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Ii  ~ is .llscovered t h a t  st i a i n — t  ice b i sml i t l l—s L ibs t t t u t ed  rare ear th  iron garn et  cr y s t a l s

can he grown 1 l i q u i d  phase ep i t a x ~ on gado l in ium g a l l i u m  garnet  provided t h a t  sodiu m

oxide or lead o \ ide  is added to the  b i s in u t  Ii oxide  so lv ent  me l t .  The func t ion  of the

sod ium or lead oxide  is to increase t lie a m o u n t  of e las t ic  compr ~~~i e s t r a in  a growing

e~~ sta l  hliii can support  and vet  i t  t h e  s i l u e  tune  m a i n t a i n  p er l ect  l a t t i c e  reg ist ry wi th

the  su b s t r a t e  c ry s t a l  In t h i s  wa~ t h e  s t r a i n  wh ich  develops during coolii i i i  to room

t e m p e r a t u r e  a l t e r  gr owth  is cance l l ed .  1 f i i i s . t h e  e p i t a x ia l  er~ s t a l  does not  fracture despite

the ire-a t he rm a l  c \pans i ~ u c o e l f i c i en t  mi smatch  which  exi sts  bet ween b i smuth  rare earth

ir on gar n e t  cry sta ls  and  the  g a d o l i n i u m  ga r n e t  s ub s t r a t e  m a t e r i a l .  01 course, th e  growth

I l t  s t r a i n  free c rys t a l s  is a ided by u t i l i z i n g  as low a g rowth  t e m p e r a t u r e  as p rac t i ca l .

l h e  c h ar a c t e r i i a t i o n  ot the  c r \ s t a ( s  shows t h a t  t u ie ~ are well su i ted  b r  l a s er  b eam

stee r in g  e spec ia l l y  at I .O~ pin ~ av e l en g t  Ii.  Flie desi red l arge l - a rad av  ro t at ion . ~ .000 cm

at n3 .~~ \ . and  3000u cm at I .0(~ pin , was ob t a i n e d .  l u r t l i e r m o r e . some ut t h e  cr y s t a l s

are rel a t i~ .k  t r a n s p a r e n t  at  I .0~ pm wa ve leu g t  h. \hsorption L-oel i c i en t s  of 10— 1 00db cm

.ire t \  p i cal  of th e  best ~ h erea s  cod l i c i e n t  s m ore t h a n  1 000 dh ci i i  were noted  for slime

I l l  t h e  least t r a n s p a r e n t .  I l i e  exact  cause ol t h e  absorp t ion  is n ot  k n o w n :  the  cause is

p r oh abl ~ e l ec t r on i c  t r a n s i t i o n s  be tween  localize d h a n d  gap s t a t e s  wh ich  are due to

chemic a l  I m p u r i t i e s , l i e  ln iz h r o t a t i o n  and  h i g h  t r a n s p a r e n c y  i n d i c a t e  t h a t  ~ i t h  t h e  e x i s t i n g

~ U\ . t  .tk .i c I t i c i en t  he.Ini  s te er ing dev ice for 1 .0( 1 pin is ~ I Iss ible .

l ime mimagi l c  t i c  p roper t ies  I I I  t h e  bis m u t h g a rne t  c ry s ta ls  are ideal  for s t r ipe domain

I Ir ma t i o n  - Fh e high n i a gn e t  i / a t i o n .  1 000 to I ~00 ( auss . and the  low normal  anis t  rop .

~0- IOU ( )e . .ire ~ c ll s u i t e d  t o  o\~ dr ive pow er  s teer ing ( le V ic ~s.

I lie s L a t  let  st r m i c t u i r e  I l t  l ie f i r s t order ~l i t  t r ac t e d  beam has been : ISSI ) c ia ted  w i t h  a
s t r i p e  d i . I  i i  t i c  pert  i i rh ~ t ~on in t I m e  I orm of a ve r t e x  domain s t ruc tu re .  The ~ert ices divide
t h e  y i , I t i r l c  111(1) s e p a r a t e .  u n i f o r m  re g ion s  and move in re sponse to chances in dr ive  f ield.

i t  C x dl ) m m m , n n s  1 r L n ot  I1ecessi r ~ I or g r a t i n g  peri od ci t  ch anges : however ,  whenever  the
I L u i r .  t l i e ~ mus t  be kep t  ou t  I l l  t i m e  b ea m ap e r tu r e .  V er tex doma in  g r a t i n g  p e r t u r b a t i o n s

iii I l l s  .i i t )  m r  beam divergence .
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SECTION I
INTRODUCTION

Following the discovery and development of the laser , applications which utilize the
hrighness and collimation ot’ laser beams have proliferated. Many of the applications
req uire wide angle , high resolution laser beam steering. One such application is laser
record itig : other applications are scan fling , communications,  target designation. optical

processing. and optical computer memories.

The objective of this program is to explore the operating characteristics of ’ the
magneto-optic laser beam steering. The method of beam steering has several unique

features which would simp li l ’y the optical arram igements of proposed systems.

This effort is to explore magneto-optic laser beam steering: to measure the optica l ,

t he magnetic. and the physical characteristics of magneto-optic materials to a degree

which will allow design of use fu l devices. This eft ’ort does not include testing of new
material formulations but only the pr eparation and examinat ion of materials which have
bee n shown in the past to possess the necessary characteristics to he of interest for
optical heani steering at laser wavelen gths.

Man y lase r appl icat ions have been proposed to take advantage of the high brightness
and excellent col l imation of laser op tica l sources. However , i n orde r to p rovide im proved

syste ms based on the optical properties of laser radiat ion ,  accurate and predict ab le
directional control of this radiat ion is needed. At high scan rat es. such as those needed
fo r image record ing. electrically driven, non-moving beam steering methods are preferred.

Rotating prismatic mirrors are the common method for steering optical radiat ion.

Su ch syste m s per form adeq u atel y at slow scan rates but  encounter diff icul t ies  at the high

scan rates needed for image recording. At 60.000 to 100,000 rpm. prisms show physical

di stor t ion  due t o  c e n t r i f u g a l  force and scan sy n c h r o n i z a t i o n  is d i f f i c u l t  to m a m n l a m m i  . Ro ta t ing

opt ica l  e len i en t s are l imi ted  to beam steering in only one direction wi th  110 random access

c a p a b i l i t ~~.



\ I . l d i l c m I I I p t I c  laser h e a m ir  s t e e r i n g  hi ~ mn eam is ot t h e  Fara day ‘I ‘ct or t h e  m m m a g m l e t o —

op t i c  K err  e f f e c t  mm s t r ipe  domains  h a s  h1~1.’m 1 sh i ow m i  to possess cha rac t e r i s t i c s  ~ h i c h m  t end

to overcor lie or c i r cumven t  problems wh ich  l i m i t  o the r  tech n iq u es. Lase r beam steer ing in

two orthogonal dir ect ions w i t h  a single device has been shown to be possible w i th  low

power consumpt ion .  1.2 .3

\ magneto—opt ic  l ight  deflector based on t I r e  s t r ipe  don iain phenomena is i n h i e r e n t l y

a wide angle.  t ~vo d i m e n s i o n a l .  Ii igh reso lution deflector.  D i f f r a c t  ion of a l ight  beam

occurs as .i resu lt ot a periodic va r i a t ion  in the  w av e  a m p l i t u d e  or phase across a wave

normal  surface.  M , i c m i e t  IL stri pe domains  can intro d Lice a periodic I 80° ph r ase var ia t ion  in

a l ight  beam. ( onsi~.Ier an arra y of stripe domains  in a magnet ic  p l a t e l e t  and a l ight  beam

propaga t ing  normal to th l e  p l a te le t .  Figure I . A stripe dom am is a hon g.  s t ra ight  region of

un i fo rm w i d t h  in which  the magnet iza t ion  vector is near l y  c o n s t a n t .  In  an ar ray  of ’

para l lel  str ipe domains the magn et iza t ion ill every domain has one com iip on emi t  which is in

the  plane of the  p la te le t  and para l le l  to the  s t r ipe  d i rec t ion  see Figure I . where the

domains  are para l le l  to the x — a x  s t . This comp onem l t h i a s a c  om l s t an t  n ia g m i i tude  eve r y wh ere

in the  art a i m s e s  the s t r i p e s  to l ine  up w i t h  the  appl ied ma gne t i c  f ield.  The other

i i i i l c i )  r~ ‘ l i m e m i t  ~V h 1 I L h l  i s  m ior i i i ah  to the  p lane  of th i e p l a t e l e t  int roduces  the

per Ii Oil in t i me l ig h t  t beam.  This coil) p on ent p o in t s  parallel to tile / —a x i s  im i

the  I I l f i e r e d  d o m m i u i i i s  and the  opposite  ~~~ . a n t i p a r a l l e l  to the  z - ax i s  in the  ‘veil-

n u m b e red d o i n , mi m is  ( s c  F i gure  I ) .  Since the  sense ( i t  t he  m a g n e t o — o p t i c  po l a r i z a t i on

r o t a t i o n  d epe i ids  on wh et h er t he  l igh t propagates para l le l  or a n t  iparal le l  to the magne t i—

I t t  1111. tIm is a r range mi l e l l  t produces a di f tc rent  ia l  F~ir ada~ rota t ion between l ight  passing

t h r oug h t h e  c~ c n — m i u i m n m h e r e I d o m a i n s  and the  ligh t passing through t h e  o dd —miim i i ihe red

domains.  I h i e  d i f f e r e n t  , i ih ~ rota te d ligh t beam has an electr ic  component  ~s ’hmch is

o r t h l o L ’ o m l . I l  to t i m e  i n c i d e n t  e lec t r i c  vector  po l a r i z a t i o m i  amid wh ich  h a s  180 ° a l t e r n a t i o n s

( p a r a l l e l  and . i i i t m p a r a l l e l  to  — . I \ i s )  w h i c h  m a t c h  the periodic domain s t ructure .  In the  t a r

h eld i c e l l l l i  t h is . I l t e r n a t in g  v e c t o r  adds cons t ruc t ive l y  at angles 
~~ 

g iven by Sin

I )  
~ ~ 2d where  ~I is the  w i d t  Ii of a domain .  X is the  l i gh t  beam wavelength  . and n is

the  order  oh t he  beam ( n = 0. 1 . 3. 5 e t c . ) .  The m a x i m  urn i n t e n s i t y  in the d if fracted

bea m s is a t t I i i m L d  when the Faraday r o t a t i o n  is 90 . Iii  t h i s  special case S l° ot the  l igh t

I 
~ e c h m m i i c a l  Repor t  Al i t  -TR-7 2-396 ( M ~tr ch~ 197 3)

— 1 cc l i i i  cal Rep ort  \ I A L :F R_ 74_  I 83 ( September  1974)

I e c h i m i m .il Repor t  \ I il - F R - 7 5 - I  22 ( A u g u s t  h~~ ’5)
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Figure I.  Stripe domains in a p latelet .  One component of magnet iza t ion .  M .

points  out of the plane in the odd—num tw red domains and im i t o the

plane in the even-numbered domains.  Light  p ropagates upwa rd w it h a

wave vector K perpendicul ar to the pla te le t  and is rot ated clockwise

( wi th  respect to K) in even-numbered domains  and counter  clockwise

in odd—numbered  domains. The rota ted  opt ical  e lectr ic  vector  is I’ R :

the in i t i a l  is I 
~
. and the a l t er n a t i n g  compon en l  ~S I’ A

3



izo ’ s in to  the  f i r s t  on he r  d i f f r a c t e d  beams . 9 iioes i m l t o  t he  t h i r d  order  beam ,  and 51 (ill.

N o t  ori l~ do t i m e s t r ipes  l ine up t u ra l le l  to an app lied im i a g n e t i c  f i e ld  bu t  t ime  s t m pc w i d t h

depends inversely on time s t rength of the  app lied f i e l d .  \‘ar i a t i ons  in s t r ipe  wid t i m  II  an

order of m a g n i t u d e  have beem i measured.  ‘t ’iuis. bo Om the d i f f r a c t i o n  angle am i d l I m e d i f f r a c -

t ion d i r e c t i o n  c . i i i  he var ied  by t u e  app l i ed  m m i a g m i e t i c  ( m e l d .  ( ‘o n s e q u m e u I l ~ . s t r i p e  i o m : i i m m s  em

be used .is a w i d e  ang le . tV 1 d i m m i e n s i o m m a l  h m e h i t  t l e f l e c m o i  ( I u i i i g c s  I l l  t i f f  r a c t i l i )  am le l e  I I I

2 f f  and r o t a t i o m i  about  t i m e  d e f l e c t i o n  a x i s  I t 3 1 ( 1  h a t e  b een measured  V i t l m  a green S h 4 S  \

Ar I . i sem l i n e

The r a r e  at wh ich  a s t r ipe  domaim i  de f lec tor  c am i s a n  is t he  rate  at w h i i c i m  the  s t r ipe

domains  an be a l te red .  Thi s  depends  on the  i n t r i n s i c  p r ope r t i e L  l i t  t i m ’ s t r i pe  doma in

e lemen t ,  and t h e  ra te  at ~ h m i c h  t h e  ‘s t e r n a l  m a g n e t i c  f i e l d s  used ( I I  con t ro l  the  s t r ipes

can be changed.  lh e r e  are t~so b asic sV i t c h i n g  m im odes  f o r  m a g n e t i c  p l a t e l e t s :  w a l l  m o t i on

and m a g n e t i / a t i o n  r o t a t i o n .  ‘.\ b i l e  t I m e  speeds of bo th  processes depend om i t he  m a t e r i a l s

used and t i m e  m a g n i t u d e  of t i re  f i e l d s  app l i ed , the  l a t t e r  proces s occurs t y p i c a l l y  in

appr o\ im  a t e h y  10 nanosecond s . s~ Ii ile t he  f o r m e r  pr l e s s  t a k e s  place iii a f e w  Ill cr0—

seconds. Whi le  e i t he r  mode is possible w i t h  the  s t r ipe  domain  def lec tor ,  t i re  waI l  11101 iou

process ap p ears  preferable  at th is p o m u t  beeau ise the  e l ec t ron ic s  fo r  a p p l y u i g  t u e  i l l a gne t i e

field a r ’  s impl er.  and b eca u se the  e x t r a  speed ot the  r o t a t i o n  i rocess is not requ ired fo r

t i me  app l i ca t ions  a n t i c i p a t e d .

l i me e t t i c i en ~~ of t ime  de f l ec to r  can he d r a m , t t i c a h l ~ improved by us ing  the  lm igh

f igure  of meri t  gam e ts . ‘I ’ ll ’ e if ’ic i enc ~ vs ~ a’ e h e n g t h  is shi o~ 1 f o r  va r iou s  m a t e r i a l s  in )

F igure 2, l ime o r i g ina l  I .06 pm m a t e r i a l  wa s Y I( . l ire e f f i c i e n c ~ is about  . 14 at room

t e m p e r a t u r e  and ab out  5 ( o r  Y I G  at  — 
K I ’i ie v a lue  f o r  \ I ( shi lw ml  m u F mg u re  2 is

lower  t h a n  th u s h i n t  reasonable since the  e t f i c i e n e y  depend s  oil the  eX , iL ’t loca t ion  ( it  t h e

ab sI ) rp t mu band  edge. t i m ’ e f f i e i e n m c ~ of ( d 2 ~ 1
5 ~ u 2 is I ‘. L ’r . 5 fo r  a broad ran ge of

v a v e l e n g t h i s  at room t e m p e r a t u r e .  I u m r t i ) e r n I l I ) r e .  t i l e  h igh r o t a t i o m i  al l is’, s t ime  use of

p i i t e l e t s  w f i i c l m  are about  300 pm t i i i L k  b r  s ing le  p us ’ I l p e r a t i l l m i  and which  arc about

30 pm ti m i L k  in m u l t i p l e  pass c o n f i g u r a t i o n .  The e f f i c i e n c y  of Bi 7 Y ~ 3Fe 50 I 2 is also q u i t e

h igh .  It  us e \ p e L ’ted t h a t  b~ increasing the  h i s m u t i m  c o n t e n t ,  the  e f f i c i e n c y  can ma tch  t h a t

i l l  t he  Gd g . u r m i e f .  i ve ur . u t  shor t  s~; u v e l e i i e t l i s , ( 132 5 ’ \ . the  e t f i ’ i e m l e y  is at least h 5’ . . Fig u re

2 , u h s o  sf1055 5 t h a t  RH el 3 possesses h i gh  e f f m c i e i i c s  05cm a large  por t ion  of t h e  uus am i d v is ib le

sp : L t i  m m m i ,

4 
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SECTION II

GROWTH OF SlR ~~lN -FR E E BISMUTH ( ; \ R N E ~T (‘R YST ~~1.S

.\ .  Summary

I lie ma in  problem wh ich  exis ted w i t h  LPF of h ism nih  garne t  er r s l a l  t l u lls oi l ( ( 
~(

subs t ra tes  \s.i s t h a t  upon coolin g the  er r s ta l  f r o m  growt im t empera tu re  to room

t e m p e r a t u r e . .i large tens i le  s t r a in  developed in t i m e  f i lm p l ane . 3 Thus s t ra in  u n l v a r m a h i h ~
resulted in tile t rac t  Liming of all but  the  very t i u i m m u e s t  f i l m s .  Our  meas m.uremen t s ( i f t h e r m a l

m n i s m n a t e i m  i n d i c a t e d  ( a t  least at t i r e  t ime cor resp ond u im g to t ime  l i e g i n i i u i m g  ( i f  t i i i s  p r o t e c t  I

t i m at t he  therma l  s t ra in )  could be expla ined  ill ter ili s of t ime  d i f f e r e n c e  bet wee ii t h e  f m l  I ll

t he rmal  expans ion  c o e f t e c i e m i t  and ti le subs t ra te  the mm i i a l  e xpans ion  c o e f f i c i e n t .  It  us

p ls .5j f i le fo r  a f i l m  to crow in compression. but  the  am o u m u t  I I I  cO i l ) pre ssive st r .uu i l

e v i d e n t l y  was mint  adequa te  to offset  t ime t he rmal  st r ;i i n . .

I t  s ’,as assumed t h a t  t I m e  t he rma l  ex p amls i s  i t r ’  of t h e  f i l m l l  c ould  not  be e , i s i h r  a l t e r ed

So sse approached t u e  pr oblem of ~r ow in g  s t r a i n — f r e e  h isni u i t h  ga rne t  f i l m s  by . i t t e i m i p t  m u g

to red m.mee t ime g r o w t h r  tem pe ra tur e  f rom I OO0~( to (iO0~( am id I here b y red mice t he

t imerma l  n r a i n .  This w:us to he accomplished f i r  i smg a low m e l t i n g  teml i  per .u t  t i re  sol~ c u t .

such ,ms Di 203 B 203 or Di 20 3 \ a 20.

In  the  process of work ing  w i t h  the  v : ur i o u s  low t e m p e r a t u r e  i l l e l t s , it  became e v i d e n t

t i m a t  c e r t a in  m e l t s  allow enough comi lpre ssi ve s t r a i n  d u r i n g  gro ss t h  to  cou i r peusa te  for

t h ermal  mu sn i a t c i i  . Spe c i imcah l ~ . Bi2O 3 — \ ,u ,0 m e l t s  and B i20 3 PhD in cU s each

;‘r ~~I i t cc  s t r a i n — f r e e ,  c r a c k — f r e e  b i smu th  garne t  er~ s t a l s .

The m e l t s  w i l l  be presented ii l  t i re  t o l l o w i u l g  order :  i 1 B i 2 (  )~ high t e m p e r a t u r e

ea rmi e t . 2 1 Di 203 how t emper : i t u mre  ui o i i — g arn et . 3 Di 
~ 

) 3 PbO . amid 4 )  B m , 0 3 N a 2 0 .

t h e  0 rs t  I V I ) t r  lies of me l t s  represent the  sin i p lest Di ~ u nii et m e l t  amid were u sed in

pr es ot i s  w ork.  Thus t h e y  were reasonable m e l t s  to s t a r t  w i t h .  fhi e  second two m e l t s

re p re semli  me l t s svh ich were dcv ised f ’or low growt  Ii tern p eraf  ( ire.  Tlics . me l Is p r oduuc e ( i

s t r a i n — t r e e  f i l m s. F i n a l l y  sse wi l l  n i ie nt ion scser a l  d i f f e r e m l t  m e l t s  wimich  d id  not  pro duce

I’ (irec F e c i m n i c a l  Repor t  AF AL-TR-7 5 - l  22 (A u g u s t  I 9 5  
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u setu l  f i lms .  I w o  x — ra ~ t e L l r n i q u e s  were appl i ed to t i r e  ~u i m . i l ~ sis  of f i h u m i s  f m i i i  t l m l ’ sc

mel ts. The fi rst us in—pla n e l a t t i ce  ir a tch measurem im em i t . t i m e  s e e o m f , t f i c n  i i i , t !  c \ p a n r s i u i i

measurement .

B. Bj 2 0 3 Mel t s

I h e  s i m p l e s t  lead f ree  t i t u s  is Bi~ ( )~ , ) t i i c i  lead l i c e  t l u i x es  l r . u se  i i i  , t ( l , h i t i t l n  I t t  I.

fli()~~. I ime se l e a d—tree  f l u u ” .es .m e  i l lo m ’ e I t i l  f i c u l t  to  ss ork s~ u t l u  t i m a m n  lead oxId e  f l i t  \ . s f l u x

ad hi es iom i  us a g r e a t e r  p r o b l e i m i .  I i l m m m  c m . u c k u u i g  occur s du e  to ,u l I m c s u I i n  o i l  m .  t l u l l e i c i m i . m l  c ’.

p a m i s i o n .  Also . i3i 2 O~~ has ‘mcii .u f e n i d e u c r  t o  t h i s s I I l s e  p l . i t m i i u m  t l i . r t  t I l r  ~~i i i c  m m u e i t s  p L i t i n u u i m m

cry s ta ls  grow at nearl y the  same rate as g : irn et  err st ub . • \ s  i i o t e t f  ii~ t i m e r  ‘i ’. c - I ig .i m r s .

t ime  lower the melt  t en rpera tu re  dur ing  el ep li s it  ion I t Ime  g r e , I t c m  i t i c  s i t ; ’ .: s I t  t u r a t  m o m )  I . l ire
sogreater the  percentage of h u s m u i t i m  in the r e s u l t i n g  rr s I , u l .  ‘ I I i ,  l . i i c e i  ~‘c r c c n t a c c  01

bismut h , the larger the  l a t t i c e  c o n s t a m i t .  As sh own bel ow , t i r e  l a t t i c e  c l l i i s t , t i i l  ( ‘I e’r ~ s t , i l s

grown in ) Di 203 f luxes  is such a s t r o n g  t u m i e t  iou I l l  gross t i m  t em u pe i , i t  mi re  t h i a l  se i r  a~ c i i i  a t e

tempera ture  contro l  is ueeessar\ to ob t a i n  gross I mu r e g i o i u  I f J e t  ine t l  u s the  n i r ’ i i n r  mu

which  the  in—plane  l a t t i c e  of f i lm and subs t ra te  are t i m e  s a m i r e l . 1 0, 1 I ~ I 2 li i  order  t o

de te r m ine  w h u e t h e r  a f i l m  has h eemi growm i in region I or Ii ( d e t i i i e e l  us  t h e  reg iom i  i i  ss i i uc i i

the in-plane  I a t l m c e  cons ta n ts  ( I f  f i l m  and su i l i s t r a l e  are d i f f e r e n t  10 .1 I~ it is i l cc essar \  t o

measure the in-plane l a t t i c e  m i s u m m a t c h  h i e lw e e i i  f i l m  ; um i i i  s umh s f  r ate .  ~~.u , w i t i m  \ - r . i \  5 I I I L ’

mllc a ss rren leult  of t u e  p e r p end i cu l a r  l a t t i c e  ni isnl at cii , .~~u . is mi n t  S u t f f i I ’ie il t

Mel t  108 . Tab le  I . is a hig h t empera tu re  Bi20 3 m e l t  in ‘.s i m i c h  t ime  p r in c i p a l

prec ip i ta te  is g arnet .  Figure 3 sh ows tIme  p e r p e i r d i c u m l a r  and i n —plan e  l a t t i c e  n m r i s m a t e i u e s .

and ~ a II be tween fil m ))  amid ( G G  s u mhst  rate as a f u i u c t  i o n ) of gr ( iwt Ii tem perat tire fo r

I i  I I 1 f i l m s  f rom t h i s  u r e h t .  No te  t i m a t  t u e  in—plan k ’  mis m a t c h  is m l e a r l v  / e i l i  in t I re  region he—

tw ee nl  I O 5 ( (  C anl d 10 () ( , I h is  c o m l s t i t m .u t e s  region I . • \ b os e  t h a t  regi on,  f i l u i s  gm ’s ss i l h m  such

a de f i c i enc y  of h i s m i m u t i m  t h a t  t i me  e r r  s t i l s  grow s v i t i m  a im u m i — p i a i r e  l a t t i c e  s m u r a l l e r  t i r a i m  t h a t  of

8 A. Ak se lrad . R. F . N o v a k .  D. L. Pa t te rson ,  A . l .P .  (‘on t .  Proc. I S . 94()~9 5 3 .  ( I  e) 3 )

Wi t t e rock . J.  M . Robertson,  T. J . A. Popma . I’ . F. Rongers . A l P .  ( ‘ou t .  P m  I l L , h O .

l 4 l S  ( 19 7 2 )
lo p Besser . et al . A l p .  (‘o n f .  Proc. 5 . I 25 - f l  I I~~ ’l  1

I I  
~~~ Besse r , L I  al . \ l a f .  Re’s. B u mIl . (1 . 1 1 1 1 . ( 1  i 7

‘2 I I . M a k i n i o . et al , A. I .P . ( ’ o n f . Proc. I S . 5O . ( l ~~~3 I



TABLE I .  Bi GARNET M E LTS

( ‘u~ c e r m t r a t i o u i s  in nmi l l i mok ’ s

Me lt lOs 4 ’B  1 5( 1 1 5 1  lH  I )

E 3 i20 3 1 O~ 186 190 24 1 215

P h D  4 7 ’  954

( a 2  0 3 1~

E : e 2 0 3 20 (iO .~~~ ‘ 102 53 49

\ i i , 03 3 5 4 3 1 . 5  c l i  5. 2

‘rrii 2 o3 3

Al 2  03 3.2

N a 2 0  9.6

S



t ime  s u u f ’ s t r , m t e .  r . m t h u e r  t h an s u p p o r t i n g  the  hig u m t ens i le  s t r a i n  of a i m n m — p l a n e  m a t c i r .  l ire

re sui l t  ing Lii lice in ) Pert ect oi l s make  the  magne t  it ’ pr oper t  it ’s of such m regi oul II  f i l m s

u n s u i t a b l e .  L ikewise ,  f i l m s  grown at tem pera t t ur e s  lower t h a n  I O50~(’ h u a v e  suc ir a surp l mi s
( I f  i~ i s u i i u i t i i  suh i s t i t u m t i o n  t h r a t  f i l m s  gross’ w i t i r  i n — p l a n e  l a t t i c e  l arger  th au i  t h r a t  01 the

s uu ‘st i .1 mc .  r a t h er t h a m i  s u p p o r t i n g  tIme hr igh corn lir e ssive st mess cit region I g rowth .

I . u t t i c e  p~m r a n m m e t e r  d i f f e r e n c e  n m m e a s u i r e m e m i t s  were made h r  d i f f r a c t i o m i  55 t im  a Ko

cl l pp c i  \- ra~ bean , .  Rock ing  curves were t ake u l  f o r  t ime ( 5 ,8 , 5) ,  (0. 8.8) . I 4 .( . ( I. I I 2 . 5.0 I.

an d I I 2 .6 .01 c h m f ’l ’r ; mc tmo i m p lanes. l I m e  d i f fe re n ce  in d i f f r a c t i o n  angles f o r  each di f ’f r a c t i o n

plane  g u s  c s  a l inear  r e l a t i on m be tw een the  in-p lane amid normal  h a t t i c e  m i s m a t c i m e s . 1 2

Note  t i m a t .  w i t i r  t Ime excep t ion  of one border l ine  d a t a  p o i m l t .  a l l  the t i h m s  m l  I ’ i g u t r e  3

h m av e a smua lk’ r l a t t i c e  m m the d i rec t  ion n i o r ina l  to time s u m h s t r a t e  t h a n  para l l e l  to t u e  pl ane.

I i i i s  means  t h i a t  at moon u t e m p e r a t u r e .  wi re re  the  data  was t a k e n ,  a l l  the  f i l m s  a t e  u m r d e r

t ens io n m.  [h is o c c u m r s  iieca tmse t im e  c o e f f i c m e m i t of expans ion  of t ime  f i lm is larger t h a n  t h a t  of

the  su list ra te .

F igure  4 ,h i oss s ~~~ vs. tern pera tur e  f o r  two  f i l m s  from m el t  108. The ther m al

expa u l s io i i  me a sum re men ts were ta kem i  h~ m o u n t  i mm g a mu (xli i  ied t uig ~ur ~ 4O35 1 leat  im i g I. ‘ n i t

on the Noi i i  uus eu icem i  t m m c  g o n u o m n e t e r ,  ‘lime d i  t f e r e n t i a i  t h e r m a l  cx p ans i on l  c o e f f i c i e n t  cam i
~~a(T 1 I ‘- .~ a(T)~~he con m puted  I ro mn t h ese eu nm — ves.  ,.~a = . — svli ere 1 amid I ~ are t empera -( T I  12 ) a  I

tures.  Th is  large eh i f fe ren  t i a l  ex p a n i s i o m i  c o e t f m c i e i l  t causes  al l  m e l t  .\ f i l m s  t r  he u n d e r

t e n i s u l i n  at room mi te rn  per :it uure .  even f i lms  gros s ii at t he  coni pressive I inn 1 of r egion I Hit ’
f i lms  in l igure 4 were grown in r egi on l  I amid shi oss ’ a ci i t f e r e i l  I ia l c o e f f i c i e n t  of cx pan is i on.

( i f  3 .3  x 10 — ~ K im i t ime  ram lg e f ruin )) 23 ° to 500’ C. l i m e  c ( i r r es j ionmdl im m g a lue  fo r  ~
o nm (;G ; us 2.0 x 1 0 6 K in t he  same range. base d on t ime  work of Gel l er  et al I .~ ‘l ’ii c ’

~ cs fo r  t i r e  n m e l t  108 fi lu i i s over I h e  ten )) p e r a tu i r e  r .unge 23 ’C <7 ~F ~ b o O ’ ( ‘ cam i be

e s t i m a t e d  h r  a d e l m m i g  t h e  s t r a im l  l i m i t  (I f M a k m n o  et al 1 at  l ime  Iosver eui el of region I to t l i I .~
obse rved ~~ i at  roo m ten l p e r a t u i r e  ‘f 0.01 5 A : t h e  result  is ~ o 3 x 10 ~~~ K over t i le ’

r egion 23 ‘( T I O60~(’ . I h i c ’ eorre~ p o u d m n g  d i f f e r e n c e  liet s~een b u l k  \ ‘ IG cry stals  l iV er  t i r e

same t e u r m p e r a t u i r e  r a i rge  u s l . 2 ~ \ 10 ~ K. 12 At  t h e  t i m e  of t h i s  w r i t i m m g ,  if  is not

e s t , i i ~l m s I i e t l  w i m e t h e r  the  I m i g h e r  e h i f ’f ’e r e u i t i a l  e h i l a f i o n  of t h i ’ .~ [ P . 1 . f i h u m i s  aS opposed to

t h a t  of l i m e  b u l k  c r r s t , u l s  is due to t he  ad d ed h i i s n m u f l i .  H owever , t Ime  e l i f ’f ’eren ee in

13 s. ( ; e l l e r . c t  a f .  \ l , u f ,  Res . Buif l .  7 . l 2 1 ~
) (  1I ) ~~8 )
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c o e f f i c i e n t  ol expa nis m on betss cent f i l m  an d substra te  is larg e em i oug hi  to crack t hic ’ l ’i l rm s.

provi e fed t i m e ’ t ’ihm m i t i u m c k u m e s s  exce ,eels onme i m m i c r o i m .  and inmdeed al l  the ’ I i hm m ls  in I i g u u r c ’ 3 ir e

c i . ic ke cl.  t ’ n~’i : i c ’kecl  i r ie l t  i l l s  f ’i l m m m s  r a n g i n g  in  t h m i c k n i e s s  f r o m  I f )  t o  3)) n i m i c r l l i u s  wer c ’ g ros s ni

PR’ ’ i l l u u s i r  On ) e l a s t i ca l l y  d e f o m m m m ~ii i lc ’ ( G (  s u m h i s t r a t e s  t i m u u m n m e c h  to  1( 1 n r r m c r u i m i s  h i~ S~ t o l l

p o l u s i r m m m g  amrd  p h osphoric e t c i r i n ’ig.

I n ord er to overcome tIme t he rma l  c r a e k i m m g  h ir ohle ’m mm . a 11w te n mm perat tire m e l t  ss as

sought to d ecrease the  excurs ion t ’ron n gross th  to roo imm te ’ m mm pera t nrc . Th is n me l t  . me l t  4211

of ’ Ta ble I . iras a low enmoug l r  s a t u i r a t i o m m  tcnmm p erature  so t h a t  c rack—free  r e gi o n m I f ihnm i s

55 cr c o i i t a m ne c l .  (‘urves of ~ a’. ~ a 1 , am i d ~ a versus gross I i i  te i i m h i erat  tire ’ ar e shi (I S ’ .  m l j i m

b i gu ire  5. Re’guon I sp . u n s  “ ( iS ( ‘  to ‘S5 ( ‘  and is l i n m i m t e e h  On ) t i m e ’ h ig h en d h~ t i r e  s a t u i r a —

t ion 1cm per :u tu re . I” i h n m m s  grown i at the  low tern per at  tire e n mcl  01’ legion I ar c near l y  s t r a in

tree at ro onm i tern p e r a t u m r c  ‘[hernial d i l a t  ion curv c’ s for tss’o me l t  I t t i l i m l s  are plot ted in

Fi gu re S 4~ t l i e~ are s i u m m m b . t r  to those of ni mel t  A f i l m s .  I o n  t i r e  t ss 0 n ) r e l t  4 2B f i l m s  ~~~1i = 3 c ( f

x 10 0 K over t ime ra nm g e 23 °(’ ‘ 1 ~~

l ime ’ p r i n m e i p . I p r e c m p i t a t c ’ f r o m  m e l t  4211 i~ aim u i i l i e l e n l t i t ’ie’d i l o m m — u i a r n e t  er \  s Lu l ,  I lie

t b ’ i ~~ k um e s s  of L .P . I . gar imet  f i l m s  grown in mel t  42 8 is I i i m i i t e d  by the  fo rmat ion i  (11 t h us

prc’e’ i p i t a t c ’ in t h i c ’ n iic ’f t .  ‘linus Bi~ O 3 n l c ’ h t s  do no b lene l  t h i e ’um i se l v c ’ s t o g r , I w h h i  of ’ st r , i i n i — f r c e

chef lee ’t or  rr

(‘ . Di 20
3 l i D  M e l m s

Nc \t  .i s e u l u i c ime ’c I l l  I3i 2O~ Pb() m m m e l t s  were m n i s e s m  ug . u tee l .  M e l t s  15 ( 1  and 1 5 1  ( i f

‘ f ab l e ’ I are t i le  tss o ss f u i c l i  r epr esent  t I m e  end m m m en n ber s :  M e l t  I 50 is a I Bi’ Tm I I I : e (

1cm i n t ’l t .  I l i e s i /c ’ I iI I u rm is  suc’Ir t ha t  at a Di su iist i t u t i o n  leve l near one atom )) pci

f ’ ’ i  i ’ i u i l a  a p u m e  i i l l u i  t i m  miet  f ’i l i u r  wou l d  um ot m i m a t c i m  t I m e  l a t t i c e  c o m i s t a n t  o f  ( ; ( ; ( ; .  Smi Ga was

.mt lc l e t l  t i  t h e’ n r r e l t  to reduce t i r e ’ f ’i i nmm l a t t i c e .  Mc ’ h I  1 5 1  is of t he  B iYbIG ty pe .

I i C i i i  C 0 shows I.m t I c c ’ c o i r s t a n t  d a t a  f o r  fih , mm s f r o n t )  mm ) el t  I 50. ‘lime da ta  is b adly

it l e m e i l ,  Ne ’ .  c i t  I i ~~L’ ss t u e  u i m f e ’rva l ~0U ” ( ‘ to 750 0 ( is inc luded iii  r egion I . ~mnd in tI n s

m u l t i  v i i  S I ) u u ) c ’ I i h m m m s  . u m c  s t u . u m i i e d  c oi r mp rc ’ss ive lr  . A c t u i a l l y .  tI le f i l m s  th l e nm s e hves  \ s c i c ’ of

t~~
I l l l l  u r n i l I l i  r i m  i t r  se f i n c h  c \ I i l ~i un ) s  s o l rme ’ i t  t I r e ’ s c a t t e r  in )  Figure 6. ‘lilt ’ t h e r m a l  i m m i s n m a l e ’h m

~~~~~~~~ t o m t ’ . s ’ I  m m m c l i  ( f i l m s  us 1. 7 x 1( 1 ~ K antI 2 .2o x l() ’6 ; ’~K in t he ’ 23 (
‘ to

“ l i t ) I i a u u ~ , ’

I ’
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F ig tm re 7 sl ioss , s l a t t i c e ’ c o m r s t a i l t  da t a  f o r  n m re ’I t  I S  f i lms , Reg ion I i n c l u d e’s “01) ( t o

73 ()  (‘ . At t I m e  loss’ t e n m m p e ’ ra ture  enmd.  t i r e ’ f i h n n n s  are’ m m e a r h r  s t r a i m i — t ’re’e’ . l ’ bnermmma l  n n i s n n m a t c i m
d a t a  for two melt  1 5 1  f i l m m m s  are’ ~~ct = 2. 82 amid 3. 14 x 10~° K.

l inus the  low te i mmper a t  tire Bi 203 ‘ l’hO m e l t s  d o  pm’ oduce s t ra in )  f r e e  t i h m u n s  F l u x

adhesion ,  when ) it  oe’curs w i t i m  t l mese ’ me l ts ,  does not sec’ m n n to e la n m na g e  t i n t ’ f i l m

D. Bismuth Ionic N a 2 0  M e l t s

Several solvents  could lie I)) ixed w i t h )  B n , O~ to n m r a k e ’ a loss t e n r l i e r a t  t i r e  much t . Thc’

s~ stc ’m i ns  of ’ B i20 3 — N a ,0  and Bi,0 3 - K2 0 were ’ e x a i m n i n m e d  in )  d e t a i l .

Figure 8 shows tIne l i d luidus curve ohta i i med f ’( ir 13i20 3 Na20 .  and Figure  1) show s a

similar  ct rrve f ’or B i20 3 K 2 0. J im e a c h n t u t u  Sc ’ t h e m e  us a 1(1w t e m n p e m a t u r e  regio ml . SOtf ’’( ‘ to

oOO°(’ for  ionic oxide  concen t ra t ions  of .2 to .3. SI) t he  h i s m mm Ut in ionic  m m m i  xt t i re ought  to

he a u s e f u l  how t e u m m p e r a t u r e  so ls en ) t .  A c u i l i p a r u s o m i  of i on ic ’ m a d m i  14 is g i s c u  in l’abh e ’ 2.

‘ lAB [ . I ’  2

V I I I  \ l l

1.65 A I , 74 ,.\

Ba ++ I S O  ,.\ I , ~ 4 ,\

Phi~ ’1’ I 45 A 1 .63 ,\

Na ’1’ l .30 .\

1.25 A

Since tIme sodium radius  is i n t e r m e d i a t e  LI ) Bi ’1”1”1’ an ) d Pb ’1_’1’. it  is en t i r e i r  possible for Na ’1’

to suhi s t i tu te  in to  tIme garn )et lat L ice. lime radius  of K ’1’. Oi) t ime  o t I ) er  hum i d ,  is larger t i l an

t h r a t  of Ba +’(’~ and the  larger Ba ’1”4’ io n does i)Ot subs t i t  Lute  i m m t o  t he  garnet  Lil t  ice.

The expe r imen ta l  resul ts  wi t im  tIme h i s m u t h m  i O m ) i c m m ) e l t s  are t h at s t r a in  t’ree BiYh iFc ’(

garnet  and BiY i iFeA I ga m i d  c rys ta ls  ca m m he grown i in Bi2 0 3 .04 N a2 0  m e l t s ,  I’ i h n n s  of

B iY I iE :e and Di LuFe garnet can be grown on ly w i t h  d i t ’ f i c m m l t r  m m  t i m e  13i 203 — K 2 0  sr s t e i n

‘~s ln an n on  and Pru i t t

15
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I l ie ’ l a t t i c e  c’ o i i s t , u m i t  d a ta l i i  Bi’i’ h I ” c’Ga f ’i h u i n s  f r o m  t h u ~ l3m 20~ —0. 0—4 \ a U  u h f

l o l l )  is sb io ’ . su i  mm I ” u g u u r e  10. Rc’giom r  I n mc ’ l uc h es  a l l  of b I t e  l ’i h u i i s  I t  i s  d c i i  t h a t  ‘H ,u ~ t l c c ’

.is 5% c l i  .is c’ou ip i ’c’s su vc ’h r  s t m ’a u m i t ’el d i r  s t a l s  ‘.5 c u e ’ ‘ i, ’ ’ . ’ .  i t  j i m  t h u s  ~.r s t e ’ n t l .  N ’ i ’  I l n a t  f l i t ’ ‘ m a i n )

f u ’ec’ c i l l s s i b i  tc ’ n m n p c ’r a t t i r c ’ is 511 4 (
‘ M e l t s  4213  ammd 1 5 1 1 )  h i i ’ oeh lucc d l  s t i a i m i ’ f m e ’ c ’ c i ~~s l a l s  ( l u l l s

. t t  t i l e’ c’ \ t i ’ e’u u i c ’ ed l ge ’ , i f  R eg i o mi I an d  at  te ’ m m u p c ’m ’a t u u r c ’s we ll b elow x i , (  ( ‘  “ i ’ s  ( t o i  n m i c h t

42 13 . a m r l l  1 ) l )  ( i~~r m e l t  I r i l ) ,

I hc ’ t i u e r n n a i  nn i s n na t c l i  eLut , i  f o r  t ss. o imm ~’h l o l l )  l i t m u s us  ~~ = 3 I I  , m m r d

N ) H K. These s a lu c ’s e ’s ,c ’eecj t h e ’ ~~~ ‘ . a t u l e s  f o r  m n m e h t  4211 and 1 5 1  l i  us .  s’. lne ’ t l i e m

or n ot  .u ci s m , u l  u s s t r a ined at  m o u r n  t e m p e r a t u r e  is ( h d ’ t e n m i n m n c ’d by b l u e ’ d I ’ i i m p % ’ s t t i ’  ‘H

mel t  ,us m u n c h  as the  t h i e r i u m a l  muis n s a tch’ u ,mn c h g r o wt h  t c m n p e r a t u n c ’ \ j~~’ .c , ~l ’ .  a C I ’ l 51 , 11 t l i i i

cm (1 55 1 ii  in a Di 
~~~~ 

— N.u iO mel t  can s u u p p o r t  i nure  c l i n u  p m e s s i S t ’ s l i t in  ‘.‘. hik ’ i i i  P m I . n n m m n g

= 0. A n o t h er  wa r  of ’ sav ing  t h u s  is as t h e  c o m n p i c s s t ’ . c  s m m a m m l  ( I t  .1 ~~i 0 ’ . %  iv’ u n

heco mn mes  I , i m c e i  m i d  , u r c e r ,  ml is o’n merge tm e ’a i l r  m u t o r e  d i f f i c u l t  f I l m ’  an toni  to he b~& ’ u u t I c , t  I

th ~’ f i l m  .~ s op~ioseel N’ being in t he  m m n e i t  \ a 2 ( )  ‘.5 ‘ v’n aelc le ’d 1 ’  t I m e  l tm ~~~0~~ m m m e l m  t C i i , f s  to

n u m a k c ’ t h i e  s l a t c ’ ~~t heini .r bon d ed  to t I m e  g i v ’ . s u u i c  f u l m m u  ene n ge ’t uc ’a l l v  h o m e ’ f , i s l i i a h i h c ’ I b u s

n e s u u h t  c , i i l  p rI1 h ai 1l~ lie genc ’r .uhi i ec l  to i n c l u d e 8i20 PhD m e l t s .  F u r l h i c ’i i m n o n c .  i t

h i m o h , u h h y  appl i e s 10 o tb i e ’i c ry s ta l  gro svt h i  s r s m c i i i s  us \ ‘ . e I I .

i h e  R i 2 0~ N , t , ( )  sr ste ’ mil  ‘ . ‘ .o i kcd  best  at  o m j h v  4 \ . u 2 0 ,  ( r e ’ , u t c ’r u n m o n u l t ’ . of \ ‘~~~2 (  1

nma elc t h c ’ c u r  n e t  h i l r a s c ’ l e s s  s t . u b i l e ’ Sc s e m i )  o t h i c ’ m c r y s t a l  b r  re ’s Pe ’re ’ u h i i t i l t c  O u t s j e h c ’ ( ‘ I  l I m e ’

ser r  na r row tvu rm i c t  r egmon . \ t  t e m u t p t s  to i d e n t i f r  t h c ’ e l  r s t , u l s  ss c u e  um n s tu cc ’e ’ ssI ni l  S I i I C C

a h i s l l l u t e h r  u m o p e a k s  s i l l ’ ’ . ’ .  C t )  up  i l l  pO\S cl c’ i e h i f ’ f i , i ~~t i o i i  i m i c ’ ,u s u i r c ’ u u i e n m s  P r e c i p i t a t e  L i r  s t , u l s

u I  s i m m i m l a m  color  .i i id  h i a l ’ u t  t u r n e ’d ii h i  in t h c ’ l t i 2 0 ~ K 2 ( )  s~ s t e m n , JU ch in  sc’vc’i ; uI  O t b i e ’t

s r s t e’I l i s , ’ I’  l i m x  a d h e s i o n  Oc ’ C t i t c ’ dl in  t h e’ l t u 2 0  N,u ~ U m e l t .  h u i t  did not sec’ni t o  da uu;metc ’

t h e  f i l m  I I )  .u n ~ e x t e n t .

I r u  s m t n i m l i , m r r  , s l i , i i i l - f  ice.  c u . u c ’ k -f  r et ’ Di e , , r i i c ’t I l i i i ’ .  W e l d ’ o h i t a m u e ’tI f r o m

l3 i 2D~ \ , 1 2 ( )  , umie l  I3u 0~ l’i~0 m n n e l t s  f l i t ’ dc ’ l a j h s  I I I  u u i e l t  e ’ l l n u p o s i t i o m ’u . u m c  ,us i n n p l l i  i , u u i t

as t i i c ~ c i ’ ’ . ’ .  t I n  t c ’n n j ’ e i  ut  mire  m i d  t i u e ’ m m u m a h  ni l i sm n, ut hr

Me l ts  , i f  I3 ) 20’~ R~ ( ) ; N , u  20 . l3u20 ~ - Bat ) . a i i c h B i20~ 1t.u () \ ‘ ~( ) ç ‘.‘. . i t  t e s t c ’d

for  I 3 m \ ’ h ” I (  • c i ’ .  s t . m l  gi l l” .  t h .  \ I r u b l i p h e p h r as es  o I l e ’mi oc’c’uu rrc ’d am i d  w h e m i c ’sc ’r l i i i ’ g . u n m i c ’t p lu asc ’

du e l  oe’ e u u r  i t  ‘ .s .u s s t . ih i l e  ou i l r  I l S e m  a s’.’ i r  ui ~ir i ~ i’.’. u j n u g e  ( ‘ o m u p , u r e ’II In  J3 j ”. O~ \ ~i i .m nm d

l’l~()  t h i e ’st ’ o t h l e ’r imi c ’l t s  arc ’ not  su i l e ’d f i n  t l e f i u ’c’ t o m  err st i l  t n e ’t ’ , l u . u l u o m l
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I’ Ob h t ’i Bi ,0 3 M e l t s

t h e  B i i (  ) ‘  13203 sy s t e m  was i m i v e s t i g a t c e l  t ’or B iY b IU LPI , The Di 20 3 ‘ 1t~~~( ~s
sr s t c’n ui c o n s i s t s  of a 5d’!’ ic ’s of ~ eu tec t  i c ’s . 1~~~ t he  f i rs t  of ’ wh ich  occurs at 622 ( ‘

. I See ’

1e’vel c t  at Phase ’ I ) i a g .  For ( e r a n m m m s t s  Fig . 323 .)  l’ Im us  i t  ss’as hoped t h a t  ) a low gross t i u

t e t m l p e r a t u m r e  of ’ 700 — 81)0 ( ‘ coul d lie o h t a i m i t ’dl an ) d 2 )  i n — p l a n t ’ m m i a t c h  e o tm ht l  he’ a c h n i c ’s ~‘d

0’. er a c d ) mm ve m l i eu ) t  t e m p e r a t u r e  range’. e’g . 2 S

TIr e m m m et ho d is  to add 820 3 to a Bi,0 3 garnet  mel t .  and then add Yhi ,0 3 f o  hr inm g

b u t ’ melt  back to a garne t  p inus e . TIle results can he su im i mari ,.eel a base or s t a r t  inmg me l t

~if I 35 mm u m Di 203 . 5  1.5  in mu Fe 
2
03. and 4.S m m m m  Yb :0~ produced garnet  cry stal s  at

t) () ( ‘ . lo  t i m i s  me l t  B20 3 and Y h i 2 0 3 were added in stages so t h a t  tIme f ina l  mue l t  is l3S

m l m u rm B i 2 0 ~ . 28. 72 m um ))  1320 3 . 5 1 .5 mm Fe20 3, and 1 1 . 5  ni) rn Yb2 0 3. (‘ r y s t a h h i t e s  gios ’.  ii

at  ~ 4’) ( ‘ ‘.sei c’ x ’raved anmd f o u n d  to have a l a t t i ce  const am ) t  of I 2 .3o0. Timus. the ear s t , u i

con) ta ins 8 Hi per fo rm u l a.

T h e ’ main  t e a tu res  ol th i s  sy s t e m  are I ) red uced gro sv thi  t e rn pc ra t  tire f o r  a g is c ’n
an u oun i t of h i i s m i m u t i m  s u h s t i t  ni t  iou . 2 )  increase’d f l ux  adhesion dime to the  gla ssr na t urc ’ of

b u t ’ f l u x .  ‘l’h i s sr sb c ’m does ri ot app e ar  to o f f e r  any  s u b s t a n t i a l  at lvan tage .

I 5 Le’v in e antI  M~ M u m r d i e ,  Pl ra sd ’ Diagr ams for (‘eramis ts , Am n er . (‘er. Soc . 1 964, Fi g . 32 3.

2 1
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SF ( ’ l l O N  I I I
( ‘R YSI ~L (‘F1 , &R .~( ’T I I R I i  ~‘liON SI J \ I \ I  ~ RY

\, \ l c , u s r i r e m u r e m i t  I l l  ~l agmu e ’ t o _ 0hi t u e ’ \ .u n i ah l es

l ) m t ,u onm h ’ u r ae l av  i’ , , m u t i ( l n ,  I ’ :  ~i i i S u ) n t ) t i d ) i i ,  13: t l i i c ’ k i i c ’ss , u l ma u i m le ’ t m c ’ n i l l m m m c ’ n t .  4 r ~\l . a m i d

,m n i s l r o p r  ‘ U k sce n e ’ o i i t a i n c ’t h f o r  Ri g a r i m e ’t ci r s t u u h ’ .  l ’r u i n i  I u s e ’ e h i l  f e r e u t  t r  h i d ’s , I f  n u i e l t s

l ’ ah l e  I .  l ime c ry s ta l s  and tIne ’ m e l t s  used f o r  t h e ’ c i ll ’ . ’ .  t i m  01 t h l c ’sc’ ~‘r ’. s t a l s  t o n i ar m e’so l u i ’

t i on ar v  se’~ f t m e ’ i i c ’ c’ s s h i c h i  were ’ ii i t e i ) d l c ’d p n i m m ’ m a n m i ~ to sho~ ’ c’xp c ’ r m n i i e ’ m i t a l h v  h io ss u ’ ‘ ‘ h t , u i u i

u m u i f r a c r u m ’e’.I a n d  s t r a i u i — f u ’ e e  l ig h t  d e f l e c t o r  cr ’. s t a l s , I l ie m e l t s  an t I  c r v s t . m l s . as suu c h .  : m n e ’ i m , ’ t

S i i t t lc ’Ie ’i l t t O  e’~ ) i i s t i t i .i t d  t i m e ’ comp le t e  ‘.e’t of ’ er r  s tj k  re ’e ’ e’ss . ur \  to s ec ’ i t  r t i r e  re ’ I , u t u o u i s h i m p ’

l i e tw e ’c’ui 47~A1. 11 k ’ F , 13 , ~i mmel  b u s i l i t i t l i  co u l c ’u i t ,  l ’ I i u i s . m r t . m g r r c t r _ o j i t m c  d a t a  re’pre ’sc’ u i t s  ~ir I rg

re’s’. m m i a t ! c ’ to ’.s , urcl  e l eve l op imig  t i l e ’ i i i s m i i u t t l i  g a n n e t  cr~ s t a I s  t o m  bea m stc ’e n ’ m I l g .  l I l t ’ n ios t  mm l i ’

p o r t a u l t q u m a n i t i t i e ’s are ’ I’ am id  B s i u n e ’e’ t ime ’ i i i s i i m i i l i i  s u m h s t m t u m t u o n  us u m i t e u i d c ’ ch to  im le ’re ’ ,us e ’ t he’

F a r a d u u v  r o t a t i o n  hu t  not  t h e  a i i so r p t i omi .  In  o rde r  t i  g e t  s p e c i f i c ’ r o t a t m u i m .  t i e ’g c i i i  I .  an t I

u i ’ s t i r p t i u i u . ) l i i  c m ii ) , t he ’ e’ i r  s t a l  t h i i c k i i e ’ss u u m m s t  he’ mi ie ’asi ired l’ iuus  s do u ue ’ li~ in t e m ’ f e ’r o—

m li c ’t m’ r hr u m t i h i i i n g  t he ’ iu e l c ’x of ’ m ’ e f r a e t u , ’ r i  ch i s e o m i t m i i u m u t ’ .  i t  t h e ’ e’r r s t a l  su i h’ s t i , m t e  i i m t e i ’ t u u c i .’ .

l n t e ’rI ’e’rencc c l , i ta is o h t a i m i e ’cI hi ’ ‘. i s t u a l  i im ie ’rose ’opr or ; u l t e ’ m n a t u v e ’ I r  hr h3e ’ e’ k u i n a n i  l ) K I I

Spe’e t r ig i .uph p lo t s .

13. I ,0o pn u \ l agnc ’ t , i — (  ) p t i e ’ I ’  f l e e t s

l i lt ’ i u t e ’ , usu u m’ e’tl I . u r . u e h a r  r o t a t i o n  of se ’.e’r a i  h i i s m u i f h i  \ t t e n h i j t i m u  iron ) garnet  cn~ s t a l s  is

s i mos s ’mi mi I ab le ’ 3.

I .\ l3 L , I  3. 1.06 p i m i  I A R \ I  )A \ ’  R0’I A l ION

M el t  I r p e  (‘ nr ’sta l  l ehe ’g en)

I (i3 B i N ’a , \ I  11)4 8 3 9 4

I (i3 I3 i N , u ’\I 1050 1894

163 l 3 i N a A l  10 52 34 18
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I s s ’ ’  e r r  s t . m l s  inn  t I m e ’ N. m \ f  g r o u m p  ii i s e ’ F > 3000 c i i i  \% I n c h  us t h e  e l l a )  f i l m  h ’ t m s i m i u u i h i

g.m n u i e ’I s g i o ’ . ’ . m i  1111 t ( s u u h s t r a t e ’s , 1 at t i e ’e u m n a t c l u  ammel  4 m M  mu ieas im re ’ m u i e ’ m l l s  If  t i m e ’ \ .m \ i

c , ) n m t , i m u l u m m g  c i ’ .  s t . i h s  m n m e i i c ’ i t e  t i n e ’ l . u r g e ’ ro t a t i ( l n s  are ’ I in ’oh ia hl r  & i u i c ’ to t h e i r  c u m l m . u n i c ’ d ’ l f  h i u s m n i u i t i u

e’ e ’ m n d e ’ n n t n a t m o m m  5% M c l i  e’’,c ’ e’ e’e h s  O u t ’ . i t o u l i  per t o r m m m u m l a  con i l i are ’d I I I  S a l o m m i s  pe’r f l i r n m m u u l . u

i i  t I m e ’ ne st ot t I me ’ e’ i s s t a l s  m u  I a h i l e ’ 3, I l ie ’ uf c ’pe’u idc ’ ni c ’c’ I l l  I’  on s o d i u m n m m  ‘ . shnm e’li i m n . m ~ lie in

t i m e ’ r ’ . s i . u i s  .u i u ~l : i l u m m u n u u m m u u  w h m m e l r  us i i i  e r r  s t a l s  1048 , 1050 . an t I  1 0 52  is n i o t  k u n o w m n .

\ l u u u i i m t s m u n  s t m h s t i t u i t i e i m i  o tm g i mt  to re’d tm c e ’ I ,  I h i e ’ s a n i a l i o m u  j u n  1’ t r o i n u  c i ’ .  s t . u l  t ’  c i ’ .  s t . u l i s

t l t i e ’ t ’ ar t l r  t o  u mm c ’asur e ’nre ’u i t  e r n l l r  in elc ’ te ’ r n u m u u u u i g  t I n e ’ a n u t o u m i l l  o f  u’ o I . i t m l l n l  l i t  t h e  I. i se ’r bea m

.m s ml  p , m ’ . s e \  t i i r o u m g h u  t h e ’ e’i \  st il  amid  t I m e ’ e n  s t a l  t h i c k n i c ’ss error l ire ’ I ,0(i pm op t i ca l

. m b s o r p t u i u i .  13 , of e’r r s t a i  i i t 4 s  . uu e f  1052 us no t  . u c c u u i , m t c  bc ’e , u t t s e ’ t h i e ’ i r  sm l r f ; m c ’ e’s are ’ i r , ’ t

s l i t f l e ’i e ’ i i t ‘ p t I ~ . u I  q u a h l r  , I :u r g c ’ \ . i l l l e ’ s elf  I ’ a t  I (h i  p in  I l u i g h i l  t o  b i t ’ e ’ n s m s i e f l f  s s ’ mt l i  ho s %

,i h i s o r p t i o n  , i t  t h i m ”  ss ~u s e’le ’ng t h i .

I l ie  m ost u u i t e r e ’s t u n i g  p u n t  I l l  t i m e ’ sh ) c’e’ t r u m i u  f o r  gari ie ’t u n a gn e tO _ o~i t i e ’ . i t i p l m c . u u  i o u

i n c l u d e’s t i m e  I pun  re g i onm.  \1 ,m g umc ’ t i e  g a rT i e ’ts  l i a ’ .c  au i p t i e ’ . u l  t m ’ a u s n u s ” m o i )  s~u i i c I o s ~ f r o m m r

I p u m u  t o  7 p uu i  s sa ’ .e le’ u t c t i i  sv h u i e ’ i r m r i e i u i u h c ’s se ’ ’ .e’ra l  L mse ’r was ’e h c m i g t b i s . I ‘u e” . . m n n p l e ’ . \ u l  ~

last’s at I .06 p u n ,  nitf  I le ’—N e L ise ’s .m t 1 1 5  p i n . 1 lie ’ I .0o pin  a h s o r p t u o m u  coc ’ f f i c i e ’ i i l  of

13 m ( ~h I (  h u l k  enr s t , u l s  h . ms hee’n r e p o r t e d  to  he’ m s I I I ’ . ’ .  is 10 dh c m m i . 4 So wh e ’ mm t i m e  i , i s s

a i i sorj i t io n  is con n i m u i c i ‘.s t h u  t i r e ’ la r g e ’ , 3( 10(1 e’nm F a r a d a y  r o t a t i o n ,  i im a g uic ’ t o — I i j i t m c

et  t i c i e ’n e i e’s I t  .~1)0~ dh s h i o u m h d l  lie p ossible.  I bis is  e’ q t u V a i e m i t  to a I f S  d I l l  ums e’ i ’ t l l i i l  11 155

s s u t h m  1)0 r l i t a l i , i i m  \ l i s o r p t u o n l s  of ’ c’ \ d i l  100 dl i  ‘c n n  are ’ ac ’e’ e p t a h i l e ’: O f )  I l l  r o t . u t r ’ u i  re ’ ’.u u i t ’ .

in 3 c h i t  iu se’r t m o n  foss , \ \ e  h i a ’ . e’ e h ; s e o se ’re ’u h t h e  I o h  pu r l  a h i s O r h i t i l l u i  e’oe ’ f t j e ’ i e ’ n t s  e l f

e p i t a x i a l  l 3 m — g a n m i c ’t cur  s t , u h s  an’e l u ’ c l m e ’r t i l a i i  t i l e ’ I I f  e l F ciii  h u l k  v a l u e ,  \ l i s o i ’ l i t i l i u i  cu e)  t i

c i e ’ n t s  of ’ 100 t o  1( 11 ) 0 dh eni  at  I .06 p ni  s’.’e’rc’ m r’ i e ;ms u r e ’e h , \ e ’ ~‘ or d i u n g lr  we’ h i . m ’ . e  s o u i g l i t  a u

e’ x p l a m i a t u l i m i  I I I  I ho pi n  ah i s o r p t i e i n  h i ase ’e i on t h e  b a u d t h e ’rr of sc’iu i e ’on i u i u e ’ tor  sol id s

I ron gar u i e’ts is p u e a h l r  has e’ ,i h ami c h g ,up ~I — 3 c’’. is  e’v m & l e ’ m i c ’eei hi ’ t h e ’ ‘.t rommg

, i i i s l l i p t l l i i  h i ; u n i d  a t  500 1) \ ss’avc’le’i m g u l i . a n d  i m a s e ’ s’ ah c’u ie ’e’ S + c’a t i o m i s . \ I o T l o s . m h e ’nt  i i

e l i v a l e m i t  c a t i o n )  m m i m p u m r m t m e ’s s u i c ’i n as ( ‘a -i— + . I’hi ++ c r ea t e  ,mc ’e’e’ p t o r  s t a l e ’s w im e’re’as t e t r a s ’ e’le ’ u i t

‘u p e n t a s . m h c ’n t  c a t ion  s u me i n  u s Su 4 + crea te  u homior  s t a t e ’. D xi ge ’n v a e a m r e ’ m e ’s e’ i ’ e’; u t e  c l o imor

s L u t e ’s , Se ve ral  e’xpc ’n i i u i c ’u i t s  were’ h i c ’ r f o r n l r e ’d I I Se ’e’beck nme ’asii re’ u iie ’n l t  to  e’st~i I i i m s h i  u n , m n , i n n t ~
c , lr r m e ’ r t ’ .  pc a mid  co u ieh t i t ’t i ’ . m i v  \‘s ie’lilj ie ’r a t u u r e ’: 2 )  a m i u i e a l m u i g  ui ox v g c ’ul t o  re m ove’ , i x s g e ’ I )

s m c , m i i c i e s , 3 )  m e s i s t i s  i t s  u u i t h  ah s o rp t i o m i  se ’rsus t e ’u i l l i e’ r a t u m r c ’ was  u mme ’a s tm re ’eI.  I n a d d i t i o n .

c’ il e ’ n m m e ’ai  m m m m p u u r i l ’ .  a n , u f s  s i s  n m e ’a s um re ’ u u l c ’ m i t s  S Hi S h e ’ t r l l ~.c ’ I ) h i \  a m i d  e l e c t r O n  mic ’i’oprohc ’ ss e ’r e ’

m m m i i .  I t  et I .



l u m ~’ m m n a m m u  P tmr P ose ’ 1 i t  t I m e ’ Se ’ e ’h e ’e’k m i m e ’ , i s u u r e ’mtme ’u l t  is t i  e’s t a h i l i s h u  t h ~’ m i i . m i l l i  i f s  e , u r r i t ’r

t s  pe t o m ’ each I m l m m r .  l ’h is  mu t u m r m m  c l i i  he used to se ’ n i f r  t i m e ’ ~‘ h e m u n m c . u l  m u n r p u u r u m ~ m m n e ’ . u s i m u e ’ ’
u i l e ’ u i t .  l i i  p a r i i c u l a r .  o x r g d ’ mm s u c , m i i c t e ’ s e’ , u u n m r o t  he’ u n c ’as uirc ’u h h m r ’ ’et hs , l i i i  S~ ~‘ l i e ’~ k in i c , i s u i e ’ —

l l c ’ ’ i t S  e O m n m l ) u i i e ’ch s c i t l m  1 \sg e ’ui a t i i i l l s p h m e ’r c ’ . i u l m u e ’, u h i mlm. i  m m m d i  m m ’ s t h ~ c ’ ”. l e ’ u i t  l I t  l \ ’ . g e’ u i  ‘. , ( c , l i i ’

c i , ’. t h e  nr .u i ’ . ’r ut \  cau r m er  meas ’.tre’nien t c an s , m l ’ .u ’  li t’ ‘.1st’ ’.1 1, ’ I t e m  m u i m i m ’ , ’ t h e ’ t i i c ’ ’ . c r m c e’ 0

pe ’ i i t . u ’ , u i e m n t  I i m s m m r u m t i n , t3m ~~+ . w i n i c i n  ~‘ .o t i leI lie ’ .i d v ”  l i m e ’ 5 ’ b ~~ k s o h t . i g e ’ n m r c ’ a s u u r e u m m e m l t

S ’ . , I ”. p ert  o n u m i e ’ eh l iv h m e a t i u i g  ou le  u t  t \ s ( l  ehe ’e’ t r m c a l  c’ I l i i t . i c ’l s  i i i  t h i ~’ f u h m m i  ‘‘u l i g h t  f I ) d ’t lSd ’ t i

s o I l  \\ t u m u m ’st c ’ mm h u i l h i , I l i t ’ s i r l t . u g e  p r o dum ce ’ef l~s i m m i g r . u t m t l m m  I l l  u m i . I I I ) n ’ i l r  c , u i ’ r i e ’ s i i )

t i m e ’ t i m c ’ n m m m , m i  g r . i ehme ’mit  h ie ’ t s s e’c’n t i m e ’ c’ l l ( i t . t c ’ t ’ S ‘.s,us !ii e’, l s t t r e ’ Ii  ‘.‘. t I n  . m k e’i t i t l ~ Ii 1 ( 1  eh e ’e’ t r o n mr c ’t e ’r .

l i l t ’ c o i n t , i c t s  ‘ . s c i c  h u t u u e h  l u i (  .m s o l d e r  s’. n . h  se as pre ’p .u re ’eI hr  une l t u u r m . r  i l t e  t s s t i  ni t e ’ta h s  on)

h i ll i ’ i , l t e ’ .

\ s m i n r p l e ’ sr s t e ’miu  ‘.5.1’. d e v e l o p e d li , m i i m i e’ m i m n g  g . m n u l c ’ t  t u n i s . \ t u l i c ’ t ’t m r m u a e ’e’ ss m ’ . ims e ’d

se i t i m .u m u i h i e  2~~ L e t  long . l u l i l  1 I 1 m m c l i  m u m  e h i . m n n e ’ m e ’r ‘.s t I n  au ac ’ t u se  imc ’ a t i m m g  lc ’u i g t l i  of ii h i _

l ’ ’ ’\ l i h i . i t c ’ f s  Ii t u i . h i e ’ s I l i e  t e ’u m l p e ’r a t u u m ’ e’ i f  t I m e’ l i ven  ‘.s ,us s t a h i h m , ’e’eI be f o r e ’ t i l e ’ garn e’t f i l m

s. m m i i p l e ’s sse ’rd ’ i l i s c ’i  e e l l i m e ’ c . u r m i e t  m I n i s  ‘. ser e’ p l . u c e e l  omi s u i n a l l  p l a t m m i u u m n  h ioa ts  ss ’I imch svert ’

sI l iSs  I s i i i  ‘ s e t h  . uf i u m g  t ine  t u b e ’ ( t i  t i l t ’ ,m ’ .’ t i ’ . e  f i u r n a c t ’ s ec t i o n ,  l m isc ’i ’ t io ui an d  re n iu i va h  h u e

‘.5.’ :,’ I “ H i  5 ) 1  m i n u t e ’s t o  m m n u n m / e ’ t h n e ’r u i l .ml s t r e s s e s . I on’ a t u i i o s h i h e ’m ’ e’ c o n t r o l  a loosely

f i t t e d  plu g w i t h  an m u m p u i t  g .us  l i n e ’ ‘.s,us a p p l i e d  to om it ’ e n d  of t I r e ’ t ’uiu ’u iace ’ t u h ” e ’ . T h e  l i t h e ’r

c’ um cl  l i t  t i n t ’ f ’u i n m i , i c e ’ l u h i e  ‘ .s ,u s l i f t e d  s v u t i r  . u b a t t l e  to s n m o o t h m  t i m e ’ g . i s  f l l i ’ . s .

‘‘

l ime r e s u i l t s  of ’ a u i u m e ’~m h u u m g  t h i n , e~e c r ’ . s t . m l s  i i i  I i ’s sg e ’ Ii are pre ’se n mte ’d in l a b l e  4 , O n l v  in )

c rvst . , t 0’) is t h e r e ’ a s l i g h t  s i n i l t  f r , i n m m  mm to  p t r  pe’ . I h i t u s  o \ s g e ’u l 5 , u c ’ , u n c i e ’s w h i i c l n  are it ’ —

um nov e ’ti h i s a m n i i e a l m m i g  d o  mat e l o m u u m s a t e ’ t i m e ’ elee’ t r u c ’aI t ip e . I l i e ’ a n i u s e ’a i n n g  ‘.s us a cco mnj iam i ied

l ’s a m’ e’ t l u i e ’ t i u i m i  mu , u h i s o r p t m o n  c’ l i e ’ t  l i e  c u l t  in  I m ) m f s  .ui e f  10~ , l h t i s s e’se ’r . t h e ’ f i n a l  ab sorp t i on m

is  ‘.e’i ’ .  l a i g e ’ eo m i i p u i r c ’d t o  w h a t  us re’q t m u r e ’ c l .  I s m e h e ’ n i t l r  , I \ \  ge ’n s . m e u u i d ’ m e ’s tb no t  domi iate

h~’ .u ls~ ‘ I  t mu ’ i i  I ’ l l  l e e ’ s’,

( lme ’ u i t i ~’ ,i l . imi a iv s i s  u e ’ . e’ , u lc ’ cl , u i m i o u n i t s  of ( .m iii i i o t h  t h e ’ ~‘rvs tahs  an t I  s t , i r t m u l u !  unat er uat ,

.m u u u l  ‘.sc see ’ m c  u u m m . m h i l c ’ I i  re’iu lo ve i t  h is i i v e h r o v i e h e ’ rc’ac’ t i l ) u m  h i n e ’e’ i p i t a l e ’ tc ’c i m m i i q t m e s . ( r sta l

I I  ‘7 m~ ,m ‘ . h u p l m e’ , u te  , i f  1014 e x c e p t  t h a t  i t  ss um s cr 11’.’. ii in , m h igh p u i n i t s  m i m e l t  in  w In ch t I l e ’

i n n  m m m a t e ’ r i .mls  . m e ’ 1)1) l i u m m I m u )  pure ’. t ’ n m e ’ xl i ed ’ t e d l l r  . l I m e  a h son’p t ion i  of c r y s t a l  I I ‘ is imno re ’

t } m . i n i  t ’ . ’ . i e’ e’ t h i , i t  , ‘ t  10 14 . I . m i i l e ’ 5, I i i u u s , I l l ’ . ’ .  ah i so i ’ p t m o ui  m’ e’ q u m i r e ’s m mmore t h m a n r  ‘ . t . m r t m u i g

i m m a t e r i a l  p u i r m  I s

‘.3
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l i m ~’ u i ic ’ , i su m r e ’ n i ue ’ m n t  11 i c ’” i s t i ’ .  i t s  lu  S i n uous  e l’S st j k  is s i l l i ’ .v n in  I ab le ’ 5. \\ e’ mar

e x p e c t  t l n m I  . u h s i i r p t m i i u u  ‘ . ‘ . i i t i l e l  e’onu ’ e’I a t e ’ ‘.s t I m  r e ’ s i s t i s  I N .  [‘ uldo P e c i  or P e r f e c t l y  e’ ou nm pc ’ni ’

sated en ~ ” t .u ls  i ’ u m g i i t  ~~ ‘ i iav t ’ ho’.’. al’iso r p t m l i m i  . m n i e h  i i u g h s t ’r re ’si ’s t m s  i t s  I ho ’.s c’’.e’n, t h r ” . P a t t e r n  us

not  c’ ’ .u de’ul t V s h r m l e ’ e’ r s s t . m l  10 14  has t i m e ’ se’ c’ l i i i el I l l 5 % t ’ st  aiis o r p t i i i i  a m i d  i n i g h i e ’s t I e ’ s r s t r ’ . m t \

e n s  ~t~d 100 h m , m s  t i l e ’ t i n u r d  I , i ’ .s e’st i h s u i r p t m o m l  l i m i t  t i l t ’ se’coui d h m g i m e ’st r e s i s t i v i t y

l i r e ’ ah i s or p t iomi  cod I u c m e u i t  v a l u e ’s ,i re ’ somii e ’ ’ .viiah t u u l c e r t a n u l  , N e S  t h e ’pend on .uc e u n . m t  e’

uu ue ’ u s m u r e ’ u une ’ u i t  l I t i m e ’ im ie ’m d e ’u i t .  re’l le’e’te e l .  m m m c i  t r a u n s n u n i t t t ’tI P 1 1 5 5 c m  ,murd  f ’i ln’ u e t u m a l m h s  , l ilt ’

si t ( l . i t i l l i i  is ~‘ u l i u i p l t c ’ i l e’d i h iy t I l e ’ a h s o r p f u o i u  losse’s ‘.s h i c h i  I l e ’ c u u u ’  w i n n I e’ f l u e ’ l i g h t tm u ld e ’i’g lr e ’s

t l n t i l t i l i l e ’ re t lc ’e’ t io u m s  i n s i d e  t l i e ’ f i l m i r ,  ‘f l it ’ u i ’ n h t  pIt ’ re f l e c t  ‘I ns  ,O e ’ .m m’~’~u i I I  l i t  t h e  I m l m m m  . i n i

m u i t e r l . m e ’ e’ .t ui e l f i l e ’ m l i i i  s u mh ’ . ”. f r : i t c ’ u t i t e ’nl uc e ’ If ’ t i m e ’ mu i t l e x  of ’ r e I r . u ~’ in o u i  us k i i i ’ss 1 I ’ m  e:rd ’hI

umre ’u h i u i u m i .  t h m t ’ um t r , u u n s n m m i t t e d  I i  , m e t m , l r m . I ,  is  cu v d ’rn liv

- I I  . l~ ~2
I . R —  e ’— P ’
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Me’as tm r t ’ m m m enm t of m m 2  h i s  Bre ’ss s t t ’r ’s anm gh e ’ is ele ’ t e r n m m i n n e e l  ii~ t h e  p o l a n i i a t  m l i i i  m m ne ’ t i m l l d

slio ’.e ’, t i m a t  t i ne ’ l u l u m i  m n d h e ’x ‘. .u n m e ’s f r o m r )  f ’m l n m i  te l f i l n m n ,  I im n t l t e ’ n mmm o re ’ . b i t e ’ t ’i h n m m  t u l l e  k u i t ’ ”.s m m n t m s t

he’ nm ea sun e’el prt’cm s e ’l s I i m i s  us cfon e’ hr m n t e ’ r f e ’i  e’nc e’ b i t t  i’e’ u f t m i r e ’s k u  I’. ’, c c l i v .’ of t h i c ’ i n d e x
of ref ’r a c l m o m i .  For t h e s e  ‘ . a i u u c ’s I l l  I , ‘ uS e ’ h a s e ’ i l ’ uc ’el l~ - . 14  l i i  m u l c ’ a s um red  t I m e  rc’ f l e e t e t l

i m m t e u m s m t s .  I lie ’ e!c’ n le ’rai r e su l t ,  t h a t  at least ‘son ic’ ci t  t h e  c i ’ .  s t a t s  h ia ’ . ’e abso rp t ion  e’ ot ’f f j ’.’ m e m i ts

u iea r  or below a u m se ’f ’u I  s , u l u i e 1 i t  l o l l  elF e m , s v i l I  he’ u m u i a t ’ f ’e’ c t e ’ cI by h e t t  . r  . m h s u l n h i t i o n

m l me ’a s t i re ’m i emi ts

Imi t h e  pr ocess  of mu e ’ a s t n n m n g  re ’s i s t i v i t r  . t h e ’ p l i o t o — c o u e l u c t i s  I t s  i t  eae’h f ’i l m u  ‘ . ‘ . , us
c h e c k e d .  Imi t h e  case’ of ’ ( ;( ( s imi i s t r a te ’ c ry s t a l s ,  t i i e~ p l i l i t O  re ’sp ou ise ‘.5 as s t r o m i g .  I iowt ’’.e’r .
no f ’t l m m ’ u e~ l’u r h i i t t ’d ph i o t o—com i e l u i c t i v i t  . I’ ro mn this  ‘use conclude t h a t  t h e  d cci r ous i c  t r a n i s i —

t m cl m l s  w l m i c i r  e’ :mu st ’s a h s o r p t m o m m  arc ’ omies w i t i m  m l o i m — c o n i e h u m e ’b i i l c  or Io ea l i t e ’d f ’i i i a l  s t a t e ’’. . suc h
,is e’’sc’ i t l ) i l s .

Fl ie v a r i a t i on )  of ’ r e s i s t i s i t ~ ‘us t b  te ’u m i p e ’n ’ a t i m r t ’ w a s  u lm ea s t i r e ’d l I l I r  se ’i , e ’ra l c ry s ta ls . I ose

te ’ m mmpera tu r e  ui i e’asiire ’n mle nmts  ‘.‘.c’re ’ a ch i i e ve ’d h r  cool ing  t I l e ’ e r r  s t a l  m i  a (‘ r vo gem l ic  I’t’e’ i r —
nohogy cooien . I u gh t em perat tire n ie’asure ’nie ’n ts were’ obt a i ui e’eh s i a  . hot lila I t ’ , l i m e
re’ smst  vi t s versus ten u pera t  t ine curve s are t lnose of ’ eonip en sat ecl  s e n u c o m i d l u c t  uirs ‘.s i t h i  an
d \ t n i u i s i e ’ regmomi at  low te ’n ip e ra tu m res .  T < I 00’ K. I’ i g i t r e  I I si i i i ’ .s”, P vs ‘~‘‘~“I f o r  e r r  st a l  10” ,

At t he  s.m me t ime ’ a h i so rp t i omm S e’ i s t t s  tem m mpe ’ra l ure ‘us as m m i e ; i s u m r e c l  Vs I . TI m e’ resis t  is i t s

chan g es by hi ord e rs of ’ m i i a g n i t u i d c ’ w i t h  a c t i v a t i o n )  c’rr e’r g ic ’s of ’ .3 1 c’s’ a n d . 5 4  e’v , i’lic ’
ahs orp t ion i  us te ’u l ipe ’ ra t u r c ’ inc l c ’pe’m idt ’u i b .  T h e r e f o r e ’. a h i s d ) r t i t i o n m  us m io t  p r opo r t iom ’u a l I c i  the
c’ot i e l u c t i ’, i t s  So , t ime ’ ah s o rp t io i m p n l i e ’ e’ss clOt ’S i l ot  u i ’ . o l s ’c’ t i ’ a u i s i t i o m i s  het ’.s c’ei m t S % l i  c ond ui t ’—

t i oui han d  s t a t e ’s, The large ’ s ,m r m : u t u o m i  of r e s i s t i s  i t s  i n d i c a t e s  t l m a t  t I m e  el o imors a n m t h  , l c ’ t t ’ l i t l ’lr s

are nl l i t  c lose to t ime  h ami e l ee lgt ’s . In err  s t a l  h ol e) ( l ie’ n u m m i b e n  of c o i i e h t i e t i omi  c’ ; l i r u e ’rs 5 m i m e ’ s

r a p i d l y  w n t i m  t e m pe ra tu re .  FIl e’ p l i s s i h t h i t  fo r  lo ca l i i e ’t I ,  ba i r d  cap s t a t e ’ f r : m m i s i t i o u r s  doe’s
ex i s t .  ‘I l ie ’ e’ l ) u n l i l e ’ te  t re ’ a t n m l c ’ u i t  i l l  hand gap s t a t e ’ t r a m l s u t i o n i s  r e q u i r e ’s c l n e ’ nm mic a l  m m i m h i t u r u l \
d a t a  ‘.‘.Iuch ire ’ not a v a i h a h i l e ’ amid  . u u i a l s s i s  u I  s t u ’ u m e ’ t u m r , i l  cl e ’t ’e’c’l s t , m l e s  ( o n u i l i l e ’ le ’ h u m s —
r m nuss u o mm st ’ e ’ e t r . u  we’re u l h t a u u i t ’eI w u t l i  a Ile ’e k m n a m i  I ) K l I  m n ’ s t u u u u m e ’u t .  l i lt ’ b m ’ a n s u m l u s s u l l u m  is
f e ’ ,i t t i r e l c ’ss a h m i s e  f l u e ’ i i a mi e l  ce l ti c’ f I n  a ll of f l i t ’ e r \ s t , u l s  e’ x . m u n l m m l e ~I. I 2 i e t i i ’ e’ 12  s hi i i s ’ . s t h e ’
t r a n m s r u l m s s m l i u m  c’ i i i ’ . e’ f o r  c r y s t a l  14 5
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I o s u m n i n m a r n / c ’ t i n t ’ m n l s e ’ s t m g a t m o n  ot the  o p t i c a l  a h s o r p t i o m i  ul me ’ c i m a u i u s u n u . f l u e ’ m I s t

probable ’ cause’ is e’Ie ’c t ro nm c t r a m i s i t i o m m s  a im io nm g loe’ah i i e e l  s t a t e ’s inn  t i n ’  ba u d c u p  I t i m  t I i e ’ T

t r e a t m i u e ’nt is r e c t t m i n e ’ eI to f u l l y  u m i c lc m’ s t a m ud  l I m e  o n u g i m i s  l I t  .m h sor 1 i t i ou i

l ime u mmost  recent l y gro’.sn crystals  art’ Ri LuIG oui ( ( G st ih ssf  r a t e ’ s h u m  ‘.‘. , j s  c’ h i osc ’i )

hecause it is the s u mmallest  rare ear thn a ’mc l so n m m o re  R i eami lie sut ist i t u t e d  i m m t o  t h e ’ c’r \ s t ab

ami el  hec’aum se 1.tm m m m v a i ’ n a h i l y  us a t n i s’ a l en f  c a t i o n ) , ( Y b  t a i l  lie c’ i t i i e ’i c f j ’ . a l e’ m n t  or t r m s a l e m i t  I ,

Several of ’ t i n t ’ t ’.’.c’ n m — f u S e ’ c r y s t a l s  pr c’pa re th ‘mmii  a l ) i 2 O ~ Ph () n m m e l t  s i m i m i l a n  h o  1 5 1  ina s e
a i i s or h it i on  coet ’I ’ie’ue ’mi t s  near  100 elh e m ui  mmci  se ’s e ’r , i l  c ry s t a l s  aI i I i e ’ar so t m’ a m m s p a r e ’u t  t h a t  t f u ~’
a i i s o r p f m ( l u i  c’ot m l el u m o t  lie ’ u l i e ’a suure el. l ’ah l e’ 6 g ms ’ e’s m l i s o r p t i o m i  t c i ge ’ t l m e ’r ss t i m  Se’e’h se ’ck v o l t a g e ’

ant I  re ’s u s t m v u t s  Ion  t I r e  I 3 m I , u l G  e’FS s t a l s  . .\ t  th e  t i m e ’ of t h i s  ss r i t i m i g  ‘uS e’ arc ’ l i h t a i m m i n m g  n m m ic ’ ro—

prohe c’ iie ’ m n ucah  a n a l r s u s  to ch e ’tt ’ r m i m m m m e  w l mc ’ t h u e ’r t i l e ’ ‘ . a n i a t i o u i  l i t  a l i so r h i t i c ’Imi is c l i m e ’ to

i m l m p t m r i t i t ’s .

( ‘ . oS 2s \ I m r . m e l u s  Rot i t i o m i  m i d  A h i s e i r p t i o u m

l’ah l t ’ s i m ci ’ . s s I . 13 a m i d  F 13 . t I m e  t ’m g u m r e ’ , i f  u i ie ’ r i t  ( o r  e r r  s t . m h s  ~)f Bi\ ’ b ~ I h :~’( ;~ 4 5 ~~ 2
I’rommm mmm e ’h l  I SO ) a m m c l  of ( f ~i\ ’ h i ) ~ I l ’ e’ ’I ç 0 1 2  f r l i m m n  m e l t  1 5 1 , h i i i t h i  R i 2  ( )~ ‘ Pl i ( )  m e l t s . I t

also c i s c ’s ‘ . i u t . m  h i t  I I3 i ’~’ i i l ~ i l  e’( u I .~ O h :  f r o u m i  u m i s ’l t  1 ( 1 1 1 )  an t i  ( l 3 i Y l i )~ ( t e A l ) 5 U I :  t r o n m i

m nrc ’ l t  I i ’ S .  h i l l t l i  R u :  ( ) ~ \a~ 0 m m i e h t s  a t  ( ‘3 2 $  ‘\ ‘.‘., i se ’lc ’ m i g t i i .  l’he b i s m i i u t h m  ga nu ic ’f

e’r~ st als  f r o m  u n m e l t  I oS have ’ f l i t ’ ‘.‘ers’ larg e  F ar :me har  r o t a t i o n  cl esin e ’eI.  I ( i n  c’on ip ar i s ou .

time r o t , m t m o m i  u t  ‘
~ 

I ( is a h o u u t  ‘1)00 ) ‘ ‘c m i i , I ’ h i e ’ r o t a t i o m i  of f ’ i l u m m  1 0)4 5 and  1052 is nea r l y

temm t m n m m c ’s t h a t  l I t  ‘
~ 1G. \s  mu t I n t ’ e ’ , i sc ’ of ’ I ho p u n  rc’s u m l t s . t i m e  I3 iYb Fe’ ’\l ( i er r  s t , m l s  l i a s e

ti me har g e ’st I ,m r au l . m ’ .  r u i t , m t u u i i u

) t f ’u. m n d a m n e ’ n m t . i l  u i i i t i l i i t , i i i e ’ e’ t r ou ii  an . m p p l i c ’ .m t i o n  p c ’l i m i t  c i t  v ie ’’.v is t he  op t i ca l  t ’i g t mr e ’
( i f  um ne ’ r u t  —j ’

~
— I3~’~’ , mm m ’ .~’ t i n e ’re ’ .mre t o u r  l t i s t m m l d ’t com l ip o s i t i ona l  groups , t i r e ’ eas ic’st war’ of ’

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
‘- _ -  ‘- -
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n i m , m k u n m g  c’c inm r l i a n i so m is  is hi s t a k i n g  t h e  ave rage ’ va lue  cit ~~ for e’ac lm group.  l ’ Im is  us t a h u l a f e ’ cl
h i e’Ios’. mum I t H e’ 5

l ’ e R l l S

S. i lll f i l e (;renm li I ~ pe I ’ 13

1 0 0 1 —  1 0 ) 2 1  Ri—G a t lo p c ’cI , Ph i f l u x  .

1 0 2 — I  Ut) R i— ( ;a eloped, N a f l u x  I ~~~~

1 00’)— 1020 Ri chope ’d. Ph f l t u x  I .61

104 $— 10S 4 .‘\ I doped . Na f l u x  2.1 9

‘r hi e 1 009—1 020 antI  I 04 5-I 054 g rout  (is slios’.’ aim ave r a g e  f i g u r e  ~sf n ie ’n i t I h a t  is s o m i m e w h m a t

larger t l m a m m  f o r  gar ui e ’f g r o u m ps 1 0 0 1 — 1 0 2 1  and 10 ) 2 . 10 ’ ) , Un i t ’ ul hsc’ rs’a t i ou l  is t h a t  a so el i ’ ’ un

f lux  ss’~ t em mm i nmmpr o ’ . e’ s the ’ l ’ a r a c L u r  r o t a t i o u i  u llo r e t i t a n  it ‘. ‘ . ,n se’ns t I n e ’ a h i sonpt io i i .  F u r t h e r

mis e’ s t u g , u t i c i n i  needs t o  be donic ’ b e f o re ’ c’ o m i c l u m e h i m i g  t h a t  ~o e i i u m m i  . m u g m m m e ’ m u t e ’el m e l t s  are ’
st t) i c’n i or to lead m m m cl  t s .

I ) . \ 1.u g, i  e’ m u  / . mt  m ciii  a mi d \ ui usot r opv

TIme s t a r t i n g  po in t  f o r  u l ma g m i c ’ t u c  c h m a r a c ’te ’ r i , a t i l i n  l i t  n l m a g u m c ’to op t i c  g a r mi c’t t ’ i l nmms is t i n e ’
dete ’ r n m m u n a t m o u m  of t I m e ’ mi m ; m gm ie ’ t m c ’ mc immi e ’ui t  per u m m i i t  v o l u u i m t ’ it ’ t i m e ’ m m m ; m t e ’ r ia l .  Km ’u ow h t ’elge e l f

4 m M  is b as ic ’ to t ime t m nuelc ’r s t a mi t l i n ig  c i t  t I le ’ d e u l m a g n i e t i f t ’cI t in s t r ipe  e l o n m m a i n i  s t a l e  of i ron g a n m m e ’t
t h m u m i  f ’m h m m m s  hee’aum se ’ i t  l e t e n u i m u m m e s  li l ise I m g i n t  s s m I I  l ie’ dc ’f le ’e’f e ’el amid  imeiw t h e ’ e lo i i ma i u l s  s c u l l

re spon eb to ,m~i p I m c ’ei n m m a g u c ’m me f me ’leI s ,

F i g u r e ’ 13 u s a p i c t o r i a l  of a t y p i ca l  i i msu i ~m m t i m  s i m l i s t i t t m t e ’eI r l t c ’ r h u i n m m  iron garm i e’t t l m i n
f i lm is se’ c’ui ‘ .v i t l m a p o l a n m i u u i g  ummieroscope ’ . If  a smm i a l l  m l i a gu i e t i c  f i e l d l  us :mpp l iec l  mio r u ima l  to

tI l e ’ p l a t e l e t  i nc  s e t  of ’ do u i m a i m i s , sas t I m e ’ l m g h m t  s e t ,  cmos ’ . ’. by ‘ . s , m I l  u l m u l t i o n m  ‘ uv i t i i  respect to

t i re  u~t l m c ’r se’ t .  ,‘\s t I m e  f i d el us iu i er t’ased t ime  d a r k  se’t of ’ e i o u i m a m n i s  c l i u m m i n i i s h m  mm ‘ . s i d t h m  t m n m t i l

t i l e ’S .mppear  to he s i immp lr I mnes  as s h m o w u m  n i Fi gure 14 , \ s h i g l u t  f u m n t i m e ’n imierease m i  I ’it’h el
sp o nmt j ne ’ u i i u s l r ca u se ’ s t he ’ I mume ’s to h ire ’a k tip i u l h o  se’ gn nm e ’ u i f s  and , ms t Ime  app l ie ’eI f ’ie’ld

1 3 5
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WHITE DOMAINS HAVE GROWN AT THE

EXPENSE OF THE DARK DOMAINS .

Fig u re 14 I ) or m maim is
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c o u i t i n m u e’s to m m m c ’re ’asc ’ t i r e’ sc’ t imm m en ’m ts  s i n r m n i  k to ii ice’ sta h i l e  t iuhh le ’s as s iu o w m m inn l ’mg u re ’ I S.

This pr~~e’e’ss is soni ’me ’ s s I m a t  s i m n u l a r  to t in e  h t i l ih l e  gar nc ’t u m i a t e ’ r ma i s , l’ i ie ’ne ’ is o ume ’ e l i f f e re mn ce ’ .

I m ci ’ . s c’ ’ue ’n . am i d  t l m a t  is , t l m a t  t I m e ’ bubble  g i m l e t s  re’ d h i u i r e ’ aum , i d d u t i o m m a l  f m e ’Iei to u mmore

~‘ i e n t l r  cause t i m e ’ t i n i m i  l i u m e ’s to ii m’e ;mk t i p  j u i t l i  se’ g mmme ’ u i t s . I t  c h I le ’ s  suu cgest .  t lmoug lm . t h at  t i ne ’

hi mh l i l e  s t , i t e ’ of ’ both s t r i p e ’ e l o n m m a i m m  amid  h u h h l t ’ ga rum dt s  e’ai l he’ e’ i marac te ’rui ed h i~ s i u r i m l : m r

t ineor v  , S i n m e ’e tec lm n i i e l ue ’s lnas’ c’ bee’n e le ’Ve ’Iu li e’d ‘on u l me ’a su run c  the  m mi ag m nt ’t u / a t  ic ium in I i u m h i l i

f il ms it  ss’as reasom m ab l e’ to e’x t r a p o i a t e ’ t f m o s c ’ t e ’ c l n n m i q u m t ’s to t ime t l e t e r u i m u n a t u o m i  of 4 m M  i i i

s t r ipe el o um ia i n  ga n imt ’ts . Fci r t t m u i a t e ’lr t I m e ’ l hie ’ui r r  of ’ i i u bh l e ’ nmna gui e ’ t m / a t i ( i n  eami lie s u n m m p h u f ’ie’eI

e l u i t e  a hi t  f o r  s t r ipe ’ d o n m a m m i  m m ’ m a g n i e t i / a t m o m m  as t I n e ’ I c i l l c i s s i n g  , m u i , m l s ’ sms ‘usd 1 show.

Umme paraune te’n of special  im ’m te ’rc’st in hu.uhbhe ‘us uirk is tIme ’ nm m a tc’nu al le’n igt hm. X. def ’m um e’cI

‘i s ,

(I
- 

4m\1 ’.

ss l r c ’ne’ Ii  = t i m e ’ ss il l e’um e ’rgr ‘.le’ui s i t y

mt ~t I \l ,, = t I m e ’ s n f u u m . u l i l i i l  m m m . m m iu m e ’ t u / ~m t m o m i  u m m o m c’ u m t .

\ 1 . ’ l .  i u / . u t i ’ ’ i m  c l u i ’ u c ’s t u i r  5 m n i e i u u s  v : u l u m e ’s I l l  \ ‘ u v u t h m  r e spect  to f ’i l u m m  t l m m e ’ k m i c ’ss i m , m s ’ e’ be’e’ui

c , m h c t i l , i t c ’cl , i i m t f  t h i t ’se’ 5’ u j n ’ . e’s s hi os ’ . t h a t  sv lnc ’ u m ~, is  ‘u~ ’i ’r ’ n m m u c ’hi s n m m a h h c ’r t h a m i  f ’m l n m ’m t i m m c k u m t ’ss

the ’ t l l f I l l ’ u s u i n f . !  c I l m . u t i u % u i  mum t h e ’ ap p h i t ’el ‘mel d us r c’ Ic ’’u u n m t

M I I
\I ’. 4 mM ’

or s i u u m p I ~ 4mM e 1 iu i s t Ime  ~m p p h i e ’d f ’ie ’IcI ,  I I .  ‘ l ’ I mms us a re’nm ;urk a b le ’ resul t  am mtl  s u m g ge ’s t s  an

e’ u s r  sv ,u r  u i t  ummeas imn in g  4 iu’~sI pros’ ieIe ’tl t h a t  A caim be’ s l m os’.mi t e l  lie nut uc hm sm r ia l l e ’r t i n a u m  t l m i e ’k—

mmc ’s’s in s t r u h i e’ e ku m m ain i  g a r u m e t s .  S t a r t i u m p  f ’rc m ni t Ime  e q ua t i ou ’m s

(I
S

4ir 51’.-
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a nm e l a = 1 2 A  11 k 5 14 ’ 2 .

a im e l lc ’~ t i n g

I ‘k = 100 ) ( )e’ ~m u m m s & i t n o p \  I ’ic’I eI

= 100 Ut ’

A = 10 °~~J~<’
’ n: e’ x c I m , u u i g c  cons tan t

t h m e m m  t o m  s t r i p e ’ d l d ) n m i , u u n l  h ’i h u m m s  A 10 2 u m ) me ’r o nms , l y p i e ’al t’i humm t l m i c k n m e ’ss is abou t  5 microns.

so t l r a l  A is about  500 t i u m n e s  s u m n a l l e ’ m t i u a n i  t l n u e ’kuie ss. ‘l ’ ln is is s ui t ’f ’ie’i e u i t l v  chose I l l  t Ime

t l me ’om’ e’ t ica l  su ía i g h t  l imi t ’ u m m a g u m e t i , ’a t io im c’t t i  ‘.c’ of r e f e r e n c e ’ I 6 to j u s t i f y  t a k i n m g  4 mM u s tIme

u i onu mma l  f i e l d  ume ’ces sar v I C )  f u m s t  s, m t u m n a t e  a f ’m l u m n

Because’ of t i m i s  c’onnc l u i s i ou m t I n t ’ a p h i a m a t m i s  cd I m c u i i t ’ I 0 ‘uc , us e’ons t rm . i e t e d .  ‘f l ue ’ s. i u u m p le ’

, h e ’ t es tc ’el is p laced  ins ide ’ t I m e ’ a i r  cone ’ s I I l e ’m mouel  t l u m t  us ‘ . s a t c’ m oi pe’n ih mp s  s tc ’; m u n m c o o l e d ,

l i m e ’ c o i l  c o n s i s t s  of ’ 2~~5 t t i m  i i ’ .  I I I 10 ga uge’ e o t i l i c’r m uma g ume ’t ss’ nre ’ aimel  is c apab le ’ of suip—

peivt mm i ~ a f i e ld  cit 2,”UO oc’r s mc ’ els ss ’ m t i m e’ x m s t m u i g  ‘l s’. e’i s u i p t i h m e ’s. P o l a n m i e ’d I i i z i m l  (1: 0 ~25 .\

f ’nourm t i l e ’ l m e l i u m n m r — u m c ’o m m la se r us t v .mss e’ cI t l m u o i m g l i  t I m e ’ s i m ple ’ antI  i u m t o  t I l e ’ o h ip c ’c’ t iv e  le’mm s of ’

t I m e  uu u e ’ u’o ’scoh ie’. An . m m i . I l r  / e’r i n s i d e ’ t I m e ’ u u l u d m o s e l i h i e us s e t  at 45 ° to t i n e ’ I i o l a nm/e ’T aumel  t ime

i - a r ac I ~u r i l ’ t , u t c ’dl l i g h t m ’ s t h e m  sc’ m i s e ’d I sv t I m e  t i ln ’ :oeIu o eIc ,c ’~ ep icet ’ c o m i m I i m n m a t i o n  A sanut il e ’
( l f  t i m e iu i t ’ie le ’m il  Ii e ’,i m u i  is  u s e d , ms .u u i o n u i i a l u i u u m g  c’ l ) c ’ f t i c ’ ie ’mm t mc i  k eep  t I m e ’ laser o u t p u t

‘ u , m r u a t m ( i u m s  f n’onm u m m . m s k u m m g  t I m e ’ t i t i c  s igui . ml  TIle ’ o u t I i u i t  of t I m e  n i o n u m m a l i u m m g  cir c ’ t mi t  is placed

0m m t Ime  O i c h i u l . m t e ’ I l l  .m I Ie ’’us le ’ t t  P ,mc ’k , m ue l  nmoele ’l I S s  \ ‘m l ) h o t t e i  . Abscis sa da ta  us takem i t r o n r

saum i phe ’ of t I m e  t o i l  e u m r m e ’ui t  b I l e ’ u m m e ’ ,u su re ’ u m m e ’ui t  i s  doume I’~ f i r s t  slos ’. l~ i m m e’reasing time ’ c o i l

c’imnre ’ii t I i )  I l u i e ’ p o l a r i t y  u m i t i )  um m a gn m e ’I i c ’ s a t u m u a f m o n m  ot t i m e ’ I ml i i i  us a e I l i e v t ’dI a s i mi e lu c ’a t e ’d hr

t i r e  ‘ . . u u m i s l m i m i g  of t ime  f ’i u s t ‘ . a r m , u t i o u i  of ’ l’ , m u a e l . m r  i o f a t i o u m  ‘us t b  re’sliec ’t to  app h i e e l  t ’i e le l .  N e x t

t i m e  e’t m u i c ’m l t  is u e ’ I r a c e c l  to /ero , m i l c l  . u u m r  de s m a t u o u m  of t I m e  e u m u s e ’ as time ti l umm c l i n i c ’s out  ci t

s a t m i u m t i o u i  us  a im i u l , I u c a f i o m m  I l ?  m m m . l g n e ’t i t ’ i u y s t e ’resis. F i u m a l l r  t I m e ’ p o h .u m f r  of t I m e  appl ied  f i e l d

is me ’se ’ rse’th mime )  t Ime ’ t’’s h i e’i u u m c ’ u m t  I c ’! uunm t u ’ I i ~ e’ e’ oat  t i m e  o I l i e r  l m t m h f ’ ot t I l e ’ loop. l ’Ime ’ s , m l u u e  of ’

4n’\ l us , t l u e ’ um , u’ ’ a e h i l s  oli t , m i u m , m h l e ’ f i o u u u  t I m e  loop aum el . m m  a t b e l i t i o u m , ,m pe ’ n u m m a n e ’u m t i t ’e’(iid h f

t Im ~’ ni m ~mg urc ’ t ue ’ f t  f u m e’s I I I  l I m e  f ’i h u m m  l m , m s  iie ’ e’ ul  g o t f c ’ u n .  l m e u u m e  17 . a eu.ii ve ’ m m m i i  l o u  amm in — house ’

e u h i sc um s i n  pc s , m m i m h i h e ’, doe’s s de l a ‘u ,m lu ie’ lou 4ir\1 t imat c,iml he’ , me ’ c e ’I i t e ’eI ‘.s t in c’h i u m t ’u d l e u i c ’e.
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NORMAL FIELD
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kum owl edge of ’ nu umme r ica l  va l t ie ’s e)f t ime a mmisot  ne )py f i e l d  I 1k is innm po r t amm t  because t I me

d eflector drive f i e ld  is proportional to I ‘k ’ Fur t l me nmmm ore ’ . knowledge ’ of nummi en ica f  va lues

for the au iisotr opy h eld . 11k’ ti stripe d om aium I m i umi s is i um ipontamm t becaus e of all the

equat ions t h at require this  paraum i e’t er as a e’oe’ff i c ien t .  [Iris imiclude ’s tIme’ wal l  w id th ,  all

energy , wa ll response to au applied t ’ie ld ,  au i i s o t r opv  eons ta ui t ~ amid probabl y ot l mer

quan t i t i e s  tha t  nmmar  liecome apparen t  as s t r i p e  e l onmmain i  t I re t ) rV e’ ’ u ( i I ’ uc’s.  ‘[‘he sim p lc’st

mm m et i mod of ase c’r ta in i u mg the va lue  of 11 k u s to ele te n ir ’m in me ’ t ime  s tm e’ m m g t h m  of an i ii— l i l a u i e  fi d el

t h a t  is just  sut ’I’ic ie mi t  to d raw t ime  magmie t i / a t ion i  iumt  o t Ime ’ plamie of the  h ’ihumi  . A l t h o u g h  t ine

respo n se of t l me nm r agn e t iza t  iou to an ium — p lane  l ’ie ld is highl y u ion h in iea i . t ime  emit l poinr t i) e’se r—

t l m e h e ’ss descrihes the ’ imma gn i i t ud e  of 11k’

lii order to i i m e asu m r e  t i m e ’ 4mM a p p a r a t u m s  ‘us as nmmo e l i f ’ie el . A sc’I of 1 lehu m ’u l r o h t i  coils

was wound aroumid t ime wa te r  cooled sohe’noieh i n ) s u me i m a ‘uv ar  as I C ) prc ivi t l e  for an m i  p lam i e

field h i t  up t d )  300 Oe at t ime  sa u m m l i l e ’ l l l t ’a t jo ui , lint ’ m lle ’a s l i i  e’ i i i e ’u it  is m u i a ele’ se t t ing  t ime

p oi amit er  , m u m a l s  / e n  c o m l i i u m a t u o n  tc ) c’ x t i n l c ’ t u c i u m  ;m neh t h m e u m  sloss Is im m cne ’asiu ig t ime  e’ um nnen m t  to

time i u i — p h a m m e  co i l s  u u m t i l  t Ine  um’ m a g n m e t i i a t i o n m  is eIi ~u ’uv mi in ) p l a n e ’ . Ag , m m n  t h i s  is  im i t l ica te t i  h is the

vanis h im m g of tIme di ff ’eren t m ; m I  Fan ~m el ay c ) )  c’c t _ us p in i po im i tee l  h r  t i m e  ph m o tc ) e i  o d e ’ ‘se’mi s e )r .  Time

ficl d is then slowir ’ re t t mm ne d  to 0 Dc’ tci  ie le ’i r t i t ’v m r  st e r e ’ t i c  p i b ) Cc’sse’ ’s . F in ial ls ’ , the experi-

rmi ent is repeate d ‘uS it hi t Ime  p o l a r i t y  of t I m e ’ t i t l e l  re’ve rse’ti iii orc le ’r to aid in t ime  ch i u mi  i u i a t  iou

or understand ing of’ a imoma l ie ’s mi t i ne  ap l i ara t  u s l i i  s au n m l i l t ’ , S i u m ce ’ t ime  d a t a  is d i sp la y e d  ciii  ami

X Y plot ter , a pe rum m ammemi t  recor d of tIme I i  I mmm s i e’spo ml sc ’ to aim ii i— p l a u m e  f id el us ob ta inmed

Figure I 8 is su, i c i m a d o c umn m e n i t  au d I i t  was got t e ’n m I rom n m l i m i t ’ of t i l e ’ iii— house f a i n  u ca te t l

stripe domain garnet  f i l m s .

I i i  c o u m m p a r i n g Fi gure I S ; mni cb F ig u t r e~ I 7 , a s t r i p e ’ s, m t m i l i l e ’ u i m a g i me ’ t m / a t i h i m l s  e’uuu’ s e’ . i t  ~5

rt ’asoi mah le ’ to qu i e ’s tm o u l  f i r e ’ n mi . m c ’l n lar ge’r a p pareu i t im stc ’re ’s i s  i i i  t h e ’ n l m e ’a s tm re ni i t ’n i l .

Be eau ms c’ t I m e ’ scale ’ f . m c t o n  on t I r e ’ .uh i s cuss ,i of ’ t Ime ’ I~ gr , i ; i h i  i s  f u s e ’ t i u l i e ’s , m s s e n s i t i v e ’ us

t h a t  of t i re  4 T M  gr ap h . t h e  ‘‘ k grap h e’aul \‘i t ’lt I u m n t i c ’i r gr e a t e ’r d e t a i l .  I t  is s a t e ’ to a ssu mm i m e ’
t i m a t  t ime ’ a c t u a l  l m v ’ s t c’rc ’sms  j i m hot ii t i m e ’ 11 k l u i u i p s  , m u m e l  t i l e ’ 4 ir\I 1oop’~ are a~i p r o x i u u m a f e ’hv

eqti a l him a u s  sanmm pIe

‘L ihh e 9 g i s t ’s 4ir \1 and 11 k s a l u t e s  f o r  ( I i i  ‘~‘ l i 4  Fe’ ~, m n n m e ’f t i l m i ms  t ’rou im umi e l t  1 5 1 , a

Ri :0 ) 3 PhO n m r e l t .  amid s a l u t e ’s fo r  I 13m\’h 4 ,  ( j :~.\ ~ )~ gar u i e ’t t ’i h u m m s  f ’roumm mn e ’ l t  I oS , a

R u 2~~3 — N i  ~( I m i m e l t  bum ‘l’ah le ~ ,m b l a n k  ui m d i c at e ’s I l k  e I , m t . m  ‘us us not l ’)h la iu i e ’d.
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I A R! . ‘) . \ I A G \ b  I I / A l  ION \ N l )  . \NISO1 ’ROl ’Y

(‘ is  s ma l  M e l t  4mM

1 009 I S I  1675

1010 I S )  l S o I

l O l l 1 , S 1  l4 X o  49 . 0

1 0 1 2  1 5 1  14 ( 13

10 13 I S I  I SOs 92 , 5

10 1 4  1 5 1  1 781) 98 ,2

l O b  1 5 1  1o 7 5

102 0 1 5 1  15 9 1 1 S .3

P18 l o S  737

1 049 I (iS

1 050 10 , 3 SI I

10S2 lo S  921

l O S S  I oS

I t ) ~~I I (iS

l f ) S 4  l o S  4 1’)

t h e ’ v a r i a f u o n m  ( ml ’ nnmagmmc ’ t i / a t i o m m  h o u r c u r  s t , m l  to d i r  s ta l  is p r ohia i i l ~ real an m el  tha t’ t o

i u m m p t m n i t u e s  ‘[imt ’ Al e’ o u i f a i n m u u i g  f i l im i s  h u a s e  lo ’u s e’ m u m m a g n e t i / a t i o u m  because sou i i e  of t ime

te t ra hu e ’el ra l iro n h a s  b eenm i c ’p lae ’eel h i d .~ l. h i d ’ a n i s o t r h i l ” \  of f lue  I i h u m m s  is low e’nough so

t h mat  p r a c t i c a l  t i n e’ f ie ’I t I s  c mi i  he’ u t m h j i e c l  , lim e’ umma gne t i c  t i rop e r t i e~, c ) f  tb ic ’se c l ’ S  s t , u i s  is

iel ea l b in I mg i mt  e le tie ’c’tor u t se ’s.

-~~~~~~~ 
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SECTION IV

GRATING CHARACTERIZATION - BEAM 1) I VE R G ENC E

Be’anm 1),ve rge mice

lime’ f i rst c) r d e ’r d i f t ’ractet l beau m m is  a colle ctmo nr of ’ sma l l er  d m s c m  e t c  he’a u ni s .  1 .2 I lie

i u m e l m v i d u m a l  sc i l i —hs e’ :u n ms h ave ’ amm a n m g u i h a n  e l ive ’r ge nm e ’e’ I m m mr  ane l l I n e ’ t o t a l  e’ h ) I i c ’ e’ t i O u t  lm a s

a e b i s e ’r g e umce oh ’ 10 ru n. In a d d u t m o m m . t I m e  t ’o i b o w i u m c  t’f I c ’ c’t s  I m a ’ . c  he’t’ui h ih i se ’r sc ’d :

a )  Time ,ero order beam u is not noisy whic h  im i i p lies t ime substrate is u i ui i f ’ou mim amid

the hi imur  im as u n i f o r m  t l micku m es s  w i th  respec t to in c h e s .  p a t i m l e n i g t l m .  e tc.

h If t ine  cr~ s ta l  is t ramms l a te e h  past an aperture tIme l igh t  i n t ens i ty  in t I me  sum b—h e am s

changes. So , there exist  discrete  regm lmn m s of non-uniform grating.

c ) A change’ of applied m agnet ic ’ f i e l d  cau m s es some s t m h —Iie an m s to move more t h a n

othen’s. This can tie t’xp l a iu ie ’d by in ie le p eum d e mi t  s sv i t c h i n g  of ’ separat e regio n s.

Wl mat  canm hie don e to ana ls ze the  d i f f  ract ioii~ ‘l ’Ime ’ e l i f ’f ’ract  mon i  eq t i a t  ionr us .

_ mi AsIn 11 —

I) itt erc ’ u i t i , i t i o n m  y ie l d s

co’s (I ~i() =
2e1 -

or

for  A 632~ A

O 20° .35 rad

d 0,93 pmmm

,m uid iSel 2.~ ôÜ pumr ( 1 4
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I f  50 o 2 rad = 10 mmmr .

t l me n  ~d .025 pin ( 2 )

If ô0 = I0~~ rad = I nmmr ,

then ~d = .0025 p u n ( 5 )

l inu s ‘.S’e’ e’ ami mm o t  su ni l  p ly book at elc u mmaim u s  ‘uc i t  I t a uu icr osd h upe because’ ‘uv i t l m  v i s i b l e  I i g i m t  ‘u ’ .c’

es i l l  not se’e’ t e a t c u r e ’s of tI n s scale in an i v  one’ e h o m m m a i i m .

What  ‘u S c ’ c aum do us to n i h i t e ’ t h a t  f o r  1,/) = 10 mui r . ~ei 2 .5 , c u r I part  ii i  40. W~’ eaui
ttm e mm book f o r  s oum m e ’ t h m m n m g  m m  t Ime  ci ’s s t a l  t i m a t  wou l d cause’ such a s m u m , m I l  s , u r i , u t i l h u m ,  \ \ e ’ ‘ s e t  o t i t
to t i m i d  e it ’ f e ’ c’t s  w i t h  a d eu i s u t s  of nnme cc c’ry 41.) c b on ’m a m n s ,  W l m j t  ‘use ’ c h i s c ’ h i s e ’re’eI ‘usa ’s anm

i m n m t i s u i . m I  m mmag n i t ’ t m c ’ c’ou mt ’m g u r a t i o m i  : a e l onna imi  v e r t e x , f igure ’ 19 , In a de ’nm ma tzu i e t i i ee l  s t a t e ’ , t Ime ’
ve’rte\  t bo um i a inm c’( i tm l e l  : m l c s , m r  s he assoe’mat c ’d w i t h  a f i l u m m  ej e ’ f e c t ,  a l t h o u m g i m  t ime ’ ebe ’f ’e’ct u m u a s  he’
re’molelv l o c , m t e ’d . l i l t ’ s em i  i c e ’s im m o ve ’ ‘uc l i e n  t l m c ’ f ic ’IeI c imamige ’s . ‘J ’hme eb omai i i s  he mm b near I Ire
% e r t e ’\ .  I Io ’uc ’,’’u .’r. f a r  t n l u u u u  t h e ’ ‘. e ’ r f e ’\ t h e ’r ,m rc ’ u i m l i e’r t t m r h d ’d . .So. t l m e ’ne ’ u s oui e nmo re ’ l i t  eac ln
d o n u m , m u u u  mum t i ne  e m . m t m u m c  re g ion n u m t i n e ’ he ’ l l  si d le ’ 1if Figt i r e  1’) t imani  mn m t I l e ’ r i g l m t  s ide O f I” igu ine
I ‘I . I I r e g r ,m t muic on ti l e’ le’ h t  side c o n t a i n s  one’ a d d i t i o n a l  perio d. If  t lme ’re ’ are N + 2  s t r i p e ’s

01) t i m e ’ l e f t  ‘si~l~’ . t h i e ’ii f h me ’re ’ are ’ onm l r  N ‘ s f r u p e ’s omm t i m e ’ r i gh t s ide.  \s a re’ s u mh t  t I l e’ cb i i ’f ’rae ’ t ion
.i u m r ’ I c’ m ’ s 1 ( 1  i i i ’  l . ur g e ’r ( l i i  t i l e ’ l e ’t . I x pd ’ m m i lm e ’n t a l l v  i t  ‘us ,ms obst’rve ’d t h a t  t ’re que ’ m i t h s  N 40,

Vu ! ie ’’ i  .1 n m m m e  l e t  ic drus c’ f ie ld i i c ’ i e ’ . u sc’s . t I m e ’ ve r tex  mic i s  c’s to im ) e ’re ,m se the’ area w l mi c l m
hi , m s h u e  um l h u re ’ d l i u u m , u u u i  am i d  re’u l u u c ’e’ t int ’ u r e a ‘u’. h m i c i r  I m , u s  m m m c ’ c’s’s d o u m r a i n ,  1m m Figure 19 t i n e
c’erte’\ m u l l  u S c ’s t i  t h e ’ rig h t  ,ms t h m t ’ a p p l i e d  m i ma g u me ’ t u c  t ’ue ’ IcI  m i m e ’!’ e’ , ist ’ s . ‘i ’hj s u m i o t i om i  is omit ’ was

tIme ’ u n u i u n r h e ’r l i t  c h l i u m m . m m u m s  mum t i m e ’ f ’i l n m m  m umc rc ’ , msc ’ s , I ’o r  t I m e ’ ptmmp ( m s e of a Imig i m re’s o l t i t i on i
e1ell~’~ 1um r . ml u s m m l i p e r a t i v e  t h a t  t ime ’ ~m pt ’ r t u m r e ’ ium f l i t ’ e’r r ’ s ta l  e’ont ~ii n i  umo ve’ r t i c ’e’s. Fh m u is  i t ’ t i m e ’
I ’m l u m m  us  to lie alihiw t’eh to ssc i mc l m by ve’rte ’x propaga t i oni , f lit ’ s e’ r t e ’x oum g l mt  hum lie ke’pl ( lo t  of
t ine , apc’r t t i re ’, i t  ) ) l l s s i l i l d ’ , or o um g lu t  to he c’au i sc ’tI t im u mmo v e ’ as r a p i t b i s  as poss i ii le’ :mc ’ r h u s s  tIme ’
ap e r t u r e .
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FIGURE 19 VERTEX: ONE MORE WHITE AND ONE MORE BLACK
DOMAIN EXIST IN THE LEFT SIDE TOAN IN THE RIGH T SIDE. FAR
FROM THE V E R T E X  IN THE Y D I R E C T I O N , THE DOMAINS ARE STRAI GHT .
SO, THE GRATING CONSTANT ON THE LEFT SIDE IS A FEW PERCENT
HIGHER THAN ON THE RIGHT SIDE , AND THE DIFFRACTION ANGLE
FOR LIGHT PASSING THROUGH THE LEFT SIDE IS “ -lO MR LARGER
THAN THE A N G L E  FOR TH E R I G H T  SIDE .

Fig tmre 1 9 . \ ‘e’ r t ex  I)oni i ,u in s
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Two vertex doma mm i s can oppose each otimer as in Figure 20 , When this  I m a p p e u m s  a

pont ion of tIme grating us rotated or ti l ted, but  t l mc ’ gna t l u g  spac ing  is not  p e r t u r he d  as

wimen only one ver tex  e x i s t s . The’ p e r t u r h i a t i o m m  is c oi mt  m e d  tc i  t ime r e’gion i l~et ’us’ e’c’ u m t u e  t ’ u V h )

tips . II ’ t ime t w o  verte ’x t ips  are separate d hi s N 50 d o n m m a m u i s  in t i re  — c t i r e ’c’t u m u m  and it ’ hot lm

ti ps lie omm or mme ar t ime x = 0 h i m m e ,  t Ime gm’ati i mg w i l l  lie tm l t e e l  away froun the x — a x i s  1w

small angle 60 I 0 n im r. ‘lire resul t  is t l ma t  lig h t eb i f f nac t ee l  liv t Imis port ion elf t Ime gnat  in i g

m ’s not par alle ’l to time l igim i eh i l ’f ’racted hr the j e s t  of the gra t ing .  The angle or deviat io rn is

~S ‘~, = ‘ s lum O6ç5: Imere . (I i ’s time polar dif l ’mactiomm ang le . see Figure 2 1 .  Since sin (1 .5.

6 ‘~ 5— 10 mm ) mad , w i mic l m comre s l i c) nm els to the an n gu l ar  a z imutha l  separation observed.

E x p e m m n i e m i t a l l y  one war  t h at man y  v e r t e x  cloniiains can he created is by app ly i u ig  a

magmietic fie ld to time ’  s t r ipe ’ domains which have been l ined up m i  a dif ’ferent d i rec t ion  by

time prior app l ica t ion  of ,u u l m a g u m e t i c  f ’ie iel , Sometimes the d omain structure will rotate

co lmere n t l r  in response to t i m e  f i e l d ,  see’ F igure  2 and 23. Wlmt ’ n t ime angle between t he

e lure c t io n s  of first  ari d secc iumd t ’iekt et i c ee t iu .su ’u ~‘. m ’u ’uore than aboumi 45~ , then the stripes

hu ckie  r a the r  t h m a n m  ro tate ’ c uih ic ’rc ’ u m t l r  . see Fi gu re 23 . ‘limis results iii t ime form u.mlatio ni of

numerous ‘ u e r t m c e’s , see’ Figure 24. By ir i c mc ’as i i m g t ime t ’i cl e l  magni i tu e l e  iii t Ime niew d i rec t ion .

or hi s a p p l y m m i g  a hi s  s f c ’re ’sms t i el el .  um i ost  of tIme ’ ve’r t e ’x domains  are removed, T h e onies

t h r a t  do riot d’rase are attac lmed to  c ry s ta l  d e f e c t s . e. g.. ‘sc’n a t c l m c ’s, i n m e h u m s i o n s .  p i t s . or edges.

P hmotommi ierogm ap lms  h f  v e r t e x  t ion i a in s  are prt ” se’ mi te ’t l . ‘Fine ’ hurst sc’t s i mh i ’ us  u u m t i i v i d u a l

v e r t e x  th o u i m . m u i i s :  t I m e ’ se ’ e h i n m d b  se’t s h i l l ’us’ t I m e ’ rc’ s t m i t : u u m t  c l ark t iele l  g r a t u i m g  i m age’ . I : ig u mme 25

shih i Sd ’s t ‘ u S b b  Ve n i c e ’s . ‘I lie m u m f l t m e u i c e  cit t ime  e r t e x  e x t e m i t h s  a l o i m g t i m e ’ l m u ie  • ‘~~ •~~ 
I h ’om

ab out  Sf )  d o u l ma in i s .  amid abou i g  13 13 1 f o r  a b h i u i t  82 eb ou mi a i u i ’~. ’1’ime c l ms tane e  b et sv c’c’ui t l me

p o im its A l  a u iel  .\2 e u l t i , ml s  t i l e ’ t h i s t ; u n i c e  he’tw ee ’n i 131 ammeb 132. ‘T he’ elc i um m ain i s  are ~ 3 pri m

55 ( h t ’ . l i m e ’ seco mi el ver tex mm I’  mg t ire 25 sIno cs s a s ui mmi l ar grat  m u g  Pe’rt i m r h a t i o n .

F ig u ire 26 simows how tIme domains respond to a smmi a h l  10 Oe field. One vertex Imas

moved out of t i m e  I i e le l  of s iew . The ot h m e r  h a s  moved and is being over taken b~ a seco im tl

ce ’rtc ’\ . A t l mir t b ver te ’x is visible in time corner. It is im i o v inig  in f ’ro im i t ime opposite dire ction.

L -.“ -‘ -~ - ‘ -‘
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l i c u i n t ’ 2 7 s f u o ’u s s .u s m u n d e ’ ‘ u e’ m t e’ \  i m e ’, fm .1 Loge t i h u m m  efe ’ t e ’~ u l ime m m m h ’ h m u l ,’ u m d ’ t’ h i t  t h i s  se ’ r te ’\

t’x te im d s abou t SO do mmma i r ms urn t h u e ’ e h m i t ’e’l lonn . u c sa s  f n o n u  t i m e ’ dt ’f ’t’c’t .  ~\ small 1 i h i i i i t  ~l e t  ~
eanm he ’ seen m m  t i mc ’ encircled m c ’gmo n m .  l I m e ’ e l on m mai m m ’ s  are f ic ’ mmt inn  t ime  i m l n m m m e ’ e l m , u m e ’ s u c l i m i t s  i l l

t h us dld ’ f c ’ c’ t

Fi~~ire ’ 28 sl ic iws tIme c’rc’at m oum of umu m m i eno u ms s e n  i . e ’s is I i t i c ’ k h i n m g .  l ime hI ( m i m , , r u s  ‘u sc i  c

m u u i t m a h i r  l ined up f ’re m m mi I O ch Oe’k t o  7 o’clock. ‘lime ’ huc ’ k i i n m g  rc’s u i l t s  f i l h i j i  t i m e  .i r ; h e . i u  m l i i i

1i f a f i e l d  SS ° c’lo ck ’u ’u usc ’ Ir on  t Ine ’ i m m i t m a l  d i r e c t i o n , l I m e ’ pnev i ou ms  I i g u i m e ’ s . 2 ~ . 2 ( 1 . .~5 .2 ’ . l i e ’

pi re ) t os of t in t ’ sai mme re ’ g ioum of ’ t ime  sour ce ’ f i l m .  It is c’s ident  t h a t  al l  k it a Ie ’’us se ’ n t m e e ~ ‘u s e r . ’

u’ e’ u i m u u s e’el ( t i m e ’ p luo t o  iii Fm g u i rt ’ 28 ‘uc , ms t aken  before 25.2 6 , 2 8 , auie i 27 we ’re ’ t ak e ’uu

~~~~~ 29 s l i h i ’ u S  s several s t a g e ’s of v e r t e x  lo r immat ion .  ‘I ’i mis pa t t e rm i  ‘s gt ’mi er a tc ’ef hr ,m p ph s u im g

( m U lii a l t e r u m a t i u m g  t ’ie ’Ie b o h h mc l u id ’h r t h u  t im e ’ e r r  s t , mf  p l auue .  As hie’t ’cir e’ . a l l  b t mt  a t e ’ u’u , u re ’ e’ i . u s . h h i l c ’ .

I l ie ’ mm c x i  se’t of t u g w e ’s s i l u l ’ u \  .ini mu n ) ae c ’ 01’ t ine ’  g i , u t  mug in  ,u i s  s I l l  5 i c ’’u ’u ccl ‘us t i n

u m u i e r h i s e b l t i e’ a n t i  c m c i s s e ’ eI r h l . u i  u / e ’ i s . T’hme lug h m t mum t i m e S m ul iag e ’ us a l l  c l ’m t . u m u l e d h  i i i  t h e ’ m i s t

c i rc le r  e i m I t i .u ~ t i o u  spols , l ilt ’ a m i , u l r  /c ’ i  h f o ~ Ls t h e  c e n t r a l  s h I l l  , um md h i t ’ ( b h i te ’t ’ t u ’ u e ’ Ic’u i ’s

.mpc ’ r tu m re ’ b locks  t i m e  l u g h m t ’n c m m c l c r  ~1 m f  f u . u ~ tc ’el s~’h l t s . ~~ t i m e ’ im u m , ie ’ ’ I s  e’re ’,m t e ’el e’ u m t m u . ’ Ir  h r f i s t

um nt le n’  d u t h r a c ’tt ’el l i g i u f  . l ’ m g u m m c ’ 30 s lmhi s s ’ s an i mm. u g e ’ l i t  , h ~~~ I u h m u u  I I r L ~’ ~~ ~s t , m l  ‘us t I m  tc’no

, m P h i h i e ’d h el d . It  us hn ig in t  e’xc ’ c’h i t  I c m r  . 1 e la rk  s c i , m L  hi ,  I ’ u g u m n e ’ S I sb l h ) ’ u S ’ s t h e  s a u m m e ’ e m S  s t a b

ne’g ic i r i  s s i t l u  .u s n u a l l  u r m — p I~u u i e ’ u m i a g n e ’ t m e ’ b e lch .  Dark h ia u m ci ’ s  are ’ v m s i h i l e ’ . . \ t  t ime  l e ’ . u i l i r m g  e d ee ’ 1 ) 1

eac h dark h~n mmel us  ,m s ’er tex .  \1 :umi r  e l o u u m , m u n s  a m e ’ c’ on t ~u n e ’di m u m  e’ . uc ’ hm h i a m i e l  : t h e  h ,u i d s  .u i e ’

h i ara l l e l  to t i l t ’ d o u m m a i r m s .  IlIc’ l i amie l s  a r e ’ d I . m i k b e e _ m u s e ’ t h e ’ ( i h l e ’e’ t u y d ’ .m r e ’ u t u m i e ’ t l i s e n u m m m i m l a l e ’s

a g ai nst t ine l a r g e ’ dif t’ractioni angle of time ’ i ig l m t fro u mi t I re  h a u m m ,l As t ime I md cl us u n i c m  e’ ,use ’ el

t Ime ’  h an i t l s  ,m eh ’ u ance ’ across time ’ c i  v s m a l ,  I’ i ’ u~u ure  32 shi oss’ s the  s~u mu i e ’  m e’e i i c i r l  ss ith a 1 mm ~e ’ m f i e l d .

I 3 o t im t i n s h ’ig u ure and tIme  la st  d ear l y  s I i h l w  t i m e  d i sc re te’ im atu i re  of t Ime  g m a t m m m g ,  F im ’u u l l s

I ” i g u u re’ 33 s l m o ’ u s s t i m d ’ i ’egiomi w u t l m  a Lunge ’ f ie ld .  I f  us u n i f ’o n u m m l r  dark .

‘l ’ im i ms . iii conc lusion , a reason b r  t I n e  s t r u m e ’ t t m r e ’ ii i t Ime l’u m s t  or ele ’r hi ea u mm h a s  h i ee ’t m

m e l e ’ n m t i f ’ie’e I . lire c’xi s te ’u i ce anme l u m m o t i o m i  of \ e ’ i  I c ’ s  do u m i ~m m n i ’ s  acc o u n t s  I ’um r  h ost c i t  t h e ’ s t u  l i e ’ —

(n rc’ . ‘ l ime ’ vc’ntc ’x c h o n m a m u m s  c a n  lie’ e m , usc ’el hr  a p p l v u u i u t  a l arge ’ ti eh ul . c’’se ’ c’Ii t 5’u h i e ’u i e ’ s e ’i l i m e ’s

are tj t ’ei tc ) f i l m  elc ’fects , I t i s  c’lc ’,ur t h n . i t  the o p t u m n u n n m m  g u . m t  mi i i !  ~~i i i t , m i i i s  m i l l  ‘ u c ’I  f e ’ s  m t  t ime

:i h i e’ r t t u u c ’ area.  So , if ’ t ime  gr~m t i u i g  per io d is to lie c’hma mi ge el hr Se’r lc ’\ u r u h m t u h i u l  e i t h e r  I ) t i l e ’

‘ue ’ r te\ c ’s u m m u m s l  lie c’o u mf ’ iume ’d I I )  .i m c ’ e m l h i r  ci m i t s i c l e ’ eu t Ime ’  .u ~ie i  t u i l e ’ oi 2 )  ( h u h ,’ 5 C 1  c ’ s  Sd ’l Oe m I \

u u m m m s l  l i e’ very  I , u u e c ’ . I t  us o u m n  j u u e i g e ’ m m m e ’ u mt  t h n . u t  t i m e ’ ‘u e r l c’x e f o u m n . u u m i s  c i i i  he’ ~‘ ou m t r o lh t ’ .l iri O u t ’

m i f  t l r e ’se’ t ’u s u i  w ,i r s.
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SECTION V
CON(’LUSION ANI )  RECOMMENDATION

A. (‘om melu sions

St rain— tre ’~ crack—free ep i t ax ia l  b msm mn u mt l n  r t  t e rb ium garnet  def i e ’c t o n c’ r s s t  a l s  can he
gr ow um onm ( (,G suhstna t es in melts  which com i t aimu e i t lmer  N a20  or PhO in a e l e h i t i o m u to

Bi ’i O~~. l ’Iie ’ s t a t e ’ c m f s u r a i m m  mum t ime ’  e ’p i t a x i a l  e r r  st~ I depeumels  not ouilr c)n en h u s s t I m te ’mmr pe’ra—
( cur t ’ b u t  also our mm mcl c ompos i t ion .  Time’ ~idd i t iomi of Na ‘0 or PhO to tIme um’i t’it is required
nmo t oum iv  I d )  u e ’ t h m i e c ’ t i m e  g i l l ’ u s t l i  te ’nu p e r a t u u e ’ h u t  to f a c i l i t a t e ’  gr o w t h  of t ime  ep i t a ” ,i~u l

e’ r v s u . m I ‘ i i f ’ t e c  t to a larg e’ compressive s t ra in  hr the’  su ihst r ~m t e ,  Time com pressive ’ ‘ s tu aiui
w i mi e ’h e’\ i s i s  e l tur i ng growt lm offse ts  the’ tensile s t r a in  impar t e d  by d i f fe ren t i a l  t h m e r n u m a l

expa ul su on m j t e ’ s during coo l—down i to room t e n m p e ’ r ; m t u r e ,  Iii th is  wa y s t ra in- t re e , e’nack — t ’re ’e’
el e ’t iect on ens s t a l s  are oh ta im m e ’ d .

l ’lme e’, u uuse ’ oh ’ beam e i m s e ’rge ’ u l c ’ e’ w h n i c i m  I i n n m i t s  t i m e  u m t u m m m h e r  cut ’ re ’so l s :m b h e  spills iii t In e ’
e r r  s t ab s  gro w ni  for t h u s  c o n t r a c t  I mas hc’e’~ m ch e ’n t i h ’ie ’c h .  l i m e ’ gn , u t m n m g  h i e’ n i i i e b i c ’ i t ~ is  pc’ r t u n h e ’eI
h i s a S c u l L ’ s  d h i u i m a u m m  ‘s t r u i e ’ ture ’.  T h e  ‘u e’r t e ’\ e b o m m m a i u m s  s ep ara te  l i m e ’ ~r a t i n i g  i u l t u m  i’ e’g i l i i i s , t’ac’ l m
re’gm ou m ir :m s a s l i g i n t l v  d m t f ’ere ’u’u gra t i n g c’onmsta n i t  anm el o r i e u m t a t i o m m . ( ‘on t r o l  oh ’ t ime ’ vc’n te ’x
e i u m m m m a u m i s  s h t u u u l e b  be e u m m i n e n m t l r  possible by t a i l o r i ng  the ’ ed ges ( i f  ebe ’t ’e’ e ’t - f r e e’ e’ r r s t a l s . bnu
oi bie ’r respe’e’ts t ime  u lmag n e t i e ’ p rc u pe r tmt ’s of t h e ’  ele ’bl e’c’t o r e r r  s t a l s  ar t ’ idea l  ‘or s t r i p e ’

el c inm ai m u g r a t iu ’u g f o r m a t i o n .

‘F lit ’ I :ar thu v r o t a t m o u u  eif t i l e ’ c r a c k — t r e e  ens s t : u ls us . ms large ’ as e x p e c t e d  t h e ’ la rge st
n m i e’ast mre ’e l (iS S \ spec’ i f  mc r I h t , u t u h i i i  was l lv e ’r 5, 00() deg c u r l . Fimc ~ la rge ’ r o h a t m i m u n  us
nlc ’ e’e’ss .ur \  f o r a i m e f f i c i e n t  ( Ie ’h lt ’c’ f i u r .  F ,m r . u W m s r h t , m t m l i r i  mum e’\ce’s’s ( if  3000 de’g elf 55 , (5

r mm c ’a st mr e ’eI t ( i r  t ’u s o e r r  s t a l s  at I .96 p u r r .  I lie ’ I . 116 p nmm op t ical  ah so r ptioui u i l  a f ’e’w of t I m e ’
e’ rv st , m is m~ less  I hu ~ini 1 00 cl ii c i i i .  [he ’ ; m l’ us imr p ( m oum nmmee ’ l m a u i i s m m m  is niot cm um e l e ’rstoo tt hu t  is
pro b ah ir  u l u m e ’ to e lec t ron ic ’ t r a m i s i t u h m u i s  am nomm g i r m m p u r i t r  , ha u i e b — g a p s ta te ’s . Ob ta in ing  c’m ’v st al s

‘us~t Ii IOU dii e’mmm or he ’ ~s a h s o r p t m o u m  c’ l ) n l s u s t d ’ um t lv  s s i l i  be . in our ud geu n c’nu t . a far simmm pl e ’r

ta sk thm ~mum sS , m s i m h i t a u m m m u i g  crae ’ k — l ’re’t’ err s l a l s .

S-f
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B. Re’co mnm n mme ’um el a t ions

The di l ’t ’i c t i l t  err s t a l  prob l eu nm ( c r a c k i n g ) has he ’e ’um solved. Accordim igl y , we

reco m n u mme ru d t h at t ime mmcxl  she l l s  lie t a k e ’ n m .  Spe’ei fic’aII y, at t Ime ’ same level of effort  a 10 6

spot. 50 eff ic ient  I .06 p u n  laborat o n s def ’lect or ca n he ac h ieved by

I . D im im m is i mi n g beam divergence liv s c’r tc ’x domain control

an d

2. Dnu mr i m m i s i m m m m g  I p t iea l losses  to he ’S’s tima mi 100 d li i  cnn absorption .

l3asecb oui t Ime ’ pa st e’ t f o m t . t i nese ’ t u s k s  ,H e ’ t r a c t a b l e .

e’ I i e i ie ’ve t h at a 1 o8 sp ot.  80 et ’h ’icie ’n i t  ele h ’le cton  wil l  miece ssaril y follow t’ro ui m such

a mm e ff ’e) n t

“I ’S



REFERENCES

Technical Report AFAL -TR -72-396 (March 1973)

2 Tech nic al Report AFAL - TR- ”7 4- l 8 3  (September 1974)

~ Technical Report AFAL-TR-75-l 22 ( August 1975)

El , Tak eve lir et al . J . AppI. Phys .. 44 , 4789 . ( 1 973 )

D, L ackbisorm , et at, I ,E . E .E .  Trans.. Magn. MAG-9. 4 SF . ( 1 973 )

~ J. Dill on . Jr .  et at. J , Phys. C i me mum . Sotiels , 27 . 1 5 3 1 ( 1 9 6 6 )

F, S. (‘Imen , et al . Plm ys . Rev. 1, .ett , . 19 , 948 ( 1 9 6 7 )

8 A, Akse lrad , R , F. Novak , D, L. Paterson. A .I ,P ,  (‘om m f ’. Proc.. 18. 949-953. ( 1973 )

S. Wi tterock, J . M , Ro h er tso mi , T. J , A. Popma , P. I” . Bomn ge’rs . A , I , P .  (‘onf.

Proc.. 10 . 14 1 8 ( 1 9 7 2 )

P. Besser . et al. A , 1,P .  (‘ormf , Proc. , 5. 1 2 5 - 9 ( 1  c) 7 1  I

I I  p, Besser . et al . Mat ,  Re ’s, Bu,m I I , , 6 ,  I I  l l . ( I 9 ” l )

12  U. M akino . et at. A l P ,  Cont ’ . Proc., 18 , 80. ( l 9 ~ 3 (

13 S. Gelter . et al . Mat , Res. Bc m l l , . 7 , 1 2 1 9 1 9 7 2 1

Simanon and Prui t t

I ~ Levin and McMu rdie . Phase I) iaglogues for Ce ’ra rm i ists. Am. (‘em. Soc,. I 964

Fig. 323 ,

16 Boh eck. Dc La Torre

56
‘4’ ‘ ‘ ‘ h I  . — ‘

—A


