 0  
a2--r=d+ 

1..  02E1, 2 	n 

	

A 	U2 	2 	-- 

	

Op 	ap 

am. 	321101_1,  in  al 	 

	

op 	oP 

81102 b a2  142  = 0 a2 	
- 2 a  2 

	

op 	P 
(12) 

Hence by matching appropriate boundaryconditions at p = h and replacing b 1  and b2  

in terms of a /  and a2  respectively, the following condition is obtained: 

(aE22/31 [ Eg2 02 Ez2/0P2 p=b 

(aEzilaP)2 1 a2 [ Ez1 62 
EzdaP2Jp-b 

[

11 	
(oH021491))29  

02 a2 H02/19Plab 

(13) 
= 	(401/0/490] 	• Ho 52 Hosop2 p-b 
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5. Characteristic equation 

By using appropriate field components in eq. (13) the following characteristic equation 

is obtained: 

[ 	

K, (/j) 
{------. + K (k b) 0 	1 1 2  b  

K1 (kib) — ' __ 
1 2  K1 h(k2 i.b) ± K 0  ( bk, b) + K, (k 1b)1 

1  
_ 	 K 1 2  (k  ,b)  

1K. (k,b) K, (k, b) 
- + K O  (k, b) 

b 

[ x { h (k 2b) + 4  (4-211)   K(k,b)} 
K. (k 2a) 1  - 

I o  (k 2a)  ( 	+ K 0K, (k 2b) 
Ko  (k2a) 	

( k 2 b)) 12  111 	
-  

2 I   
10  (k 2a) (2K,(k 2b) , K (k 2b) 	(k2b))} i/o(k2b) 

— (k b) — 	 b 2 b 	 K 0  (k 2 a, 

4 (k2a)  K. (k 2b)  + (k 2b) 
K (k2a) 

. 10 (kza)  K1  (k 2b)} 
2  

{4 (k 2b) + K,, (k 2a)  

	

(k 2a)  ( 	(k 420 	K 0  (k 214)1 
+ 	(k2b) 	(k2b) K (k 2a) k 	b 1 b 

(14) 

the solution of which yields k i  and hence k 2  can be obtained by using the 
relation 

k22  = 1(12  + ko2  [1 — f (z)] 
	

(15) 

which is obtained from eq. (2) 

6. Fourier gap coefficient Cn  (13) 

Consider a uniformly corrugated structure (Fig. I). Each cell of the corrugated 
medium may be considered as a short-circuited (at p r a) radial transmission line. T he  
field components in the medium 2 (a <p < b) are given by 
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MEDIUM 

Z =0 

14 t 	 -ar 
z n 

FIG. 1. Uniformly coirugated metal rod excited in E 01-mode. 

ho 
= — p0 	[C1  J0  (k p) + C2 V0  (k 0  P)} . exp (— i o  171) k  

= c [F0  ( k op)] exp — no 
Hum[C 1  J1  (k 0  p) + C2171 (k 0p)] • exP (— 0n1) 02  

C' F (Are P) exP (— iflo id) 

since at p = a, E,2 = 0 and hence 

.10 (k oa) 
Yo(koa) 

and where 

F0 (k 0p) J 0  (k oa) Y (k op) — J 0  (k 0p) 110 (k 0a) 

F, (k 0P) = -11 (k 0P) it  0 (k 0a) J o (k 0a) Y (k 0P) 

	

p /c  o 	 C't  
C =  	• = 

	

(lc 0a) k o j 	Yo (koa) 

6) 

(16a) 

The superscript urn denotes field components in uniformly corrugated guide. 

A wave trav e l s  in medium I in the vicinity of the corrugated medium such that the 

successive gap voltages are given by 

V . -= V exp (— inz f 3 .1) 
	 (17) 

Assuming the field to be uniformly distributed in the gap at p = b, the boundary condi- 

tions at the mouth of the gap (p = b) are given by 

v" 0 < z < s 	 (18) 
E exp (— oz) =s 

o s < z < 
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where z = 0 is at the beginning of the first cell. At p =b, 

E„2 (b, 0) =A F0 (k0b) 

I 	•1 
exp (i 13 „z) dz 

V. 1 
it texp 13„s) — ii 

Therefore, 
exp (ifins) — I  F. (1c op) 

i 11 „s 	PT(1-7) exP 	n z  

	

= _V. 	IF,.(1cop)  sin /3,42 

	

I 	L F 0 (kob) 	
exp (ifi„s12) exp (-1138z) 	(19) 

Since 

exp (Asa) — 1  sin (/3„42) 	 • 
13„42) 

	

i fins 	11„512 	
exp (i 

	

- 	• 	I 
the Fourier gap coefficient C„ is given by 

c  4  FO (1COP) sin (fi8si2) 	 . 	 -(20) 

	

= F0  (k 	/3,,42 

where F. (lc (o)/ Fo  (k.b) indicates the nature of variation of the field in the radial dim. 
tion. It may be remarked that the assumption of uniform field distribution at the 
mouth of the gap introduces a very small error as long as s < Ao 

For a particular value of p, the gap coefficient 

	

sin (.8„42) 	 (21) C„ee  13.42 

i.e., 	f (fins12) 

A plot of f(11 42) vs /3„ 42 shows that the function f (fl„ .0), i.e., the gap coefficient 
C. is a very slowly varying function of the spacing s between discs. Hence, in the cast 

of nonuniform spacing between discs which changes c° to €(z), the gap coefficient CO) 
be considered to be the same as given by (20) for the case of uniform spacing without 

introducing appreciable error provided the modulation index 5 which is always <1 
is maintained at a small value. 

7. Power carried by surface waves 

The power carried by E0  wave inside (P) and outside (P) the modulated medium are 
given by 

VI 
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Med 1 : 
27r 00 

DO 	Re f 
	

E 1  H; IC 

0 Pa b 
cc 

= — Re [1-.2  xx' f rr 
Pab 

pdp (10 

Ki  2  (k 1  
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Med 2: 

4A,2 	b2 x02 (4-,b) 
ItTO € 0  € (z) y 

2 
k 12 b

.  K 1  (k lb) K 0  (k lb) — K1 2  (kb)] • f n (I3) 

(22) 
21r 	b 

Pi = - 1
2 
 Re f f Ep  2 110* 2  pdpd# 

0=0 p=4 

= ir Re f 
pad 

XX1 A 22[4 (k 2p
-12  

) 	 (k 2P) PdP , + 	(k2a)  (k 2a) 

C•1 12  
ircue o e (z) 

K12  (k lb)  
(k 2a) K i (k 2b)

2 
{ (k2b) 

TCO—C2a) 
I 2  (I 02  (k 2a) 	 2/0  (k2a) (k 2a)\ -- 1 2 .(k Oa) x [b.a -err– • 	- 	k 2a2  

2
I ( 102  (k2b) 	42 (k2b) — -  b2  

.t. 
2/. (k 2b)  4  (k 2b) )1 

k2!,2  

, 
j2  (kw)  { 1.2  (K02  (k2b) 	K12 (k 2  to) 	2K1 (k2b) Ko (k2b) 

k K02  (k 2a) 2 	b2 	 k 2b2  

a2  (K0 2(k2a)  Ki2 (k) 4. 2K1  (k 2a) K 0  (k 21} 
. 	2 	a2 	 k2a2  

± I (k 2a)  a  (b— q) 1 in  
Ko (k 2a) 	k2 

where, 
7u5 2 zrz 

f n (1)- HT. 2 	C (a) cos 0 	C (13) sin 0 • T.- sin -id  

4-7  (1 - (5 cos -21.7.) 	dc7c. + fl) 	.C„ (11) . cos • 0 

. C,, (1)) sin 02 C,, (j3) sin 0 

2 az) a 	(1 . — 5cos -  -L -, [ >ea  n 	
c1C (ft) 

C (II) cos 0 	sin 0 

A 	 r• 

(23) 

4 C „ (/3) cos 0 

n.' 
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+ 	cn  0) s i n  0 	d5 (/3) 
cos 0 i 

. 	 . 
2n.: 

cos --T-) [ 	Cm (fi) Cos 0 	C. 03) 2-LZ cos 0 
I, 	 I, 	. 

2nn 
)‘ 0) sin 0 	C„ (j1) 

L  sin o p 
 

(24) 
II 	 a 

The power PP carried by surface waves outside the corrugated medium with respect 
to the total power P tr P + P7 can be studied as a function of k ib or k 2b. Since lc, 
and kg involve the modulation index factor (5, the percentage of power flow P r°M.T% cal; 
be studied as f (5) and compared with that in the case of a uniformly corrugated (5 tr.- 0) 
guide. 

8. Relative magnitudes of Floquet harmonies 

The magnitudes of space harmonics depend on f„ (6), The relative absolute values 

Ifn (fi) lfo (fl) I .40 	nise 

indicates 	the 	magnitude 	of 	power 	contained 	in 	the spatial 	harmonics 
(n = ± 1. 	± 2, 	+ 3, ...) compared to that contained in the fundamental (n =0). 

Since 6 <1, It in a slowly varying function of z. Hence, C„ does not vary sigli• 
fi:antly with z over a period L, the order of smallness of variation maybe estimated as 
(WKS.' approximation) 

dC. 	d2  C„ 
0-3 ta%1  L ' 	— 

where, 
• d2 C„ dC „ 

dfi2 < els 	
(25) 

Hence, L (/3) in (24) can be simplified. The relative absolute values of harmonics with 
respect to the fundamental are given by 

no 	2 7EZ 
sin. -Ls- sin. 20_ + ( 1 — cos —L-2 n) 

x 
 (

dfl n  2 nz n  27r z iTz  + p) cos 20_ + ( 1 — 6 cos —1,—) sin 2ts. — r e  

x ( 1 — 6 cos 2-71-7) cos 20_ il 
I f-10)1  ..„ 	  ,• 

n6 . 2nz . 2n fiz 	fl' 1 6 cos 2—E) I 	 fo (3) I 	1 C,,2 (11) [y  stn —1-- sin ---te  . + i-: 	— 	L  

) 	Elk 	 41 x ( 	 3z 
4— 71—;  + cos 

2 	
+ (1 — cos 2 1 sin 

2
—Hi 

	

sr, 	L 
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27r: 
s  17) 

— cos 2 	 2 ,7rz) ; 
I: sin 20 ÷  +  

(R)[ 7ri:5  sin 2-17"- sin 20 + 

x (.; 	11) cos 20 

2 LT 
i(13) 	X ( I - (5 cos —) cos 20 + 

+1   
nO . 2 Tr: . 2 g 11: 	 2 f(fl)c 4 .2 u1)[ - sin 	- sin 	L (1 -- 0 cos -E- L- 	L 

X 	fi) cos 2 KM. 	c 2 —c- + (1 - °cos—) s in Eilz 
L 	in 

(26) 'etc. 
' 

where, 

0 nfiz 2 n = 
L 	L 

associated with backward harmonics 

nfir 2 az 0 = 
L 

'associated with forward harmonics 

Po sin (Il es 	ns 
7 

re-o2 nt 
(so /

) sin. (fi. s12) 
(27) 

C 	 sin  (AI ± -7)  + 1  
Co  — 	21r\  

fin 	7) sin (f1. si 2) 

etc., since 

ifi re- 	2nn 
Po 1- 	(n = 0, ± 1 , ±2...) 

which plays the role of wave numbers denoting the phase progressing along the 
z-direction. The factor /3 0  correspond to the fundamental value of the unmodulated 
structure having s and b values corresponding to e used in computing a (z) whereas 

associated with O. and 0+  are the values corresponding to the modulated structure. 

941 	Power lost 	by s-urface waves 

The power lost in the modulated medium (med 2) is 
(28) 

P 	f f H 02 11;2  d.s. 
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Since at p = b, Ho H02, 

therefore 

K0 (kit))  A2 	/.2 	
(k2a)  K0 (k2b) Ai 	/0  (k2b) 	Ko  (k 2a) 

The magnetic field component in the second medium 

a Cp <b 

is therefore 

H02 = 21KA -
K0 (k b) [10 (k 2b) Ko (k2a) — (k2a) Ko (k 2101 

[10  (k 2b) K0 (k 2a) — 4 (k2a) k 0 (k 2b)] (3t) 

The intrinsic impedance of the second medium is given by 

112 	 a 1/2 

= [ ±iiicoj 	376 . 7 [E, + /on o  

which for a low loss dielectric (assuming the second medium to be of low loss) 
a< we°  at microwave frequencies, reduces to 

1/2 = 3761 [E° (1 — 5)3 -112 
	

(31) 

since E r  + Ocoe e  Er  which for a modulated medium may be written as c o  (1-6), 

Hence substituting (30) and (31) in (28), the power lost in the modulated corrugated 
medium is obtained as follows 

b 2r 

P= ,2f 5 1102  1-1„ p dp (14) 
a 0 

= — 4/42  xx* 
0 (k2b) K0 

Ko (kib) 	2  
2a) — 10 (k2a) K0  (k2b) 

x [ K o2  (k 2a) 210 (k 22).‘21  (k2b) 	1,2 (k tib)) b2 (42  (bk2 2b) 

-r 
i  1 	Co2  (k 2a) 	2I0 (k 2a) 	(k aa) - a

2  
- — 	 42  (k 2a))1- 	• 2 	a2 	 k2a2  

1 (ko2  (k 2b) 	2Ko  (k 2b) 	(k ob) 102  (k 2a)f-- b2 	 K12  (k2b)) 2 	b2 	 k2b2  

1  — a
2 (K02 

	 2K0 (k 2a) (k2a) 	(k2a)) 
2 	

1- 
k 2a2  2 	a 

(b — a) 	 376 - 7 	 (32) 10 (k 2a) Ko (k 2a)] x --2-- (E (z)) -112 
k2 
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here, 

XX *  = (1 — 6 cos -2- 7rf) L ) 	Ca)  

Jo. Attenuation Constant 

The attenuation constant cc is given by 

131 

Pt  
= 2L P3 7  nepers/ni 

(33) 

Since # is a slowly varying function of z over 3 period L. we can approximate 43 I dz C-40 fig,. Computing for the fundamental (n = 0) at.: = L. the expression for attenuation 
(33) becomes 

K. (kJ))  [188 CO E 0 Nit°  ( 1  —6) (10 (IC 2b) 	ta — i• (k2a) Ko (k2b)) 

X { Ko 2  (k 2a) . f (lc 2a, k 2b) I2  (k 2a) g (k 2a, k 2b) 

",T 
 a)  r a  I re, ft), 

kft 2a) n 0 kft2a k2  
a a % 	  

2  
-2 b2 	

1(12 	k12  b 
K1 (k 1 b) Ko (k lb) — 

K12  (k11,) 	
2 I . (lc 2a)  lc 2b)1 (k2b) k0  (k#) 

K3 2  (kb)) 

x 

x  I 0  (k 2a)  1 
K 0  (k 2a) 

7_ 	1.2  (k 2a)  
KeLg 7co2 (k2a) 

- 4/3 cos 21rfli 

- g (k 2a, kJ)) + (b — a)  
k 2  

where, 

I 	(1 02  (k 2a) 	2/0 (k 2a) (Arta) 	42 (k2a) 
f (k2a, k 2b) = 	a2 	a2 	 k sa2  

L, ( /02  (k2b) 2/0 (k2b4b111 (k2b) 	/j 2  OC21)))] — .10 V- 	b2 

1 (K02  (k 2b)  2K0 (k2b) (k2b) _ v(k ab) g (k 2a, kJ)) = [ 2  b2 	b2 	k 2b 2  

a2 (K0 2  (kit) 4.  yieo {ksajtaLk2a)  _ K i2 (k 2a))]. 	(34) 
2 k as 	 k2a- 
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IL Surface impedance 

In dealing with surface waves it is often convenie 
guiding structure in terms of surface impedance Z. = 
of the surface wave in the surrounding medium can 
of knowing the constitution of the guiding structure. 
at the surface which forms the interface between 

in to specify the propertie s of 
± in since then the beha vi 

be discussed without the nett& 
The surface impedance is evaw a  
the structure and the surround 

)

medium and is defined by Z, 	0-7  at p = b which yields 

 

1 	K„(k,b) 
Z I  = ono  (z) K1 (k i te) 

coc of (.7) Mu (i14) 

 

(35) 

Since in the case of axial cylindrical wave the small argument approximation (4 
<1 holds good, 

1-1,1)  (lici t)) = Jo  (q) + Y 0  (q) 

2 I ± 	q12 + 0 - 577) 

In 0-89q 

2 
= i In 0.89 k l b 

111' )  (i14) = Ji (q) + Y, (q) 

q 	. 2 	.2 
nq 	nq 

where 

q = 

Hence 

k b Z, 	 In 019 k ib cue oe (z) 

(a,  —  ib i ) b 
taco' (z) - 	0.89 b + In (al — ibi)] 

	

----p.a.-fa, In 89b /a 1 - 	h 1, tan' b 1 /a1  °fl oe (z) 

ía1  tan -1  tida l  — ib, in 0 . 89b \la1 2  + b123 
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Therefore, 

R, 	- b 	al  In 0 . 89b \ "a 1 2 	bi2 	b l  tan -I - COE DE (z) 	 a1, 

X, = 	co, co [ai  tan - ' 	+ b, in 080 \,/a1  4. b1 2  

which can be reduced to the followin2 dimensionless form 

2 nb R, I z. 	[ (r i b In 019 ‘ ia,262  + bi2b2 	tail - ' 	 (36) al b 
2nb X, 	1 

Tr:J [60 tarci rb ib  + b b In 0 . 89 Nla?b 2  + b l2b 2 ] 2 Z0  ,b 	 (37) 

since 

0f (P 0 E 0) -2' =-- ( E 0Z0) 

12. Determination of a l  and 

Since 

= 	ib, 

k J? 	ko2 	Y 21 y= ifl  
ail- — ° 	b , 2  + k 02 	if2 — 

and 
alb1  = C113 

Therefore 
± (22 , /12) at 2 	oe2p2 rat, 0 

which yields 

— 	k 02) ± N1(2 2  —112  + k 02)2  + 4a2/12)) 212  

b i 	 (38) 

Hence the nature of the boundary surface can be determincd from (36) and (37) and 
thus the rate of decay of the field outside the surface from a knowledge of the surface 
reactance can be determined. Since the resistance is associated with the attenuation 
of the surface wave, it is possible to determine the surfaces for which the attenuation 
is low. 
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