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Deeessarlr at lov teqreratures to regard ctefects of any

natr:re, fnrtlcula,r\y vacanolc!, ac non-loeallgcd. qrmrl-
p^:*lcJ-es (see [U). lbreover, lf the vtdth of tbe

enersr bandl foar tbc nacanclons turns out to bc suffi-

ctert\y large, then zero-point racnacions oy cxlst, i.

e., tbose ccrtstlng al-so at zero temperature. Under sueb

condltlons, the erlrstal shoul-tl have an anomlous\r Jarge

ductlltty.

lle barrc atte4rted to obsenre effects conneated vlth

the presence of vaca,nclons a^nd. their notlon.

The ldea of our errperlnent was to meaaure the ve-

loclty of a boff llozen furto the hcllun crystaL grofln rm-

der the sane condltions ln whtch ne banre prwlous\y [2]
preparecl crysEals of hlgh degree of perfeetlon.

Flg:ure 1 shows tbe lnstnnert eqtLoyed by us. frre

heliun crystal-s u€tre grown ln a rlonuuard dlrectlon ln a

vertlcalJy orlenbed a.npoule (l-) with lnsldc d.ta,neber -5

nrn, graduaUJ filltug lts entlre volume. A platinuu captllary (e), o.9 (afa) x o.l+ rm, sub-

sequerrt\r Jotned to a tube of stalnless steel (5), nas sealed. lnto the botton of tbe aupoule.

A eore (t+) of Aruco lroa, J m ln clianeter, rias pLaeecl ovcr the pJattmrn ceplllary, A short

1ead. cyltnd.er (5) ln a colryrer fta.ne, connected wlth a copper cold flnger (5) to the outer

heliru bath is pJaced orrer the core, nca,r the botton of the a,npouJ-e. Tbe a,rpoule uas located

inside a vecuum Jacket (?), over ntrlch a superconiluctlng coll (8) equtl4red with a therm.L

swltch wes pJaced.

Ttre worklng body was a hiehly poltrhed balt (9) of I.57 nn dlaneter, nade of bfuh-

eoercLvlty all€ry of pl.atlnn wlth cobalt (zfi eo, 75{r ft) and nagnetlzed ln a fteld of 2l kOe.

Before the sterb of the etqrerlnert, the sphere rras \ylng on the botton of the a,npoul-e. After

the l-ead cyllnder Ls cooled, the baLL floats over the c5rllnder at a helgbt -2 m and assurnes

a positlon at the center of the a,upoule, so that lts mgnetlc axls ts directCcl veztlcalJy

as a result of tbe astlon of the core. It was thus posslble, after flrst freezlng-ln the
"weLgbtless" bail- into the grorlng crystal-, to subJect the baIL to the ection of a,rtlficlal

gravity procluced by the superconductlng colJ- tith the ferrom6netic core.

The force vltb whlch the bsIL was clrarn lnto the caoll at a cr:rent of lO A flas mear

suretl ln speclal. noilel experLnents with the ald of sprtng baLances and reached,'f.J g, t.e.t

lt exceeded tts wetght bV Zfr tlmes.

Ihe posltton of the bal-l ras deterrrlned wlth a cathetonster. We neasrred the dlstance

lton the shsdov edge of the ball to a reference rsrker on the surface of the a'4roule. lbe

optical distorttons due to the obsenrati.on througb six gJass roalls dl<t uot nke tt posslbJ-e

to attain the rated accutacy of the neasuring lnstnuent (10 rr).

We nere llkenlse unable to loner the te4nratrre of the crlrstal beLov 0.5"K. lle ob-

serred no dlspLacement of the baIL durlng -l-O secr 1.e., Lts veloctty ryas less tban 2-x lO-7
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cny' sec.

Ttre ball veloclty vag deter-nlncd by tro factors - the conccntratl'on of thc rracaneionr

c and thctr rnobtllty b. Undcr the lnfluencc of thc forcc atrrpllcd to the ball, nolEl

strcsgcs onn and thc assoel.ated ctrargc ln thc vacanclon concentretloa arc produced on ltg

nrrfacel this tr equlvalcnt to a dorlatlon pr of thc ctrcnlcal potcntlal fron ltg cqultbrlua

valuc. Jus[ as {n thc eesc of ordtna^rry nacancles (see []J)r p' - -Odoo, where O 13 thc

atonlc volunc.

To aaleulat" ooo lt ls necessarlr to detemlnc tbc dcforroatlon of thc hcllun wrilcr thr

lnfluence of tbe forcc 3 aBpllcd to thc bell. ltrc latttce dlsplacencut vactor equall

u =  
l * o  

l ( 3 - r o ) F + n ( n F )  . i . ' - t t - 3 ( F n ) n l l .
8 t E ( l - o ) r

. ,

H6re E and s are thc Toungrs nodulus and the Polssoa coefflclest of bcllunr R ls tbc

radlus of the bal1, r !s thc dlstence fron the cestcr (r > R), ffid i - i/"' As r + ot

Es. (1) goes over lnto tbc so}rtlon corrcspondtng to a b-firnebtorr forte (scc [h]). }lben r ' R

we havc i = constr as shouLd bc the case, inasmrch as tbc bal1 ts assu.n€al to bc undcfotmeblc.

Wlth the ald of (f) we ea,n calculate the norml strcsses on the eurface of tbe balL:

o , r n  =  o i k  n i  n k  =  - ( F n \ / 4 t R 2 .

When r ) B, tbe chenlcal potentlal satlsfles thc statlonary dlffirslon equatlon Apt - O.

ltre solutlon satLsfllng thc obtalncd bormdary condltlons ls glven by

. , o I,7 ,  o  v , ; .

ltre gradlent of pr deteml.nes the dtffuslon flux of thc nacancl.ons and the aesoclated. norul

rrcJ.oclty of the p,otnts on the surlbce of the baLL: vn - -cbdp'/dn * cUO(f.n)/l+rn3. If wc

Lntroduce tbe force f = 3rF/lrrR3 pcr Ueltun parttcle tn tbe volume of the baLL, tben thc

rate of dlsplacencnt of thc ball,es'a r*rolb ls v = (e/3)cb?.

I n o u r c a s e  f  - L . 2 * l o - 1 6 d y n e a n d  v 1 2 x l o - 7 c n / s e c .  T t r u s ,  c b  < 2 . ,  x : o 9  e c c f g .

thls condltlon shouLd be satlsfled, ln anr ease, by thc rcbtltty due to the quantun tunneJ.lng

of the 'vacancles lton sltc to slte, whlch Ls connected. rtth the wldth Ae of the energr band

of the vac&nelons by tho rclatlon a - a?te/AT - lOPae/t, where a ts thc lnteraton:!.e dls-

taace. Fron thl"c we gct Ac 4 2 x :O-3 r/c.

ID order for zero-polnt 'vacanclons to exlEt, lt ls neeessa^ry that i" be oo,qlerrtblc

vlth the vacancy foruatlon enersr, vhleh; one ntgbt assun€, ls of tbe order of several degrces.

It ts thus posslbla to rtatc that tf zero-polrt nacencions do exlst ln ReL, thelr conccrbra-

tlon does not execed O.$.

Wc are gratel\r-l to I. M. Ltfsbltz for a valrrablc dl.scusslon, a,Dd A. G. Rabtnkln anil V.
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