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T h e p a p e r p r e s e n t s an e x p e r i m e n t a l study of a g e n e r a t o r w i t h an o p t i c a l d e l a y 
line in the f e e d b a c k c i r c u i t . T h e a m p l i t u d e and f r e q u e n c y c h a r a c t e r i s t i c s of 
the g e n e r a t o r are s t u d i e d at v a r i o u s l e n g t h s of t h e o p t i c a l d e l a y l i n e . T h e 
p o s s i b i l i t y of u s i n g such a g e n e r a t o r for d i s t a n c e m e a s u r e m e n t is p o i n t e d out 

O c c a s i o n a l p a p e r s , e . g . , [ 1 ] , h a v e b e e n d e v o t e d to i n v e s t i g a t i o n of t h e g e n e r a t o r w i t h 
o p t i c a l d e l a y line in the f e e d b a c k c i r c u i t . H o w e v e r , such a g e n e r a t o r , a s c h e m a t i c d i a g r a m 
of w h i c h a p p e a r s in F i g . 1 , w o u l d be of g r e a t I n t e r e s t as a d e v i c e w h o s e f r e q u e n c y d e p e n d s 
on t h e o p t i c a l p a t h l e n g t h a n d the g r o u p v e l o c i t y of the l i g h t . T h e g e n e r a t o r can b e u s e d 
to m e a s u r e d i s t a n c e s a n d the v e l o c i t i e s of t r a n s p a r e n t m e d i a and for o t h e r p u r p o s e s . 

In t h e o r e t i c a l a n a l y s i s of the o p t i c a l d e l a y line g e n e r a t o r , it is n e c e s s a r y first of 
a l l to c o n s i d e r the f e a t u r e s of this t y p e of d e l a y as c o m p a r e d to the c o n v e n t i o n a l d e l a y 
l i n e s u s e d by o t h e r a u t h o r s [ 2 - 1 0 ] . F i r s t of a l l , t h e s i g n a l in the o p t i c a l d e l a y line is 
v e r y b r o a d - b a n d e d , s i n c e the m o d u l a t i o n f r e q u e n c y is 9 - 1 0 o r d e r s l o w e r t h a n t h e c a r r i e r . 
T h e r e f o r e the o p t i c a l d e l a y line can be r e g a r d e d as an i d e a l line w i t h f u l l y l i n e a r dis-
p e r s i o n . A s e c o n d p r o p e r t y of the o p t i c a l line c o n s i s t s in the fact t h a t the r a d i o - c i r c u i t 
e l e m e n t s c o n n e c t e d to it (light m o d u l a t o r a n d p h o t o d e t e c t o r ) are i d e a l u n i d i r e c t i o n a l ele-
m e n t s . In any r e a l s y s t e m , of c o u r s e , t h e r e i s , in a d d i t i o n to the o p t i c a l d e l a y т t , a. 

d e l a y w i t h d i s p e r s e p r o p e r t i e s in the r a d i o - c i r c u i t e l e m e n t s . H o w e v e r , t h e d i s p e r s i o n 

in t h e s y s t e m can be n e g l e c t e d If т ^ » It s h o u l d t h e r e f o r e b e q u i t e I n t e r e s t i n g 

to c o n s i d e r the t h e o r y of a g e n e r a t o r w i t h an i d e a l d e l a y line in its f e e d b a c k c i r c u i t 

1. E Q U A T I O N S FOR THE A M P L I T U D E S AND PHASES OF THE S T A T I O N A R Y REGIME 

W e s h a l l a s s u m e that the only n o n l i n e a r c i r c u i t e l e m e n t is t h e light m o d u l a t o r , w h o s e 
m o d u l a t i o n c h a r a c t e r i s t i c is d e s c r i b e d by the r e l a t i o n [ 1 1 ] 

= Ш-. (1) 

w h e r e I ( t ) is the i n t e n s i t y of the light at the m o d u l a t o r o u t p u t , I Q is the i n t e n s i t y of 

the i n c i d e n t l i g h t , U ( t ) is the v o l t a g e a p p l i e d to the m o d u l a t o r , a n d U , / 2 is the h a l f -
w a v e v o l t a g e . 

T h e n a t u r e of the n o n l i n e a r i t y can be c o n t r o l l e d by a p p l y i n g a c o n s t a n t b i a s f r o m an 
e x t e r n a l s o u r c e to the m o d u l a t o r . A n i n t e r e s t i n g f e a t u r e is the p o s s i b i l i t y of c h a n g i n g 
from i n - p h a s e o s c i l l a t i o n s (I(t) and U ( t ) ) on one s l o p e of t h e m o d u l a t i o n c h a r a c t e r i s t i c 
to a n t i p h a s e o s c i l l a t i o n s on the o t h e r s l o p e . T h u s , w e can shift the p h a s e of the s y s t e m 
by it w i t h o u t c h a n g i n g the o p t i c a l p a t h l e n g t h . 

T h e o p t i c a l d e l a y line b r i n g s a b o u t an i d e a l shift in t i m e t h a t is i n d e p e n d e n t of 
f r e q u e n c y : 

•t (<o) - L/c, ( 2 ) 

w h e r e L is the l e n g t h of the o p t i c a l line and с is the v e l o c i t y of l i g h t . As c o n c e r n s the 
a m p l i f i e r g a i n , it c a n , g e n e r a l l y s p e a k i n g , be m a d e d i f f e r e n t at d i f f e r e n t f r e q u e n c i e s . 
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T h e n o - d i s p e r s i o n h y p o t h e s i s e n a b l e s us to a s s u m e t h a t p e r i o d i c o s c i l l a t i o n s w i l l b e ; 
e x c i t e d i n t h e s y s t e m if the. g a i n is h i g h e n o u g h and can b e r e p r e s e n t e d b y a F o u r i e r s e r i e s 
w i t h i n d e p e n d e n t a m p l i t u d e s a n d p h a s e s : 

U (f) = U0 -f £ sin ak (Ш + <p4). (3) 

T h e p r e s e n c e of m u l t i p l e f r e q u e n c i e s in the s y s t e m w i l l c a u s e t h e o s c i l l a t i o n s to interact: 
s t r o n g l y w i t h one a n o t h e r . 

T h e f u n d a m e n t a l f r e q u e n c y ш of the o s c i l l a t i o n s a n d the a m p l i t u d e s a k a n d p h a s e s h i f t s 

фь in the s t a t i o n a r y r e g i m e can be f o u n d from the b a l a n c e c o n d i t i o n f o r t h e p h a s e s a n d am-j 
p l i t u d e s . S u b s t i t u t i n g (3) i n t o (1) and i n t r o d u c i n g the d i m e n s i o n l e s s a m p l i t u d e s Z k = nak/Ui/2, 
w e o b t a i n t h e f o l l o w i n g e x p r e s s i o n for the i n t e n s i t y of t h e l i g h t at the m o d u l a t o r output:: 

1 {t)"F ~ F {S/n' (Za)''' cos [a°+ (n1 + 2"2 + " • + 
n, n2 

•l) = "T + £ ' - « " ( ^ - ^ m ) -

(4) 

-г Яхфх -г "2Ф2 

As it p r o p a g a t e s t h r o u g h t h e o p t i c a l l i n e , the light s i g n a l a c q u i r e s a t i m e d e l a y т and is' 
t h e n c o n v e r t e d i n t h e p h o t o d e t e c t o r and a m p l i f i e d in the a m p l i f i e r by a f a c t o r T h e ; 

v o l t a g e u ' ( t - t) o b t a i n e d at the a m p l i f i e r o u t p u t t h e r e f o r e h a s t h e f o r m ' 

U'(i—z) = U0 £ f U / m sifl [гш (t - t) -f ( 5) ! 

In t h e g e n e r a t o r ' s s t a t i o n a r y r e g i m e , it is o b v i o u s t h a t t h e a m p l i f i e r o u t p u t voltagej 
(5) m u s t e q u a l the v o l t a g e (3) a c r o s s the light m o d u l a t o r . F r o m t h i s w e o b t a i n the ampli-! 
t u d e a n d p h a s e b a l a n c e e q u a t i o n s : > 

Z JS 'nt 
m r ' 10 

Ф m = ̂l'» 

w h e r e 

K m = 
U. 

(6) 

(7) 

(8) 
X/2 

is the g e n e r a l i z e d s y s t e m g a i n at the frequency.ты. T h e a m p l i t u d e (6) a n d p h a s e (7) b a l a n c e 
e q u a t i o n s c a n , i n p r i n c i p l e , be u s e d to d e t e r m i n e the a m p l i t u d e s a n d p h a s e s of a l l h a r m o n i c 
c o m p o n e n t s of the v o l t a g e on t h e m o d u l a t o r . In f a c t , t h i s can b e d o n e only w i t h c e r t a i n 1 
s i m p l i f y i n g a s s u m p t i o n s b e c a u s e of the c o m p l e x i t y of r e l a t i o n (4). 

W e c o n s i d e r b e l o w c e r t a i n e l e m e n t a r y c a s e s in w h i c h c o m p l e t e s o l u t i o n of t h e p r o b l e m : 
is p o s s i b l e . 

2. S I N G L E - F R E Q U E N C Y G E N E R A T O R j 

L e t us a s s u m e t h a t the g a i n Кщ e q u a l s z e r o (or is q u i t e s m a l l ) at a l l v a l u e s of m e x -

cept o n e (for e x a m p l e , m = 1 ) . . In this c a s e , e v e n t h o u g h the l i g h t at t h e m o d u l a t o r e x i t : 
c o n t a i n s h a r m o n i c s of t h e f r e q u e n c y ш, only | 
t w o of a l l of t h e a m p l i t u d e a n d p h a s e balancei 
e q u a t i o n s r e m a i n : I 

Z^ = /Сг I sin a 0 1 ( Z J , (9) 

F i g . 1 . S c h e m a t i c d i a g r a m of g e n - cot = 2rat for sina o>0 and ш = (2n -r 1) я for sinaf,<0. 

e r a t o r . 
W e see from r e l a t i o n s (10) t h a t g e n e r a t i o n 

o c c u r s at o n e of t h e f r e q u e n c i e s t h a t a r e m u l t i p l e s of 1/x in w o r k on t h e r i s i n g s l o p e of ! 
t h e m o d u l a t i o n c h a r a c t e r i s t i c . F r e q u e n c i e s 1/2т, 3/2т, e t c . c a n b e g e n e r a t e d in w o r k o n t h e | 
d e s c e n d i n g s l o p e . W h i c h of t h e s e f r e q u e n c i e s is e x c i t e d in t h e s y s t e m w i l l d e p e n d on t h e : 
f r e q u e n c y - r e s p o n s e c u r v e of the a m p l i f i e r . 
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F i g . 2 . A m p l i t u d e as a f u n c t i o n o f 
g a i n in t h e s i n g l e - f r e q u e n c y r e g i m e 
w i t h v a r i o u s b i a s e s : 

1) 
o\ 

2) 3) 

b\ ... 
4) 

6 12 

10 К 

z„z: 

F i g . 3- A m p l i t u d e s in t w o - f r e q u e n -
cy r e g i m e s as f u n c t i o n s of K: a ) 

i 
•
;
x/2, s o l i d c u r v e s ; y 0 = ~ j 

T h e s t a b l e 

In t h e c a s e o f s i n g l e - f r e q u e n c y g e n e r a -
t i o n , t h e a m p l i t u d e of t h e s t e a d y - s t a t e oscil-
l a t i o n is d e t e r m i n e d b y E q . (9)- S i n c e 
J(Z-^) = Z j / 2 at s m a l l Z-^, t h e c o n d i t i o n f o r 

s i n g l e - f r e q u e n c y g e n e r a t i o n h a s t h e f o r m 

/Cx|sina01 > 2 . (11) 

A t U Q = 0 o r U 0 = n n U ^ 2 , i . e . in o p e r a t i o n on 

t h e s q u a r e - l a w s e g m e n t of t h e m o d u l a t i o n c h a r -
a c t e r i s t i c , s i n g l e - f r e q u e n c y g e n e r a t i o n is 
t o t a l l y i m p o s s i b l e . O s c i l l a t i o n s a r e m o s t 

e a s i l y e x c i t e d at U 0 = —Цщ, i . e . , at t h e m i d -

d l e o f t h e l i n e a r s e g m e n t o f t h e c h a r a c t e r i s -

t i c . F i g u r e 2 p r e s e n t s c o m p u t e d r e s u l t s f o r 

t h e s t a t i o n a r y a m p l i t u d e a t v a r i o u s v a l u e s o f 

Uq a n d K-j^. T h e s t a b i l i t y c o n d i t i o n of t h e s e 

o s c i l l a t i o n s is t h e s a m e as ( 1 1 ) , i . e . , if a 
s i n g l e - f r e q u e n c y o s c i l l a t i o n is p o s s i b l e i n 
t h e s y s t e m , it is s t a b l e . 

3 . G E N E R A T I O N OF TWO M U L T I P L E F R E Q U E N C I E S 
to AND 2w 

L e t u s c o n s i d e r t h e c a s e in w h i c h t h e 
a m p l i f i e r g a i n h a s a f r e q u e n c y d e p e n d e n c e s u c h 
t h a t s i m u l t a n e o u s e x c i t a t i o n of o s c i l l a t i o n s 
at t h e f r e q u e n c i e s со a n d 2w is p o s s i b l e , a n d 
t h a t t h e g a i n s a r e t h e s a m e f o r b o t h f r e q u e n -
c i e s a n d e q u a l to K . 

T h e i n s t a n t a n e o u s I n t e n s i t y of t h e l i g h t 
at t h e m o d u l a t o r o u t p u t t h e n h a s t h e f o r m 

-j-oo 

«.=-» ( 1 2 ) 

Jn, (Z2) cos [a0 (rtj -!- 2n2) at + n2ф], 

Л2_,=—» 

w h e r e ф is t h e p h a s e d i f f e r e n c e at t = 0 b e -
t w e e n t h e o s c i l l a t i o n s at t h e f r e q u e n c i e s 2w 
a n d со. 

S i n c e t h e a m p l i f i e r p a s s e s o n l y t h e f r e -
q u e n c i e s lco a n d 2ш, o n l y t h o s e a m o n g a l l of 
t h e p o s s i b l e v a l u e s of n ^ a n d n 2 in ( 1 2 ) f o r 

w h i c h n\ + 2n2=±\ a n d nl+2n2 = ±2. a r e of i n t e r e s t . 
H o w e v e r , t h e r e a r e i n f i n i t e l y m a n y o f e v e n 
t h e s e v a l u e s of n-^ a n d n 2 . In c a l c u l a t i o n s , 

t h e n u m b e r c a n b e l i m i t e d f r o m p h y s i c a l c o n -
s i d e r a t i o n s . It is n a t u r a l to a s s u m e w h e n 
t h e g a i n is n o t t o o l a r g e t h a t t h e m a x i m u m 
a m p l i t u d e of t h e o s c i l l a t i o n s w i l l n o t e x c e e d 

^X/2' c a s e J a H Jk 
a r e s m a l l e r t h a n 

"A 

d a s h e d ; b ) U Q = 0 . 

b r a n c h e s of t h e c u r v e s a r e d o t t e d 
a n d t h e u n s t a b l e b r a n c h e s a r e m a r k e d 
w i t h c r o s s e s . 

t i o n s . W i t h t h i s c o n d i t i o n , t h e a m p l i t u d e 

я. W e k n o w f r o m t h e t h e o r y o f B e s s e l f u n c -
t i o n s t h a t t h e s e f u n c t i o n s a r e s m a l l w h e n 
t h e i r o r d e r e x c e e d s t h e i r a r g u m e n t s . In ( 1 2 ) , 
t h e r e f o r e , w e m a y o m i t a l l of t h e f u n c t i o n s 
f o r w h i c h n , > 5 o r n 2 > 5 . 

In t h i s c a s e , a f t e r t h e a p p r o p r i a t e b o o k -
k e e p i n g , w e f i n d ф=я/2 f r o m t h e p h a s e e q u a -

e q u a t i o n s a s s u m e t h e f o r m 
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Z , = K {[J, (Zj) J
0
 (Z2) + J

5
 (ZJ J

2
 (Z2) - J

6
 (Zx) л (Z2)] sin a

0
 + 

+ [A (Zj) Л (Z,) - (Zi) Л (Z2) - /6 <ZX) (Z2)] cosa0}, 

Z 2 = К {[J
e
 (Zx) Л (Za) -h Л (Z2) - J

t
 (ZO У3 (Z2)] sin a

0
 + 

+ [J2 (Zx) Jo (Z2) - Л (Zi) h (Z2)] COS a„}. 

(13) 

E q u a t i o n s y s t e m (13) is q u i t e c o m p l e x , a n d for t h i s r e a s o n it w a s s o l v e d w i t h a BESM-r 
6 c o m p u t e r . T h e c o m p u t a t i o n y i e l d e d Z-^ a n d Z 2 as f u n c t i o n s of К f o r e a c h Uq . U s u a l l y , 

s e v e r a l v a l u e s of Z ^ a n d Z 2 t h a t s a t i s f y E q s . (13) c o r r e s p o n d t o a g i v e n v a l u e of K . 

A l l o f the s o l u t i o n s o b t a i n e d can be c l a s s i f i e d i n t o the f o l l o w i n g f o u r t y p e s . 

Z 1 = 0 , Z 2 = 0— s y s t e m at e q u i l i b r i u m . 

Z ^ ? 0 , Z2 = 0— a n o s c i l l a t i o n at f r e q u e n c y ш a r i s e s i n t h e s y s t e m . T h i s s o l u t i o n 

c a n e x i s t o n l y w h e n cos a ^ = 0 . 

Z-^ = 0 , Z 2 0— a n o s c i l l a t i o n at f r e q u e n c y 2w o c c u r s i n t h e s y s t e m . 

Z-^ ¥ 0 , Z 2 7* 0— t h e o s c i l l a t i o n s are of b i h a r m o n i c n a t u r e . 

T h e r e s u l t s of a n a l y s i s of s p e c i f i c o p e r a t i n g m o d e s of t h i s g e n e r a t o r w i t h t h e o p e r -
a t i n g p o i n t at v a r i o u s p o s i t i o n s on t h e m o d u l a t i o n c h a r a c t e r i s t i c a p p e a r i n F i g . 3' 

In t h e c a s e U0 = — Ux/2, t h e s y s t e m is s e l f -

S o l u t i o n s b e l o n g i n g t o a l l f o u r e x c i t e d at К > 2 . 
t y p e s t h e n a p p e a r . 

F i g . 4 . B e h a v i o r of i n t e g r a l 
c u r v e s on t h e Z ^ , Z 2 - p l a n e . 

It is c o n v e n i e n t to u s e t h e Z-^, Z 2 ~ p l a n e f o r 

s t a b i l i t y a n a l y s i s of t h e v a r i o u s s o l u t i o n s for 
g i v e n К a n d U Q . T h e g e n e r a l p a t t e r n of t h e i n t e g r a l 

c u r v e s on t h i s p l a n e g i v e s a c l e a r p r e s e n t a t i o n of; 
the s t a b l e a n d u n s t a b l e o s c i l l a t i o n r e g i m e s . C o m -
p l e t e c o n s t r u c t i o n of t h e i n t e g r a l - c u r v e p a t t e r n on 
the Z ^ , Z 2 - p l a n e i s , of c o u r s e , e x t r e m e l y d i f f i c u l t , 

b u t to i n v e s t i g a t e s t a b i l i t y it is s u f f i c i e n t to 
c o n s i d e r a q u a l i t a t i v e p i c t u r e o f the i n t e g r a l - c u r y e 
b e h a v i o r . It can be c o n s t r u c t e d by the i s o c l i n e 
m e t h o d [ 1 2 ] . T w o of t h e s e i s o c l i n e s o n t h e Z Z 2 ~ 

p l a n e can b e i n d i c a t e d at o n c e . In f a c t , t h e f i r s t 
e q u a t i o n in (13) d e f i n e s t h e c u r v e of s t a t i o n a r y Z-^ on t h i s p l a n e . T h i s is the i s o c l i n e I 

of t h e v e r t i c a l t a n g e n t s to the i n t e g r a l c u r v e s . A c c o r d i n g l y , t h e s e c o n d e q u a t i o n of (13) 
d e f i n e s the i s o c l i n e of t h e h o r i z o n t a l t a n g e n t s on the Z-, a n d Z ? p l a n e . F i g u r e 4 s h o w s t h e 

1 
Z 1 5 Z 2 ~ p l a n e a n d b o t h i s o c l i n e s f o r the c a s e U = — Uui a n d К = 3 - 5 . In t h i s c a s e , oscilla^-

t i o n s w i t h t h e a m p l i t u d e s Z ^ = 2 , Z 2 = 0 , Z 1 = 0 , a n d Z 2 = 2 are s t a b l e . T h e e q u i l i b r i u m ; 

p o s i t i o n Z ^ = Z 2 = 0 a n d the b i h a r m o n i c r e g i m e a r e u n s t a b l e . T h e r e g i o n s of i n i t i a l c o n d i -

t i o n s f r o m w h i c h the o s c i l l a t i o n s e n t e r o n e of t h e s t a t i o n a r y r e g i m e s a r e a l s o e a s i l y s e e n 

on i n s p e c t i o n . 

In o p e r a t i o n at t h e m i d d l e of t h e l i n e a r m o d u l a t i o n - c h a r a c t e r i s t i c s e g m e n t , t h e r e f o r e , 
t h e g e n e r a t o r p r o d u c e s h a r m o n i c o s c i l l a t i o n s w i t h the f r e q u e n c y ш or 2u>, d e p e n d i n g on thei 
i n i t i a l e x c i t a t i o n c o n d i t i o n s , w h e n t h e s e l f - e x c i t a t i o n c o n d i t i o n s a r e e x c e e d e d . T h e na-
t u r e of t h e r e s u l t i n g s o l u t i o n s c h a n g e s on a c h a n g e i n t h e o p e r a t i n g - p o i n t p o s i t i o n on t h e 

m o d u l a t i o n c h a r a c t e r i s t i c . F o r e x a m p l e , w i t h (/0 = -y£4/2 a n d К = 5 w e h a v e a s t a b l e b i h a r -

m o n i c r e g i m e f o r w h i c h Z ^ > Z 2 . T h e o t h e r b i h a r m o n i c r e g i m e ( Z 2 > Z-^) is u n s t a b l e . 

W h e n U= —Uj.-2, t h e n a t u r e of t h e r e g i m e s in t h e s y s t e m c h a n g e s a g a i n : t w o b i h a r m o n i c ; 
6 

r e g i m e s a n d a s t a b l e e q u i l i b r i u m p o s i t i o n e x i s t at g a i n s 3 < К < 3-5- T h i s is t h e r a n g e ; 
of h a r d e x c i t a t i o n , i n w h i c h o s c i l l a t i o n s can a r i s e o n l y a f t e r a r a t h e r s t r o n g i n i t i a l 
j o l t . T h e e q u i l i b r i u m p o s i t i o n is h i g h l y s t a b l e i n o p e r a t i o n o n t h e s q u a r e - l a w s e g m e n t o(f 
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t h e m o d u l a t i o n c h a r a c t e r i s t i c ( U Q = 0 ) . A t К > 6 . 5 , h o w e v e r , h a r d e x c i t a t i o n of b i h a r m o n i c 

o s c i l l a t i o n s h a v i n g Z ^ > Z^ is p o s s i b l e . 

T h u s , t w o d i f f e r e n t t y p e s of o s c i l l a t i o n s c a n b e e x c i t e d in t h e s y s t e m , d e p e n d i n g on 
i n i t i a l c o n d i t i o n s , in o p e r a t i o n on t h e l i n e a r modulation - c h a r a c t e r i s t i c s e g m e n t . H o w e v e r , 
w i t h t h e a p p r o a c h t o t h e n o n l i n e a r r a n g e , e x c i t a t i o n of o n e o f t h e s e t y p e s b e c o m e s d i f f i -
c u l t a n d t h e n e v e n i m p o s s i b l e . 

4 . O T H E R T Y P E S OF T W O - F R E Q U E N C Y G E N E R A T I O N 

T h e i n v e s t i g a t i o n s of t h e p r e c e d i n g s e c t i o n s h o w e d t h a t t h e o s c i l l a t i o n s at f r e q u e n -

c i e s со a n d 2u) d o n o t i n t e r a c t at t h e c e n t e r of t h e l i n e a r m o d u l a t i o n - c h a r a c t e r i s t i c s e g -

m e n t (at U 0 = -i- U h ; j j . T h i s is b e c a u s e of t h e a b s e n c e of e v e n t e r m s o f t h e c h a r a c t e r i s t i c . 

S t r o n g c o u p l i n g b e t w e e n t h e o s c i l l a t i o n s at f r e q u e n c i e s u> a n d 3w is o b s e r v e d . W e t h e r e -

f o r e c o n s i d e r e d t h e p r o b l e m of c o m b i n e d g e n e r a t i o n of t h e s e f r e q u e n c i e s . It w a s s h o w n b y 

a n a l y s i s t h a t t w o s t a b l e o s c i l l a t i o n m o d e s a r e p o s s i b l e in t h i s c a s e . In t h e f i r s t c a s e , 

w i t h Z = 0 b u t Z ^ ¥• 0 , a n o s c i l l a t i o n a p p e a r s at f r e q u e n c y 3 w . T h e s e c o n d s t a b l e o s c i l -

l a t i o n is of b i h a r m o n i c n a t u r e , w i t h Z ^ > Z ^ . T h i s is in f a c t a n o s c i l l a t i o n at f r e q u e n c y 

ш w i t h a s m a l l t h i r d h a r m o n i c . 

W e a l s o s o l v e d t h e p r o b l e m o f g e n e r a t i o n w h e n t w o n o n m u l t i p l e f r e q u e n c i e s f a l l in t h e 
a m p l i f i c a t i o n b a n d . S u c h c o n d i t i o n s m a y a r i s e f r o m t h e u s e of a n a m p l i f i e r w i t h a b a n d 
f i l t e r w h o s e p a s s b a n d i n c l u d e s t w o f r e q u e n c i e s w i t h n e i g h b o r i n g v a l u e s of n , n e i t h e r of 
w h i c h e q u a l s u n i t y . 

In t h i s c a s e , t h e e q u a t i o n s d e t e r m i n i n g t h e s t a t i o n a r y a m p l i t u d e s of t h e o s c i l l a t i o n s 
t a k e t h e f o r m 

Zx — K\ sina01 J1 (Z}) J0(Z2), 

(14) 

Z., — К \ sin a01 ./0 (A) Jo te-

s t a b i l i t y a n a l y s i s o f t h e p o s s i b l e o s c i l l a t i o n s s h o w e d t h a t t h e b i h a r m o n i c r e g i m e w i t h 

n o n m u l t i p l e f r e q u e n c i e s is a l w a y s u n s t a b l e . O n l y h a r m o n i c o s c i l l a t i o n s w i t h f r e q u e n c y 

o r ш 2
 c a n b e e x c i t e d in t h i s s y s t e m . In t h i s c a s e t h e a m p l i t u d e c h a r a c t e r i s t i c s a r e t h e 

s a m e as t h o s e of t h e s i n g l e - f r e q u e n c y r e g i m e (see F i g . 2 ) . 
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