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.rto,nKJY, ~v{te c.~.lsa:1po;ntco. DY tlH:: r(;sponse t:) rny ort,ginal comrnent.s o,Ll uras proposaL . 
rfl' t I t . ' t f' P- • '11 ° .•· 

0 -~ 'h 1 d' d h <' 
·.J. ~"'!,e ~:c•nt.er~non tna neutr-ons rro:n::. !USl(H.; -:r;, .. b~ "tapldly t . ~rrna .. 1ze• - ,. _ t at an ··in-

trcase of (.- beta + r?~amn'la-~1 radiatior:. ... rr:.us ' nres".I11.a.~ lv be attdbu~ed to the rca.ct.ions of 
'-oi A """ -

t-herrrJs..l ncut.~.ons "vith cc:npor:(:n.ts of d'te Dc..-.var~~ nvlicates, I fear, a lac.., _ o .. understanding 
of th~ penetrcting owet. of' 2.5 :\{t:Y· n/'nrrons, <Hlcl ':>f ·ondear reactions in general For 
~xarnpl-;:;, 1 E:-nerg.:otic neutrvt~s are 11'1"-.i.ch rn(.re pen~trf t ir:g than beta particles of con'!.pttrtt.b 'e 
€11C~'K\~:, a:r~d fusion nc1.1trc.n~ a.,e- no ., difficult to det :;ct. (There are nurnero Js 'P person this 

•. .. ; . ~ . -. r-~ t .e • ... d b , •' 
S\l.bJf:ct 1n paper~ 0::.1 n1'1.10r>c?.r atyz~ct n1S10n; tor 1113t~n ~e . ) An \V 1y ar~ not gri.m1r..J.:ls 1r:\~r:. 
p ·ot.(:;n~d.:;utc.ro:n fusi on con::ider1d? Further-mor~:, F.i. background ratf> ·,:;f 17~, count~ pet 

, . . •• . ',.. • . ; :i t ~ .. h' 'd. . 1 .. 
1~11nur:...: 1n a sr.::1au sc:ntl t~at.!Ot! C01lrlt·~ porc.~s to a uea.r ... -.~. ot s 1c .. 1ng ano ~!. r~.t l.er cavanct 

'· ' :'1 ..l • • ,. , . , . ' ._, ~ r . T . t: • . l • 
a tL.tuc.e t owaru t.tCt ••c 1ng rar.l.~a. ... 1nn assvt~l~neo '\!~·Hn n'l.lClcat· ~us on ... also I€C1 strongly t11<t.t 
. ' f ' . . . . 1 , . 11 d' 1 
JU:rnpH.l~ ·ron1 current resui~.s to expcnrrJ.~':n ts U.i. 'OL':!nl.g a.rgc ana expensive pa.1~t. ~t:':l1 ro-Gs! 
"'f'fiil-ir; fii-" :~? 'h:tui' nn(· '~~t?a" -to c.h;~.rc:·e~· '\Vi'ch Leu·. t.::·num. v\~01.1ld be p-emf\t -.~re. -;:;~I -st . :-.·rr"·~t!l.o:r -~ 1-.. ·., .,_ ~_._ 0 'J .._~-.,: ""' ._. . ,_\ ..,._ 'y ....- ~ "Y .- - I ._. ''"' ~ 1 - - 'v 

seal.:: e~.:pfrir.c.enr:; c~; an explo:r~Hnry na-;~1re a:re clc.:1rly needed to establish the phc JOITH2no 1 
of fu:non in n:.etflJs. 

Ho'\v~·;_·f·r, in spir.e ot these gh-..ri:n.g d-efe~ts. I uo .l ott recomnfun.cl thar, aH suppo··t .~or 

this. pro.:~~ct be denied. I find that t.he proposers have dernonstrate:i expcrtis~ with elec .. 
, L . , ' 1 ' . ' . ~ • "- 1 , • l f 1 • } 1 f "1 rro:;,w~r:!:tstry ana. ctuon 11e~nc nl~tn,-~<J.S .. .Ltn -ug t rne proposca expe:nrr1~'.c.t: c ear y .al to 
dem•.Jt:str a.t€ the existc~:-:~r.::e of fuai~r) pro;::esses i:n rnetals~ there indeed cxi.:ts sor11c evidcnc-.~ 
that ..;uch docs occur. 

~ ""• "( -6 h ~"i.'i A~ , ,._, .,. j • ~ • t ' 

! tiili1J:..: the pr·opos"rs ~ .~.OIJld. re ~nton~.Itf.."! t.u.::tt expu1ratory rescarrh on tns1on 1n r.w::ra.~.s 
i ; .~ ~ ., • ' . ~ • ' "!. • f h A • 1 E 
\ .. ti..nC O\!"j.Gt C(n;:n.pouna:.;., has b~€t1 p:.~rf.~~e.~d u':d.~~r t.L.i.e ausp1ccs o ~ .e .. -;.(vance<. ~. ~rgy 

Proje~t~ts DiYision since 19Sc •. (S-ee 0t·r ;;:_n:nual:-e~<·rt dat~d r"·fay ; 1986.) () u I' initial interest 
. . t. 't . . '. ' ... . ' . • . d J' , • ,, al d 
1n t,ue po~:sJ.:;xlr::y or ftHilOZ'l n1 r.n1ncra~s steni.tfie,. ~ oin ·Ur re1a~ea '\:Vo~· ~:~ on -rnuon-ca.t y·ze 
"' • • f. "' .. • •• rl • f • t .. , • h l.J 1 . · 1. b tn21Ctn. 1n \vn1cn tt;.5lOI 1-.• n: .. t.uced -as 1sotop1c nydrogcn nuc.~.e1 are e G c. os(~!y toget.ucr y a 

. . . '. "·'' h 'h 1 • f .. 1 1 t.:£·~;FLt7'[: ~~1.uorL~ tal d. the cort~l~LH)n oi tr:'.lt~ n~:;ean~ .;. \Vl t... .. oa:tscrvat.lons <:l ar~otrH\lous y arge 
hear)a.nd heliurn--3/hel:b..tm-4 rn.io~ associated\ ·ith earth\j geolog ,., \Ve rer-Jized both col,.d.d~-
be e):plairr~d by th$ occur.renct- of proton~deuten:m. and/or deuteron-deu teron fusion in th~ _ '·-'·"'~~"lll 
•::a~th, c:n pa::ticular~ v:ater lB entrained in r.nine.ra.:s in subducting ZOU€$, ·where exces·s
l.vtliurn-3 relative to heliu'rl: ~4 is. r:•)tnmon, Tnternal Brigham Young t:'n;v~rsity reports by 
)"'j ... _, 1:.~ - • E .... 1 ""' ., ' · , ~ r ·· .~ '1 ~a·- ;lb ~ • • t• h .r rots. ~. A..; , ,Jones rmd ·.1 ·. ealtncr da.t-oa -~-.·.~.ar,~haApn lvbO ,...;Jscuss our <:-arly houg .. t~ on 
this process. \~v·e .~,(Y\V c~;ll the a.llcg<.;d process ~~p:.czo·.nud€~ar fusion'' in contradistinction to 
b l .. • ,, . ~ 1 1 (0 • '· ~ b . ' d .. . t lern10U\.1Clear 'hlslon, '.Jr ·rncta. -car.a,yz0,:: rus1o:1' · ·;y analogy to ro.uon-ca a1yze . IGSion.) 

1 ~· • ·- .. , · 1 ' • r - · ' ; · • t , .... ') 1 d ' l t th · .~.rJ. dlscu:;glng our 1dea \Vltn geocnern1sts ,.tL \./"aJg ana i t . "' ·~aer.; ·Ne .e~trne t lH . ey 
1.-: ~ ~ ..--.~- ~i J. :7\ 0,"\•r-.l!.c b. le ~'\.r , _,;.- A 1- _r-:.'\~ .... ~--&n. ~ ./1,; f'\~~ ~ ciffi A ~~ J.l~ ~- .. ~ !'tf''l c-.. nu·:rn hu • .--, o.r ml'n.c. .... als .,. h ~ ..... '1;XYcre :-H.:.: __ l. :;,t;. ~.;,1 luLAJ..d." a · ._.•.Cc~.;:, ,._ _!,..::..J,;, ....,,Lu.· vf .u~ ... ,~ ..... . u -~ J.. t· 1,.. •..J?:J h..t a, • .!..&..l.I.,.>.:J. l - ~~ -~,. t:~y '' . 

,~\-.:t~.;;ide:r ~blJ ~.!1trigucd hy Ct:l!' po~~;)ible ·ex:plan .. ~t1on \vhid-:( .hey had nev·t":;r before hea.~.d 
," ~-~ J"f ..l -- ..-~ (·· t- ."",~ ~ .. . ¥ -"~- ~ ~n T,L_..,. .. h..-.'t - . !....,. ~nd ,r .. .. d ~~Ch "'~~• 1 "''1·,... ~ : 'V' 11~11'-t 

~-:::r. ;:-· 1rlB1i.Y~ ".Ve uncovercu c. ~"-P _r t.\:• ~'v.J.(l(.J.:. J.,;r r!.L• 1 ... --. ... ~;:..Oa.J . • 1- .:;:t. .t Ll.\. ei!. v-d.-.. ·~ .1. .~.u .. :I ~.~-.. . v 

:n~ports the occurrence of high ht"liHnJ~ 3/l"'eli'!.;.m-4 in metals and semiconductors (Sov. _ d 

Phys. DokL ~:581 (1978\ Sin,:e th;:;n. CA'it res·~arch! c,S a\:cclcrated. Vie have looked for 
~ , • • .. • . • . , t• 1 . • rl. 11 d' f; '1 d . . . . p-d ana f-;i-Ci n .. 1.s1on 1n ¢ n·,J.rr· ::;er 01 cornpou.nc.s, l!H~luc .. 1ng pa-~a 1um .. 01 s; un er va.rtous 

,~ondhions sjnee Spring; ~986,. Our n-:.eLJ.ods i41voh·e both neutron and gamn1a det(}cto~s, 
.C -• ~ • • L *. ""' ~~ - . ' . • •. . ' +. 1 • l ' 
~oUO\Yt-: t·y rr~ea.sunng l:&~LlU.lT.t~J/ nchru:n-ti: tat:;os . it ' 701.ua no~. o .... apprnpnate to a1seu~s 
our rest\lt~ here, Hovvever~ th:2:r'~ L enough evid.r:;-.~,(_:e to v;arrant further s.tudit.:;s, 



-h \ . . . , J. ~ • • • • • ' • t• ~ ~ . '\... 
. J..' -'· e G\:; Oject propos~ a.pp:rc)a.ches ~ne measure:rnent \V!th caton:n:1etrlc me hoas, v,;luc.~.J. 

cnrnnlemen.ts our· nlethods outlined abo·ve. I thin·k there is roorn fer the proposed \Vork 
. - p ,. . .~., • ,.... J.. i 1 .. c: ~· I ..l 1 I d 
~r.~ ad.a.rnon to ~<ne ongOJ.ng eftcn. r-.... "'lo. wouJ.Cl encourage .~.una.u1g. 11-uce.a~ recommen a 
joint effort ~ \Vith coc;perat.ion between the presently-funded project and the complementary 

~ 1 • ' ('! '},. • ' . ..... • l , t., ft '1' J, i , • • 1 . '.b \vor:.: no\\' oe1ng propos€-o. c1uc.d. a JOlnt ertort wou.;.tJ QC tacHrt,atea oy tne <; ose proxn1lHY 
{' ' , .. 'J ' .. I • , i /'t'- • 'h .. • l "'Tt h\ 01 t\\'0 o:r 1. .1e unrv-e:t·sn.lC.S ln·v·oJ.Y-ec t._.wng .. 1am Young ru1c ·i.,.J ,a. · 1• 
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.. u ttl@ procedur-e of obtalntnc the beet equaUoQ of •tate 
.-die bailie of • •yetcm o! cqwnJonl equatloeu~ and ID ~ . .:.... 
.,umate tbe :cicgrec of reU.abWty of ealculatton of an.r- • · 
eurnodynarnJc function lrom axporlm~iltal p .. v. T data 
~ a!ilo to IG<~rt.aln the •dvliablllty "6ftocorporaUng oDe 
C"JilP of data or other tntD tbe calculations and thus to 
tptlmally plan fu:rtber experhntate. 

'G. A. Sp~0009, A. D. t..odo.. loDd v. v. SJ~• Sa: Tt.alllopbywlcal 
~-of Suh.Jnea &Dod ~ (Ia P.&MIS.•J. Vat. 10. ~ SUA· 
~4W, Mo&cowo (li1')., p. SS. . • 

*v. v. s~ • .&.. A. Y-.n~~.a. • •L. ~ fikcpert:Sot a{ 

. Nla'oseQ ~ lb.a'•bollrAS. Suo4trt~. Molcow U9'2'l). • ~ 
~ll:b. Coc4vlll,. Nac. l~e. S~d. T~ Noe.;, No. eS3 UnO • 

. ~t. T. hoobf.m &DIS L I. !.ccv~ J. f1zp.wGhelll.ltci.~Uc.&,!. No. -'• 
'fS'I Qi13).. 

TJ~anelatcd by Eugene Lepa 

Anomalously high isotope ratio 3He/41-le in technical-grade metals 
and semiconductors · · 

B. A f~amyrin. L V. i<habarin, and V. S. Yudenich 
. A. F. loJ/t Phyrimlccltrtl~llrutituU. Aeddctr~~ of ~k"(tt of tht USSR , unblei'G4 

{Pr-es.cnted by Academician V. M. "t'ucbkcvicb.. February ::Z4. 1978) 
(S1.1bmincd F(bNAry 16, l971) 

Dokl. Ahd. Naulc SSSR. l41, IOS+-10$7 (Aucust 1978} 

PACS numbtrs: 12.90. + j, JS.IO.D& 

Tbe heUum 1lsotopt ratlo 1n any object carries lnfor
matJon about prooees(!S leadiD~ co thclr formatioh. 

Table I Ust3 natural obJects contalniq helium wlth 
. 1hlrply di!fer1ng isotope ratios and abo lndlcates tbe 
autn processes luding &o the forma t1on o{ helium with the 
corresponding ltwtope ratios. 

It le shown In the present pa~r that ln a nurober of 
commerctally-pur·e metllls and e~mlconductlng materials 
.HUum ts !ound tc bt prc&ent. in a :IHe!He ratlo o( close to 
l, te .• several orders oi mal;rltudc hlghcr tban the values 
ctvcn ln Table I. Tbls would indicate ttult tbe orlgln or 
klhun isotopes i.n the auterlale studied was due to some 
processes. nuelea:r or phys1cochemlcal. other than Chose 
c11unerated in Table I. A blgtl ~nc!Hto ratio In aluminum 
\11 reported by Alhnova et al.' 

1. It turned out that our invesUptSons, as those In 
let. I, eould be carried out by employing a aen.sltlve 
uu-.apcetrotnetr1c tcchnique11 and a low-backgr.aund 
s:u-Ubaratlng appnratus." 

IAII.tl 

' 
PrO«ffld ~/'ltlt 

·I lOY;. 10•1 

: a-duay or ra.dloa-cd'fC: ckmau.. 
ftl«loni of rypc tz.t(R. all',-T~·-•tte 

ao---•o-• Dl.n.o 

• I to·•-.o·' 

Otrta. ~acx. of prlmuy bdhtm ~·•o~• 
c=apNRd duritl& torm.tlloa tA [ri 

DlN'ullOI'I a bcUwn Uoco~ iam 1.·1·10-· 

'The ps was extracted fro01 the sa~nplca by beating. 
Cheln lo a vacuum un.it with a eoruodu.m e"'elble. The 
beUum was thee purified by removing ttae accompa.nylog 
ga.a•~• Mth lfquld-oUro"en-cooled carboo traps and a 
tJbanlum getter heated to T- 4oo•c, after 'Whlcb the beliun"i 
tso~)pcs wet"e analyzed in a m.agnetic resonance maes. 
spec·tromcter. The u;t.ln.hnum measw-eable quantities o! 
~He .lnd 4He wer:'e -10' and 101 aton:a.S', respectf:vel,y. 

We .slUdicd samples of 18 etcrncnt.s from all STOUps 
o{ the Mcndolcev periodic eystc= (Nl, Cu, Al, n, Au, 
Mo, Th, A,. ~ Pb. Bl, Pd, Pt. Rc, ~. Oe, Sl, and InSb). 
Three t.o five samples or eacb element were etudled;' ·more 
tbol"(•Ugh lnvcetlgations were: made o! Ni (-200 eamplea), - · 
Cu ( .... 30), 'Ta (-20), T1 (-20), Au (10), and Al (-60), Io 
most cases the e:unples were foil ribbons measuring 

'(o.os:O."i); 10 x 125 mm. 'Ibe hnpurlUet in &he ••mplca 
corr(:sponded to the •tandard commercially-pure metals. 

II. ne results or the lnvc•Ugat1ons, based on anaJyetG 
of mc•rc than 300 aarnplct. reduce to t.be following.}~~~-

I S<eoc 

(') 

(') 

(') 

('. •) ., 
(". ·~ 

,ver· ·1 
'' ! !.c&ciOU auur; . 
~ : ., So~ . Pttv, Ook.L 23<8l. Auvwal UHIJ 

·~ · -.~ 

S81 

mtn(1t fo ~c. db&lpadon tJJ 
bcU1,1m LI«O~I Into outu apa«. 
DU(I(II rc•c ona 1.1\ up~ atmo-
•t'~ \tlth fctmatlon Oll.tUe lto·• (•t Sp•U •don rctc:tiOM. 1mp1anudoo 
d tolU wtnd 

; \ 

I ' 

/ 
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• 
••• .,u..a . -

1111 

nc;.l • .DI.titbutfOQ ~~ ~ Ia ~egme.at 111 Dickel foCI: • II the aum~ 
cl •tomt lD • 1AMfle lllCAr....tDc o.oz •10 •12$ ~t~m. N Sa me ordlzlal 
inlmbct of iae N&npil: t. Tho ~tl ie~I'DalU diu~ ~~ t:not 
;((1/m~~ 

samples eontalD a consldorable quaot1ty ot 1H~. ·'Ibcoc 
quantities varx i:llllrkedly both !rom e-le~neot Co element 
(lOu•lO' atom•/ij and from 1am.ple to sample ((rom 1010 

atOms/g to· a backgroUnd value of ~·to' ~toms/C). · 

"Ibe wlues ctr JHe/cHe vary from 10-' to 1. 'These 
values o! the 18o!tope ratlo1 are, ap~rently,_}4ndcr"st1mated 
•toee the quaotlt:r of •He1 as a rl.lle..,_shouldt6b( e'X~ced tb~ 
threabold ot lnstrurne'.ot scnslt1vlt,y (101 atoms) and ln most 
c:ase11.. thla was tbe value taken los; calc~taUona. -

The 1He dlstrlbut:lon "' round to be spotty ln chat"ac
tos;. In nickel fo.ll (Ftg. 1) samples with a cornpa~at!vely 
~lp *He con~nt are frequently next to samples with a col%1-
parQdvely low cc•nteot. Ie may be aald on the basis ol the 
results that the •1pot.t la ..-hi.ch ~He ls contained have a slze 
oC lean thaD 1 min. Next to a rdatlvely bfga buncbing o( 
these spots ia ~· !: practically complete absence oC these 
1pote along th~ I encth or the !on up to several tens o! 
centimeters. tbe r~sults of measurements ot the *He con
tent in other ~:ne lzls also lDdieatc a pronounced nonuni
!ormJty In the 1He distribution. 

The curve or ;He extraction from nlekel !oil (Fig. ~) 
dl6p1ay• two 1Hc peaks much Uke t!ioso prosented by 
Tisbcbeoko et al.n w:bo studied tbe desorption of bellum 
(rom. aUver rnm with vadoua bellum COQCC:Iltr.atlons. 
·TiebchO~ko · ~t lit:r showed that when samples with hlgb 
helium cooeentnttions are beated the bellum coll~cta ln 
Jnterobubblea and !a de sorbed at flv uoo•K. At low· con
:eeotrat1o03 the clcsorptloo occurs by dUfuslon o! Individual 
atoma at a muc:b lowtr tc~rature. 400..'700-K. Com
l)arlson or our r.~eults with Chose wltb. Re!. 12 shows that 
the dcsorbed poa.ke (Fig. 2) correspond to diffusion of 
indlri<ltal atoms and. conAequeoUy, there were oo bubble 
forznaUonti fn our •ample•. 

The certainty o! the e!fect can be confirmed by the 

follow1ng .!,acta:.· ~ 

· ~·· ~ · Jt · ..... tttThcM;~~;uty oC ~He coneldcr•bty exccodod the 
back&round ltv~l (100 t.hnes) In many samples. 

2. Reputed (more than 50-Cold) blank teste did not 
once )'ield quanUUe• o{ lua wt\fch noUeeably exceeded Che 
background level o{ the lnetrumcnt. 

3. Two sae-Uberatfnc apparabHICS of different con
ltt"ucUon were used to extract the gas and the picture of 
the effect· was the eame ln both eases. 

. . 
&I , __ 
. . fll .'Ill .Ill 111 T. -.c 

FIG •. t. Emaa:iOD flllne from a.tcllel foU wbea tcmpdiQft .. railed 

aU~ZJ at rae rl '"' *cla~Ja. 

-.. Ia eome case• wtth ~ eaect..,tbe sample wa1 co. 
pletely melted but la comparlaon wttb hcat.tnc to 600"C 
(thi11 ordloary procedure) thls . did oot •lcnl!leantlr ebaact 
eitJ1or the total quanti c;y of SHe extracted or the 1Hc/•He 
ltotope ratto. 

&. Tbe quantity of 1He ln eaeb eample wae dotor!Q!ned 
as the average of ebe belpta of flve recorded pcau whole 
ma,nltude practically dld not change. 

6. 1a our lntt:rument11 the 'He Une was c:omple"'lJ 
aeparated from the HD and H~ lines. 

tD 1the occurrence of 1He ln metals. · 
Ill. Let u• cooslder the possible processes lc.:~dtl'\( I 

tbe penetrating bellum bel"' enrlched with the 1Hc t&otopt 

1. DWuslon from the ambient. Any procesaee or .-· 
peoct.ratJon from natutal med1a cannot clve the obscrvett 
beUu IQ teo tope ra Uo 1tnce . there are no bellum SOUJ'eec oo I 
Ea::-th with tucb a high 1He/•He l:'atio. Tbe posslblltty of 

by several order& of magnitude is app~rently excluded • 

:-·- . '$*•'' .. bec:aust of tbel$!!erence In the masses of 2He and 4He. .,; { 

2. It znay be assumed f.h:. t ~He ln metal• la formed as 
the result ot the P-dccay ot tritium. E\'ldcnce in !a\'Or or 
lhe T-'Hd\)o~s given by: the •point• character o! the 
2Hc~ diatn~ wblch Is much like the hydrogen dlstrlbu· 
'cion ln metaten; some experimental data Tri'Ciicating tbe 
po1ialb111"' of sharply increased eoneentrat[ON ol trlUum 
In metal. Tbc TM ratio measured for .oevcral aluminum 
s.a1nplcs" was -lo-• which c~ceeds Ule ratio ln pos:rible 
•u;hleot media by 6 to 8 orders of macnftude.u The u1~J 
p~oceasea of eeparatlon of isotopes by diffusion from the 
• n:bleat medlum evidently cannot yield the d!eet.s indl
c.atcd (Co.Gtamlnation or the eamples wUh tecllnogenetie t I 
was ruled ouQ. l' 

3. Tbere te a bypothcatat4 that che blgb tritium c:o~ 
~e.rttntlon tn alumtnur:n rei!Jults !rom the eeparation of 
hy.troceD teo topes ln electrolysis durlnc the production of 
tho alurntnuro. However. the alumlnutn ehould be enrldled 
ill the prooes• but thla was oot detected lD the flnrt 
expCTtmenta. Moreover. wleh chit explanation metal• pro
duced without elect.n)Jysf• •hould not. have hi~ TM and 
lfle/'Hc ratios. However, ma.ny sampl¢1 or metals 
obulned by the btast.,Afur~ce process, zon~ re(frung. as 
'M1U e.s •~mloond\lcton obWncd by the Ct.oehralsld 
m·eehod contain hclJum \!11th a blgh 1He/1Ue .-auo. 

4. It can be aaeumed that 111e in metals iD forll'l~d '' 
UH re•ult or proeesac:a wtdch oceur right in the me~ land 
theae prOc:eaec• leactto the rorrnatlon of eSther 11fe, T. or 
T and·1Jfe tocether. An analo~ of processes of thts t)1)t 
f• the puelear reaction which t.akee place wsth the lnter
ac Lion ot dc..-utcrh.un mc•le atoms wlth ordina r~ dcuteriutu 
•toms at therm.al ene!rglc• ~-4 + d- :tuc + n + fl.-. 
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