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A t h e o r e t i c a l d i s c u s s i o n is p r e s e n t e d of the p a r a m e t r i c e x c i t a t i o n 
of spin w a v e s in f e r r i t e s i n g l e c r y s t a l s w i t h h i g h c r y s t a l l o g r a p h i c 
a n i s o t r o p y ; it is shown t h a t t h e r e are r e g i o n s of sharp change in the 
s p e c t r u m and in the t h r e s h o l d f i e l d s that are r e l a t e d to the e f f e c t s 
of the e l l i p t i c i t y and the o v e r l a p b e t w e e n the c h a r a c t e r i s t i c r e g i o n s 
in the a n i s o t r o p i c s p e c t r u m for the t h e r m a l spin w a v e s ; the p h e n o m e n a 
are a n a l y z e d for N i f e r r i t e . 

The c r y s t a l l o g r a p h i c - a n i s o t r o p y e n e r g y h a s a c o n s i d e r a b l e e f f e c t on the 
c o n d i t i o n s for p a r a m e t r i c e x c i t a t i o n of f i r s t - o r d e r spin w a v e s (ш .̂ = w / 2 , w h e r e 

is the spin p r e c e s s i o n f r e q u e n c y and to is the f r e q u e n c y of the p u m p i n g f i e l d ) 

[1-6] . 
It has b e e n s h o w n [ 4 - 8 ] t h a t the t h r e s h o l d f i e l d and s p e c t r u m of the p a r a -

m e t r i c spin w a v e s b e c o m e a n i s o t r o p i c for m a t e r i a l of low a n i s o t r o p y (|K^|/M < M , 

w h e r e K ^ is the first a n i s o t r o p y c o n s t a n t and M is the m a g n e t i c m o m e n t ) , n o t on-

ly as r e g a r d s the m a g n e t i z a t i o n d i r e c t i o n b u t a l s o as r e g a r d s p o l a r i z a t i o n and 

o r i e n t a t i o n of the U H F p u m p i n g field h . 

F o r e x a m p l e , the <111> axis d i f f e r s from the <001> axis in that t h e r e is 
a n i s o t r o p y in the t h r e s h o l d f i e l d s and in the s p e c t r u m w h e n h is p e r p e n d i c u l a r 
to the (110) p l a n e . 

U n d e r c e r t a i n e x c i t a t i o n c o n d i t i o n s , o n l y the p a r a l l e l c o m p o n e n t of the U H F 

f i e l d d e t e r m i n e s the t h r e s h o l d f i e l d and the s p e c t r u m of the p a r a m e t r i c spin 

w a v e s ( d i r e c t i o n of the m a g n e t i z a t i o n , m a g n i t u d e of the s t e a d y f i e l d Hq, o r i e n -

t a t i o n of h r e l a t i v e to H n , and c l o s e n e s s of w to the f e r r o m a g n e t i c - r e s o n a n c e 

f r e q u e n c y ) . 

If the c r y s t a l l o g r a p h i c a n i s o t r o p y is r e l a t i v e l y h i g h n e w f e a -

t u r e s a p p e a r in the s p e c t r u m and in the t h r e s h o l d f i e l d s , w h i c h are c o n s i d e r e d 

h e r e . 

1. S P I N - W A V E S P E C T R U M 

The a n i s o t r o p y e n e r g y a f f e c t s the s p e c t r u m for t h e r m a l spin w a v e s by r e -
m o v i n g the d e g e n e r a c y in a n g l e cpk for a s a t u r a t e d f e r r i t e s i n g l e c r y s t a l or cu-
bic c r y s t a l h a v i n g low c r y s t a l l o g r a p h i c a n i s o t r o p y : 
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К, c m 
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Ук2, Ое 
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F i g . 1, 
= 1 7 5 0 

• ю " 5 

|к1|/М 

for фк= 

S p i n - w a v e s p e c t r a for s p h e r e s : Y F G (4ттМ = 
G , |К |/М = 43 O e , H n = 1000 O e , D = 5 • 

0 

Oe• cm , < 1 1 0 > ) , b ) N i f e r r i t e (4ттМ = 3270 G , 
= 260 O e , H q = 1500 O e , < 1 1 0 > ) ; s o l i d l i n e s 

o°. a n d 180°, b r o k e n for <pK=±90° 

®fe = (At - 1 Bk 1
2)'/2 = [(Ytfx i сом sin2 9fe) уH, 

• N ^ (N^ -f coM siti
2 0*cos 2cpfe)]

1/2, (1) 

w h e r e 

YH1 = (o„ — ®MN2 + coe-£2 + Л^; Ak = yH1 sin20fr; 

V - = •sin20 

Ni* 

+ Ni*\ N ; = — <йа̂2 — lOsln29 + — sin48j; 

coa sin
2 0 (2 — 3 sin2 0); (aM = 4лМу; 

% = Y^ ; ®Я = уН0г-, со = у DM; cod = у ex 

i { Ki V
 1 

l*il . 
м ' 

H 0 Z = H 0 — — — sin2 6(3 sin2 0 - 2 ) ; 
0 г 0 2 \ 2 M ) H0 

w h e r e Y is t h e g y r o m a g n e t i c r a t i o , k, Qh, фь are the w a v e n u m b e r , p o l a r a n g l e , a n d ! 
a z i m u t h a l a n g l e for t h e p r o p a g a t i o n v e c t o r k, H Q l i e s in t h e (110) p l a n e , 0 is ' 

t h e a n g l e b e t w e e n H0 and M, a n d D is t h e e x c h a n g e - i n t e r a c t i o n c o n s t a n t . 

It f o l l o w s f r o m (1) t h a t t h e r e is b r o a d e n i n g in t h e l i n e s of t h e соя(к) spec-j 
t r u m w i t h 0ft=5^O°, i . e . , i n s t e a d of t h e сой(к), l i n e c o r r e s p o n d i n g to s o m e v a l u e of j 

in t h e i s o t r o p i c c a s e one g e t s a b a n d o f v a l u e s m(k, cpfc) f o r a g i v e n in t h e ' 

a n i s o t r o p i c s p e c i m e n ( F i g . 1 ) . 

N u m e r i c a l m i n i m i z a t i o n of t h e t h r e s h o l d f i e l d for t h i s c a s e s h o w s t h a t spin) 
w a v e s are e x c i t e d w i t h w a v e n u m b e r s r e s p e c t i v e l y k ц and l o n g i t u d i n a l (hi|H0) 
a n d t r a n s v e r s e (h±H0) f o r m s o f p u m p i n g (h l i e s in t h e p l a n e (ПО), Я0||<110>)^ as J 

38 



\Kii/M=o 

(see P i g . 1) 

P i g . 2 . d e p e n d e n c e of t h e 

s p i n - w a v e e l l i p t i c i t y e ^ for 

v a r i o u s ФА ( s p h e r e of N i f e r -
r i t e < 1 1 0 > a x i s ) . T h e n u m b e r s 
o n t h e l i n e s a r e t h e v a l u e s of 
Фк in d e g r e e s . 

k и < k±. (2) 

I f t h e p u m p i n g f i e l d is o r i e n t e d a t 
an a r b i t r a r y a n g l e t|> is t h e a n g l e b e -
t w e e n h a n d H0, w i t h h s t i l l l y i n g i n t h e 
( 1 1 0 ) p l a n e ) , t h e n w e g e t s p i n w a v e s 
w i t h w a v e n u m b e r s k^: 

k\\ < 

In a f e r r i t e s i n g l e c r y s t a l o f h i g h 
a n i s o t r o p y ( K i l M ^ M ) t h i s b r o a d e n i n g o f 
t h e s p e c t r u m l i n e s for = c o n s t a n t for 

a g i v e n щ b e c o m e s s u f f i c i e n t f o r t h e 
r e g i o n s o f t h e s p e c t r u m w i t h = 9 0° 

a n d ЭЙ^45° to o v e r l a p , w h i c h is c h a r a c -
t e r i s t i c of s p i n w a v e s e x c i t e d r e s p e c -
t i v e l y b y l o n g i t u d i n a l and t r a n s v e r s e 
f o r m s o f p u m p i n g ( F i g . 1 ) . 

H e r e n u m e r i c a l m i n i m i z a t i o n o f t h e 
t h r e s h o l d s h o w s t h a t s p i n w a v e s w i t h 

h > k ± (3) 

a r e e x c i t e d , w h i c h c o n f l i c t s w i t h ( 2 ) . 

O n e t h e r e f o r e e x p e c t s t h a t p a r t i c u l a r f e a t u r e s w i l l a p p e a r in t h e s p e c t r u m 
a n d in t h e t h r e s h o l d f i e l d s of t h e p a r a m e t r i c s p i n w a v e s o n g o i n g f r o m l o n g i t u -
d i n a l p u m p i n g t o t r a n s v e r s e . 

2 . S P I N - W A V E E L L I P T I C I T Y 

A m a j o r c h a r a c t e r i s t i c in r e s e a r c h o n p a r a m e t r i c e x c i t a t i o n m e c h a n i s m s is 
t h e s p i n - w a v e e l l i p t i c i t y e ^ (the r a t i o o f t h e s e m i a x e s of t h e e l l i p s e for t h e 

p r e c e s s i o n of t h e t h e r m a l s p i n - w a v e m a g n e t i z a t i o n ) [7]: 

( Ak-\Bk\ y/2 _ ( 4 ) 

A s w e a r e d i s c u s s i n g t h e p a r a m e t r i c e x c i t a t i o n of f i r s t - o r d e r s p i n w a v e s , к 
can b e e l i m i n a t e d f r o m (4) o n t h e b a s i s of t h e c o n d i t i o n '0Й, ФА) =co/2; t h e r e -
s u l t i n g 8й(0Й, фД) r e l a t i o n is s h o w n in P i g . 2 . H e r e H Q d e f i n e s t h e v a l u e o f t h e 

w a v e n u m b e r к w h e n к > 0 o r t h e l i m i t s to t h e v a l u e s of 8^. a n d щ, w h e n к = 0 . 

F i g u r e 2 s h o w s ek(Qk) for K.^ = 0 ( i s o t r o p i c c a s e ) . It is c l e a r t h a t e ^ f o r 

K-ĵ  = 0 is d e t e r m i n e d o n l y b y t h e a c t i o n of t h e d i p o l e - d i p o l e f i e l d , a n d e ^ = 1 

for = 0° ( c i r c u l a r p r e c e s s i o n ) . 

In t h e a n i s o t r o p i c c a s e , e, b e c o m e s d e p e n d e n t on q>ft, and w e h a v e • (e
A)«pA-o°,ISO-•• = 1 
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P i g . 3 . The H Q d e p e n d e n c e of (solid l i n e s ) and 

D ^ (broken l i n e s ) are for v a r i o u s v a l u e s of ^ 

(sphere of N i f e r r i t e , < 1 1 0 > a x i s , p u m p i n g fre-
q u e n c y 9.4 G H z ) . 

for <p*=0°, and 1 8 0° w i t h (for the <110> a x i s ) , w h e r e sin2 d*k = 3 i M - j 4nM, 

T h i s f e a t u r e of eft(8fc, щ) for фл=0°, 180° and 8Л = 6* (for t h e < 1 1 0 > a x i s ) is due j 
to b a l a n c i n g of the e f f e c t s f r o m the d i p o l e - d i p o l e i n t e r a c t i o n and the c r y s t a l - j 
l o g r a p h i c a n i s o t r o p y on the spin p r e c e s s i o n , w h i c h b e c o m e s c i r c u l a r . 

H e r e the c i r c u l a r p r e c e s s i o n (e^ = 1) c o r r e s p o n d s to some a n g l e 0°, w h i c h j 

d i f f e r s s u b s t a n t i a l l y f r o m the case of an i s o t r o p i c s p e c i m e n , w h e r e e ^ = 1 cor- j 

r e s p o n d s to s p i n w a v e s w i t h 0 ^ = 0 . 

On the o t h e r h a n d , the c o n d i t i o n e, = 1 d e n o t e s the a b s e n c e of a t r a n s v e r s e ; 
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F i g . 4 F i g . 5 

F i g . 4. T h e H Q d e p e n d e n c e of for v a r i o u s ip (Ni f e r r i t e s p h e r e , 

<110> a x i s , 9.4 G H z ) . 

F i g . 5 . The H q d e p e n d e n c e of h
t h r / A H

k for v a r i o u s ф (Ni f e r r i t e s p h e r e , 

<110> a x i s , 9.4 G H z ) . 

c o m p o n e n t in t h e i n h e r e n t m a g n e t i c field of the spin w a v e in the i s o t r o p i c and 
a n i s o t r o p i c c a s e s . This m e a n s t h a t such a spin w a v e c a n n o t be e x c i t e d p a r a -
m e t r i c a l l y v i a the d o u b l e f r e q u e n c y - c o n v e r s i o n m e c h a n i s m of [9]. 

T h e r e f o r e , p a r t i c u l a r i n t e r e s t a t t a c h e s to the r e g i o n of H 0 and the e x c i t a -

t i o n c o n d i t i o n s t h a t p r o v i d e p a r a m e t r i c e x c i t a t i o n of spin w a v e s of e l l i p t i c i t y 

c l o s e to e k = 1 ( d i r e c t i o n and p o l a r i z a t i o n of the UHF p u m p i n g f i e l d ) , b e c a u s e 

h e r e one can e x p e c t to find s p e c i a l f e a t u r e s in the s p e c t r u m and t h r e s h o l d f i e l d s 
for the p a r a m e t r i c spin w a v e s . 

3. T H R E S H O L D - F I E L D C A L C U L A T I O N FOR A SPHERE OF Ni FERRITE 

We c o n s i d e r the c o n d i t i o n s for p a r a m e t r i c e x c i t a t i o n of f i r s t - o r d e r spin 
ves 

G ) 
w a v e s in a s p h e r i c a l single c r y s t a l of N i f e r r i t e (jK-J/M = 2б0 O e , 4ттМ = 3270 

A c o m p u t e r w a s u s e d in n u m e r i c a l m i n i m i z a t i o n of t h e e x p r e s s i o n s for the 
t h r e s h o l d f i e l d s f o r _ t h e case H0||<110>, w h e r e the l i n e a r l y p o l a r i z e d f i e l d h w a s 
o r i e n t e d in the (110) p l a n e at an a r b i t r a r y a n g l e ip to H0 [7] : 

ft where Г s i n + B o o s t J , . 
tnr 2 \W\ ЛУ-со2 т к T 

Bl I л ю 
\Bk I2 \ * 2 
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X = ©я — Г = соя T- 2юа. 

F i g u r e s 3 - 5 s h o w the r e s u l t s for a s p h e r e of N i f e r r i t e w h e n t h e p u m p i n g 
f i e l d f r e q u e n c y w a s 9.4 G H z (it is a s s u m e d t h a t A H ^ = c o n s t , w h e r e AH^. is t h e 

s p i n - w a v e d a m p i n g p a r a m e t e r ) ; t h e n u m b e r s on t h e l i n e s are t h e v a l u e s of ф in 
d e g r e e s . 

T h e p a r a m e t r i c s p i n - w a v e s p e c t r u m h a s the f o l l o w i n g c h a r a c t e r i s t i c f e a t u r e s , 

о 
T h e D k ( H n ) r e l a t i o n ( F i g . 3 ) for t h e v a r i o u s ф sho w s t h a t (3) a p p l i e s for 

2 
N i f e r r i t e ; in a d d i t i o n , t h e v a l u e of (Dk ) d e c r e a s e s on g o i n g f r o m ф = 9 0° to 

Ф 2 
ip = 0° (for H q = c o n s t a n t ) z e r o , a n d t h e n t h e r e is a j u m p to t h e v a l u e (Dk ) ^ _ 0 o 

(for the s a m e H q ) . 

2 

T h i s v a r i a t i o n in (Dk is c o m p l e t e l y e x p l a i n e d b y t h e a b o v e o v e r l a p b e -

t w e e n t h e r e g i o n s of t h e a n i s o t r o p i c s p e c t r u m for s p e c i m e n s w i t h h i g h a n i s o t r o p y . 

T h e r e is a s h a r p c h a n g e in a l l t h e p a r a m e t e r s 0a, щ, Dk2 o f t h e w a v e v e c t o r 
It(fe, 0ft, for t h e p a r a m e t r i c s p i n w a v e s a n d a l s o in the r e l a t i v e t h r e s h o l d f i e l d 
h t h r к f o r ^ = w h e n -̂о̂А-бОО Oe ( F i g s . 3 - 5 ) on a c c o u n t of t r a n s i t i o n f r o m 

p a r a m e t r i c e x c i t a t i o n w i t h p r e f e r e n t i a l a c t i o n of the l o n g i t u d i n a l c o m p o n e n t 

(for H q < 1 6 0 0 O e ) to t h e j o i n t a c t i o n of t h e l o n g i t u d i n a l and t r a n s v e r s e p u m p -

ing f i e l d s (for H q > 1 6 0 0 O e ) . T h i s p h e n o m e n o n is a l s o seen in f e r r i t e s p e c i m e n s 

w i t h low a n i s o t r o p y . [ 7 ] • 

F i g u r e s 3 - 5 s h o w t h a t t h e r e a r e a l s o s h a r p c h a n g e s in a n d ФА ( F i g s . 3 

and 4) a n d H Q = 2100 O e , w h i l e t h e r e a r e less s h a r p c h a n g e s in ( F i g . 5) 

for ф of 20°, 30°, 40°, and 60°. T h e p h y s i c a l r e a s o n for t h i s p h e n o m e n o n is r e -
l a t e d to the i m p o s s i b i l i t y of p a r a m e t r i c e x c i t a t i o n for s p i n w a v e s w i t h c i r c u l a r 
p o l a r i z a t i o n (e^ = 1 ) , w h i c h h a s b e e n d i s c u s s e d a b o v e . 

C a l c u l a t i o n s s h o w t h a t £ k = 1 f o r 0*^30°, ФА=0°, 180° for N i f e r r i t e for H Q = 

= 2100 Oe (under t h e a b o v e m a g n e t i z a t i o n c o n d i t i o n s ) ; m i n i m i z a t i o n r e s u l t s s h o w 
t h a t s p i n w a v e s are e x c i t e d n e a r H Q = 2100 Oe w h o s e e l l i p t i c i t y is c l o s e to 1 . 

The v a l u e s of 9 ^ and щ a l t e r r a p i d l y as H Q = 2 1 0 0 is a p p r o a c h e d (ФА—>-90°, 0ft —*-45°), 

s i n c e p a r a m e t r i c e x c i t a t i o n of s p i n w a v e s w i t h щ—0°, 180° a n d 0ft — 0* = 30° is i m p o s -
s i b l e , a s h a s b e e n s h o w n a b o v e . 
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