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SI 1 T V  A I C A I I 4 C ~ F Y , , l , P 4 ,~ “,.*~~~.. t

~~~Acoustic Emission (AE) was detected dur ing magnetization ot a nickel

and was also found to depend on app lied stress. Vary ing AE outputs were

observed ott several ferromagnetic r~it crLals under alternating magnetic field .

This  magnetom echan ica l  AE p henomenon has  a po t en t  ial of p e r f o r m i n g  n oi ide s t ru~~—

t ive measurements  of residual  ~ t r t ’sses in s t ruc tures, components  and wt- l d~i€~~t s ,

and we examined sys t ema t i ca l ly e f f e c t s  of app lied stress and magnetic  f i e l d

s t r e n g t h  in f e r r i t ic s teels .  Sever a l carbon steels, A533B steel and Armcc’

iron were t e s t ed  in annealed or  normalized condi t ion.  By emp loying two AE

t ran~~J t i c ~’r ;  (AC 175L and ~t ’s~~ 500) , m s  vo !~~ages were measured  at  two f r eq u ency

ran~ es. ~‘ ~x iaum ~ t r 1 ’~~’~ level wa l-, 350 ‘ t ’a. I t  was found t ha t  102 0 s t e e l  1;hows

the  h~ -~~a ~t i~- r e ap o n s e  among t h e  m a t e r i a l s  t e s te d .  Res idua l  st r e ~-s levels  can

1)0 d e e e r m i r ~~’~ by I:l :~ i t o r i r s g t he  t ~ut  S of two AE t r a n s d u c e r s  f o r  a g iven

a .t t e r  i i i  • I ; ld  Ct  io~~. The amount ot  pr ior  cold work  can al so  be ob t a  ir e d  b y

mIn I i L u r i ; i ~ t h i s  AE phenomenon . D et a i l s  of I~~~~n e r  i::~en t ; ~~1 f i n d in , -. s will be d i s—

C us •e t~ t l W, t  c d ,  the  goal of i1e~ .- lop ing a nt-v method of n o n ; I • ~~II~~ t iV C ’  t v i l  I i  - -i t ~ j I l l

of r & . i d i i ~ . tr e s s  and ts •t~ t r i j i  cond it ions.

J \\
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N . S 1IIBATA AND K. ON O

UN I V E R S I T Y  OF CALIFORNIA ) LOS ANGE LE S, CALIFORNIA 90024 , U SA

In t r oduc  t Ion

Significant effects of stros I , p la s t i c  d e f o r m a t i o n  and rn ic r o s t ru c tu r e s  on t h e
m-i ~~u et i C  p~~o peçt i e s  of f t - r r o m a g n e t t c  materials have been ~~ ll kno’~i and
documented .~ 

l ,2j In measur i ng the elas~~~ 
~ 

s t r a i n  an d res idua l st r€ ’ s ’ ; ,
m a gn e t o s t r i c t i o n  has been ut i lized widel y. ’ ‘ When the level of appl ied
f i e l d  is v a r i e d , t h e  s h i f t  in m a g n e t i c  dom ain  s t r u c t u r e s  p roduc es  u l t r a s o n i c
~~~~~~~~~~~~~~ , of ~iiich I n t e n s i t y  va r i e s  w i t h  s t ress  .~~~) Such u l t r a s o n i c  s~:i vc’ s a t  e
g e n e r a l l y  cal l ed acous t i c  emiss ion ( A E ) ,  and in the in s t a nc e s  a r i s i n g  f t --
n -a ~~n et o st  r i c t i o n , we w i l l  r e f e r  to them as “nvign~~t qm e c h a n i c a l  AF” . This  e f f e c t
Is  C- PI~ l1-tf l1ci i  ana logue  of “ Bark hausen  e f fo c t ” .k 7 )  The i n t en s i  ty  of  j t t ~1 I t  1
elec t rica ) pul sos due t~ ~ ona1n b o u n d a r y  movemen t  has been c o r r~~l -i t ’d t o
a~ pl k’d stress I evel •

(3 , ~~ In the  absence of ir i”netic ~i (’ld , A F dc-  t o
d o m a i n  w a l l  r ot  ion  s~-as also observed d u r i ng  t en s i l e  t e st  i °r.

S i n c e  t h e  r a g n e t om e ch ar t lc al AF i s  a p o t en t i a l  n ondes~ ruc t l v e  t e s t in g  nto~~1 1 f o r
r c s  i c l l ’ i J  s t r e ss  dvt c ’r o , i n a t ion  , we con d t i c  t ed  a sor ic - s i f  ex pt~r i n t ’n t s  det c ’ n-~ i n  i i ’~~
t h ’  leve l  of AF si gnal s as a fu n c t i o n  of t h e  co;~~~ si  t i o n  , a p p l ied  l. -i :i i et  ft
I i  c i d  and c~~t er n a l  st ross  as  w e l l  al  p l a s t i c  st r a i n  • R e s ul t s  a r e  r epo r t ed  N re
tI~~~Pth I’ r  w i t h  prel  i n  m ary  I nt e r p r e ta t i o n  of t h ~~l r pos sib l e  or i g i n s of  t i c ’
ohs ; v t d  b e h a v i o r .

Ex 
~~
.‘ r inten t i i  Proc  ~-d t I r es

A s r  it ’s of I r o t  and st IILS1 s w~t s used in t h i s  st u d y .  A ccol :’ler i - I i i  I y p u r e  I r o n
( I t n e t  I r o n )  and ~ T S I  1020 s teel  were f u l l y  annea led  a t  I I P -  4 K f o r  1 h r  • in  on
I n e r t  at  o~~1 1 n ’r & and f t t r i t - t c  e cooled . AIS 1 104 5 and 1065 st  ~~~ s n or ’  flO ni ~l I ;~ -d

l i t  i n ~ t 1 12 3  K f o r  30 r i o  and a ir—cooled  (al b e it  i n  an i ne r t  at n o~~ i c r - )
A low alloy steel , ASTN A 513 B , c lass  2 , was  t e s t e d  In t h e  a c — r ~- c e i
c c !  I t i o n  h iv  I i~’ t or t  pt r d  ha lotte plus ferrite m Ic  rost ruc t t i re

} O I~~~d t 10.11 1 1;1~~c t ’ O I ) S  of t h e  h-il  f — s i z e  ASIN s tan d a r d  g e t i r e t r y  (F .—8 ) i -

p - - - - I l l -I! . The ga ’  c - u  ( i o n  l’a a 6. inn dl ir e to r and 32 inn I eng t it a 0( 1 t N  • I • ‘ t a)
l.- -n ~ t ti ~ IS R4 r~’ . The th re ad ed gr I p sect Ions were 12.7 r a di or t or (1 ( I I I~ r

m.~ ’ n~- t  i t on and I ( 170 l ;t  eel ) . Fol laIwi II ~ h ea t  t r e a t  rr en t and tho r I0 )I t i  eon ng a
‘~ is m o u n t e d  lii t h r e a d ed g r l i’s wi th t e f l o n  t~ip t ’  l u b r i c a t i o t  .

cxp •r 1: -a-it t - il Se t — t i p  i s  shown In Fi g .  I .  Two t r a n s du c .r s  f o r  t~ de tec t  i o n  ‘, - o r ,
, l t t - R - I -d ~ t i -  f L i t  t - ; d s .  These were a r e s o nan t  t r d n s d uccr  w i t h  t h e  1) 11 1 :  )
c l - l i t e r  11 ‘ q o . f l C y  of  1 /5  k f l z  ( A C  1151 , A c o u s t I c  F~~i s s i nn  T e c hn o l o ~’v Corp .
( A l l ) ) , Sr- r en t - , .  t , CA) and a m i r I l i t u r e  senso r w i t h  t ill - n o m i n a l  r oso l l ei t
fr t- q ln - :lc y of ‘i f f i t  k N 7  (~~\ - -sP~~, AF1 C) . The f n n ~* r  was coupled via v i r C I I I ; s
r I - c i  n , w h i l e  t t- l a t t e r  ‘~an  g lue d to th e  sampl e us i ng cy a n oa c r y la t e  e s ter .  i l l .
t r i n d II  I r  ( t I l t  lit s ~ ~ re amp l  I f t i - d  60 d h us tog p r e a m p li f i e r s  ( 160 , ,~i Ti ) ~ l t TI

t I a n !p~~ n - ; f i t  f r  p l t t i ~— f i t i i  of J ? ’ i t i- 250 k }~ and 1 25  to  1 000 ~ 1!z , rtn r— ’ t - t Ivel y.
r a v o l t  t~’ t s  of t 1 a l l ’ l  I f l - i  Out  p i t t  S i- r t  measu~ ed us I ‘ig t rue  m s  re ’-1 I
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v o l t m t ’t ers (3400 A , Hewlett— Pa ckard , Palo Alto , CA)and X—Y—Y ’ r e c o r d e r .

S t r e s s i n g  and pl a s t i c  d e f o rm a t i o n  of a sampl e w— i s p c- r fo r m i - d  u s i n g  a f l o u r — n H e l
I nstr o n .  The m a g n e t i c  f i e l d  on ~~~~ s:i:;iple was g e ner a t e d  by a so lenoid
e n c i r c l i n g  the gauge s e c t i o n  of t he  sample .  It s-~ S v i - - r ed  t h r o u g h a v a r i a c
w i t h  AC ye ~~~~~et ’  s of up to  140 V a t  60 H z .  The m a x i m u m  n~~~ net i c  f i e l d  gene ra ted

s 2 5 5 ( )  A / m rms a t  t h i n  c en t e r  of the  solenoid which  b i d  t he  c l si ag  of 25 ion
i n sid e  d i am e t e r  and of 33 toni l e n g t h .  TN t’ sampl e w i n  m a g n e t i z e d  l o n g i t u d i n a lly

-‘ and t h e  ma g n e t i c  c i r c u i t  w i n  open—ended .

Resul t and 1it n c u s s io n

In t h i s  s t iH y we f i r s t  e x am in e d  AK responses  due to m a g n e t i z a t i o n  of  d i f f e r e n t
s:iniple in order  to see the e f f e c t  of p e r m eab i l i t y  and s a tu r a t i o n  m a g n e t iz a t i o n .
~c- al so s t u d ied  the  e f f e c t  of e x t e r n a l  s t r e ss  on m agn e tom e c h a n i c a l  AK . A
special attention was- given to the sense of the applied stress wi th respect to
the m a g n e t o s t r i c t i o n  of samples .

H 1. i-Tffect of magnetic field

Ty~~ical  r e s u l t s  of AF o u t p u t  ( r e f e r r e d  to at the  prean l)1 I f i e r  i n p u t ) v s .  t h e
f i e l d  s t r e n g t h  ar~ shown in Fig . 2. Here , a p p l i e d  s t res s  was a b s e n t  - ir i d t h e
r € - su l r c  of the  low f r e - ~-: ~’n cy t ransd uce r  (A C I 7 5 L )  were pl o t t e d . S im i l a r  to  a
typ ical  m a g n e t i zat i on  cu rve , AE responses  dot ’  to i nc r ea se  In the  f i e l d  s t r e n g t h
can be d iv ided  in to  f o u r  reg ions ; Reg ion 1 i s  an i n i t i a l  i n c re a se  of AN
response ; Reg ion 2 has  the  l i n e i r  b e h a v i o r , Reg ion 3 ~ i c c ~ inc r e a s in g l y  gr e a ter
d e via t i o n  fr o ’-  the  l i n ea r i t y ;  and Reg t on  4 t e n d s t o  reach a s a t u r a t i o n  l ev e l

&r :p o s l  t ion a l  e f f e c t s  on MI b e h a v i o r  found in Fi g .  2 o r e  s~ u - - ~ ir  ized a s :  ( 1 )
w i t h  i n c r c - i - , in g  carbon  c o n t e n t , t h e  s t a r t  of Reg ion 2 shl  f t s  to a
ma~~n o t i c  f i e l d  l e v e l;  2)  t h e  mai - iirittm s lope in Pc- g len  2 ;,}11ws a , - i - t x  j nl t rn a t  1.27
carbon ; 3) the f i e l d  s t r e n g t h  a t  the  s tar t  of m g ion  3 1 h i g her  f o r  a s tee l
w i t h  h ig her c a r b o n  c o n t e n t ;  an d  4 )  the I n t e n s i t y  of AK at a s a t u r a t i o n  is
h i g he s t  fo r  0. 2~ ca rbon  c o mp o s i t i o n .  It I s  kno ’.-n tha t the  pe rmeah i l  i t \ ~ a id
~a tn r a t i o n  t -ign ~’t i z a t i o n  decrease  w i t h  in c r e a s in g  car b o n  c o n t e n t  in  i ron
~1 ,2,l0) Thus , m a g n e t e n e u b - i n i c a l  AK is not  solel y d et e r m i n e d  by such i- N ’ n e t i c
pro;~~rttes of the sa mp l e .

2. ~J f t - c t of  e x t e r n a l  s t r ess

An examp le of v a r i a t i o n  In t h e  AK i n t e n s i ty — f i e l d  st  r . ’io~th  c u r v e s  due  to  ot  r i - s
I a shown in Fi g .  3. R e s u l t s  f o r  A 533 B ste el are  g i v i - I l  f o r  each of the  t~~~i

t r a ns d u c e r s  a t  t h r e e  l e v el s  t i f  s t ri - so , 0, 172 and 344 P h i  . Si g n i f i c a n t  d re; i n
t h-- max fmtu ’t  A f  i n t e n s i t y  was obs erved b y a p p l y i n g  e x t e r n a l  st r I - sn , wh i c h  a)
af F e c t e d  t he  shape of t h e  AK i n t e n s i t y  v s .  field strec ’p th curve. For th i s
mat erial , the AK Intensity decr &- .isi-d rep id ly wi th  s t re s s  of a p p r o x i m a t t i y 10:)
NP a , and furt her  decreasc~ a ~~re limited

~f l i -  com post rional e f f e c t s  of these re su l t ’; ar e  su:nrnarlzi’d In  FI g .  4 , w h i r -  t i ’ .-
AE I n t e n si t i e s  a t  t h r e e  st r ess  l e ve l s  a re  p l o t t e d  a g a i i ~ -~t t h e orilnal car b o n
content • A n i x  Imu m ~a a observed at  the  carb on  c o n t e n t  of 0. ? .  The rc ’sul

- 
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A cId : : ;  IC ~-f h~ I I t i N  I F OC ’ I t  FOR S1RE~ S AN t) S l i — A I N  D r l c N  I N A ’ I l —N

i i i i i c i t & - s  1 ) - i t  t h e  A } e a t  pu t  i s  no t  sole l y c e a m t r c - l J d  i t y  t i ~ - f - r r i l t -  &-o ; t i t t

~-h i s - t i i , -r i m t i i i c ~~l ‘- -~~ i s  h~’l i - ~ - - - J  t ’  o r i g i n a t e  f r e t a t : N f - : t  i t  i o n  of  : a i g n e t  I c
d n: ; a i : ~ b m i : td  - i r y~ 

) , ~ - 
~ ic!  ;- 1 i i  I I a I bin ii - I -~ I - I r i u t  1 i i o f  m:Ig I i - a -  - t r i c  t I on

The d i s ~i - r s i o m t  i f  e s r ’ i d •  : ;  hi t i e  l e t  t i l t  m i t t  ix  : 0  - i ; ~ i ng, of f e r r i t e  and
p - a r )  i t  a a r e  -x I - c t  i d  t - I i i  I ’ i a m i d  t m s - h  - r d  t I ~

- 0 0 :-ta i~ i f a i d  i i  y ca l  t i o n .  ‘lime

I o~.e-r  f t  m t  - : - i  t~~ a t  i i i  - h e m  c a r b o n  1ev - i s  i a a d ~r c - i — t  r~ -: 11 t of  t i m i  S ~~~ c- c t .
( - - - r i c a l  I y  i t r ~ i r ~~; i s  i l l  t e r r i t i - (11 1 s i a - h  in  i t ; I r i h i t ~~on c f : ~ - ct  I s  I N ; i t - d
t -  n , n r - t i l l i e  m c l i i  ;i ons . H i n ~~, T b -  d c - i m i n  I n s  I r i s ar e  a x ; - - c t e d  F 1 va
I t - 5 S  r e  -

~ r i i  i i i  i t s  . “ a  t t 1 -  -
- i t e n s  i t  y i t t  t Pt n ! - i - i  nO f m  i i ;  i t -  - i c y  r t: - c. i s
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ACOUSTIC E M i S S i O N  t~l- ’ THO 1) i O i ~ ST dF ~~S A N D  STRAI  N i ) - ’i V.l-~ I I I. \‘T 101.

p i ;m: ; t I c  d e f o r n i c m t i o n  of I i - r n o m m p n t - t i c  m - - i t e r i a l a .

A p p l i c a ti o n

On the basis of the m i l i o v e  i 1t- , p rc ’ c-~~i i ; i s , u i - c - e r - i l  e x i - : - n i m ’ : i - : t : ;  t m -  1a - r l o r -  ‘ 1  t i

e x p lor e  t i c ’ - f e- t i s i b i l  i t v  af  pr~t c t i i ~~t 1 a l t p l  i c at  i o n s .  In r ite s o r i  a , a a N - e l ‘~eld
11cc !. r t e - n s mj c- s t r ess  c- - i s  e - - : c : i n a d  . ! Ii l d  ~ t t - a 1  p l a t e -s ,~l . 5  r : t l c i 1 - i-; , c t - r e  j o i n e d

- ‘ by r: :mnu ~u i  arc w c - l d i ; i ~ a ;cd st r i ps , 25 c” i’i w i d e , w e - I a -  r - : c - - ! ’ i r l e -~l . i ’nct s - : l e n o i d s
- ‘ weri- pl ac ed on bitt ) - atmr I :i m c  Over  t h i n  wc- 10 and cc- e t p  I a- -0 by f ’ ) F~- 0c -

s ur f ; i  e r n u l n C - t t c  f l - I d  v i : ;  1 13 0  A ,’rn r:;: s , n o r  -ni l  I t  t 1~ - s i r r i m c ”c - of t i c - - c i - I d e d
s t r i p .  ~~~ A F  ou t pu t ~-: c - -- ~.2 ~j V a f t  e-r cor r ec t i o n  ot h , c i , t y n t ; : i I l i t h e  , ml c-p
r e - s o n u n t  t r i ; : ,t uc:er ( A C  7~ 0 , A !- -)r ) - o i : ; l ad T i  t he  su r f a c e  s N o u t  S i t  i~- c  f n , t - -  t h e
wt -ld • The ap .ip Il l c - ;i r i t , n  o f r c a ~ i n a l N - n t ; i l c  u~~~~- - a I ,  ~i f  up t ; t  30 t-T, i r c : ! u c t - -!  the
o u t p u t  a t  a r a t e  C f  ( _ 2 ) X - - r  ~- 1 a .  T h i s  s t r e s - . t c - n a i i c - i t v  a p p ~— a r s  t o  b,-
a ;Iequa t e  f o r  res Id t m.i l sI  r e - a n  d e l i -  rr- : i n a t i o n

A - t o t t e r  i n r i e s  of t e s t s  u t i l i - .’ai l 1045 s t a t - i  b o l t : -; , i i -  a t — - t r e a t - !  I ’  t i c ’ t e n s i l e -
a t r e- i p H I c-vo l  of f, u ; )  ~~~~ Thic- b o l t s  c~-_ -m - . - 12 . 7  r i  d i~~:-~ - ’ . -r  i n - I  12 7  r n  l i a .
i c i a p  an ( - l c i r c l i n g  s o l en o i d  w I t h  2250 A!~” i - t a l i e - i d  a t m  i- - t b  c i  11 Pc - , t i ~- - !P
l e ve l  v i S  7 . 3  ~iV w i t h  b u t - I - r o u n d  c o r r e c t  io n .  An t I - t r t : ’— ! i - - - c  (, : ; 7 t t ) )  C~ : 5

c o i i I i - c !  Ut  or - - c -nd  of t h e  h a l t . St r u s s  i c e n s i  t i v i  t y  C c t  ( i • 2 9/ -  ~- - r  I I ,  ccc t ’ t - r
t e - m l , 4I  I c  1 o a t  log . Again , t h i s  a h t h - - : i r s  to he s i m f f i c  i n t l l o t -  pr m c t  i c - t i  t O .

These - r en a l  t s  d - .- o : : - .t  r a t e -  t i :  i t  1 - m a c I  l c d  dcv m c i -s c ; s c t  !~~~ ; m : I c : ; - e-d I i  ; - : e a : ; t c r t -  t i e -
S t r u - -a l ev e l  i n  f e r - o:: - ig m s - t i c  st r u c t u r - s i  c o--t pc -s n e o t - ; . 1~ - t t - r : c i : ,  1 t o n  o~ pr i c
cold v i m -k i ng ami d f a t  get ~- is  a l s o  p o s s ib l e .  A n o t l  - - a  

~~
-‘ f  c - n I l i t l y us , - f c m l

: ipp l i c i t i - ’im i I s  th . c-e ’a l m l l t m o c :  of h e a t  t n e - ; , t - - : , - : ’ t  • i t  is  ex~’ - c t ~-d t h a t t I c -
f r e q u m e - n e v  spec r mi ::: of AE si g n a l s  can  a l l  in  t h e  t i -  d i f f c r - e - ; i t  l a t  c o n of
d i f f e r e n t  hc- ~ i t  t r c - s t - i t t - n t  co i ’ i t i o n s .

• lci ,- c m ip ’n e i  i c - i ?  ly  : i t t  m - ; t c n L - l 1 5 , suc h a .c all l e a n  I r a :  a ’ c-I  c - n , ! :t -- ir ; - t ’ i c - - s  I n t O
ml I n ’ -’ f i b  , c~- ’ce - s : c I t j e c t t - t! t o  ml l e r n n t i , t p  c - : ; t t n e t i c  f i e l d , y e - I c -  a - c  c t -t n ~ ’ t iE
s I a p ci s w e - r e -  p r i t d i s  • The m s o m i i t o r i n p  of t i - j r  r a i l - c e - I  t c  V e i l - — m t  - es  c - i a

t: i p n - t r r i - m i i i t c l’a l i i  rn~~t i  - ii ;i~~j ir s I i  i t - -  I t ma - l s m n p  • i l i ~ r i O t 1  - c t  a ]  as  c an  1:
u t i l i z e , 1  in  r— r t : t i t o r i n g  t i . -  t - :ti i re control of ‘; c , ’ i - ’ (~~~ f e - r r t i c - ; i p i t t - t  i c  - ‘ i t t - c  - 1 m s ,
s i n c e -  the  ci oem in  t- i l  1 r- i t -~~- : : t e -ml  t I ~ c t-: i t c  t i - i  t o he- a c - i  a c t  r ; i  i c  •

• ‘Pi e - n e  o i - serv ;,t  i o n ;  r i p o r t - - c i  I-n - r e  r u t - c !  to  I- - -  cx~ t a l ~~ t 1 m m - t i m i n  o m t i t - r  t i
0 - c - - l op i - r ; u i - t i c c u l  O - v i c i -~~. T h - -  s - i n c  of t - - c i I : n ~~t i ? i t I u m t , m l  - n of t i l t  i < - t ~ - mi t i i
m o t h - s O s  t~~ r - s i i ~~s-1 v a r t a t  1 n i :~~ I n  t h e  m a t e r i a l s  r e s 1 t n : :~~ c d t ; :! L i t - - u - :e  1 ~- }

coun t I c - 0  ai :i T rt ” - i,1 t~ i i ~ d i  s t r  j i t t O  I on  an ~il y : :c - s  shoi mi ci i~~’ ~~
- p1 or I .  i i~ — n - - of .-i’’

ct - c i r c l i n g  S t i l e  t O  t O  i t  i i f  ‘n  I c - i j r c s c t  i c a l  , hut  t i c  u~n-  o f ~ - ‘ a ( a s  i n  m t - i _ - n e - t i c
j a r t  id e- t i ;  I n )  r e - - t o t  m~. !  s~ i - i I a l p r e c au t  i o n  t i  cn~- c c r , -  r t  - ‘ c ’ e ; i t t c  i b l i - f I t - i d
st r u - r c j ~t h i  and t -  a v o i d  t h e -  A ’ si gn ;ml s f r e t - i  t h e  y o t e  I t s e l f .  T h e  o r i e n t  - i t  i ’ n  of
m a p n s — t Ic f i e l d  i s  iii i r s  am i 1n~Y i r t m n t  1 r t n e t e r , es;~ - c i i 1  I )  i t t  r e l a t i o n  t i  t i : i
d e t e c t i o n  of b i a x i a l  ~ t r e ; - -; f i - i d s .

Co n c l u s i o n s

~~iy i i ~~t t ; : n . - - h i ~ n 1cal  ; i c t i t i - ,t  Ic e m i s s i o n  [‘lc - n t r e n o n  v i : ;  ev il ua t e-d of I t~~ j~~1 t e - m m t  i n ]
of n om i d e st r u c t l v i -  h s - t , - r r m i n u t f o n  of n e c - i d e a ] S t  r u ’ ~ - - c - ind p r ) . ) r  ~‘ 1 , c - - t  ic  at  r . u i n  of
f e r r i t ’”np r a - t  J r  t n : i t . ’ r i a l  s • I t  a i m i t - c t - c i t y  and  f m i - H I - t i c  I~~ j - c t  i m i - -  i .  c -  f o u : d  I
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v a r y  s u f f i c i e n t l y  w it h these  p a r a m e t e r s , p r o v i d i n g  L i t -  l a st s  f o r  p r a c t i c a l
app l i c a t i o n s . ~ur h  e c~~o r t  is nec- do d to d e v e lo p  u s e f ul  d e v i e -~ -s a nd t i  - 1 : i c i f y
v a r i o u s  sources t h a t  c o n t r i b u t e  to t h i s  AE p h e n o m e n o n .

Acknowled gemen t

The au t h o~~~ a r e  g r a t e f u l  f o r  f i n a n c i a l  s u p p o r t  
~
-y  t h e  Ph y s i c s  P r o g r a m , t h e

O f f i c e  of Naval  Re sea rch .

R e f e r e n c e s

(1) R .I-t . ROZORTH , “Ferromagnerisn ” , van ~ostrand Ne -i T or N , 195 1 , p p .  5’~~— f ’ 3 l .

N ( 2 )  S. CH I F A Z L ~~I , “ Ph y sic s  ot  Magnetism ” , Wiley, Na~ Y a r N , 1964.

(3)  C.C.  CA R DNE P.  G .A.  >IA T7 P A N I N  and D.L. DAVI DSO N , T n t .  3. NonOs :-s t . t e s t .  3
( 19 7 1 )  131.

(4) F. STIERSTADT , “Per >apnetische Earkhausen—Effect , Sp r i n g e r  Tr m t s  in
?- odern Ph ysics” Vol. 40 , S p r i n g e r — V e r l a n g , B e r l i n , 1966 , mt . 2—106.

(5) A.F . LORD , JB., ‘ Ph~’s i c a 1  t i c oc i s t i c s” , Vol .  NT , cd i t ed by ~- .P. 1’~ so n and
R . N .  T he i r s t o n , Ac ad emic Press , i - O W  Yo rk , 1975 , p. 290.

(6) H. ~~S-~~-\CI , I!. Ml1-!L’RA and H. SASAKI , “Proc . 1st C~ ne r a i  I-P S v m j . i s i c t — ”
he ld  in Tok yo , Ja pan , Dec. 1977 , Japan Nond i - a t .  I n sp . ,  Tok yo , 19 7 7 , p .
145.

(7) H. EARKHA 1SFN , N ., Phys ik , 20 (1919) 401.

(8) G.A. ItA I Z K A N T N  and C.C. CARP~1ER , “Proc . ARPA /Ai- >~T. E a v i a w  of ~ i a n t i  t a t  [v s
I- PR ” , AFI~L—TR—75—212 , Ai r Forc e Iat. lab ., (ID , 197~~, pp. 7 1: 1 —~~l 2 .

(9) F.P. H I G G I N S  and S.H. CA~ PEN1’ER, Ac ta >tet . 26 (197P) 133.

(10) B.D. C~~ LITY , “ Introduction to Magnetic Psti - r i i ~~~s” , M d i s o n — i~a s 1 ev ,
Reading , 1’assachusett s , 1972.

I

— —

_ - - t - _ —

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —~~~~~~~~~



c4~_

—~~~~~~~~~ 
-

~

tic 
_ 

_ _ _ _

_ _
_ _  

_$---
~i

_ _

i -

~
- - ~1uI~F 

i__ 

- 

-p---- - 

-

___

- , 

—‘- —~~~~~~~~~~~~~~~~~~~
-
~~~~

-

_ _ _  

I(
~~~~~~~~~~~~~~~

_  
_

-

-

I

- 

--- ~~- --- -- ~~~~~~~~~ - - - - 

~~

~-


