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ABSTRACT 

Charac te r i s t i c   t r ans i en t   shapes   were   obse rved   fo r  
free  magnetic  bubble  domains  during  gradient  transla- 
t i o n  and  overshoot  using  high  speed  photography  with 10  
nsec laser pulse   i l lumina t ion .  The two f l a n k s  of t h e  
bubble start t o  expand t r a n s v e r s e l y   t o   t h e   d r i v e n  mo- 
t i o n   d i r e c t i o n  a t  about   .5   ysec   a f te r   the   onse t  of a 
7 . 4  Oe/rad, 2 p s e c   g r a d i e n t   f i e l d   p u l s e .  They expand 
t r a n s v e r s e l y   a t  2.6 mlsec and con t inue   fo r  3 Usec a f t e r  
the   t e rmina t ion   of   the   g rad ien t   pu lse .   Dur ing   th i s  ex- 
pans ion ,   the   t ip   o f   the   f lanks  move long i tud ina l ly  a t  
2.6 m/sec lagging  behind  the  bubble   center  moving a t  
5.3 m / s e c .   C o n s i d e r a b l e   s c a t t e r   e x i s t s   i n   t h e   t r a n s -  
ve r se   mo t ion   a f t e r   t he   d r iven   phase   e spec ia l ly   i n   t he  
recovery  where some bubbles   requi re  as long as 15   y sec  
t o   r e g a i n   t h e i r  round  shape. The t ransverse  expansion 
w a s  found to   be  independent  of t h e   b i a s  compensation 
appl ied ;   however ,   the   t rans ien t   d i s tor t ion   dur ing   the  
dr iven  phase  and  the  recovery  t ime  f rom  the  t ransverse 
expansion  were  sensi t ive  to   the  compensat ion.   This  
t ransverse  motion as we l l  as the   t rans ien t   shape   of   the  
bubble   can   be   expla ined   qua l i ta t ive ly  on thc   bas i s   o f  
a model involv ing   oppos i te   winding   ver t ica l   Bloch   l ines .  

INTRODTJCTION 

Free   bubble   g rad ien t   t rans la t ion  is one of t h e  most 
commonly used  techniques  to   character ize   the  dynamics 
of  magnetic  bubble  domains.  Especially i n  as-grown ar -  
ne t   samples ,   the   recent   d i scovery  of t h e   o v e r s h o ~ t ( ~ - ~ )  
and  the ~ r e e p ( ~ 9 ~ )  has  shown that  the  dynamics  of bub- 
b l e   t r a n s l a t i o n  is more  complex t h a n   i n i t i a l l y  assumed 
and that  high  speed  photography i s  a n   e s s e n t i a l   t o o l  
f o r   t h e   i n v e s t i g a t i o n   o f   g r a d i e n t   t r a n s l a t i o n .   V e r t i c a l  
wall twists,i.e., oppos i te   winding   ver t ica l   Bloch- l ines ,  
were   found  to   ex is t   in   bubbles   a f te r   g rad ien t   t rans la -  
t ionC7)  and  were  subsequently shown t o   b e  a major 
source  of  the  translational  overshoot  and  creepC6).  In 
t h i s   p a p e r  new and de ta i l ed   obse rva t ions  on f r e e  bub- 
b les   dur ing   grad ien t   p ropagat ion  w i l l  be   presented.  Ex- 
pans ion   of   the   bubble   in   the   d i rec t ion   t ransverse   to  
t h e   t r a n s l a t i o n   d i r e c t i o n ( 8 )  is observed  during  the 
d r i v e n   t r a n s l a t i o n  and  was  found t o   c o n t i n u e   f o r  
s eve ra l   p sec   a f t e r   t he   t e rmina t ion  of t he   g rad ien t  
f i e ld   pu l se .   Th i s   t r ansve r se   mo t ion   a s  well as the   t r an -  
s i en t   shape   o f   t he   bubb le  w i l l  be   explained on t h e  ba- 
sis of v e r t i c a l   w a l l  twist gene ra t ion   du r ing   t he   d r iven  
t r a n s l a t i o n  and  subsequent  relaxation of t h e   r e s u l t i n g  
dynamic s t ruc ture   dur ing   overshoot .  

EXPERIMENT 

Multiple  exposures of free  magnetic  bubble  domain 
were  recorded on v ideo   tape   us ing   an   op t ica l   sampl ing  
microscope(9)  with 10 nsec  laser pu l se   i l l umina t ion  and 
a s i l i c o n   i n t e n s i f i e d   t a r g e t  (SIT) TV camera  with  an 
image pers is tancy  of  60 msec.  Multiple  exposure  record- 
ing  was  done by f l a s h i n g   t h e   l a s e r   s e v e r a l  times dur ing  
t h e  image r e t e n t i o n  time thus  superimposing  the  images 
o n   t h e   s i l i c o n   t a r g e t .  A g r a d i e n t   f i e l d  was obtained by 
puls ing  current   through a p a i r  of copper   para l le l  con- 
duc to r s   w i th  1x30-pm cross-section  and  130 Um separa- 
t ion.   Bubbles were pos i t ioned  -41.1 from t h e   c e n t e r  and 
pr imed  before   every  t ranslat ion by a sequence  of weak 
g r a d i e n t   f i e l d   p u l s e s  (-.6 Oe/rad)  followed by two b i a s  
f ie ld   expans ion   pu lses   10  O e  i n  magni tude  for  2 ysec.  
The bubbles   were   then   t rans la ted  by a s i n g l e   g r a d i e n t  
f i e l d   p u l s e .  A bias  compensation  pulse was used  toprop- 

e r l y   a d j u s t   t h e   b i a s   d u r i n g   t h e   g r a d i e n t   p u l s e .   T h i s  
pu lse   compensa ted   for   the   o r ig ina l   s ta r t ing   pos i t ion  as 
well as   the   changing   cen ter  of t h e  moving bubble  where 
the   cen te r   o f   t he  moving bubble was cons ide red   a s   t he  
middle  between  the  front  and  rear w a l l  along  the  propa- 
g a t i o n   d i r e c t i o n .  The  compensation p u l s e   v a r i e d   l i n -  
ear ly   f rom 8 Oe t o  25 Oe fo r   F ig .  1. Cree was induced 
by b i a s   f i e l d   p u l s i n g   a s  done  previously(6 P . The  sample 
used was t h e  as-grown ve r s ion  of t h e  Tm doped  sample 
prev ious ly   descr ibed(7)  e 

RESULTS AND DISCUSSION 

A t y p i c a l   s e r i e s  of  the  four  exposure  photographs 
showing the   bubble   a t   var ious   t imes   dur ing  a gradien t  
propagat ion and overshoot   a re  shown i n   F i g .  1. For each 
sequence ,   the   four   exposures ,   f rom  le f t   to   r igh t ,   a re  
t h e  s ta t ic  bubble   before   the  appl icat ion  of   the  gradient  

F ig .  1. Multiple  exposure  photographs of the  magnetic 
bubble .   F i r s t   exposure   ( le f t   mos t )  is  t h e   s t a t i c  bub- 

b l e   s h a p e   a t   ( a )  0 . 4 ,  (b) 0 . 7 ,  (c)   1 .3 ,   (d)  2 ,  (e)  2 .6 ,  
'ole be fo re   t he   t r ans l a t ion ;   s econd  is t h e   t r a n s i e n t  bub- 

(f) 3 . 4 ,  (g) 4 . 2 ,  (h )   5 .5 ,   ( i )  8,  and (j) 1 1 . 3  wsec 
a f t e r   t h e   o n s e t  of a 7 . 4  Oe/rad, 2 p s e c   g r a d i e n t   f i e l d  
pu l se ;   t h i rd  Ys t h e   s t a t i c   s h a p e   a f t e r   t h e  end  of t h e  
t r ans l a t iona l   ove r shoo t ;   fou r th  i s  t h e   s t a t i c   s h a p e  
a f t e r   t h e   b i a s   f i e l d   p u l s i n g .   C r o s s  i s  4 pm. 



f i e l d   p u l s e ,   t h e  moving bubble a t  a s p e c i f i c  time a f t e r  
t he   onse t  of t h e   g r a d i e n t   f i e l d   p u l s e ,   t h e   s t a t i c b u b b l e  
a f t e r   t h e   o v e r s h o o t   a n d ,   f i n a l l y ,   a f t e r   t h e   c r e e p .  The 
time of t h e   t r a n s i e n t   e x p o s u r e   a f t e r   t h e   o n s e t  of t h e  
g r a d i e n t   f i e l d   p u l s e  i s  ind ica t ed   i n   t he   f i gu re   cap t ion .  
The b i a s  was compensated t o   w i t h i n  + .8  Oe dur ing   t he  
grad ien t   pu lse .  A 75 Oe b i a s   f i e l d  was a p p l i e d   t h a t  is 
9 Oe above  the  str ip-out  and  15 Oe below DC co l lapse .  
The detai ls   of   the   overshoot   and  the  creep  have  been 
discussed  elsewhere(6) ; however, the  overshoot   and  the 
creep  exposures   are   included  here   as  a re ference   whi le  
focus ing   a t t en t ion  on the   t rans ien t   bubble   shape .  

T rans i en t   shape   d i s to r t ion  starts a s  a t r i a n g u l a r  
deformat ion   in   the   f ront   o f   the   bubble   about  0.4 Usec 
a f t e r   t h e   o n s e t .  of t he   g rad ien t   f i e ld   pu l se ,  as s e e n   i n  
Fig. la,  and cont inues  through  the  dr iven  phase  seen a t  
0.7 vsec, 1.3  vsec  and 2 p s e c   i n   F i g .   l b ,  IC and I d ,  
respeTtively.  The de fo rma t ion   a l so   occu r s   i n   t he   r ea r  
a s  i t  f i r s t  becomes f l a t  and  then, as the   d r iven   t rans-  
l a t ion   p roceeds ,   t he   r ea r  wall curves  forward.  Thewall 
s e c t i o n s   a t   t h e   e n d s  of t h e  two f lanks  can  be  seen mov- 
ing  outward  and  lagging  behind  the  center  of  the  bubble. 
This   t ransverse  expansion of the   bubble  starts a t  about 
.5   psec  a t  about   the same time as the  shape  deformation 
becomes observable .  By t h e  end of t he   pu l se ,   F ig .   Id ,  
t h e   t i p s  of t h e  two f l anks   have   f a l l en  w e l l  behind  the 
middle   port ion of the   bubble   and   the   t ransverse  expan- 
s ion ,  as well as t r i a n g u l a r   d i s t o r t i o n ,  are well es tab-  
l i shed .   Dur ing   overshoot ,   the   t r iangular   deformat ion  
i n   t h e   f r o n t   d i s a p p e a r s   i n  less than  .5 Usec  (Fig. l e )  
while   the  t ransverse  expansion  can  be  seen  to   cont inue 
u n t i l   a t  least 6 v s e c   a f t e r   t h e  end of the  pulse   (Fig.  
l i ) .  During  this   phase of the  motion,  the  shape of t h e  
bubble   looks   l ike  a s h o r t   s t r i p e   w i t h   t h e  two ends  bent 
s l i g h t l y  toward t h e  rear. F ina l ly ,   t he   r ecove ry   a f t e r  
the  t ransverse  expansion  proceeds a t  a much slower rate 
than  the  expansion. 

The q u a n t i t a t i v e   r e s u l t s  of t h e   t r a n s v e r s e d i s p l a c e -  
ments as well as t h e   r e l a t e d   t r a n s l a t i o n   a r e  shown i n  
Fig. 2. Curve  (a) shows the   longi tudina l   d i sp lacement  
i n   t h e  down g r a d i e n t   d i r e c t i o n  of the   bubble   cen ter  as 
a func t ion  of time. Curve  (b) shows t h e   l o n g i t u d i n a l  
d i sp lacement   ( in   the  down g r a d i e n t   d i r e c t i o n )  and  curve 
(c )   the   t ransverse   d i sp lacement   (normal   to   the   g rad ien t  
d i r e c t i o n )   o f   t h e   t i p s  of t h e  two f lanks   o f   the   bubble  
as a func t ion  of time. The dr ive   parameters   a re   the  
same as for   F ig .  1. The  numbers  used f o r   t h e   d a t a  
p o i n t s   i n d i c a t e   t h e   s t a r t i n g   l o c a t i o n  of t h e   t r a n s l a -  
t i on   w i th   r e spec t  t o  t h e   c e n t e r  of t h e   p a r a l l e l   g r a d i -  
en t   conduc to r s   i n   un i t s  of pm. The b i a s   f i e l d  compen- 
s a t i o n   p u l s e  is adjus ted  so t h a t  number'  5 represents  
t he   p rope r ly  compensated  bubble,  lower  numbers  over- 
compensated  and  higher  numbers  undercompensated.. It can 
be   s een   t ha t   t he   l og i tud ina l   mo t ion  of t h e   c e n t e r   o f t h e  
bubble  (Fig. 2 curve  a) is n o t   s e n s i t i v e   t o  compensation 
du r ing   t he   d r iven   t r ans l a t ion   w i th   ve ry  l i t t l e  s c a t t e r  
ev ident ,  as was previous ly   observed   for   shor te r   t rans-  
l a t i o n s   a t   t h i s   d r i v e ( 6 ) .  A v e l o c i t y  of 5.3  m/sec is 
observed   tha t  is cons i s t en t   w i th   t he   s a tu ra t ion   ve loc -  
i t y  measured by r a d i a l   e x p a n s i o n   f o r   t h i s  sample'. A t  
t h e  end of t he   g rad ien t   pu l se ,  however, the  motionseems 
to   near ly   s top   even   though  the   bubble   cen ter  w i l l  u l t i -  
mately move another  7 Urn, s i n c e   t h e   a v e r a g e   t o t a l   d i s -  
placement a f t e r   ove r shoo t  is 16  pm. The increased 
sca t te r   in   overshoot ,   p rev ious ly   observed ,  is  a l s o  
c lear ly   ev ident   here .  When the   l ong i tud ina l   d i sp l ace -  
ment of t he   bubb le   f l anks  i s  observed  (Fig. 2 cu rve   b ) ,  
it can   be   seen   the   f lanks   l ag   behind   the   cen ter ,  moving 
a t  2.6 m/sec compared t o   5 . 3  mJsec  and t h a t   t h e i r  mo- 
t i o n  seems unaffected by t h e  end  of the   g rad ien t   pu lse .  
Transverse   expans ion   can   c lear ly   be   seen ,   s ta r t ing  a t  
about  .5  Usec a f t e r   t h e   o n s e t  of t h e   g r a d i e n t   f i e l d  
pulse .  The f l anks   expand   l i nea r ly   w i th   r e spec t   t o  t i m e  
wi th  a v e l o c i t y  of 2 . 1  m/sec  and  cont inue  af ter   the  
2 Vsec g rad ien t   f i e ld   pu l se   w i th  no not iceable   change 
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i n  expans ion   ra te   before   reaching   the  maximum expansion. 
The recovery rate i s  much slower  with  from 4.5 t o  1 6  
psec  required f o r  b u b b l e s   t o   r e g a i n   t h e i r   s t a t i c   c i r c u -  
lar shape. As ind ica ted  by t h e  numbers  on t h e   f i g u r e ,  
t h e   m a j o r   f a c t o r   i n   t h e   s c a t t e r  of t h i s   r ecove ry  is t h e  
degree of bias  field  compensation.  Overcompensated bub- 
bles   have a smaller maximum transverse  expansion and 
f a s t e r   r e c o v e r y   r a t e .  
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Fig. 2. Displacement of (a)   average of f r o n t  and rear 
b u b b l e   w a l l   p a r a l l e l   t o   t h e   g r a d i e n t ,   ( b )   t i p   p a r a l l e l  
t o   t h e   g r a d i e n t ,   ( c )   t i p  normal t o   t h e   g r a d i e n t  as a 
func t ion  of t i m e  a f t e r   t h e   b e g i n n i n g  of a 7.4 Oelrad, 2 
psec   g rad ien t   f ie ld   pu lse .  Numbers i n   t h e   c u r v e s   i n d i -  
ca t e   t he   deg ree  of  compensation  with 5 being  the  proper- 
l y  compensated  case; '5 overcompensated;  <5 undercomp- 
ensated.  

The t ransverse   mot ion   and   bubble   d i s tor t ion   observed  
during  t ranslat ion  and  overshoot   can  be  explained  qual-  
i t a t i v e l y  by a model i n v o l v i n g   v e r t i c a l  wall twists, 
i . e . ,   o p p o s i t e   w i n d i n g   v e r t i c a l  Bloch l i n e s  (VBL) p a i r s .  
It was previously shown(6) t h a t   v e r t i c a l  wall twists 
a r e   t h e  dominant f a c t o r   i n   t h e   e x p l a n a t i o n  of overshoot 
and  creep.  For  bubbles i n   d r i v e n   t r a n s l a t i o n ,   v e r t i c a l  
wall twists are   cont inuously  generated  a t   the   f ront   and 
r e a r  wall and pushed t o   t h e   f l a n k s  by the  g-force form- 
ing  a bundle  of VBL'S of  one  sense  on  one  flank  and  of 
the   oppos i te   sense  on t h e   o t h e r .  For  long  driven  trans- 
l a t i o n s ,   t h e s e  VBL's become overcrowded and s e e k   t o   f i n d  
more room  by extending  the  per imeter  of the  bubble .   This  
a c t i o n  is  s imi l a r   t o   t he   dependence   o f   s t r i p   l eng th  on 
a p p l i e d   f i e l d ( l O )  A rough estimate t o   t h e  maximam  num- 
ber  of VBL's  involved i n  a bundle  can  be made  from t h e  
maximum r e l a t i v e   o s c i l l a t o r y   p r e c e s s i o n  on the  aximuthal  
a n g l e   i n   t h e  wall (YAH,) with  each t w i s t  g iv ing  a VBL 
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pai r .   For   the   p resent   exper iment ,  VBL'S would be gen- 
e ra t ed  at  a rate of 26 VBL's/psec a t   t h e   f r o n t  and r e a r  
w a l l  o r  52 VBL's/Vsec added t o   t h e   b u n d l e  on each   f lank .  
Using  the VBL l eng th   ca l cu la t ed  by  Hubert(11) (Lo=O. 5m), 
a VBL bundle 13  pm long would be  on one  f lank a t  t h e  
t i m e  d i s t o r t i o n   s t a r t s  (0.5 psec) compared t o  15 p hal f  
bubble  perimeter  and at t h e  end  of t h e   p u l s e   t h e   b u n d l e  
would be  52 pn compared t o   t h e  measured 22 pn half   per-  
imeter. Such  an estimate neg lec t s  many d e t a i l s   b u t d o e s  
show t h a t  it is  poss ib l e  and  reasonable  to  have  over- 
crowding  of t h e  VBL bund le   a s   t he   f l anks  become a dom- 
i n a n t   s o u r c e   f o r   t h e  w a l l  motions  involved. 

The v e r t i c l e   w a l l  t w i s t  model  accounts fo r  t h e  de- 
tai ls  of t h e   t r a n s i e n t   m o t i o n   s e e n   i n   F i g .  l. For   the  
bubb les   i n   d r iven   t r ans l a t ion ,   t he   g - fo rces   t end   t o  com- 
p r e s s   t h e   c l u s t e r   o f   t h e  VBL on t h e   t i p s  of t h e   f l a n k s  
The stress on t h e s e   t i p s   i n c r e a s e s   a s  more VBL'S a r e  
gene ra t ed .   I f   t he   ove ra l l   g - fo rce  on t h e   t i p  is  h igh  
enough, it w i l l  push  the  t ip   outward and cause   t he  
t ransverse  expansion.   The  low  mobil i ty   character is t ics  
of t he   h igh ly  compressed VBL bundle w i l l  s low  the   t rans-  
l a t i o n   v e l o c i t y  of t h e   t i p s  and cause them to   l ag   beh ind  
the   bubble   cen ter .  When t h e   g r a d i e n t   p u l s e  is  over ,  
the  front  end,  which  has  few VBL's, is pulled  back 
quick ly  by w a l l  t ens ion .  The t i g h t l y  wound VBL'S which 
were t r a i l i n g   b e h i n d  on t h e  two f l a n k s   r e l a x   t o  a less 
compressed,  therefore, a lower   energy ,   s t ruc ture .   This  
r e l a x a t i o n   r e s u l t s   i n  a forward  motion of t h e  VBL's to- 
ward t h e   f r o n t  as w e l l  as toward  the  middle  part  of t h e  
bubble. The forward  motion  of  the VBL's w i l l  provide 
a g y r o s c o p i c   e f f e c t   f i e l d   t o   c o n t i n u o u s l y  expand t h e  
two flanks  outward.  The  motion  of  the VBL'S toward t h e  
middle of t h e   r e a r   w a l l  would cause   an   e f f ec t ive  gyro- 
s c o p i c   f i e l d   t o  move t h e   r e a r  w a l l  forward.   Since  the 
t ransverse  expansion of t h e   t i p  was caused  by  part  of 
t h e  VBL'S moving  toward the   f ron t ,   t he   cen te r   o f   t he  
t igh t   winding   sec t ion ,  w i l l  l a g   b e n i n d   t h e   t i p  and r i d e  
on t h e   r e a r  w a l l .  The fu r the r   t r ave l ing   o f   t he  VBL'S 
t o   t h e   f r o n t   o f   t h e   b u b b l e   r e q u i r e s  a propagat ion  of   the 
VBL'S a long  the  outer   edge of t h e   t i p s  which  again  pro- 
v ides  a g y r o s c o p i c   e f f e c t   f i e l d   t o  expand t h e   t i p s .  A s  
can  be  seen on F i g .   l ( g ) ,   ( h )   a n d   ( i )   t h e   s i z e  of t h e  
two t i p s   a r e   b i g g e r   t h a n   t h o s e   i n   F i g .   l ( f )  and (j) 
which a r e   b e f o r e  and a f t e r   t h i s  mode  of motion.   Final ly  
the   ann ih i l a t ion  of t he   oppos i t e   s ense  VBL'S i n   t h e  mid- 
d l e   f r o n t  and  back w a l l  w i l l  r e l ieve   the   overcrowding  
and a l l o w   t h e   s t r i p e   t o   c o n t r a c t   b h c k   w h i l e  s t i l l  pro- 
v id ing  a mot iva t ing   sou rce   fo r   t he   t r ans l a t iona l   ove r -  
shoot   as   d i scussed   prev ious ly(6) .  

The t ransverse  expansion  during  the  overshoot   pro-  
v i d e s   d i r e c t   e v i d e n c e   t h a t   o n l y   v e r t i c a l   s t r u c t u r e s   a r e  
important   in   bubble   overshoot .   The  total   bubble   wal l  
l ength   cont inues   to   increase   dur ing   overshoot  so  t h a t  
ho r i zon ta l   s t ruc tu res   t ha t   migh t   be   i n   t he  wall would 
b e   i n c r e a s i n g   i n   l e n g t h ,   a n   i m p o s s i b i l i t y   i f   t h e s e  same 
s t ruc tures   a re   the   ones   p rovid ing   the   energy   necessary  
to   con t inue   t he   t r ans l a t iona l   mo t ion .  It can  be  c lear-  
l y  conc luded   t ha t   ho r i zon ta l   s t ruc tu res  must  play a 
minor ro l e   i n   t he   ove r shoo t   p rocess .  

Double  exposure  photographs of t h e   b u b b l e   a t   t h e  
beginning  and  the  end of g r a d i e n t   f i e l d   p u l s e   w i t h  
var ious   degrees   o f   b ias   f ie ld   compensa t ion  is  shown i n  
Fig. 3. A 2 w e c   l i n e a r   r i s e   b i a s   f i e l d   p u l s e   w i t h   t h e  
begiming  and  the  end  magnitude  of 13 and 49 Oe was 
used. Due t o   t h e   d i f f e r e n c e s   i n   t h e   i n i t i a l   s t a r t i n g  
location,  bubbles  Fig.   3(a)-(d)  experienced a b i a s f i e l d  
change  of -1 Oe, 0 Oe,  6 Oe and  7.6 Oe, r e spec t ive ly .  
Again  the  t ransverse  expansion  can  be  c lear ly   seen.  I t  
can   be   seen   tha t   b ias   f ie ld   compensa t ion   has  a s i g n i f -  
i c a n t   e f f e c t  on the   t rans ien t   bubble   shape .  The shape 
d i f f e r e n c e s   i n d i c a t e   t h a t   t h e   d i s t r i b u t i o n  of VBL'S a r e  
v e r y   s e n s i t i v e   t o   t h e   b i a s   f i e l d   c o m p e n s a t i o n  and hence, 
should  be  the  dominant   cause  for   the  observed  scat ter  
overshoot   as  w e l l  a s   s c a t t e r   i n   t h e   o v e r s h o o t   a n g l e .  

Fig. 3. Double  exposure  photographs  of  the  magneticbub- 
b l e ;   l e f t  is  t h e   s t a t i c   s h a p e   b e f o r e   t h e   t r a n s l a t i o n a n d  
r i g h t  i s  t h e   t r a n s i e n t   s h a p e   a t   t h e  end of a 16  Oe/rad, 
2 psec   g rad ien t   f i e ld   pu l se .   B ia s   change   a t   t he   beg in -  
n ing   of   the   pu lse  is  (a)  -1 Oe, (b) 0 Oe, (c)  6 Oe and 
(d)  7.6 Oe. Bubble i s  9.2 Vm diameter .  

CONCLUSION 

Bubble d i s t o r t i o n  and t ransverse  expansion was ob- 
s e r v e d   i n   a n  as-grown  sample  during and a f t e r  a dr iven  
g r a d i e n t   t r a n s l a t i o n .  The observed  motion  can  be ex- 
plained on t h e   b a s i s  of  overcrowded v e r t i c a l   w a l l t w i s t s  
but  not  Bloch-curves  or  Bloch-rings.   Bubble  distortion 
was shown t o   b e   v e r y   s e n s i t i v e   t o   b i a s   f i e l d  compensa- 
t i o n  and   could   account   for   the   l a rge   sca t te r   normal ly  
observed in   g rad ien t   p ropagat ion   exper iments .  
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