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T h e o r e t i c a l and e x p e r i m e n t a l s t u d i e s are p r e s e n t e d on a c o a x i a l c a v i t y 
w i t h a n e x t e r n a l f o c u s i n g m i r r o r and an i n t e r n a l g r a t i n g of c y l i n d r i -
c a l or c o n i c a l s h a p e . E x p r e s s i o n s are d e r i v e d for the a m p l i t u d e s of 
the i n c i d e n t w a v e and of the s p a t i a l h a r m o n i c s . P a t t e r n s h a v e b e e n d e -
r i v e d for the d i s t r i b u t i o n s of r a d i a l l y p r o p a g a t i n g m o d e s w i t h v a r i o u s 
n u m b e r s of h a l f - w a v e s a l o n g t h e z a x i s . M e a s u r e m e n t s h a v e b e e n m a d e on 
the s l o w - w a v e p r o p e r t i e s of a c y l i n d r i c a l d i f f r a c t i o n g r a t i n g in the 
c a v i t y . 

O p e n c a v i t i e s w i t h p l a n a r g r a t i n g s h a v e b e e n d i s c u s s e d in d e t a i l in t h e 
l i t e r a t u r e . Such o p e n s y s t e m s are w i d e l y u s e d in q u a s i o p t i c s , in q u a n t u m - m e c h a n -
ical d e v i c e s , and in d i f f r a c t i o n e l e c t r o n i c s , in p a r t i c u l a r a s r e s o n a n t s y s t e m s 
for d i f f r a c t e d - r a d i a t i o n g e n e r a t o r s s u c h as the o r o t r o n , e t c . [ 1 , 2 ] . The dif-
f r a c t e d r a d i a t i o n in a d i f f r a c t i o n g e n e r a t o r s w i t h a flat e l e c t r o n b e a m p a s s i n g 
t h r o u g h a flat r i b b e d s t r u c t u r e is p a r t l y c o n v e r t e d to the i n h e r e n t field of the 
open c a v i t y . 

V a r i o u s a p p l i c a t i o n s are m a d e of c o a x i a l c a v i t i e s w i t h f o c u s s i n g m i r r o r s in 
r a d i o p h y s i c s ; s u c h c a v i t i e s are e x t r e m e l y p r o m i s i n g for u s e as t u n e d s y s t e m s in 
d i f f r a c t i o n g e n e r a t o r s [3, 4 ] . A c o a x i a l o r o t r o n e l i m i n a t e s the losses o c c u r r i n g 
in p l a n a r m o d e l s on a c c o u n t of the s p e c i a l d i r e c t i o n p a t t e r n in the d i f f r a c t e d 
r a d i a t i o n . The b a s i c f e a t u r e of a c o a x i a l o r o t r o n is the large area of i n t e r -
a c t i o n b e t w e e n the e l e c t r o n b e a m and the field n e a r t h e d i f f r a c t i o n g r a t i n g , 
w h i c h i n c r e a s e s the u s e f u l p o w e r . A t u b u l a r e l e c t r o n b e a m a l l o w s one to a v o i d 
the o c c u r r e n c e of fields of o t h e r p o l a r i z a t i o n s and also p h e n o m e n a a s s o c i a t e d 
w i t h e d g e e f f e c t s . The l a t t e r f e a t u r e m a k e s it p o s s i b l e to p r o d u c e p u r e one- j 
m o d e b e a m s of d i f f r a c t e d r a d i a t i o n , w h i c h i n c r e a s e s the e f f i c i e n c y . 

1. A N A L Y S I S OF A COAXIAL C Y L I N D R I C A L SYSTEM WITH A D I F F R A C T I O N G R A T I N G BY THE 
P A R T I A L - R E G I O N M E T H O D 

C o n s i d e r a b l e i n t e r e s t a t t a c h e s to the r a d i a l m o d e s w h e n c o a x i a l c a v i t i e s ar0 
used in d i f f r a c t i o n e l e c t r o n i c s , p a r t i c u l a r l y t h o s e w i t h a l o n g i t u d i n a l c o m p o n e n t 
for the e l e c t r i c field v e c t o r . It is v e r y d i f f i c u l t to d e s c r i b e the w a v e field 
in a c o a x i a l r e s o n a n t s y s t e m w i t h an a n n u l a r d i f f r a c t i o n g r a t i n g , and the c u r r e n t 
t h e o r y h a s no m e t h o d s of r i g o r o u s s o l u t i o n . 

One m e t h o d of a p p r o x i m a t e t r e a t m e n t for such s y s t e m s is to i n t r o d u c e i m p e - j 
d a n c e - t y p e b o u n d a r y c o n d i t i o n s for the field n e a r t h e s t r u c t u r e [5]; h o w e v e r , it; 
is c o m p l i c a t e d to d e f i n e such i m p e d a n c e c o n d i t i o n s in any p a r t i c u l a r a p p r o x i m a - ; 
t i o n , and t h i s is an i n d e p e n d e n t problem, in d i f f r a c t i o n t h e o r y . A n o t h e r approx-j 
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F i g . 1 . O p e n c o a x i a l c a v i t y (a), d i f f r a c -
t i o n s t r u c t u r e w i t h r i n g g r o o v e s (b), and 
field d i s t r i b u t i o n a l o n g the a x i s at the 
s u r f a c e of the r e f l e c t o r (с); n = 0 (1), 

1 (2), 2 (3); л = z / z ^ с = z ^ k / R = 2 5 . 

imate m e t h o d of r e s e a r c h i n g t h e s e c o m p l e x r e s o n a n t s y s t e m s w i t h a n i s o t r o p i c s t r u c -
t u r e s i n v o l v e s s e p a r a t e c o n s i d e r a t i o n of the s t r u c t u r e of the c a v i t y field and 
of the s c a t t e r i n g of t h i s field at the g r a t i n g . It is a s s u m e d t h a t the g r a t i n g 
i n t e r a c t s only w e a k l y w i t h the field c h a r a c t e r i s t i c s of the o p e n c a v i t y and m e r e l y 
a l t e r s the e f f e c t i v e d i s t a n c e b e t w e e n the m i r r o r s . 

The field in a c o a x i a l c a v i t y formed by an e x t e r n a l f o c u s s i n g m i r r o r and an 
i n t e r n a l c y l i n d r i c a l m i r r o r (Fig. la) can b e r e p r e s e n t e d in a (r, <p, z) c y l i n d r i -
c a l c o o r d i n a t e s y s t e m as the s u p e r p o s i t i o n of r a d i a l l y p r o p a g a t i n g r a y m o d e s , 
w h i c h are s i m i l a r to the a x i a l l y p r o p a g a t i n g m o d e s in c a v i t i e s of F a b r y - P e r o t 
t y p e , so the d e f i n i t i o n of the i n h e r e n t t y p e s for a c o a x i a l o p e n c a v i t y is as for 
a q u a s i p l a n a r s y s t e m and a m o u n t s to s o l v i n g a h o m o g e n e o u s i n t e g r a l F r e d h o l m e q u a -
tion of the s e c o n d k i n d [6]. In a s e m i c o n f o c a l c a v i t y , w h e r e the r a d i u s of c u r -
v a t u r e R of the e x t e r n a l m i r r o r is 2{v ^-v in the p l a n e <p = c o n s t a n t , the s o l u -
t i o n can be e x p r e s s e d v i a s t a n d a r d s p h e r o i d a l w a v e f u n c t i o n s [6]. 

We use the g a u s s i a n - b e a m a p p r o x i m a t i o n w i t h the c o n c e p t of w a v e b e a m h a l f -
w i d t h 
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W(r)=W0 1 
2 (г—гг) 

kWl 

21 1/2 

and t h e r a d i u s of c u r v a t u r e of t h e w a v e f r o n t 

p(r) = (r —ra)|l 
kW 

2 (r-ro) 

(see [7] ) to o b t a i n an e x p r e s s i o n for t h e c o m p o n e n t s of t h e e l e c t r o m a g n e t i c f i e l d 
of t h e w a v e b e a m in t h e v o l u m e of t h e c a v i t y r ^ <_ r <_ r in t h e f o l l o w i n g f o r m b y 
s o l v i n g t h e c o r r e s p o n d i n g i n t e g r a l e q u a t i o n : 

ф 
/ 

, (cp, r, z) — const Wo 

X e'm(P e X p — / 

ff{mHkr) 

H%(kr2) 

k2> 1 

2p(z) 

н ч / 
arctg 

ri — н 

2 ( r - r 3 ) ] 

Z X 

( 1 ) 

w h e r e W Q is t h e m i n i m a l h a l f - w i d t h of t h e b e a m f o r r = r 

t i o n of t h e f i r s t k i n d , He, -{у 

is a H a n k e l func^ 2> Hm [kr) 

z | a r e H e r m i t i a n p o l y n o m i a l s , к = w / c , a n d m 
l"l — r2 

a n d n a r e a z i m u t h a l and l o n g i t u d i n a l i n d i c e s t h a t d e f i n e t h e n u m b e r s of h a l f - w a v e ? 
a l o n g t h e tp a n d z c o o r d i n a t e s , r e s p e c t i v e l y . E x p r e s s i o n (1) h a s b e e n w r i t t e n f o r I 
a w a v e c o n v e r g i n g t o t h e a x i s (a d i v e r g e n t w a v e is d e s c r i b e d b y H a n k e l f u n c t i o n s ; 
of t h e s e c o n d k i n d Я„ (kr)). T h e a z i m u t h a l f i e l d v a r i a t i o n is d e s c r i b e d b y t h e f a c t o r 
e:m(f, w h i l e t h e s e c o n d e x p o n e n t i a l f a c t o r g i v e s t h e f i e l d d i s t r i b u t i o n in t h e z d i -
r e c t i o n and t h e t h i r d d e f i n e s the r a d i a l p h a s e s h i f t . F i g u r e lc s h o w s f i e l d d i s -
t r i b u t i o n s in z at t h e s u r f a c e of t h e m i r r o r d e r i v e d f r o m (1) f o r the f i r s t t h r e e 
m o d e s m = 0 and n = 0 , 1 , 2 . 

T h e i n c i d e n t w a v e h a s a q u a s i c y l i n d r i c a l f r o n t d i r e c t l y a t t h e s u r f a c e of 
t h e d i f f r a c t i o n s t r u c t u r e , and t h e e x p r e s s i o n f o r t h e f i e l d in t h e f u n d a m e n t a l 
m o d e (m = n = 0 ) is t h e n p u t as 

E , = const 

H (D = const 

/4" ^г) 

Я'о14krt) 
exp 

H\l' (kr) 
exp 

(2) 

In d e s c r i b i n g t h e e x c i t a t i o n of an a n n u l a r d i f f r a c t i o n s t r u c t u r e b y r a d i a l m o d e s i 
in s u c h a c a v i t y w e h a v e t o d e t e r m i n e t h e f i e l d s c a t t e r e d b y t h e g r a t i n g , w h i c h | 
s a t i s f i e s t h e f o l l o w i n g : 1) a h o m o g e n e o u s H e l m o l t z e q u a t i o n in t h e r e l e v a n t re-| 
g i o n of s p a c e , a p a r t f r o m t h e b o u n d a r y s u r f a c e s , 2 ) t h e b o u n d a r y c o n d i t i o n s at j 
t h e s u r f a c e of t h e i d e a l l y c o n d u c t i n g c o m p o n e n t s , a n d 3 ) t h e c o n d i t i o n f o r f i n i t e 
e n e r g y in a b o u n d e d r e g i o n o f s p a c e . It is f o u n d [8] t h a t t h e d i f f r a c t i o n o f a j 
w a v e b e a m at a p e r i o d i c s t r u c t u r e m a y b e r e f e r r e d t o t h e s c a t t e r i n g of w a v e s a t j 
t h e g r a t i n g t h a t a r e s p e c t r a l c o m p o n e n t s of t h e b e a m . W e u s e d t h e m e t h o d of j 
p a r t i a l r e g i o n s [9, Ю] t o d e t e r m i n e t h e s c a t t e r e d f i e l d a n d c o n s i d e r an ideally) 
c o n d u c t i n g a n n u l a r d i f f r a c t i o n s t r u c t u r e w i t h p a r a m e t e r s I ( p e r i o d ) , d ( w i d t h ) ; 
a n d b ( d e p t h of g r o o v e s ) (as in P i g . l b ) . 

W e r e p r e s e n t t h e f i e l d of t h e w a v e b e a m in r e g i o n I a s a s u p e r p o s i t i o n of [ 
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F i g . 2. S t a n d i n g s u r f a c e w a v e (a) and d i s p e r s i o n 
c h a r a c t e r i s t i c of' the s t r u c t u r e (b) w i t h p a r a m e t e r s 
1 = 2 m m , b = 1.2 m m , and d = 1.5 m m ; the d a s h e d 
line is the t h e o r e t i c a l curve for a p l a n a r g r a t i n g . 

c y l i n d r i c a l w a v e s i n c i d e n t on the r e f l e c t i n g d i f f r a c t i o n g r a t i n g . W h e n the f u n c -
t i o n s of (2) a r e r e s o l v e d into an a n g u l a r s p e c t r u m in t e r m s of c y l i n d r i c a l w a v e s , 
the F o u r i e r t r a n s f o r m a t i o n for # ф t a k e s the f o r m 

#<p = j'/o (h)H\l)(yr)e-i^dh, (3) 

fo(h) 
2 л 

M ' V ) 
1 

V t 

H[l)(kr) 
const — т : e 

+ jhz 

m 

w h e r e f0(h) is the a m p l i t u d e f u n c t i o n for the i n c i d e n t w a v e , h is the p r o p a g a t i o n 
c o n s t a n t a l o n g t h e z a x i s , and y is the r a d i a l w a v e n u m b e r , w h i c h is d e f i n e d by 

±Yk* — h2 , h2 < k2\ 

- j ]/k2 — h\ h?> k\ 

The a z i m u t h a l i n h o m o g e n e i t y in the d i f f r a c t i o n s t r u c t u r e and i n c i d e n t w a v e 
m e a n that the m a g n e t i c - f i e l d v e c t o r in the r e f l e c t e d w a v e also h a s only а Яф 

C o m p o n e n t . The d i f f r a c t i o n is p r o d u c e d by a p e r i o d i c s t r u c t u r e , so the s c a t t e r e d 
field s h o u l d be d e f i n e d as a F o u r i e r s e r i e s [8]: 

Hi ' Y j * (h) Н[2) (Y r) S ' V i 
V = 1 

/v (A) Ki (| <7v | r) cos z, (5) 

/ ( 2ftv \^ 
w h e r e <7v = у № — (— h\ ,fo{h),fv{h) are c o e f f i c i e n t s in the e x p a n s i o n t h a t d e f i n e 

r e s p e c t i v e l y t h e a m p l i t u d e of t h e r e f l e c t e d w a v e and the a m p l i t u d e s of the s p a t i a l 
h a r m o n i c s , w h i l e K\(\qv\r) are M a c D o n a l d f u n c t i o n s . A l l h a r m o n i c s w i t h n u m b e r s уфО 
are s l o w s u r f a c e w a v e s t h a t die away as we r e c e d e from the s u r f a c e of the s t r u c -
t u r e . The e l e c t r i c field c o m p o n e n t s are d e r i v e d from M a x w e l l ' s e q u a t i o n s . 

The c o m p l e t e field a b o v e the d i f f r a c t i o n s t r u c t u r e (region I) is the sum of 
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40 2,i mm 

222Z 

,2 
P i g . 3- The z d e p e n d e n c e of E (a) and g a u s s i a n 
b e a m in the p l a n e ф = c o n s t a n t (b): r = 53 ( 1 ) 3 

65 ( 2 ) , 83 (3) and 95 (4) m m . 

the i n c i d e n t w a v e , the r e f l e c t e d w a v e , and a set of s p a t i a l h a r m o n i c s : 

^ = i (A) H\[) ( y r ) - H ] / r ~ lo (h) H f> (у r) + H a 

Т Ш ^ г Ш г ) cos-^-a 

v = l 

(6) 

E[ = /0 (A) (Yr) + /о (Л) Я[,2) (Y r) + J] /v (h) K0 (| qv \ r) cos ^f-z; 

V=1 

(7) 

V = 1 

(8) 

The field in r e g i o n II (in the r i n g g r o o v e s in t h e d i f f r a c t i o n g r a t i n g ) i 
d e f i n e d as 

Elz = fo (h) U (y, r,r8); 

= f0l(h)V(y,r,rz), (9) 

w h e r e 

i/(y, r, r2) ;= 

Л >a) = 

^ m YO ^"(YO 

tfi'V) 
' (Yra) ,/(2) 

42)(V2) 
ЯГ'(У) (10) 
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The El1 c o m p o n e n t at the b o u n d a r y of r e g i o n s I and II at r = r^ is /"(h)U(y, r3,r2) 

at the r i n g g r o o v e s and is zero e l s e w h e r e on the s u r f a c e . As E* is p e r i o d i c on 

t h e z a x i s , we can e x p a n d t h i s c o m p o n e n t as a F o u r i e r series w i t h p e r i o d I: 

Elz ~ —~fo (h)U (у, г з ) f 1 2 ™(nld>l) - c o s - ^ z j , ( 1 1 ) 
l I ^ - J ( я м djl) I j 

v=i 

The c o m p o n e n t Яф|г=гз is a f u n c t i o n of z . To link up the s o l u t i o n s at the b o u n d a r y 
we a v e r a g e Яф\r.=ri over the w i d t h of a slot: 

tf Ф U , - ) У -J- / о (h) H? (yr3) + /|/ / о " (h) Hf> (y r3) -

\ fi я (nvd/l) 
v = - l 

L i n k a g e of the field at the b o u n d a r y b e t w e e n r e g i o n s I and II g i v e s us the f o l -
l o w i n g r e l a t i o n b e t w e e n the a m p l i t u d e of t h e i n i t i a l - h a r m o n i c field (\qv |/y) /v (h) and 
the a m p l i t u d e of t h e i h c i d e n t - w a v e field f0(h) 

(l«?vl /V) fv№-7^0(1^1^3) 

fo(h)H^(yr3) 

j 2Hf (угй) ^ у Kx(\qv\ r3) sin(nMd/i) л 

X I H ? (У^ ^ l 9 v l гз) dH\ 1 

_L яо2> (уГз) У (v. ч. г3) _ J - 1 

Г d Я?' iyr3) rit г s) j 

Hf(yr3)H^{yr3) sin (ям d/t) 

(Kxd/l) 
X 

The e x p r e s s i o n (13) t a k e s the f o l l o w i n g form for large v a l u e s of the a r g u m e n t s , 
w h e r e a s y m p t o t i c e x p a n s i o n s a p p l y for the c y l i n d r i c a l f u n c t i o n s : 

<?vl 
M A> e" 

foih) 

I sin (яу d/l) 1 

(ям djl) 

—— ctg (Jib) — 2 ^ 

v = l 
<7VI 

Ш ) 

sin (ям djl) 

(я vd/l) 

E q u a t i o n (14) shows that t h e r e l a t i o n b e t w e e n the a m p l i t u d e s of the s p a t i a l h a r -
m o n i c s and t h a t of the i n c i d e n t w a v e has the d e p e n d e n c e on the found for p l a n a r 
g r a t i n g s ; the f a l l in the a m p l i t u d e s of the s p a t i a l h a r m o n i c s for large (|<7v(r) on 
r e c e d i n g from the g r a t i n g is d e f i n e d by 

(1 7y 1 r) 

Ко (11V I r2) 2r2 /' 
(15) 
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w h e r e I —г—r2 (15) shows t h a t the fall in the a m p l i t u d e s of the s p a t i a l h a r m o n i c s 

for large v ^ away f r o m the s u r f a c e of the s t r u c t u r e is e x p o n e n t i a l , as for a p l a -

nar g r a t i n g . For r ^ s m a l l , the s p a t i a l h a r m o n i c s lie c l o s e r to the s u r f a c e of 

the s t r u c t u r e . 

2. M E A S U R E M E N T OF THE FIELDS IN A COAXIAL SYSTEM WITH A D I F F R A C T I O N G R A T I N G 

The open c a v i t i e s had s m o o t h f o c u s s i n g e x t e r n a l m i r r o r s and i n t e r n a l s t r u c -
t u r e s of c y l i n d r i c a l and c o n i c a l s h a p e s . The o u t e r m i r r o r had a d i a m e t e r of 200 
m m and a r a d i u s of c u r v a t u r e of 240 m m , and the w i d t h of the b a r r e l s e c t i o n was 
60 m m . The i n t e r n a l m i r r o r s w e r e as f o l l o w s : 

a) a c y l i n d r i c a l s t r u c t u r e w i t h r i n g d i f f r a c t i o n s t r u c t u r e of d i a m e t e r 100 
m m , r e p e t i t i o n p e r i o d of g r a t i n g 2 m m , and w i d t h of g r o o v e s 1 mm and d e p t h 2 m m ; 

b ) a c o n i c a l m i r r o r w i t h a r i n g g r o o v e h a v i n g a cone a n g l e of 5° and the 
same g r o o v e p a r a m e t e r s ; and 

c ) a c y l i n d r i c a l g r a t i n g of the same o u t s i d e d i a m e t e r h a v i n g a r i n g g r a t i n g 
of p e r i o d 2 m m w i t h g r o o v e s of w i d t h 1.5 mm and d e p t h 1.2 m m . 

The e x p e r i m e n t s w e r e p e r f o r m e d w i t h an u p g r a d e d form of an e l e c t r o d y n a m i c 
s y s t e m e m p l o y i n g a u n i v e r s a l m i c r o s c o p e t y p e U I M - 2 1 as d e s c r i b e d . i n [11]. The 
cavity w a s e x c i t e d w i t h a r a d i a l line s u p p l i e d w i t h U H F e n e r g y via a c o a x i a l 
w a v e g u i d e w o r k i n g w i t h ТЕМ w a v e s at w a v e l e n g t h s X of 7 . 5 - 1 2 m m . The d i s t a n c e s 
b e t w e e n the p l a n e s in the r a d i a l line w e r e less t h a n A / 2 . In t h a t c a s e , t h e o p e n 
c a v i t y is e x c i t e d on a x i a l l y s y m m e t r i c a l r a d i a l t y p e s of m o d e h a v i n g n o n z e r o Ez, 
Er, #<p field c o m p o n e n t s . The c o u p l i n g of the c a v i t y to the load w a s p r o v i d e d by 
a hole of d i a m e t e r 2 m m at the s u r f a c e of the i n t e r n a l d i f f r a c t i o n s t r u c t u r e . 

The a m p l i t u d e c h a r a c t e r i s t i c s of the o p e n c a v i t y f i e l d w e r e a s u r e d w i t h p r o b e 
b o d i e s , w h i c h w e r e g r a p h i t e s p h e r e s of d i a m e t e r 1 - 2 m m . A p r o b e b o d y s u s p e n d e d 
on a c a p r o n f i l a m e n t was m o v e d by a s p e c i a l d e v i c e (a c o o r d i n a t e s y s t e m ) in two 
m u t u a l l y p e r p e n d i c u l a r d i r e c t i o n s t h r o u g h o u t the v o l u m e of the open c a v i t y . The 
d i s p l a c e m e n t t r a n s d u c e r s w e r e l i n k e d to the sweep in the r e c o r d i n g i n s t r u m e n t . 
W h e n the p r o b e b o d y scanned one of the c o o r d i n a t e p l a n e s , the s c r e e n of the in-
d i c a t o r showed t h e f i e l d - d i s t r i b u t i o n p a t t e r n . j 

T h i s a p p a r a t u s not only p r o v i d e d q u a l i t a t i v e e x a m i n a t i o n of the field struc-j 
t u r e for v a r i o u s t y p e s of m o d e b u t a l s o q u a n t i t a t i v e field c h a r a c t e r i s t i c s , for ! 
e x a m p l e , t h e w i d t h s of the g a u s s i a n b e a m s , p o s i t i o n s of t h e c a u s t i c s u r f a c e s , etcj. 
Q u a n t i t a t i v e m e a s u r e m e n t s w e r e p r o v i d e d by a m e t e r i n s t r u m e n t , and the coordinatejs 
of the t r i a l b o d y w e r e read d i r e c t l y from the scale of the d i s p l a c e m e n t t r a n s d u c e r 

W h e n a w a v e falls on a p e r i o d i c s t r u c t u r e of o p e n t y p e , a s u r f a c e w a v e is ! 
e x c i t e d in t h e l a t t e r , w h i c h c a n i n t e r a c t s t r o n g l y w i t h the e l e c t r o n b e a m in 
b a c k w a r d - w a v e tube m o d e , and a d i f f r a c t i o n g e n e r a t o r can be u s e d as a f r e q u e n c y [ 
c o n v e r t e r [12]. T h i s g i v e s some i n t e r e s t to the s l o w - w a v e p r o p e r t i e s of t h e I 
d i f f r a c t i o n g r a t i n g s in open c a v i t i e s . W h e n a h o l e at the s u r f a c e of the g r a t i n g 
is u s e d for c o u p l i n g to the l o a d , one can r e a d i l y m e a s u r e the l e n g t h of t h e s u r - ; 
face w a v e p r o p a g a t i n g a l o n g the s t r u c t u r e . The d i f f r a c t i o n g r a t i n g had a f i n i t e ) 
l e n g t h , so the u n m a t c h e d e n d s r e f l e c t the s u r f a c e w a v e , a n d a s t a n d i n g w a v e is j 
set up a l o n g t h e s t r u c t u r e . U n d e r our c o n d i t i o n s , the d i s p e r s i o n c h a r a c t e r i s t i c ! 
of the s t r u c t u r e (the s l o w - w a v e c o e f f i c i e n t as a f u n c t i o n of the free-зрасф 

w a v e l e n g t h ) m a y be d e t e r m i n e d by a m o d i f i c a t i o n of the p e r t u r b a t i o n m e t h o d [10].; 
If a p e r t u r b i n g b o d y is m o v e d n e a r the s u r f a c e of the g r a t i n g , the p o s i t i o n s of j 
the m a x i m a and m i n i m a w i l l m o v e and w i l l p r o d u c e p e r i o d i c a l l y r e p e a t i n g c h a n g e s ; 
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р 
F i g . 4. D i s t r i b u t i o n of E a l o n g 
the z axis in a r a d i a l p l a n e for 
t h r e e m o d e s in a c a v i t y w i t h a c y -
l i n d r i c a l g r a t i n g : n = 0 ( a ) , 
1 (b), 2 (c). 

in the s t a n d i n g w a v e in the s l o w - w a v e s t r u c t u r e . W i t h the i n d i c a t o r i m m o b i l e , 
d i s p l a c e m e n t of the l o c a l i n h o m o g e n e i t y is a c c o m p a n i e d by c h a n g e in the r e a d i n g s 
on the i n d i c a t o r d e v i c e . 

The p e r t u r b i n g b o d y m a y b e an o r d i n a r y t r i a l b o d y a s u s e d to v i s u a l i z e the 
f i e l d s . The c o u p l i n g b e t w e e n the d i s p l a c e m e n t t r a n s d u c e r and the s w e e p in t h e 
r e c o r d i n g d e v i c e m a k e s it p o s s i b l e to o b s e r v e the s t a n d i n g s u r f a c e w a v e t h r o u g h -
out the l e n g t h of the s l o w - w a v e s y s t e m , a l o n g w h i c h the p e r t u r b i n g b o d y is d r a w n 
(Fig. 2 a ) . One m e a s u r e s t h e l e n g t h L of the s y s t e m (from the scale of the d i s -
p l a c e m e n t t r a n s d u c e r ) w i t h i n w h i c h t h e r e is an i n t e g e r n u m b e r of slow h a l f - w a v e s 
N in o r d e r to f i n d t h e w a v e l e n g t h X , of the slow w a v e for t h e g i v e n s o u r c e f r e -
q u e n c y from 

L = N N = 0, 1. 2, . .. , X . = — . 
2 ' ' ' si дг 

T h e s h a p e and m a t e r i a l of the p e r t u r b i n g b o d y are n o t d e c i s i v e to the m e a s u r e m e n t s.. 
T h i s m e t h o d g i v e s r e a s o n a b l y p r e c i s e d e t e r m i n a t i o n of the s l o w - w a v e f e a t u r e s of 
d i f f r a c t i o n s t r u c t u r e s by the u s e of s t a n d a r d a p p a r a t u s . 

F i g u r e 2b shows the d i s p e r s i o n c h a r a c t e r i s t i c of (3) for a s t r u c t u r e h a v i n g 
1 = 2 m m , d = 1.5 m m , and b = 1.2 m m ; we also show the t h e o r e t i c a l c u r v e for a 
p l a n a r g r a t i n g w i t h the same g r o o v e p a r a m e t e r s . The c y l i n d r i c a l s t r u c t u r e h a s a 
large r a d i u s of c u r v a t u r e (it m e e t s the c o n d i t i o n s for a s y m p t o t i c r e p r e s e n t a t i o n 
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of the c y l i n d r i c a l f u n c t i o n s ) , so t h e s t r u c t u r e is e s s e n t i a l l y e q u i v a l e n t to a 
p l a n a r g r a t i n g . The figure shows good a g r e e m e n t b e t w e e n the o b s e r v e d and t h e o r e t -
i c a l c u r v e s . 

F i g u r e 3a shows the field d i s t r i b u t i o n for the f u n d a m e n t a l m o d e a l o n g t h e z a x i s 
2 

for v a r i o u s d i s t a n c e s f r o m the i n t e r n a l s t r u c t u r e . A l l the curves for E h a v e 
b e e n n o r m a l i z e d to E 0

2, w h i c h c o r r e s p o n d s to the m a x i m u m field s t r e n g t h at the 
center of the c a v i t y , w h e n the t r i a l b o d y is at a d i s t a n c e of Л/4 from the sur-
face of the g r a t i n g . T h e c u r v e s i l l u s t r a t e the e x p a n s i o n of the g a u s s i a n b e a m 
a w a y from the i n t e r n a l m i r r o r . C u r v e 4 h a s a c e n t r a l d i p , w h i c h o c c u r s b e c a u s e 
the p a t h f o l l o w e d by t h e t r i a l b o d y (straight l i n e ) d e v i a t e s from t h e line of 
e q u a l p h a s e , w h i c h a p p r o a c h e s the r a d i u s of c u r v a t u r e of the e x t e r n a l m i r r o r . 
This form of the c u r v e is d u e to the d i f f e r e n c e in the r e s p o n s e of the r e c o r d i n g 
d e v i c e to p e r t u r b a t i o n s i n t r o d u c e d by the t r i a l b o d y p a s s i n g n e a r m i n i m a and m a x -
ima in the s t a n d i n g - w a v e f i e l d . 

The w i d t h of the b e a m is d e f i n e d as the b o u n d a r y at w h i c h the field is r e -
d u c e d by a factor e , and t h i s c a n be d e t e r m i n e d from c u r v e s 1-4 to d e f i n e the 
p o s i t i o n s of the c a u s t i c s for t h e o p e n c a v i t y . We get the t y p i c a l g a u s s i a n beam 
shown in F i g . 3b for the a z i m u t h a l l y h o m o g e n e o u s field in the p l a n e <p = c o n s t a n t ; I 
the r e s u l t s a g r e e f u l l y w i t h the t h e o r e t i c a l c o n c e p t s used in d e s c r i b i n g the r a -
d i a l - m o d e fields in t h e c o a x i a l c a v i t y . 

It p r o v e d p o s s i b l e to i d e n t i f y the t h r e e l o w e s t t y p e s of m o d e in t h e s e со- I 
a x i a l c y l i n d r i c a l s y s t e m s , w h i c h h a v e v a r i o u s n u m b e r s of h a l f - w a v e s a l o n g t h e z 
axis (n = 0 , 1 , 2 ) . F i g u r e 4 shows c u r v e s for the field d i s t r i b u t i o n in z in 
c a v i t i e s of c y l i n d r i c a l s t r u c t u r e . S i m i l a r p a t t e r n s w e r e o b t a i n e d for the c a v i -
t i e s w i t h c o n i c a l g r a t i n g s , the d i f f e r e n c e from t h o s e shown in F i g . 4 w a s h e r e 
the p r o n o u n c e d a s y m m e t r y , w h i c h was due to the c o n i c a l f o r m of the i n t e r n a l m i r r o r 

L o n g i t u d i n a l d i s p l a c e m e n t of the e x t e r n a l m i r r o r r e l a t i v e to the i n t e r n a l 
c o n i c a l g r a t i n g a l t e r e d the r e s o n a n t f r e q u e n c y ; at a f r e q u e n c y of a b o u t 26 G H z , 
d i s p l a c e m e n t of the m i r r o r by 10 mm a l t e r s the f r e q u e n c y of t h e o p e n c a v i t y by 
180 M H z . I 
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