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When a liquid surface Is charged, an electrohydrodyn~lmic ~ n s t a b ~ l i t y  devetops 
at hlgh charge dewt ies  as a result of the coupllng between the charges snd 
interfacial excitations /I/. For an ordinary solid surface such an ~nstabr l i ty  1s 
not ex ected because i t s  excrtatton spectrum rs quite different from a lhquid. 8 Sol~d He, In contrast, is unlque in this respect because a t  the  interface toward 
the superfluid phase rapld rnel t~ng and freezlng leads to  ~nter fac la l  waves 
characterized by a dispersion relation /21 

resembling surface waves on a I~quid. (Here PI and P, are the densities of  the 
Ilquid and solid phase, respective1 y, g 1s the grav~ta t~ona l  acceleration, I 
is the effective interfacial tens~on and rnq the atomfc mass of 4 ~ e ;  the last 
rhs term represents the darnp~ng of the excrtations ar is~ng from the f ~ n i t e  
growth coefficient K o f  the  crystal.)As thls rnterface is charged, e.g., w ~ t h  
negative dons [ =  electron Mbles) ,  the frequency of the interfacial excttattons 
w i l l  be reduced by the wavevector-dependent electrostatfc pressure t o  a value 
W E ,  given by (31 

u? u2 -A <,!(t E 
4 7 @ , - ~ , ) ~  12) 

where E and E are the dielectric constant and the electrrc f ield In the solid, 
and the interface for srmpt~crty 1s assumed to be completely charged {f.e. in 
t h e  l iquid E = 0). 

According to  Eq. (21 a charge- Induced lnstabllfty ought t o  develop also at  
the ~ e *  solid-liquid fnterface when the e l e c t r ~ c  f leld I S  ~ncreased above a 
crittcal value E, = ~ 6 4 r ~ ~ ~ ~ p l t ~ 1 ~ i ~ ,  sirnrlar to  the behav~or of  the charged 
free llquid 4 ~ e  surface J 4 / .  There at the onset of the instabf l~ty the i n i t ~a l l y  
homogenous charge dlstributlon spontaneously breaks up into a spatially perlodl 
state: a crystal-lrke regular array o f  charqed dimples appears on the surface, 
which for E =  E has a latt ice spacing equal to  2 r a l a  =I G l g ~ p ]  112 Is the 
capillary lengthF. 

We have sought f o r  the pcsslble formation of mple  structures on 
solid H a  rn a cytlndr~cal sample celf (Inner diams ' cm) w i th  optics1 
access from the top. Sjnce d w a s  comparable to , , ,,.,2 crn for hcp-super- 
f luid 4 ~ e  at T = 1.35 K ) ,  a dimple latt ice a t  E = E,(- 1850 V/crn) was not 1 

be expected in  this case. We have therefore studied the development of the 
charge-induced instabillty at fields somewhat above E,, corresponding to  a 
smaller characteristfc wavelength o f  the i ns tab i l~ ty  1 3 )  . A s  Fig. 1 shows, 
rsgu4ar dtmple pattern Is indeed abserved, although wi th  an obvlous influence c 
the cylinr rystal surface manifests ftself nwtry. The 
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Ffg. 1 : Charge-lnduced tnstabrll t y  of an hcp-super7 luld He 
Interface, as observed from abave, a t  T = 1.35 K and 
E - 1.2 Ec. The instability develops in the form of d~mples 
on the rnterface - here appearing as dark spots - In 
whrch the Ions accumulate. The dlameter of the pattern 
rs about 1.5 cm. The f r~nges result from the interfr 
of llght reflected at  the  bottom end the top plate 
samole cell. 
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in an e l l i p t i ca l  deformat ion of  the pattern. A more  deta i led study of the 
ins tab l l l t y  should a l low t o  quantitatively determine the  anisotropic propert ies of 
th is  surf ace. 

In Fig. 2 exampfes f o r  the  development of t h e  ins tabi l i ty  at  f ~ e l d s  well  above 
Ec are grven. The higher E t he  smaller rs the  characteristic drstance o f  the 
dimples I n  the  lns tabr l r ty  pattern. Fur thermore a tendency toward  a more chaotic 
behavior IS apparent, resultrng f r o m  - according t o  eq.  2 - an Increasing band of 
unstable wave vectors. Again, the  anlsotropy of the Instability pat tern rs due t o  
the c r y s t a l l ~ n e  substrate of the  e lect ron system. 
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Fig. 2: lnstabr l i ty  pa t te rn  of an hcp-3 . ,* 
superf lurd 4 ~ e  tnterface a t  E/E, = , 
2.6 (2a) and 2.9 (2b), respectdvely. . - 
The scale I S  the same as In Flg. 1. , 

It should be ment ioned that the  corrugations I n  Flgs, 1 and 2 result f rom 
rnel t lng processes and n o t ,  as mrght be suspected, f r o m  a plast ic deformation 
of the crystal.  Thls is supported by the  observation tha t  i n  the course of the 
instability the  dlmples increase In depth, until charged l iquid bubbles sp l i t  o f f  
f r o m  the d imple tips and move through the  crysta l  a t  a re la t ive ly  hrgh v e l o c ~ t y  
of the order o f  1 rnm/sec. A t yp i ca l  bubble has a d iameter  of 0% 0. 1 mm and 
contsins N .r. 106 electrons / 5 / ,  hence the e lect rostat ic  pressure Pel NeE/=DL 
e x e r t e d  by the charges on the  solrd i n  the  d i rect ion of the  e lect r ic  f i e ld  is 
only about 1 Fa a t  E = 2000 Vfcrn. This seems to be a t  varlance w i t h  an 
exper iment  by Andreev et  al.  J61, where a smal l  magnetic sphere, pul led 
agarnst sol id He w l t h  a pressure as high as 5 x 10"a, moved at a vclocity 
v$2x1u7 crnlsec. The apparent contradic t ion I s  resolved when the presence of 
the soltd-l lquid In te r face  in  our experiment is taken In to  accourrt. The e lect ro-  
s tat rc  pressure gives r ise t o  a difference! in  the chamrcal potentla! n~ between 
the solrd and t h e  l rquld phase, whlch leads to  me l t i ng  of the solrd a t  the bubble 
f ron t  w l t h  a ve loc i ty  u = m4K b u ,  while at  the oppostte slde so l ld l f lcat ion at 
the same ra te  takes place. Taking fo r  the g rowth  rearstance ( r n 4 ~ 1 - '  of the 
sol ld- l lquld in te r face  a value of 10 m / s  at  1.35 K /7 / ,  we obta ln ~ ~ 0 . 5  mrnls,, 
In qu i te  sat is factory agreement w i t h  the observed bubble velocity. 

We g ra te fu l l y  acknowledge f tnsncia l  support by the  Duutsche Forschungsge- 
me! nschaft. 
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