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]  NTRODUCT I  ON

The areas of  research, establ ished in oui ' laboraiory a few Jears
back, were fo l lowed also dur ing 1980, Appreciable emphasis however vras

given in the area oi  appl icat ions of  nuclear nethods.

This ef lphasis is fot  the resul t  01'staf f  expansion as nuch as the

desire of  the researchers to ut i l  ize their  knoi | ledqe in tackl inq problens

of thei  r  inr$edi  ate envi  ronment.

In th is area, XRF, PIXE, perturbed an!ular correlat ions as l re l l

as nuclear react ions vrefe ut i l ized leading to s igni f icant conclusions

in many instances.

In the areas of  basic researchr \ rork cont inued along the l ines

establ ished in the prevjous years.  In heavy jons,  nreasurements ! /ere ex-

tended in other nuclei  in the s!arch of  quas' j -nolecular resofarces -o
topic of  an I f ternat ional  Confefence orgdnizeC by t l re Laboratory in June

19B0, Sinr i lar ly the compet i t ion L.etr , reen pn and d channels was studied

in o. ther systems, The resul ts of  thesc e/ f ,o i r r !nts indi . . te that  nreasure-

nent of  ihe compet i t ion of fers the possibj l i ty  of  d ist i i rct ion bei ! , reen

compound nucleLrs and direct  react ion mechanisms. Spectroscopic work \ ' / j th

gamma rays emit ted ei ther f rom l ight  or  hedvy ion redct jons resl l le. i

in establ ishing decay schemes for several  nucle ' j  ,  In theory research

has been perforned in correlat in! .  nagic n!mbers wi th s la l rmetr ies in the

isomorphic f rodel  ,  the eslair l  is i r i rerr i  of  a t i ro-nu. leoi  ef feci ive pDiei t ia l

for  h igh energy heavy r  ion col l  is ions and further extensions of  the

i somorphi c and Vl'11 nrodel s.

Fron a technical  point  of  v iev/ ,  ue had ve!y fev/  n ishaps ser ioLrs

enough to hamper our operat iof .  \ , ie feel  ho\ , /cver strofgl ,v the cner_qy

l jmitat ions inposed on us by the low teminal  vol tage and vie st i l l
hnnp in. i  a. ienrr^ iF f r rn. lq . :n hF securei  in ihe ncat fu i -u!  e fc! .  1 i !e ne-

cessary post acceleTator,

Concernjn!  our dara acquis j t iof  systenl ,  the on- l ine PDP-i5

computer js c iear ly showinl l  s ' i ! tns of  i ts  aqe anci  an or. jer  has been
placed for the procureFef:  o1'a rer i  i rcre pc\ ' /er f r r i  cor l rut inq s l , ,st-- f l .
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Vis ' i ts  of  scient ists f ron abroad for exper iments wi th our
Tandenr as wel l  as v is i ts by our scient ists io other laborator ies,  v/ere

found again to be very benef ic ia l  .
The dedicat ion and qual  j ty  of  our technical  and administrat ive

personnel  t  th is hidden var iable in the cont inuous progress of  our labo-

ratory,  is  especi  a l ly  acknowledged,

George Vourvopoulos
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I .  HEAVY ION REACTIONS

Search fox intetrediate stxu-ctute " l .n 
36Ax 

al)ote the c,  ou l .onb
bar.r ie?

G, Vourvopoulos,  x.  Aslancglou ,  R. Caplar+and D. pocanic+

The react ion 24ug(12c,o) 32s leacl ;ng to the l round and f i rst
exci ted states of  36A" r . lus ut i l ized. Thc exci tat io l , r  f inct ior  covered
the region ECI{= 11.9 -  19.4 I ,1eV and angular distr ibut ions l tere mcdsured
dr rb an9 es tut  =1ir  -  u5- J.

The ngi tsufed erc ' i  tat  j  cn f  unct  jcns i jere of  a l -yzed st3t i  s+- j  c3 I  ly .
For th is purpose, the sumioed absolute correlat ion furct ion C{ l ) ,  the
sunmred correlat ic i  funct ior  C-( t ) ,  the su ted absclute devjat j0n funct ion
D(t)  anC th-"  sui l i : | .c l  devjat ion f !nct jon D{t , )  l . rere calculated. Thc rcsul ts
are shor/n in Fig, t re 1.

The measul 'ed angular dist f ibut ions vere f j t ted ! . r i th sqrrares of
s lngle Legendre polyncr l ] jd ls and \1j th squares of  the colrerent suf i ts of
pair i  of  Legendre polynonials (o(B) = 1, ,  f r (cose) + oeiBer_,(co;O;121
For each dng! lar  d istr jbut ion,  t ,  and r ' ( ! ' - ; :+ Lor t '= _e. .F 2) as l re l l  as
q and 1l  v, 'e re var ied in o.der t0 f jnd the best f i i .  ic  the dir tn.  -he

resul ts are shct-un in F. j !Jure 2.
The present.  exper ineni  and the subseque| i  annlysis sho!.r '  the

fol lo\ , / jng,  i i )  in most cases, t  o- level  f j ts  t0 the angular djstr ibu-
t jons arc sat isf .ctory,  ( i i  )s ingle l - \ ,e lues,  i .e,  r :5,4,7,9, i1 and
13 are predominant (q < 0.5,  cr  q > 2) . in the anqular distr ibr l i jon at
ECM= 12.3,  12.9,  14.3,  16.4,  18.1 and 19,7 t" tev resirect ivety,  ( i i i  )  na-
xina in the Cevidt ion funct ions appear at  ihe sat ie enerqies as above,
nonc of  thern ho| ]evef -"xceeds the 111 probabi l i ty  l in i t .  Thus, the data
and the anal_vsis indjcate th.r  presence of  spi f  scleci iv i t_v in the
reac! io l  ar- lc i  ereiqy ranqe st ! .1 jed.  i io l re!er,  in ief i la. l l i iLe rc5ci t t ic€s t i t
the'"Al 'cor.posi i -e s"vsten, i f  p l"esent,  s- .en ta Lhe ie lat jvel \ ,  Hei(  af . l
probah, ly interfer.r  wi th the s i :at ist ical  backgrour ld.

j -R. 
Bosko'r ic Inst i rure,  Za!reb, yugoslavia
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q(Mev)

r1q. 1

Fl9.  l .  Resul ts ol  st ; ! is t ical  aralys1s.

F iq.  2

! -1g.  2,9i ts { i !h c. : rerent sur is oI  Palrs ol  L ' j :e i ' r :c lo ly-
no;1ars a!  i r rd icatc. l  l . lbcra!or)  erer ' - r iesi  t l rc vslue'
. ' l thcut F:r ' - i thcs.s deic.-e the t re ' renc!e F' iYi io ' i i  a i ! :  l r : i ! l r " l

Ia!ger dpl l tude.J ^
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Ti ' ;  c. , t r  r i l 'L ' : , - .  af  r r !ot-r l  d.ui , . , : ; .o1r Cir- ;nte. t rat . i .on ta tLc

un"rt ion 12 c ( j 26 t  r .oo,pr ' )

T. l l .  Ca7is,  P.  rd , r : -  r ro A.C. t r .no. , l i .

A pro'Lon-neutron pair  can be emttLed in a nuclcar re, ict ion
via l !1o dis 'L incly dj f fcfc l r i  processes: ei ther v ja succesive evapo-
r f l t ion of  nuclc0' i  or  f rof l  thc djs jn ' .egrat iorr  cf  s j Ig lc i  c ieutel .ons as
soon as the lat ier  arc found ouis id.  the pctef i - i i l  of  i i te rL:s id l ra l
nucl  eus,

I r  a previous e/ i rer jFental  stur iy l  of  Lhc reaci : ior  12c1l5O,pn)

at  30 and 31, i leV i t  ! , ra5 concluded thaL a s i !J l r i f icant f iact io l t  of  i ts
crcss seci ion i ras due t0 the err iss iafr  i l i td sr_tLj5eqian'L r iccry o. i  uIbourLr i

deutafons. Acaorai i r !1 io evapcratr 'o l ' t  t i to i le l  est i i t r ;1tas,  i to, ; revc: i . ,  or t i ; ,  ;
sm. l l  i raci : ion,  betucer 3 i tnd 10, ' ]  re ai ive to lhe stable de!_rter. , r r l

emjssion is cxp.cted 1.0 pro. ieed vja s in! let  c i ! i t teron e i is joN.
.  In the prescn'a stud),pfc ion-feutrot :  aojncldencc tccfr jqLre5

|!ere ut i l iTed i I  orde!"  to obser 'vo l l ,c  f racl ion of  pf  or i ! t inat ing f ro i t

s inglei i  deLr ' reIof  c l is in ' .e!r .1t io l | .  The i i f fcr !nt  d| !u l i t f  deper. jerc.  ct
a pfoton aqd a feutron eini t led ei ther succesively cr  v je dis in legrd-
t ion cf  n s i ! rg lct . icutcron l rag exir lc i tcd jn ordEr lo c l jarnctef jze i l i .
pr.: ices! by !.rhi cn r:h! prota'-t-! l4,Jt i  ot-. Iai r:  t .rcfc ;rrcC!acC. Al l lcl , t l  ; .r:
c0incidence data ei .e obiaineci  at  seve-.ai  anLl les ,  specidl  atLenrtcn
\ , , /as gjverr  lo sylr iueir ic dci?ci ion cen'eU les,  th i  i !  0^:  0-  er . l  0_:-€-
a!)olr i  the bearf  i ix i  s.  

l - r  r r

Ffonr the pn-coj Ic jdence ani tu lar  d js i r ibut jon i tnC the eferJl ,
d ist f ibut ior  0f  protons i t  \ ias conclua' jd i l tat  i . l tc  proion-neutron pdi ls

emj i ied i i  t lc  ieaal icn aie al  ost  e j .c lusivcly iL lc ic succcsiYe eva

foini jon oi  fuclecu: f ron i lc  cor ipo,rrai  i t i tc lc! t : .

R9j913-]]c e
l .  V.  Va lcciv i  c,  R. i . .  L iebert

' r i r i l l  
ips,  l . .e i . r .  i lLro. , . .  Ci

asek, R. l i .  l . lheeler,  T,  Zaber and G.C.
45: \  \914) .

,  R. l l

r  10,
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Ihe al jstend!: ict  af  the canget i i t i .on b€l , i -a.ert  Dr dnd (1 - :so-
p?aducL etr l i .sstor ' : , .  Lear!-  ion i^d! ! . .J.  c. txpo1i f l r l - t1 i lc7,ert  r . !

,  a. i i .  i razl ! ,  P.  i iar i . . ,1r j l : , .  l t .  a j r j i : i ] rc: ic i i  i ino j \

224 (les1)

A.C, Xenoul  is and A. Aravant inos

The part ic le-y coincic lence techniquc recen y prop0seCi

fol^ the feasuremenl ol  isopio. juct  c0rpei . j t io | ,  j .e,  ie conpci j l iof
bctrJeer c) i i t  c laniels prcC,.rc i t l !  lha 5anre rasiaj i ra l  nualars,  ! tas l racr- i

er fp loyed in ordci-  to 0bt.1i f  the cc:xp?t i i jo l l  | . t r i . .en i I  and d c l r tss. ton
in a ser jcs of  heavy io|r  i i . juccd l l l  rcacLic ts.

lhese dnta ie l ioNstratc Lh3t,  i r  ! lcr ,c i -a l  ,  th.  p i t  re laLtve

to d ef ' r i5si0n i i rcrca5es \ ' r j th i rcrcasir !  fof i r i ! .d i i tg ef !1. . :1 j , .  [ ]ur t . ler :are,

a rePrese.t . : rL ion ,  \ ' / i t i  ch s.e ' ts to be urt  i . iL_r,r  j  t . . r , t  rcco! j f  i /cd by t l l r iL i r
thc pn olcr  d cot i , i ret i ' . ion i jata arc !n j f ie.J i i . i , : !cct ively of  i i j r  f t i -
c leai .  react ion involy.d.  : lpeci  Fical ly,  l rhcn 1.he logar j  r j :  of  lhc rart jo
o, ,n7on is . \ - .L i . ter !  \  i in the raxi i  u i f  cxci t . t i i rn ef . rgy .v. i ldbl : -  i r l
the re5jdiral  nt ic leus a f .ar ly strai . l l r , , .  I  i l t . :  ( l . i r - .n. let . ice js obsef, . ,e. l .
I t  s i rould be notcd t l t ;L alrrosi  a l l  t i rc a!ni l iSlc daln . i .e resir i . iL.d
of a uniqre l i Ie i r re5!ect ively of  ihe feact j ! i f r .

lhere is mo!|  l i f !  indj .at io l  t " i t3.r  t i re factor un. l9. l t , j rg !he
isopio, j i ic 'L coipet i i i . i r  is  i l - ,e pir .se srarce oi  d. i t : . i t ,y  of  5, . . , i : . :  a"n,-
lable to the c lustcr  0 l '  nul t ipaf l jc le evafora. . ior .

This reccI t  i rnderst6r i l j |9 f r i th f .s i ra. t  to jsapro. iuci :  coiuire-
t j*" jon i i r  Ci l  rcact ' jot js oi ic.s f j i -st l t '  a ! ie i l i . i i ' ie  i i  a] |et . ror .k ior  pra-

ct  jc . r ' l  appl icat i ! [s and secolrdly i .e ldei-s t i rc i t !asr j r ( i j ier l ls  of  p l ]  0!ar
d enissjon a novel  tool  for  the i fvest j ! lat io|  cf  phenor:a|a devia, , : i | ! l
f ror i  CN evaporai ior ' t ,  s!c i r  as col i t i rc ' ! i  i tq react ic i t  ntecir i l j t is | is  or  q! .1: j -

i to l  ec!  la i  rcsotaraes.

Refefence

i  l r  ' i r . ,  t i .
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D i  e L i .  l l  c t  i  a n h e ! . r  e e n c a| ,  t  a t . ' / !  d -  nLl .  1. .  1 !) , : ] t  i  C' ; ,  y.  c l :  r  e a c L l :  on

trecharisnp. in_,t t t-tt./ i), :_ZSS_!j:.:."

A, Aravanl inos afd A.C. Xen.ul is

The measure cnt of  coi ipet j  l jo i  bet \ !eeI  pn and ci  er | iss i  otr

in a heavy- iof  i fduced rcact ion of fers a pcssibi l i ty  to dis i . in!uish

bet\ ' recn compound-fucle!s i rn i  l i rect  r . "aa1: jcn mach, in is i ra,  in l - - r r t ic ! lar
("1- i ,pr  /d)  react i0Is,  s jncc i t  is  exfecl .ed LhaL ; . i re opn /o, , , rar . io

!"r i l l  Lr !  ' , ,ery dj  i fc fe i t  jn case of  Cj l  e ' , ,np1^ai j ! f  n i ra . i i rect  ' i1o t i .ans*

fer.  I f  fact ,  I !e have dc!elcfa:d a metf id l :cr  t i 'e:net!Lr l^e[ ]eIL of  conrpe-

t i t ion bctNecn al i i ferent feact ion nechair  is t is  i f  :Ltc l l  react inu5.

0f  thc re.c i ions st ! rd ied th:  i60(61 i ,p ' ,7, i1 pfescnts prr t icLr-

lar  intcfest ,  \ . , r l r ich uas slul jed as a f !n.1. io l r  c i  i i ,J  t !afCin! l  c: i l  ! .y
be' . \Jccn l0 and 19 l lcV. 1n ih. t  re i ! . t iofr  j1.  has t , .Ffr  observei l  t l  nt-  bei . l rcen

1C ard 15 l leV i t  p|occcds c;rc l !srvcl j , \ ' in cof tp i - ' l r i i - [L ic le i is  r ]achaI is i l t .

At  a l )oul  16 f le\r ihe 0nset oi  ccr i rpei i i i0 |  Let f ,eeir  C11 anC dirr .L i icc i i r i i r i : in

is f0 i iced, af ief  \ . ,h lch thc c: j r !ct  ncclr .n isn prcl j r .ssjvcly i ! icrcescs

vi i  th incraasir i !  hoi ibard;ng ci iaf ly.
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Shape depe,t letce oL:he 'L i  -  "V yeacLicn cross sect icn

E. Kossionidesl  K,H. l , loebius,  R. Daett !er ,  P.  i l ic l iDi ,  Z.  i io 'oz++,
D. Prcssinc". .  L Ste"Fn(.  H. Ce.: .  t .^ l  L Koc ;J.  D, 

' ic , '

I t  hes beer . lou,u1) thut  the total  react ion cross-sect ion
bcl f ren an al ignecl  7Li  bear ancj  51V dep-.nds on th.  or jentat ion of  the . lc-
forrcd incof i in!J 7Li  nuclei .  In orccr to lnvest i l idte the depeIdence tn
greater dctai l ,  the argi t l , | .  d jst f ib i r t io is cf  l iqht  charqird parLic lcs
produc(-d by ihe reacLior l rJre mcasufeci  . i  f lab- l2 dn. i  20 i ic ! ' .

Prel inr i rary cv,r l f i i t ions of  t l ,e ai . r l - ) ,s1r i t  pcuer i rO(3) sho, ' !  t i ra l
i t  is  assyf letr ic around 90o fcr  a l l  t rpes of  d. 'Lrctcd paft ic le: ,  (p,d, t ,c) .

The i rcnd fror ! .osi  i . ive !a l !es a1- thc 1on.r . r . l  a i ! t le:  i :o I . r .Jet . i !e values
at t l re hack can be i r terpr. ted rr i th i l t  a senic l i is5ical  shape, odcl  (a1sc

used i 'or  the i r ' !efprei :at ion of  the elas 'u ic scat iet . int i2)  )ard ' .he assu-
ulpt jon of  a di lect  reaci ior  r rechan' ist i .  l t  seems, therefofc,  t l ra 'L the ar)a-
lyzin!  po\rer is dor inated by the dircct  col lponcrts of  thc rcact jon.

Thc detai led anal .ysis cf  thc res! l ts i5 st i l l  in piogress.
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i l igh spin srat  e-s : , -  69. :

P.Bakoyeorgcs, P. Assimakopoulos+, and T, Paradel l is

The 64Ni+7Li  react ion at  1B l .1eV L. i  bor,-rbai . t ing enerEy has
been used to poirulate higi t  spin statcs in 69Ca via the 2n er j t  chanfcl

Gamnra-ga|r i ra coi [c jdence cxfcr in]ents hrr ie cstabl  jshei l  thc
dccJy scl ' i I i ]e of  t . i re luclcr is.  Ar i tu laf . l ;s l r jbu' . j .1 'c i i ref i l ietLLs alo ' i ]g
i ' r ' ' i th arr  ex 'acnsiva exper ineni :n l  set  of  i r t tenLtajJ jnr  (oeff ic je l r l -s obtaj-
ned by c l i l fcrei t  react jcns l r rve beert  use{ l  tc ( l i r i . i l i f  in ic | | i . r 'L jor ,  , ,
spjn and nix i l r ! l  rat ios of  t l .af5j i io |s 0.e) ic i t i | !  t ie abov. ntent joIcd
levols.

Doppl  c.r  shi f ' i  nt+,eruat ion exf  . f i i r . , f t ts i tave beelr  L i4r- iot-ned
and nrean l ives oi  sonre e) ic i ted levels have becn also deduced. ln
Fig.  j  the resr l t ing decay schci ic of  69Ca is sho, ln,
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l , iedn Lires al '  e$eiLed : . ta l ,es aauleLed i l1 Y ) ?e.13 t  i  cr i : , t

on seni t l l i .ck ter . t .  L 3

T. Paradel l is

In (p,y)  re.rct jon:  on sc i th ick tar !ets nniny s ia le5 i i t  the
co|fpoL,nd nucleus are e) ic i ted vhich subs.q!r .nt ly Cecal ,  to the l l ' . ter
I  y i , . ' ,  d sc- .  1n'  .c .

1n l l re prescnt i , iork lh, .  rc. i ' i ' r rs ih l  or1 ,y1 
: ' io,  rzt t l1p,17l

11 ( , ,
' -Lu - 'Zrr lp,v)  "  Lr  and " ln(n,y)  " ' t ia ha,re br:en Lrsed to i r .asure ie

dt tenuatccl  Dcf i r ler  shi  i t  of  the V faj ,s ! ih jch ta{rr . i ie t i re l . r ier  ly i | !

states of  thesc nuclei  11ir ich l -ave ver ' /  i ra: l l  kr ta i rn nrcasLi- , - . .1 i tean l i rc5.

The d. ta have bcen takcn | . ] j l :h t .  . j . 's  
"-  , r lu.r-  ,  ! '  , '2 1l  r  n.5s anr l

, i ;  l  , f  .J ' r  '  - ,J )"  r .

In Fi ! l . i  and 2 the exper i t r i l f l . i l  F(r)  versus r  c j , i  t , r  point  are

sl io l rn for  scvcral  y-rays f ror i  the iouf  a i )ovc | |ar ; ' ! icned l .e i ] . i : ions,  Also

the calculated lheorct ical  F(r  )  curves are dr. | | .a ior  seve..1l  assr pt i . l r !

of  t l -e dclay t i  e jnt1^0cl i tc!d by the casca. l i i !  \ ,  fays f ro: ,  thc coi i I  i r i r '1
(s ioe feecl ing).  l ' rc i . . t  ihe overal l  p jctLlre i r  is  c.r [ . - l tJded ihnt  af  dssr!r ] :p i . roI

of  a s ide fce. l jng of  T = 20 r  5 fs rcproduced t jc{ t ly  the cxper in:nial
po i  nts for  a l l  rcact ions.

Tire lesul ts of  L i t is  i rvest jgar l ion ! l i l rs i i raL i l r . i  ( i r ,y)  re-

act j0n 0n semithick !ar l tets nray providc i f , rportarr ' ;  i fFofr  t t ion cn nea.

l ivos of  statcs ! rh ich cannct be oiher! ! ise pop! l . r led by other rcact jorLs.

The nethcd has bcen appl ied for  the c.se of  6! 'Gc(:ee nej . i i

ar t ic le) ,
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Erei led r tate,-  in ""Ca

T, Paradel  l is ,  G. VoIr \ ropoules

The 5Bzn(p,y1 69ca react icn has been uscd to pcpuldte exci ted
stdtes in 6tcu.  Ta"g"Ls af  4 l1/  cn2 thjckness have been used for angulaf
Cistr ibut ion measurelNents.  The analysjs of  the angular distr jbut ion
data has been m' lde on the ba! is of  exi , .ef  imental  a l  ignment dt ie|Lrai jon
factors as aer j \ , . "d in a pfevjous r , ror  k\11, Sevei .a l  spin afc j  p i f j t ies
have been cieduc.d for  levcls up to 2.6 l iev.  For i i tary t fansj t ions nlxt i rg
rat ios have been deterf i r jnef .  IN Fig.1 the resul t jng decay sche e ts
given.

Fron an analysis of  the Dopplel .  shj f t  of  V_rays deexci t ing
louer l j / ing s htes in (p,y)  reaci ions j - r  has bcen ccfc juCed t i tat  re_
l iable nean l jves of  states can be obt. t ined ulron an assunpt. jon of  a s jde
feeding t ime of  20 fs f ro t  the cont i ruum. (see Fig.2 previous paper)

'  In Table I ,  resul ts for  the exci ted states of  69Go u"" g,u"n.
These resul ts hive been der ived from ihe f ieasuied l : ( r )  values in the
68Zn(p,u) react ion vr ' i th a s ide feeding t ime of  r .  20 + 5 fs.

Se icle-1.'e
( i )  T.  Paradel l is ,  c,  Vourvopoulos,Fi  z ika 1CSupp. (  1973 )  29
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St?uct l l re and. eLect?onaanet. :c Dr 'oDert l :es of  96nn

A.C. Xenoul is,  L.  Adanides, C..T.  Papaclopoulos+ and R. Vlastou+

An exper imental  study of  levels and electrornagnet ic propert ies

of t ransi t ions jn -"Ru is in progress v ia spectronetry of  pronpt y

rays emit ted in the react ion 96nr(p,p 'v) .

L l fet inres of  exci ted states l lere deternjned via the Doppler-
shi f i  at ienuat ion rethod fron energy shi f ts of  V rays as a funct ion of
angle of  observat ion,

Analysis of  anguldr distr ibui ions y je lded mixing ra 'L ios and
Jf i  val  ues.

+ Nat ional  Tcchnical  Universi ty.  of  Athens
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cf baixe s fron I he t_lgLiJ

Y. Maniat isrcnd A. Katsdnos

Tl.ro human bones and one hyena borLe fround in the same place
at the banks of  the r iver pinios in Thessaly 1, ]ere relat ively dateo using
their  n i t rogen-carbon-hydrogei t  and f lucr ine ard uraniun content (Table I ) ,
For ihe i luor i [e Lhe iande Accelcrator r ]as use. l  io bontb, t rd the sample w. j th
protons and thus to est imate lhe f luor ine content f ror  thc chai"acter jst ic
gan:ra rJ lc er iTlec i l .  rhc rp ,  i ion 

-ql  
11 . , r . ,  " f  1 l ,  l l . .  , r . , . r j r l

and othef t race elenlents !"rere deternined by proton Induced X_ray Lmission

The chronological  order determjned for the bon.s
nicely vt i lh the anthropological  observat ion ihus e|ccul .aging
these technjques for th is k ind of  dat . jng.

agreed vei l

ihe !se of

TABLE

Carbcn, hydrogen, ni t ro!en and f luor ine contain of  bones front
Thesa l  ly .

Sanrpl  e c
' (?;)

H

l%)

lt

( "1)

F
(1)

Nel,/ goat

Skul  i  2

Sliul I  i

HVENA

15.99

9.94

6.69

2.BO

?.41

0.3E

0.20

4.47

2.73

1 .29

0.44

0.45

2.14

osol  
id 5tut"  SpecLro."opy Leb. .  NDC De.o : to5

PDF created on April 4, 2012, by S. V. Harissopulos



17

TechnaLoqicaL ex:anina[ ion af  !  \a:a I ra.P --nn^ --+r^ 
e.a-1 )c

+
Y. l ianiat is and A. Katsanos

Scanning Electron l l jcroscopy and infrared Spectroscopy l . rere

ised for the examinat jon of  the Ayia I rene Terra Cotta sanples in order

to obtajn infor i rat ion aboui  the f i r ing condi t ions appl ied jn ihe' j r  nanu-

factufe.  The coDbinat iof  of  thesc t \ , ro tcchnjques has been proved very

usel ' ! l  l  in th is case for tcchnoicqical  studies.  In addj t icn Proton

Induces X-ray tn| issjon (PIXE) elenental  aralysjs \ ias appl ied for  the

conrpos i t i  on of  the sampl es .
The examjnat ion of  f resh-factured suffdces of  cera ic samples

urder the Scannjng Electron l l icroscopc (St l1)  i r l^0vjdes infor in i ' ! jon crr  r ;he

internal  r iorpholoqy of  the c lays developed dur inq f j r in!  .nd the del t ree

of v i t r i f icat jon.  This infor at ion combjned \" , j ih kno n nrorphologies of

c lays and pottery or by ref i r jng pieces of  sarf les jn the labordtor-v and

reexatninat iof  l ' / i th the Sl i , l  lead to the determinal icn of  'Lhe f i i . ing tcnrfe.-

ratures used in Ant iquj ty.  In addi t ion the de!ree of  v j t r i f icat ion (or

anrount of  g lass) present in the microstructure of  a f i red c lay body ,qjvcs
infornrai ion about i ts strength,  hardness and i rorosi ty \ ih jctr  are associaied

vi th the use cf  the object  and i ts state of  preservat ion.

Furthenrore the informat ion obtained with the Proton Induced

X-ray Enissjon analysis (PlXt)  apart  cf  helpjng to dist jnguish bctr /ecn

9roups of  composi t ion,  provic ies daia on the t l / i re of  c ldy used, i .e.  cal-

careous or non-calcareous and lovr or hi ,qh refractory,  These rJropert jes \ , /h ich

affcct  the interrral  rnorpholol ly dereloped dur ing I i r " in3 ( i jar iat is enC f i tc 19/8)

are needed for a nrore accurate est inate of  the f i r ing tenperaiure \v j*"hout

repeated ref i r jng5 in the laboratory

The IrLf fa l r -cd spectra provjde infor l raLiai  on r-he Dreseirce or
not of  hydroxyl  water in the c lay nineral  lat t ice (Grin 1968, Farner 1979)

and can therefore ver j fy 1. /hether dehydroxylat ion or not hes been accompl ished,
This i f  conbjned vr i th the 5El '4 resul ts assjsts the assiqnf i ,ent  cf  lof i  f j r inE

i  F .  o /  ,  
"  /  c .  - .  9 r  .  .  l  .  l  , .  ' r i  i r : .
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l i i th the conbinat ion therefore of  the abcve techn. iques f i r ing
tenperatures have been assigned as fo l lo l . rsr  [ ] )  Sherds exhib. i t jng jn i -
t ia l  v i t r i f icat ion:  750-BC0oC (2) sherds non=vi t r i i . ied but compteted
dehydroxylai jon:  650*7500C afd f jnal ly (3) Shercts non-vi t r i f . ieo ancr
not contpleted dehydroxylat ion:  belo! ]  6500 C. Table 1 shows the concen_
traied i 'es! l ts of  the above iechniques and the f i r jng tenperatu)-es est t_
mated. lhe samples have been Si"ouped on archaeo' logic, i l  grounCs accorotng
to l " l rs Caskeys classi f icat . ion.  I t . is  interest ing to observe the const_
stancy of  f j r ing tenperatures wi th jn each gfol . tp,  Al though in gereral  the
f i r ing le i rperatures are not vefy di f fereni  to jnd. icate di f ferenL LCcnno-
loqies f rom group io group the sini lar i ty of  f i r in! l  tentperatures v i th in each
group enphasizes pfobably the s ' l jgh y di f ferent prevai l ing f i r jng con_
di t jons and seem to ver i fy in a very good degree the archacological  c lassi-
f jcat jon.  The sl ight  d j f ference5 also in Ni ,  Zn an. l  Rb content between
the nrain groups (Table 2) is indicat ive of  a di f feref t  c lay source Dur
certainly local  could fur ther tentat ivel_v jndicate the product jor  of
these statues at  d i f ferent parts of  the is land and thjs would hence explain
the sl ight ly di f fereni  f i r ing condi t ions.

Hol , r 'ever,  the above assumptions should be treated very caut icusly
becaqse, f i rst ly the conrposi t jonal  d i f ferences are rot  very rel iable s ince
the samples are very coarse and inho,r"ogereous and secondly the big s ize
of these statues could present problems jn keeping the f i r ing tenperatui .e
or atmospnere constani  a l l  around them.

In general  th is work has also proved thc usefulness of  the
combinat ion of  the SEM and infrared techniques for the lo l , {  f i reo cerantcs.

*Sol i , j  
Stut"  Spectroscopy Lab.,  NRC Uei, iok. j .Los
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concetrat . rd.esulLs

TAnr,E i

on At ia I .ene

Dehyd4oxyl  nt ion v i  l r i  t i .a i ion Fir ing r .F?. ( :c)

q!e!!  1
1c5
. rc11

TC13

!!9ltP
3-4- i /  4

'tc7
,rc12

ac17

TC15

8:99P:
TCl f

'9! ! !P q

TC6

er9-"P,9
tfcl

ac:l

TC9

icc10

TC16

;; ;"- '

:.

750-600

7s0-800

?50-30c

750 600

IV

IV

<650
<65A
<6s0
<6ao
650-750

t50 800

650 750

650 r50

650 750

650-?50

650-t50

6.5C 150

?5o-80o

750-S00
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analysi3 of  ny. I r . .c t . r :a . ! t t r  s.1rp1ej

i ; "  ;
Ii '_-r i "J, ! )_

-{,r!!)
9!s! ! t1

TCl l  3.3

TC18 3.4

TC19 f  :3
q!9 P

t r ) t1
TC4 3.1

TC7 f  .3

TCI 2 2.6

TC17 3.4

Tc15 3-4

9:9. t ! : :
TCl3 3.4

o,49 ' , t , i6

0.51 0. , ic

0 ,10 0 .31

0 ,16 c .29

o .47 0 ,32

0.55 0. f ,

1.1 o. l0

o .41 0 .2t

0_45 0.11

0.5I  0.36

0.40

0,35

0.018 0.c6

0 .0,10 0 .0 6
0.522 0. l8

o.o2l  o.08

0.01, 0.09

0.026 0.13

0.019 0.08

o.D21 0.14

0-020 0.22

0.021 0.16

99 53 53

113 1 22 56

10f 101 56

144 118 53

141 a4 49

6A 39 12

io t5 15

a1 61 54

101 46 iO

91 60 65

1CS r9

41 9l
'70 1t

31 11

3) 54

29 t6

44 i ls

56-

64 54

59 119 5l

61 ' ,101 69

'19 65 i3

t1 31 t5

61 64 i02

70 7C 118

66 60 65

8-1

1.9

7.5

6-9

7.1

7-9

7.4

7.2 i9 ta 61 1156

TC6 2.9 1 .70

q!9.1! :?

Tc1 3,7 0.9 j

TCI 1,4 0,60

TC8 3.2 0.40

TC9 3-2 0.59

tfc10 1.2 0 -63
TC16 3.4 o .51

-G!9!r : !1
TClr  3.O 1.4o

' l rc2 a 3.3 1 .51

0.3 3 0.c26 0. '10

0.14 0.030 0.11

0.37 0.024 0.11

0 .30 0 .422 a , i i

o.31 0.02,1 0.14

0. t7 0.023 0.1c

0.4 4 0-021 0.14

'1 .9 98 1l

6.9 62 52

1.1 60 12

'1 .2 5l  47

5.a 64 A2

7,4 Al  4 l

5.5 94 106

1 .1 112 151
0.017 0.05

- o,21

'70 -

59 i657
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I i ,o.ce . lcn.hi :s draLtt  i^ : i :  o!  l tLtnt . t i tai. t  cri  ' l :  L

+
Hadj iantoniou, A. Katsancs, and A. Vefets ianos

The object ives oi  1.his ! ' rofk is b,y ut j l jz i r ig i l ie wcl l  esta-

bl ished rr iethod of  the PIXt analysis (external  bean tcchniqre){1 '2)  to

analyze var ious biologjcal  sam?les such as huf lan hr j r ,  ndi l ,  b l0oj
qaT,,  . t  ' r ' . ,  p l  r . '

The biolo! ical  sairples are col lccted f iofr  s. lcci . rc i  i fd iv i -

c l l la ls i r  ofc ief  to have a reLjrcseniat ive cross scct i :n of  the grccl l

popula ' . iof ,  Sa p es al 'e prefer.rr ly col lect .ed f ro;r  p.rsofs ' l iv i tq i t r

pol lLr te. j  cnviro ' r . r rLs.  This \ f  i l l  enable us lo csi iL, i i :h ih.  ayefage

(nofr i ; l )  ccntc[ t  a id distr ib! l icn cf  t f iac elel . i . r i : i  i r  the 3bcve !r ]en-

t jo[ed biological  sa] 'p les and fLrr ther i rore to estalr l ish any exist jn!

correl . t ion betfreef heal th c i isorders. Id var iat io| is in the conccn-

trat ion of  the t race clet ienis.

Thi  s r . rork consi  tu les e part  of  i re IAfA coordi  fa led rescarch

pro!ramf under ihe t i t le " l iuclear nret l lor ls i f l  hcal l . l l  re la l€.1 i : r1[ i ic i ' i f !

of  t racc e I  enent pcl lu ianis.

1n the f fa i reviork of  th js i rve5t igat ion i :  ccl labcfaLl .n has

been e: tabl ishe. l  , r i th the l .1cnr:al  f ie.r l t ! !  l lospiL. l  c i  Athens fo! '  the

stuCy of  t race elemefts in h. i r  and blood seruf i  sairples of  f reni . ! l ly

disturbed persons (schizofrer ics).  Hair  and blood ser l rn sd ple5 dre col le-

cteC {rcf l  pat jents, ind the sta{f  of  th? hosl j ia l  l / i rc l ive in 1. :he snnre

cnvi ronfirent.

' - l . , l i l ,  i - i  , . i . \  n iv l . l :C i ! r  ' i :os

Refefcnces

2.

A. Ka isanos ,  A.

I\. f iais anos and

! i9(197E) 469.

Xenoul is,  A.  Hadj iantoi lo i i  and R,11. f ink.

l je:h.  13ar |  1976I 11!

A. l ladj iani-oniou, i iucl  ,  insir ,  afd i " ie lh.
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A st tC! of  Lh, :  t ' i ,o1.cgi .cr : .L i . tnt tTe a:  ?! 'oLc, ; : t  at  d i f fe"ent

A. Pe[ is,  F.  Sider is;A, K. isanos ,  and Gr Pont i fex

nl lacl .  
Physlcs Dpt.  Aretc jon l lospj la l ,  At i ren!  lJr) iversj ty

--Ll io log,y t i . , / i  s  jon,  i l i ic  Denocr- i  tos

The ai i  o l  th is, ; ,or l :  i5 io str( i . i  th9 res! ' l t .  Lr l ren var ious biolo-

! iaal  s. \ , !  i : r ] l .Ls . t |e i r radial . rd l r i i - t r  protr , i r_ i  af  !ar j . i i i j  aner, , r ics at tc l  thairai i la€

of vdi  j0Lrs L 'L l  .  ( l - i r i i€:r  I r ! r : .y l r i i rsfa]  ) .  l - ro ior  l i l i , i !  \ \ , i 'a t  e l iaroia! :  f ro i r r

2 to 1C l ia ' , /  l fo i l r  t i  i  ldnda i  v i r f r  dc Cfa.r i  i i  d i .  r r ! . , .1 i ( ] r  i . l re:c c) i i r r I j  uents.

The b. i i r  h i ts a qcld lar ! . f ,  an( l  the el i :  i . j . i  i l  /  s . . i1.ere. l  p" . . t0rrs at  s i ta l l

af ! ics nre passirr l j  i f r rou! i i  i ,  i l r i r r  u j r to: ,  i r l .  i . l  e r ; r  io i i  radia, i . ,  i - .  le ' i . i

d i  sh.5 cof t" i f in. i l  t f re sarDl i i ,

The p. l f i - .J ishe5 i l r . i  ccf  t .a i  j :  r ' r r f . l . l  i . r - : -  01'  cel  l -< f r f r  Chi fcsc

l lamstel '  arc place. l  0 l , . l0si te i . .  i  re \ r i  r i i ' . :1. :  o i  t fe i .a i ' r -ef in!  ch,r 'b i r  .nd

p e f1- ,€ n i l  i  c ,  i  I  a I  to l fc pi -oton t  r ' . , j  e.  io r  ic . .

Lrosj | tc l ry js . lo l1e b.) ,  calcLr l i r l_ j ! i t  l l t .  d. : .  cn thc cel ls on thc

basis c i  the pfctc i :  knolr i  L i : i  i r i  l re l l  i5 ' " l re i1- . ! r" lar l  dor! i ty i i ' i r ich is

mcasur. j . l  Cuf j fq i rhe cxpcr jnrcr i .  Af ler  t i r .  i r^1 . ( l ia l - iof  of  the cel ls,  ihe

Di lA oi  ! . rh ich has Lr. .n labelcd r . r j th fadj .d.c ' i - jve t iJ  i . l j f . , ' .hc ' ,  . i .  l ] 's . .1

and 5! : lanaleal  jn I  saarose !r la l jenr- .  l 'a l lar l r i : l . j  aa:rr . , ' i '  ̂ ' t  ^ f : ,+ 3tr [ r ' ]  rnf f

for  one hour af ler  \ rh ich th i  cof ' !cr i ts Di  th.-r  lu l , . i  . r .  c0l  l . r . i . . i  as f ra-

ct i . rns.  Tlre ra. i ioa. t iv i ty of  ! rch f fa.Liof  i (  1. ' r i r  , , . f ! ! rcC a|L, l  i r  is

plol te. j  l ! r inst  f fact ion nLf.bci  lhe ar l r - ; r iet ic re:r . f  lhe re:r l t i ! ' rg

djs l r i l ru i ion dcpcr. is or-r  thc dosc rccei ' . : i l  . r  . j  ur  i i .  q!al i ty or '  the radia-

t iof .  i r  th.  f igurc the f r ! i ( ihr .a nr.ans oa : : !c iL . j js i i ' ib! i - ;ors hive Li .eI l

p lot tcr l  arqnins'r  dolc aTi i  fc j -  2.5 I ' jcV pi- . r . r f  .  ; :  r ic l  L a:  fct"  V-r ' . r t ' -  i  , "

a cobl i l - . .  5t  scur.e.  S' jnae ih:  l re ' ig l -1. . r  . i . . i !  : . l l : : i  t l rc dcq,- : :  r ' r

breakjn!  of  ihe Dl l , {  st . rands by Lire radj . r i " jof ,  i t  L: , r iL 'ue !een i f0,rr  ' !he

slopes _of the re. .pect ive l ines in the f i rure th. t  ! rot0n! app. i r  i . l  b. :

r . . fe r i . ! i r ' rct ive in iheir  c.D;r . i r ;_v of  i ) ' i , ,k i f .  l l : l i  ih.r  y-ral , ,s.
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r ,1 .  r , - i i

v , ,  i t  h 2L 1.1. ,V l r r0tc:n:"

Ti t t 'cr '  t : rpcr i  r r t  r ' ,1 t : ,

'a, i ' ih 
({ ' t l :c ,  

: -cr i i . j , i :  on

_L_ | ,___J
lL l \J raUL, J L". l

r \^  " , . .t-l L' :r,, / L-/ !l

Capt j  on i -o thc_Fj!r- re:

The fcsLr l  is  o1'  r ! ic  c: ipei i l lant5 ! / i ' . : I ,  . r , iaLonj

V_r^ays . I  hc trfra pi_air i t  a,. i iar i  i : .ni5 i  u,,.  ir . i  i -

the thr .c V-ray cxpcr i i fcnls j i  i rc j ' i I i  g.  J i r .

f i t teC to the c,xLrer i i rental  i ra i j I ts  b) 'eyc.  Cr
rrei !h i .d i tpnf . ,  o i :  i i r . :  f !  a. .1 i f r t  r  ! r , , r , . f  of  i - i r .

4CO

nfC - thfee eiper j i r r ! r l : ;  | ] j i - i l

: i ! i i r t ; i l ; . , i i l  i i t  i r . . in1 l '  a i r i

sr ia iEi t  l i  f  e: j  h lve l - .e cn

the absi  ssa are thc

PDF created on April 4, 2012, by S. V. Harissopulos



Bu!. i r  o, ta1. t  t is  1: ; . th ked'1, ' cal . ' l  i  l  a i , i  o. t

Blondiauxl  J.0.  l lebrun-,  G, Costa'- ,  A.  l (atsnios,  C. Vo, i rvopo! los

Hca' . ,y io i , (  . re. f  - i f ie iest  io i  th€ pf . r f i l in ' j  c f  l ia i i i  e le-

mefts,  l r i l i  a lso 1 'oI  ihe deteni i rat iof  of  t r .  l - , r lk  ccir . . f t raLion !r . :  i .

fu l rbef  Of i r r tur i t ia5.  1n th is l i r : i l  c i9e.  ( r r i l  a j i l raf  la l ias aalVarr i ! , - t !

of  the c. i r lorb h."r ' i . f  to d. i . r i l r i re l i . r f t . l . i , . f ts  r r ' - .c l i  l , l  i r i

heavy r iLf i ; (cs (1.)  or  Lrscs aarLr l l ib el lc j ia i ia,r  t . r , . ) . lcL!r ' i . ic  \ ,ar ' iour i

mccj i ( ] ]n l rc i ! j i r t  a i ra l  l ! .1! /  c larar i t | in fa i \ 'a! i r_,r I  a l i i i - r i ) : , r ,  b1 prci f l ; :  y-

ray s r ! . t ro, f . i . r -v l2) .
' Ihe ac.ur^, .c i  o i  tho legul ts r l . l : ! ras oir  i . l r , .  ( r t i r : r {1 oi  c i l i '

brat icn,  of  lhc r-a! . . l .C!e of  i : j l t  crcss*!r . r . r t . i r  5 arr i l  c1 t l r .  : r i " i - , i .1 . l
poLrcrs.  for  btr lk i r r . t l l , ,s iS,  t lc  t : ta: i l tod arf  .a, l i i l f , t t  l !n |  O\ ' / t - t  n: i  i Ic

'ave[. ] !e stcpi , inq !c l ,cr  r ,3thir .  ' (ASP) I  s i  i  . r - i : l iL l t '  ; :c  t .L l ' l i :e (3);  ,  ,0,

i l ,  is  inseIsi f  iv i ]  i ro inaccLf iL ic:  {eyc'r  l ; , ,  !e)  cor. l | rL i r !  i - l re i r "" :s-

Sect ion,  f rh jch ncad or ' r ly  i re l l foLl , i r  in a far l i r i . i  \ / i  f l tnnar.

Possiole :orrces c i  er l 'arr  in i : l r . -  r : \SP arr  i . r r i :  s i r l r i r i r_!  !aLrarI
data,  r rh ich,  aEnif ,  i reed oir l ) ,  bar lJrol in j i  n ralat i !a:  i ; rn! i ,

1t  is  sh! \ . "n i I  l l - is  f . iprr  thnL instei ]d c i  r , : r j f !  h i i r t ' . ,  i , r l

s to l r ! i r !  [J l . ]ef  ( idtn (exlrei j r i . rL i l  or  s,-  ie , j r i ( ra l )  i l  is  lLr : .  j i r l i :  Lo

use l lJ( i ro!eir(4) or hel  iun{5) . .1-4,  \ ' r i i : l ]  . r  ac.L| . .y of  1.2 ' .

This v i . rs ver i i ie. l  c) :p3r j r ient i : l ly  1 ' r r  121 ;r , ,1 l6C i , , r ,s. . r , i  ror

Ti  at td Ti ie,  TiCu Tj i , l i  a l loys,  a i  i  I  \ , ' .  ! ,  Thj5 , ,  ! r  t  i .  t l \ ' rderr( : .

thai  jn Lhe pf .se|1.  c i rse the apir icr i : i l i . ior  -c.  i (v. , , r )  O {v.  ; - '  i ' )

is  vnl i . l  t r i th !o( i i j  nc.r i r ; r . j /_ et  l . is t  . .1:r- . iv , . l l .  (S -  -qtof ! i , !  r . r . , . r  . .

V,71 sIe. .1 ef i  a i . r i ic  | r : r l l l '  r {  t i . !  in! : ia i , r  i  i : . i :  -  l . r i r ic i  pe|r : r i , , . -  ' ,1.  , - ! i

of  H 0f  l le datd of  acoC accLrracl , /  insiead ol  h iv i ig 1.0 fc!ort  to l , .a\ ' ,v

io.s stoppir ' r !  l )or" /c.s l i l ] ich r : r ight  be less accurate.
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The cr i ,ss-seci jct ,  cu. .ves oi  , . l  e lh jck ,Larqct  y ie lds (re-
lat i \ , - .  val ! tes) ai-e i leedeC for ihe ca' lculat io!  of  ihe averaqe eirer!y
in th.  ASP netf .C; j t  is  st t i i r ' f  in t f i !  j t .pef  jn i io c. tses ( l i  and;1g),
thal .  1rh0t r ;s jn: t  couloir i  erai :at  r f l r - l  , l r t r  i  . i^a_.sccr i r , r  cur i ,es
arc i i l i feat ly i . l i . i r i i . t ,  C. , r i , , r r . . , r , i l l r  \ . : , : r i  Der i ! . f  n: i r  jon i ,ae, i  l luLK
ani l l j ' i is  \ r , i th i : ; , , t , jc ; i r :  arr . j  usieq c! i i r ' i . . iLr  o{c i i i . i : i ! r l t ,  a i re J i rq!  t ioL Iecal
to I i : inr , r  the s i - r ; t i l t l l  f j ! t r ' .1 ! ,1 Lf te. ic iJ i i :  (cr t  Lr . ] : :  Io i -  i le i i r i t i )  at ,d
does fct  ncc( i  l i  ( le ief t  t t  l - i t :  cro!s_ -  s i :cLion crtve (cai( :u l , i lau ctrr \ ,e
is good e rouqh ) .

Rel( , r r , f raos

1) J.R. l l .0 i i lcJ, ,  1, .1.  St .c i r ,  [ , / i ,  Sct l i .  j f i r  r . ! .  J.B. Cr. ! . . ,  t ] .  Zr: , : . r r , r
L.  Zj lov: i r , r , ,  ,1.  o i  r i i . i joJr . i l  .  Chrr i . .  , t : (1E7ai)  5 i , l j .

2)  E.  f : t f r lc f ie,  , , r . I i ,  Eafr i ra!r  i . l .  L le l . t l ] r  . j , ,1.1.  B0!Lr i ( j .  l j l i l ,  j I :

( l ! r i ! )  /41 .

3)  l i ,  l : r i r i i , l l .  \ r . i l l ld.n,  ,1.1.  De|rrn i t r ;1.  l j0 ( : i9 i l i )  ?13.
4) 11. l i .  Ar. ier :cn,  - r . f  .  7 i .q l i , -1 I  stc i j ! i tq ; rL i r r f !  . r - . i  r .nqei  i t ,

. - t  .  . :  .
5) J. i .  : ie!1.r ,  f  . ,  sL.rrDin_( l . , r . f r .s dfr i j  r i r ! . r  i |  | i l  . l . , raf t : : ,

Pef i l i , r rc] l ,  1977.

6) i .F.  Z ic!1.r . ,  , ! ,pt | .  pnJs,  l  t i , r .  ,  jJ  ,  f0 t t  (1_/ / j  i / r1 i  ,

'Ci l l l : ,  Servict  . l !  Cy. la i : t -Jr-- : r1 ruc Ce l : ,  i :c l^c l l l r . i r  1:5C{: i  0,- lcnirs
Ci i l [  ] l  (Frnf . . )

l '_ ai te i ,  Icr : rc a:  r !^chci . l t :  i l i ic ] . . t i j . t r , ,  Si . rn. f ,n , . . j  i i r ; , r r f )
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St,o ' , : r : " . t . : t  ' )a) . .  .  . i : ia ' .  t : r '  . : i .  i ,1 . ,I:r::-']::t,.,.: t nL.-ta !l--t:,- o=t:..
s oLat. .  r , . i  ta a-c a / .a) .

A.C. Xero! l is ,  C.[ .  Doul ta]- ,  T,  Parat t . : i l  : i  i Id A. 1. , t . ianos

lhe 1l , l ) l ic . l ) j l j - iy  ct  i le 14t:( l , i r 'v)  i i i l  
n, , , ,1,ui .  rcaci ion . in

lhc ( j . ter . i r jnat i ! r -  o i  i l  e , tb. . f ] r , j .  aLu: i . : , r r , - i  o i l l t l ,  r . , i i i r  2. ,  i r Iccr i l t rL. l .

l , rds 1ia t , - |sLial . i r i i  , r :  { ,3 i ic !J i , r l l i , . t i i | ! l  ar , i : . t , / .  i ; , -  ia i i i  1,hrt  ar i la! j t  i r l l
c f  t i r . r  In j . l i - t . t , r  ts i  i - r . iy  - r j , r l t t  resir l i . r j  . f r . I  i :  r i r i . . i t jLac at  Ei"  4. [ ]  i , i . \ / ,
a l l l r ' r t : l  ls  tar  ( . I i : . i .1: i .  r l -a I r , . t isal- ,v 5 t r , r l r i t r j - i t i t r : r .  aoi tat i t i i i : r : .  arr lJ ai .
thr ,  r : r  l t_y.r ,o i  l i , t i  ras0ft , , i f  r . ' . t .  i l tar |n: l - i \a1, , , ,  1t l .  i t i i rn{ l  1 i .5 i rs i .a l  t ( r

o i ) t , r in i - i r !  s i : . r l i t i  I i i  por l r r  c ' '  r l .0 l . leL P:. . - .0| : :  i i  c . . r : iex bi0lo!1. . r

mita i  i  r  l ! .

+Dcpi,r t , " rer t  
of  ,c. i ls  a i ! l  Pl . l t i  l i . t t r i t icn,  t {RL Lrg' ! ! i r i lcs
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l , [ ir:t 'ctctitcl. ltrk--g-l:u:.,t io the. 28si. ( p,p1)_ r eaction.

A.C. Xeno!1is and A. Aravant inos

In a th in- ta l^!et  exci tat ion futct jon study of  lhe react icn
-"5i(p.1r 'y)  Lrc i \ r !ef  2.7 al  d ' .7 l \ leV, an isola 'ced l .esonance l ras jdent i -

f jed at  3.1 l "1ev borbarding ererg_v. A sj l ! i ldr  crc j tat i . ]n fuf . t ion vas
oL' !a i i red lv i t . i r  a ih jck idfEr i  a ' lsc,  s i r icc i i  is . ) . !ccteC lh.1t  a feal is i ic
sanple \ t j l l  bc a i .h ick one,

Tl icsc data indic i r te th.r t  an apprcl j r i i iLe bcrbardirL!  cIefgj /  icr
Si  micro.ralysjs is at  3.3 | lcV, l i i t i i  f r i r j r l  ofe is eirsufed 'LhtL al t iost
. t l l  of  the V-ray y ic ld i ' r i l l  rcsul i :  f r .o;L thc 3.1 f icV isclai :ed rcsoIan.e.

A cofr l ) l jcat jon r / j th ihe f f0p0scd i { : .c1. : lon. l . ises t fof i  t t i !
o[)servcrt ion lhat  in case ih. ]  sanple v i  i l  contaj |  / r l  ,  the reaci icn 27,1{p,v)

- 'S ' i  wi l l  interFer v, ' i th the previ0us r . .act ion.  i I  or . ler ' ro bc able to
accoirr t  for  th is jnterf . rcnce, an exci tdt icn furct ion of  th:  V,ray y je ld
associ , l ted ! r i lh the react iorr  27t t  

Ip,v)  vas neasul .eL]  using a l l r ick Ai
t . r r !et .  This erci tat icn funct jon vra:  fcund to var. ! ,  st ioothly and iNcrease
ver,v s lor ' r ly  \ , r ' i th bor ibardin! l  . fefgy,  These data c ietronst- fa led i - l  at  the Al
interfei^ence can be accounted for by f ieasur jnq the 27Al (p,y)  react ion
belo\ . r  rhe 3. i  i ieV resonance an. i  sub'L) ccr i rg i rs conrr ibuLio!  err : rapol . le, : l
dt  the actual  bon,bardin!  energy use. i  in thc Si  afalysis,
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Effeet cf  b i .o l ,oLiceL r . ' i . " r . ren f  : t r i ' . i . .n an the eL.n.ai4,

S91n]\ait:L!,tfJ!4:

I t  is  knol l ' i r  that  the symbict jc i ic t ion of  rh jzobia on a plant

perni ls the la i ler  to ebtai f  arrd ut i l  izc oi ] icapher ic ni  Lroaer.  0Ltr  jn-

t ,oni icN \ ] rs ic C. ief , | i r ' ] . .  f r i r i :L l , r '  rh i :  s j ' i i j . i ic  n j l l . ( ] . r !N f ixet j . r .  r i i . . t !

the coiccr l i . i t i0fr  ! f  othcr eic;r .n is of  t i ,e plerL. i :  r r i l l l .  i ror  t t r i ' "  purpos.

the clcr ,c i r i -n l  cor i - 'c : i t ic f  cf  1. i l , ,e5 c i  l l i r .Lrc i . r lc  S. : iv i i  q l . . \1.  1r ' i l i  c t .  lJ i th i , ! i

act jvc l  l t izobid fxr l i lar i i  un( lar  s i iNi lar  o. l r - . i r r jse aror, . l r : i . r rs o1 l |_ai f r t l r  l rars i : r l I r_-

mined arr i l  cojrpirr td.  lh i l  e le i . . r r 'aal  corr la: i i ror  \?a:  r4a' .a i r r lncd vi ; r  ihe l i l : . -

techi i jqrrr .  This cor, tpnr isoI  j t . . l tcr icd i l t l t  i l r .  ccr. . i l . r f l icr  of  ca'r ' .a in el . -

menis in ihc leave:r  is  incleeC ni iccr; .d |1,  l . ro l .E cnr i t i t t 'cgeN f ix i ] t ion.  : : ) { r .

c i f ical  -y,  thc cor i .ent fat i . ,n of  1(  afd l lb t i :s  [oun.]  to increase fr l t j le th. t . i

Ca, l ' lh,  Br,  Sr and f . i . i  to dec).easc ! ! i th r l ,e interdci io i  of  the I lnnt  r / j ih

ef fect i  vc rh i  zobi  a r i ! l i lot i ,

C. i .  D.uha+, A.C Xenoul i  s afd T.  Pafadcl l is

tD"p. . , ' . .n,  
cr  5! ' l -  onc Pt l  NL' . iL '0, .  i  C ' .  l r  ' '^s
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B1?anine cb s.) lp L1:cn 1t cn di ,y b

T, Paradel  l is  dnci  l l Panayotaki  S:+

Trace elenents present . in the leaves of , iopulus, ,gf ,or in. tn tne
ci ty 0f  AtheIs (Er"oup 1) have been d?ter! jned bJ,  XRF and conparcd l .J j th
tbe coirespondjn!  conccnlrat jon of  e le ent3 in lea,Lcs of  t recs ! ro, . rn tn
the sub!fbs of  / \ thais l lhefc the i faf f ic  coI t j j , ro I  js  lo! , jef  ( ! rouD i j )
ana !r i th s i tn i ' laf  j - fecs c i ro\ ! f  far  f rcm the r : j ty  (9ro rn I I I ) .  Thc ) .esul ts
oi  the l ro l -k shor l  a f0nyf0ld i rc iease in t i re bror,r i ' r .  co. tent  of .he Jea!es
'rn rrees gror l r f  in the c i ty.  Trrc incfeased presence oi  th is erei icnt  1s at t r i_
buted crt i re ly to the jncfeasc of  the bi .or ine cort . I t  in thc air  of  the
ci t }  due io the car exh.Lts i ._,  f ro iu vhjch i . l te lea, . /es takc th is el t r :Lenr.

In tabje I  the Deasufed aVcr i !_.e corceni . rat jon of  the t race cle_
ment are given foi  the three ! ioups of  sai tp les,  f rh i le jn f iq. l  t t re rat io
of  conCeri t rat ions in gro!ps I  and I I  to t , r i t .h l "espact to ! l rcup I I I  are
5hol1' lr.

Taht e I
A!. tce cor.enrart . i  o j  i race cl€rn.rr !  i r  ! . r , .s cI ! .1!r i r \

( : r  rSrg d,y . ,  jUr1l*

cror.  t,  I  (^r t i

ta 2i0l0j i t ,ar  i . ,nnr+r i^, .  2 i  0 l0 j  i tn i r  16 00l j  1. j j i r0 t9 ! | , r :  t i r : ;a( !  l l0!n r  l ! | i  tonrLN,. . i f jt0 !00 r  at i  !  l :  ar i t !  :  ; r tan
l ] , '  

I  1301 20 |0 r  ,1r ,  r? iJ _ , ! .
l ,  l50 i  . :C ro,r ,  . I  l0 :Lr  l l i  4 r i , i r

u'  :aP 1^,  r ,

I
llj*r'4 1 +s-+--:a, ar -:-

5 or t .  : :  ;
'11 dan, l r rJ devDrion oi  1 l j !  nrcan.

I

i

L
,  n Hc-! ' ry, ! ( ,

i  I r  hd-r*hr.

+Syngrou 
Hospi  ta l  ,  Alh, :ns
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noutar.. cntL:|.as ._!j) : ._l:! L--!!i !lt.:!l:,.1l E . _t_Lr.!J

l .  I rar . idel  I  is  and c.  crel lL, f iades'

l lethor ig ha!e bccn cieveiopcd C!- t . i f r t  th!  De!t  t l . io years fof  the
r i rp ic i  df( i  aCcLrraLe Lt ' tcu {r lat i . r i r i : r t ia- l j , : is  of  brol t j ! jcal  naier ja s.

For | l i t , i t i t  sera rr , r i - j :c ly 5iu!_ oi  :crLr i i t  a.a doppad 1| i t l t  1Dl of
an Y 5al t  of  21.1 1. : : .1/  ] l  Coj t ! , . ! t  _r i i_ j { r | .  i l !  fn l , r r - iarr  , i  d l . ieal  afal  ca)nse_
qrerr t ly  b!r 'n l  a i  l r , [ f  4! ! . : i f l '4 .  i le f . : .1] l r - rn: t  l_ i l :  ( . l . t i  1C r . )  is
p|esscr l  l .o a 0el  l . r t .  lo . i i r , : ,1 i  . -  ta.  r , r  f  aL_qar t , i . l r  c i f rcts of  Lhc
Sdrrples,  e) ipeI j t i?r  Jal  cL; t , i . , : r  i t iar  usi ,L l  , , l t ;a i r  I  c la la t i - : t  aL,sol . i r i : jar i t  coef i i . .
c ient  ! ' ;  ihe sa| i l .  \ r i r :h i  , :  1, . : in l r t  o i  j " i t :  ) -e:r l l i  !  .s l t  iN r . : / / ;  L
This s i i l rp ie cor l . i j f r  o i  l - l , r  .Lr ! i , t . l r t i , j -  c |e i t ' ia i !  ,  \ , i l , l  t i r r  r ; r i r ;h i  o i
the sa; i l , l r  i :  a cor: ,aqLrc tcL 1- ' i  ' ! i t i .  ra i rat .  r . I  : la i  L a{r i  rosi t iaI  Oi  thc
hrrrn s i ] ru in in , t ; . j . i ]^  e le l r . ] i t i :  ( f ,0,Cr,  i , l i r )

.  FOr oLlr i ' l .  | l io l . r t l r . i i  i lu ids i l : :
re la1. i0r  dces r31 hold s i f . r t  l l . .s{ t  f lu i . ls

di  lut i rn anal  s0 a sepi l^atc i t i t r : r r ra j feI i  of

the sai , r r le lor  c ich casc i !  fcq! j fed,

toLl i td r- i r r t  a ly lo! : .er  occt j f f j : t !  Jre I . i :s  t l r . in l

A Nica ex.r i t i , la.  Ci  ' , f , - r  r ' r , i rar i . rar  ! i  l , i ,e r i te l i iad j r  j te l l iat l

l l ra sr i i . .  nrqu| .11l : , ;  h: id ior-  l t  r . r . t . rn l issr-r :s,  Lr l i r f t  l r iLh l l . !e sar, te
procedure- Here ih.  n. jor  la. tOf for  f l l r . l t rat io ls c i  ihe iLLrs. , fDLjoi  c. .e i f i
cr  cnl  i r r lses f fon t f te ai t ' rara: i i t  a i taLtrra of  (oni !a i i !c  t i55! !  pac!cf t

lc ,  ! i rs i r jc  j  ice,  o ic )  th js

caf l tn! l  d i i fcref t  ( ' . - , . j fecs of

'a i - ic  abs(r  r i r i  i  on coef i ic j . | ts  cf

Fig.1 :ho' . ls  th!  t racc elen.nts observed
obtaira. l  f rar  a t :a i : ient  st f fer in.  f ro",
ar i . /  I  i_r i t r , . r  , ! r . - I I . : i i r_-  a i r | ,ar  i f r  ih!

in thc s.,r i ,r le. l le hnr,,e fo! i ' ld l irat for t_l .  l l : i i -  r.rcl lr i j i .  c n.rst sit i t . ;- iLi lc
f0rn of  handl jnq ihe data is i jhe burnjr t r i  c f  the td.Ler in l  as d(.scr i t rcd
abovc. Tfre on' l l ,  n i t_! . lar f  d is idyaftaqe of  lhaj  rat j tod js i i  t loss c lue ta v,ota j -

Tat iof  c i  the ele. fef ts As aNa Se. l :or  a l l  a, ; l ter  r  a: t - . i t icd eleuanis f re h.r ! /e

appl jcat ioIs is shr i r i  jn f iq.  l .

Thc f j  rst  s i rectrui  I  n
in a sarr ' lc  of  norm:,1 l j ' /e"  i iss!re

irr i i r r t i f  r :a,aa,f  . , ;  i i i . .  re.  l , r  f . i r ' l

I  i , . ,er .
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Fron the bjopsjes perfor i rcd i t  \1as krown that 1- l rc secor id.rr-v l iver

canier \Jas cf  the reiesL.r l jc  t i ' i lc  o) ' iSjn. t j r ' r .  f :  . i i l  t fc  rp i tLr l l .  The

nicroscop- ic f ic tur '€ shof ied i f test i i ra l  cel ls i r iLh e{tafs i !e i r r . :onc. . f

calc ' j te crysials in th!  s3i i t , les of  the l iv0 carr . i t r .

1r  l -1!1.  I  on r . : f rc r i !n i  s i . l . t .  ta l - .u l i ! t l r ' i r  u i  i l i .  l : : : r : t r rc:d ql in!r-

i j i - i t : :  . r i  L i , .  y.r- ! r . ' :  l -1. . . :  i : r l i j ; i i r i : : r t ' i  _. i i , : . ! i .  l l t i r  y i i  i r . rs ( . f .c. ! : , i -  f . . l "

Fe) arc c l r - rs iar l , ' r r t , . , l th 1r.)r ' i l  , r 'a lua.  o i  1: ' . taar ( : : .Jral t .  cf  l ic i r ta. l  L jv i : l_.  1 i l .

'T i t i r  prest i tu{r  o i  l j i j ,  i i j ra l  i l | l  i r '  ! .  o ,  j  I  i l  a r  .  l , l  r , '  iL, i i i r -  1.14,:  r i tusi-  i i  : to bc i tn i :a i i .

l f r :sa i i  a i :aair ! ,  c larai i :s i l -a a: :ar t1. i l l  f i r  : j ra f r r t ra ' i i (  l  ! i  l l la l iYef.

lhe .ccoid and Lhi |d s l r . I r i r i  j r  i i . i .  I  r fe i r r l i r  L l -n r ' . r r - . : i . t ia

I  i \ ,af  c l rca- i i t . l  i t . rJn i l  r r  r . :ct . t  caIaa] i . is ! | . - . , .  i l '  i l i ] :a, ly c l  c Srtrs

' r  i i .  i l r :  e i r -  r  i - .  i : i ,  i t l t i l  i i i  c i f ra i | f , : t i i ( :1:1i t  : : ' : l 'c i l i l  l f . l  i  i r ia ' : .1:

f ror i  1 i1|  l - r , r ,  l . f  ( i l l i .  l r r  ; r l , l i r  i i r r r  i l ra i r r | i i  r , i , , ' . ic i i  a i  t t l ra a;et t i i r , r1. !

i r  1.1 'e i i ,o l f i r l  : , r . . ' t r . r  i r r  i r i l r .  i . . r : ' : . '  s i : t i l . : -  i : l ' : r i  1 l  I  : ' t ' .  i idf \ l l j

d js i ing! i : f r i i r i i t .  I f  is  i r l : , i )  iLr ; . ' I€: ! : i I i l  i i r : r !  t , r  r , r  : . '  ( t i , i . - r ; i ' /  u i

f  r '  rL, t t  c l  la i  !ual  i i  ihe I iVef rrai . !5 i i t t i !  a, , r :a '  l l  l I  i , : re:  i  Lf i i i  i . i  I

fe:r11l t5 cr f  i l r .  b ic lsy.

+1sl  
Surgical  Cl j i ia,  A' . i rens i . in ivets iLJ ' ,  i lc . j iLdl  5( .ha)ol
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ih. ln!es a-t_ ser.u,t l . ,Tatt ine i . l :  p ! j j4j!  r, ,cit :ra a' i iL: uvt t : t ' :(

Greoor ia. ies i r t  d i .  P.rad," l l  is

ln th is 5lrc j .y IRF i re '" i r . i . l !  ha' . ,e l - ,eef  a i rp l i ! . j

run Br pre ard past oir . r^. l l  ic fa l i  i r  pni ie l r ts i r rder l jo i

iotol  anaresl- l ,csia Ai  rc lcfenac \r i i : i r , : 'sses,  ! r i ic f  js

i r ! rn iorra; j i ry ulrcal  l i 'cal  nr iarasl l ra3iar l r ; r Ie Iccrr  u:r ,c l .

11 has ba-.r  i :Lr : rL i  i i t , i r ,  par. i ! f t i  s  L, , r i  at . i , - j i I r l

d|ugs Vc| i ' r j . ih in 3f  ( ; luol : i r . r r . )  ! i . i r  tc5t . iar i i i !c

Iergcr ihar t , l re prcoiref i iL i ' . ,e la ' rc ls.

I t  f ias bcar ' r  a lso ic i i . -eC tr t i  l -hr : re Ia l ier ]15 : l r , ' r  i f terrr ie s iqrrr

o1'  Brof l js :NJs ( l l l "omine p. isor i f ! )  rnni  iasLinf j  \ ' i i l  c i  ar lq: :  o i  phy l r r i

and r ie i r i . l  Iohavjor.  L l i t i I  for i  l i , js  l i inC oi-  l : r ! : :  i , , r i . l IL l ' , .  Lei  j  .  i r ,5

. t t r ibuicr l ' .0 th.  p.s1-oir . r i r t ional  strcs: .

to ( la ierr  i  ne se-

l r . j  5!r ! ler  y !nLier

uiCef l to j rg s i r i l le

a| ;1, : !  t i ,a5 i i  \ r ' j  i i r

i l r  l rveis 1iJ i . iu.rs

;
95

)oire e: t r i l  l6s

5Ufqer-y ! . i r  i , l t

.  i  t f r r  ! . "1 t t i  on

to ' raI  ,1f .  a5i i  a:  i iL

o1'Br levels j f  s!ra of  i ) . t ief ' ts  i r l r !  !ndcr! !ent
, r i l i t  afUCr ' . 'af . ,  r . i rh jn l l r .

l 'a i I  i i i  i t  \ . ] l i la i '

Dr. Apo!tol  i  Ce5

c l i i raal  rcstaiah aa, i i i i : : r i  i . j i i t  Prol .  A.  i lar  i t in i ,  . r i

a ' '  1 . :  :  . ,  |  .1,  l .

+1st 
Surqica' l  a l i r ic ,  / i l -hens l . ln iycf5i t . r '  f ledic. ! l  :chcol
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11, Kaiou:sias + air l  l .  l . i i . r .1. l i i !

Au- l i  a l  loys r l l r 'a l  fot  . jerrL. t l  i ) t r r ' l ,a,sr 's l , : ' \ 'e beert  drra lyrad

by I I iF to Ceter l  i r ' ]e c eir . rntal  c. i rposi i i !1.  l 'he sa,u. : ' . r i ! les hrv,r . l :o

l )eerr  nr i l -y;red af la l  reFeated ca.: : i f ! l i .  f la i l [ ,  i ]a1.1 oir ia i Ieaj  iL Has

corclr i l i , rL t i ra l  t l rc ! t icatei t  lo is of  c l . t : i : : i1(  Clrr j i i : r  lh.  rcpeat: i . i  c i t ,

s ' . i r ! :  i , ( - . i r r r . i  ior  Cr. ' ; rpcr-  , r r  . l  i : i , : r .  i i r .  c :Lt  ata-,  j , t  ( - . r  . t . r r i l . i r ' r : in i  ! f

thc eler.cnts has bacr.  corrc l l ' ! !d t r i th t i r :  c l i i i r :c: t :  i i r  Lr i f i ! r  na.s i r ra ia i

r rcchof ical  prcper i . ic !  of  'L l re . l loy ( i -er  :  i lc  st i r r : i i i l ,  c l0n. tat i0I ,
y i  e l  c i  srrcnqth. fL i l  lL0r( l i r .s!) .

{  Par l  of  a Ph.! . t resis,  . l rn la l  Sch!. l ,  L ln i !€r . ! i ty . f  Arher:
'  Ur ivarsi t ,  of  Ai l r i tn: ,  i lc | ' . , r ,1 5cl i .o l  ,
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' j ' r ,oe a eT,enai ' t  t "E 'LL,LLv i. C:,-!raL4!t,,1 3 r. ::.. d ":. i 1.,. t4. I :tq.! al!!e!! i.

l i .  Legai i i  s- ,  T.  f 'aradel  I  i  s

Trace eleirents h:v.  beeN d. i . i . ; l t i rc( i  i i t  vrr jo ls f lu ic ls i fd dru! js
used i  r ' r  total  fa i^err teral  l i rLr i t jof  ( l i l t j fcacj is,  Vl tanr jus,  Insul i l ) ,  c lc-
ctrol  j , te solut ions etc) .

The major i ' i fd i l tq arf  'chis uor l . .  f ins t i ret  thc canaeni : r i i i .  iL)n
i f  Cu arci  Zr ( i ro ih essenr i i t l  c le l rc l r ts icr  mar) i ! ,  Loc loLi  i f  t f r?se
f lu ic is and noL s!af jc ienL i .0 reet t j ,e rvcia!e c i : j l t ,  requj t .c l . f  l -s (r f  j : in.

l i  c l j r ic . l  pf .ut jce no et fc. t  h i rs bc.rr  o i rscfv.d i r  | .L icni ts
fror i r  th is low prr : :encc of  Cu and ln i l l ra i  the rai t5a,N l . r . ts et t i jL j r ted to
the f i rct  thnt  i f  a l l  ca5es i t  r . t lat ivel-y snt l l  i i  r , :  o{  pat .c i  ia l  n! t t r" j i : i rn
has l ic .n appl jc. l  (2 r ieeks) io l lo i rcr l  by i r l  oo. . l  t r . in! fusjon. l i , r ( ld i i ior l
the. i r rcvj t .b l . r  usc of  i fsul i I  lo regulnte the qlr .cse nei ; r l , : : l  is  I  of
pat i  L is provcd to be a l i . jof  sourcf  of  ln inpui  due t !  | . .  re l , t i_ jv i : l l l
lar l tc ! ! i inr- i l i . ts  exjst in!  i r  i rsul i i t  et i r ls ions.  lcr .exa[pic i t  hds (b. . I

io!r id ' " l r . t  i f ;u l  jn re!ular has aboui  ' !9 l1! / t r i  Lt  t . r l r j le i I j !  t j l  Z i r )c
susfeis ion aboi t t  110 Ug/n, ,

lr.
ct i

t i rcs

i ic

A Lir .ns UI j , , ,e l .s i ty i l . ( l ical  School

" .  L i r : i r5 l l i r  i ' , 'ara i  r ,v, , 'ar i i i . , r r  5aira ai
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A sitlralL ci !!t4j:IL:-j 9: Lh.P oTi . . lat :an af  , !0 
"

s . l  ,d I  l

Skict i T.  P. fadel  I  i  s ,  V.  Katsel  i :

XRF has bccn Lrseal  1o deierNri fe i r ice c la j rar j i :s  i  t ' )  l i ra n1:ao-

spIeie,  dust  and s. i i l  sar l ) lcs obtaine. l  a l  l l l 'o  ! l re. l  afcheoloi ic.r l  s i ics

nanr! l .y t re Acrol . l is  of  Atr . r : ,  i fC i . l -c i r i  re. lo l t l . , r l  s i tc oi  L le is is.

Thrce cf  the ne' !a ls l . rh ich i : i l r  c i t , t -1. , ' rL '  i i , .  oxid:r i  i i : r  of  S[ ] ,  i0 Sl l3 r 'e

st l l t r f i ! t  jn thc 1, ! l l i i t ro i  o i  l i .  r inrbl !  s!r iace (1c, i i i , I l i )  i r i i r .  l )ccf

qunIt i iat ively C. lc, i i r ]cd i rL i i r is  ' {or l i .
In cnc oi  ihe d! . t  s l : rp lcs r) l j i r l i fcd f0r" i i  L i  e sur i . .c i , r  0f  n; t fb l r i

p icc. :s jn Elefs is 1.hc Fe .cf ta,r l  las i r r  t .  ia l - .e : l  Up lo i re. t . t : tcnt  cf

lg i r  of  the dus1. rr iLh lC0irr  of  . l is i i l l r r  r , . r  l . r '  . r  r i . l tJ 'L i . r f  1/ i is  o l ) r : t ineo

\! i t i i  a l .o lar i t .y \ ] j r r  rcspeci  io Llc i r . r - r  ! , i  5.7 ) l  i0-51,1.  Ti  j : i  Iu i rer  rs

six t j  .e l r i ! t f rcr  ' ! f  nr  tJre Lrclr . .nLIat i0r  iot  r id to cc.alyse th.  ! r id i ' ! io! l

of  sul l ' ! f  . l ioxi . l !  in Lhe nt i i , r : fh.rrc.

In v i  e\ , /  of  t r lc  pr |seni  obser ' !a: jcns i t  is  advi :abl .  1.0 i r i f r i  i ize

in pirLi . re i l ic  q l . r r r iLy oi  ( j rst  la i ,o! i  i . { rd oi l  l .nr i ) le r ] ,1|ui lcfL!  ' l t j  of( l ' r r  io

reducc lhci i  detel  io lat iof  i l !e to sLr l f i t io | i .

0n lea! ,c of  abseIce frc j1 the i ]oyal  l je jbourne l rsr iLute oi  Tc.hnolo!y
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IV.  THEORi:TICAI.  i l I ]CLE/r i I  PHYSICS

. t c I e o n -..U1 L ct: l2-:m:.!i

G. S. Anagnostatos

l ihereas ihe cf i l : r i r jcal  cvtdcice for  spin-orbj t  coupl i f !  is
cej- t i r jn ly strcn!1,  j t  is  Not certair ' r  that  i t  is  Lrroi . rght .Lout by n ternt
f ( r )  t  i  for  t l .  i rd iv i . i r i r l  nrc l t r rs l ) ,  ar . l  na,r i : . r \ ,er .  i t  is  noi  cef i . l r r
ihal  i t r  r . ia! i  i i . !de js of  i ihe r i ! thL oider 'L.o exp'r i I  i .hc 0!se.vcd level
s i r l i t  at  1,1 cr  I  = 50,82, anci  LZr,2),  l . lc  h,-rv{- '  to i t rd in an Li , r i t rb i i ruous rrdJ
tr l . r t  the s j , r i , ratr j ,  l jnt j t r t ion5 cf  1: i rat  or I j ra l  in i , t r lnr  l ia j t ! r  i : i i  o i .  i rd i  /  r ,u-
c leofs are t l r .  . i iusc oi  t l , j5 s i ! f i i ;c int  encfq:r '  : f l  i ' . ,  I r l r i l t :  i re r l i rL-

orbi t  coul l in!  sr :p ly co: , r js is:  l i r is  cf fer : t  \ ! i i r l f  l : r1t"s jst  e\ , !n i {  t t t .  5f j [ -
o|bi t  coLi f l i  l  l i is  Iot  p icrsclr i .  Sp.c i f ic i i l  y ,  r i  r i l .  up to l . i j  for-  Ei .c l - r  l .
th0 5yr ietr ic!  o i  a spccj ' t ' ic  h iqh ! , / t . r t ! i ry e( l r i l j l j l . i t l3)  p0ly i rc. t ron are
suff icr 'e i r t  lo c le5. f i l ie i l l  2 +l  i r .1. ! -" f  delr t  axe! of  orbi t - . t l  a! t ,a! l i  .o-
f !nrr  i  ' ,1or -  4,5.  i r l  5 t f ro s i tc |  polyhe!ar arfe l ]eatdt : i .Ola is fee{ i la j
f0r  th9 I  + I  t ) ias alnai  a i t i i 'a iat . .  of  ior ier  sy: , ,e i : i . . ,  io i  ihe i  n, ie: .  l i t isa

;) :es i ray facl l  t tat . .2(?, .  r  1)  ar t0 2(; : )  i l tc leors al l  l . r i  r i t  spjn i , .nr . l  e:  ind
sl in d| t i0.ral ic l  ,  re:pci , i ! i :1 j , .  Thj5 ei fect  c ' i  ! t i lutes l f re 0,  jo jn . r f

t t re obser ' . ,e. ]  lar l je leyel  !p l i t  at  t l t .  h ich nai jc iuur i . , -s,

l i rese i i l r ( i i | . ls  becor je even r ioy.e i t r r ! r t i r l t  jn r iLc f r .anter ia, fk oi
, i \

ihe isonorphic nodel- 'J  l iherat  the f re! t ic  rLr i tber: j  c! f )c!poI i j  to rucleof l11t , i )c is
e. lLral  lo cuiulat j re nLi l tLefs of  vert ices (stafdir ! i  for  nuclcon a,-rra!J po. i -

t iofs)  of  successive con.ef t r ic  er lu i l ibr iur3) pol j ,heara s lc l ls  u j ih ihe
c0 racal  q!a ni  Lrn 5lates.

tl] r-:1!i!

+ l iork supporteJ in ptr t  by t l te Fdl , l ic  i . , r  . f i t  i : r . r ! , ja i : jor  I i le: .a,  ler  - i .  Lrrr . :s i .

- '11.G. I iayer i rd J.H.D. JeIsen: El . r r .er t f r . ' /  Th"r f ! ,  ! i  r : r r !  l , . , i j  r  :  f . l  l  5 l l l l . r !u! !

i i l r ; t ' r , r . ; ' .1 r l l .  r i r .  i r i r ' l r r ,  j ' , - . :1,  t , l .  : , , . - : , .

3B
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2\- '0.  Ingl is i ind S. Dai . ikof f  ,  Phys. Rev.

Phys. Rev.,  5 i , ,  ztE, 778 (1937).  
-5 i ,

Thesis,  Pr i rceiof  Uf i \ , f f i j ty ,  195?,

l  c,  inRoJ, J .  ,  . ' .

3) .1.  Lr :ccir ,  i . { : th, 4.r . ,  4,  3 i  ( iC51)

' /  0.S. Ar^gro: i . . lns :  Car.  J.  i . f r r . ,  lJ ,  9! l { i :73) , i t -o. , r i le )- ! . , rn . . r . ,

29,  2Al  \1r17) Let i .  i i lcv|)  Ci l "en1.c,4:2,  5 i l7 (19/ i r )  ?_S-,573 (19t,_.) :
29,  143 ( i93C) . r r . i  r . .S.  r i i t lc t I tNst. l . i , ; ,  S.  ior l in ic, ,  / r .  i iyr i t ! : ts and
J. Yapi tzakis I  At l i lk .nr | r . : ,^gi1-. ,  : l i ,  6 ' , )  i l ta l ! )

39

-5! ,  73: ,  7g' t  {1936);  0.  Efe. i t ,

5r .5 ( t r3 i \ j  ,  A. [ .  Feinlold,  Ph.D.

F,1, ,  i i i !ner,  nd. l r . tss at  ccnf€-
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tt,ttlept i._t il':t:.:4!t1..: ,t:La.. I tl,t . :4i!t _i rt:,:a:,jjli !r:t: ttitt-

-

Anagno s 'Latcs drd l . l { .  Pa 'os

Nucleor dist i ibLr ' . i r : rs anr l  a i : l ro- | ! r . l .or  e i ieci ive pLrtent i .  l

arc pfesentacl  af( l  arc :u iL i ib l . r  ior  t t i !h. .a_at. l \ ' i ] | ] iv l , , - io i - i  col l is ior i ,

e.9.  i i r roLr! j iL Llrc c ' la:s jcal  cq! . ' . - i i , r  o i  ; l r "1of  ;ppi :" :h l '?.  0ur c l i5 l - i

brL ' ions are n,r i ( le oi  cor( . . : f l r jcal11,,aIr . : r  l tcC I i ! i I i i r r - iuLn3 ic l j i redra

slrel ls i r r  c l0se paaf. i rq nI i i  afe coi , ] ls le i i i  ! r ' i  i  f , :  r j ,  nLi i : lcai  l , r "o la i . r ' t  0s,

e. ! t ,  rNagic nL,, ' rbcrs 4,  n,rc l  .ar  d ' .nsi i , r4,  nut ' ic . : r  r l r l i i4-6,  i :1er- t r^ ic

quadfupole 
' ,o, , ror ts5'5,  

an! ju lar  r rc. . - r ' l i .J7,  Coulcr : i ,5 arrr i  l r i r r r  i r ' ! tg ene.. , l r ,s,

l ls i r ' rg the:e i f i t j i r l  d i  s ' -  l^  j  i r  r  i "  j  o n s .  r r ( ,  i r . !  ? . j i i  i , , : r i i  * , l l :  l i1] . r ] r ic l rcn f . lcn-
t ia l  \ ih ich r .pro. luccs \ rc|y f€ l l ,  io l '  i | r .  i i rs l  l ;  t ,  L[ , l t  i . l ]c  rLcl . i ' i '

b i rd ing encfE ics ( f0r  lh.  correct  r i r r lcar s jze: , )  .nd thc f  i rst  i f io

nronei  ts cf  the di f icra,r t ia l  fuclaoi- i lLrar leclr  ! i  i t tar i i lq cr0a5-s!c i : i0n at

high ener! ies ( i .e. , lh l :  ior ' r ! i i .ur l i  n l  r ' .o i r . r1.rr  r  lo.5 cro:s.5. .c i ian iLt i i

the t ransvL.r5o t ic i ieNiur i  t r^alsfer cfcas-secr i ! r ) .  5|eaj f jcal  lJ , .  ouf  t r . r -

tont ia l  has lhc fo"n of  .  t r i ! - ierr  Iu i r . , ! . ,F j rOt.r i i . l ,  i .o.

\ i i j  = v"

1t

-u, i . .

r ,r j

| , ,here VR, \ 'A,  ! . ,afd ul .  are t l ]e i0 ' . f  i - .arafet i r rs oi  t l :e l , i , , r r l ia l  i ,ncl

r i j  is  ihe rel . l - j \ . ,e. l i t t i rnce i re i !1.rcr i  ; l l ]y  r i i |  f t rLr le.r . '  i  i , r .1 . j .  T ie.Lr

pararrglCl^S Cdfr  ' !a arr l l ' f i : l i : i l  i ,  !af ' :_ ol '  tha,  fOl lLr . i j t i !  fc I  i t r leptrrr i . l r i .

and f  ) )_o fhysical  parafre 'Lel 's ,  rc,  t f . r  soi t  cofai  rn,- l ius oi  i i - re nrJ. l . .nr

potcr ' r t ja l  i  rnr  ,  the rddi , rs l r i ia ia 'L l ie njnjr i r f i t  o i  i l re ' r icr  i - ( : i i r i  a l  acci i r i ;

Vin,  ine c. i - . ih oi  i i ie poiai i : r , : i  i  af  d .J = j - iR- t i r .  l r i t  , - ic : r i  \ ' . ' l . j . r r  f r i  r r . i

for  these indcl l l r i . iof t  paid: . rc l -s . i re:  r 'c :1.13 i i t r ,  r t .  
-  l .2tu85 1r,

= -  27.5 i ler / ,  and v = 30.5 (see f i !1.  1) ,

Ti  ls  i r . r t . i l - ; : l  i :  a ' , i r l  i . - r l r  l - ' - . r .  "  ^  -  -u^-

i .  i l ;  . r : - , . , .  -  s, i r l  t  , i  ra ia, :  .  i :_r !  .  :  . i  ; : r i  i : , .  i .  r r r r . i

n i leV )  are foul)d.

"  

- l ,R'"  i  i

. r  i j l i  l j r : r  r l : . : . t ia.r ,l r-l

( j
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4He, t7. i  (13.-1),  160, 11g.1 ( t t7.6).  40(.a:  35t .0 (-r42. i ) .  Ttrei f  qocd

agreci ients ! , r j th the cxpcr i  rc i r , ] ] . r l  v i i l ! . r :  ( ! iven j fs iCe par. I r ;hese!)

are alpnref t .  Sec_. l  d to I l l l  h i !h erer 'gy sci t ler i i r !  . r id th" '  io l l ( i \ . i rg

vJlu.- : r  J. . )1.  th!  { i l .5t  t19 i . - .c,r i i  f  ' "s,  r ( l )  i i )  a i : ,1 "(2l  i i ' ] .  of

the dj i ierert ia l  sci l i -Lgr i r -q cr ' (JSs-secLior ei .  r '01' : i . i :  ,  {  1,)n (  o i  2 I  t  , ,  ,  t

1f i .  86/  11).  { r1,  t , .2L, t  a.2 I  4.  L5' . : .  i3 +.  I  I  t  : .1.  l t : ,  nr  i .  l . !  2 i  : . i j ' , ,

fcsf- ,cct jvely to 'Lhe l ro jcct j le laboir ' !0.1 ct ' ter l t i .s  ! .  , ,50,  10i ,

200, 3iC, ard 5C0 i l r r \ r ,  \ ' r r i ( :h v i ' lues f . r  b. th f  o l :  i : ' r  . rd 1 'cr  l i i .  l r i to le

ranl te of  efergics l , l  ,  for  l i rc i i rst  l i i f . ,  erc air .osi  r ' r j th in t l r r  e: t . ' r -

r inqrr iaI  er fors ot  n- l  a[d p- l  .  ] , t j r  ; . . iL l  r jat l ! ' lu( : ,ce Fi !1.  2)

*  L lcrk sLrp!orted i i i  far t  b.y i r i i . r  l 'u l ) l ic  i l , i i re i i t  fouir l . r l ic l r  l \ lexrNaer

S. Cni ls: i  s

' f r -vsr , ; . . .1 ,  t  1, . . . ,

-Le-&t .t c9:.

1A.R. Bol : j 'unI  dfc i  C. l i .  Panoj ,  l i iys.  Re\, .  ! j5,  l : {2 (  l977)

'A.R. Bodmer,  C. l '1.  Panos. and l .D. l " ieckel lar ,  l l iys.  Rc\ ' .  122, lC25(1930)

" J.Lcech, l ' la lh.  Giz.41,81 (1957),
A
-  C.5.  Airal lnostdtos,  Can. J.  Pirys.  51,  99i  ( lE/3).

"  G.S. Anaqr0staios,  Atonkel  r r . fefgie ?a,?11 (1911)

-  [ ' .S.  Ara. . rno: la ios,  S.  T! ! l  ] i i ios,  A.  : . . t , ' i i ' ! : i5.  arLd J.  Ycpi t .z;k i r ]  Atcr-

ke r fcne r l i j  e 35, 60 (  1930).
i  ^Ĝ .S.  I \ndl jnosiaios,  1_ei . .  i l i jo, , .  Ci i r .  1:a,  !C7 (1! i l j ) j2 i1, l ;7- j  i | j fJ) j

29,  183{19!0).

-  U.5.  Anrgirost . r tos,  l ) rcceedi f ! :  of  1- i te l r tcr . f t i t , iani j l  aoi i i t iancl ,  nn l . t r -
c l .ar  i ' i r j ' : i . : ,  . : .  i l . i j  l r r 'J . f l .  !o. i  n i - . : l  i . ,1.  i : r rg ; . '  ;  ( r l t , , r . l ; ,  1! , ' : )  ! . t i r l  .
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R.A. lnrdt ,  l l .F.  Hacl i t ren- an. l  1.0 '  f i . rper,  Pf l /s ie ' .  t9!  55r

(197i  )  : rnC fefe: 'e i rce:  t l i r : t 'c i  n,

10 . r r . i  T.  Sa on-Ci l r . i i i ,  laLr.r  . i  l ) . i r j in l i i )n l -ab0-

l , l l l i  ' .2 i i2! : i ,  i ' ioY. 1!r70 i |1rrpL i , l ; ' . l  i l l  in i l  ic i . r -
A.  i l i  r r . l i  ,  C.B. Lir l

rdLoi . l ' lc i r . i r i  i l t j .

fa l lCeS t ferC 1r i .

!- tf rrr.l
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RoLd!. ia i i . i - l .  i ,111)at  i .c i |c.  . |  . "b i . ,a i ,  .1 rni t16! ,  -1. , . ie iLut . )

L !!n . ! !-:!:j!!j:.jat :t:=!tj:.:1::!l:-i.::,:1i.11

S . Ana'inos 1:a1.o:i  ,  , l

- t .

Thc cot iacl  vr t ioN oi  ar l ! r la) '  r r ) f rarrLun is i l  aonscqu!fcg cf

ccrLral  fc ica5 i i r  i ro i r  c la i : ical  an, i  . l ! i i i -L| i  p i , ! . : ic : , .  In adi i i ia i r  tn

qLraf l .Lr  r r rechdr| jcs,  iJe l l , . / , r  1r . r  . i1r i !1 i ,ar i . . t l l . i {  ( i i r ( ,ar i i i r '  o i '  . l l , , r i l l r

] IQr]arf  r r , i r  aor i i r ! r  , j :  i  i l : i i l t  f f  nraf l i /n. ;af  0 i  i r i , i i  i i r  a l ! l r l , i ]  t !  , , t r

i tsc l  i  . fd j t .  i . rc: . r i r . jo i  cr  t i r : .  :  , t r i i .  J i  is  ( ,u i i  I  i t  i  : . r  i  :  .  r  i r i  . i rccLi . r l

for  i )e ofa-hoa.r ,  l iohler lc. i !es th:  ar  r l l ( ,s i f  Lr i rstrara: i i j i . . i l j  \ ,1r i i r :  i i  5 l ! -

c j  t i .s  the n: i ; i l r i  r . l  a i ! t lc  0 aicor i i in!  1-{r  i : l i . r  f . i r i r r l i

I r  L le casc 0f  i lL.  i , rany- l ro. ly Dt obleir ,  l r \ . i !er ,  j r .  s.en.5

0 afd (  ar !  spsci f ie. l ,  a:  I  t .sui t  o i  a i r3 : 'e i t r ic i i i r ' r !

par i i t lc  f lon i ts.  i . r i r j l rbr)r  l i . i ) . t ic les.
l l l  d previ0irs i l l ) l  cr t io i  l ' )  l ' 'e  i rar , r :  i r i , t i . . , ( l  'Lh: t !  ( r I r r  rL i . ,

t  valups fronr I  1 l  anC paf ' . jn l ly  5)  t l j .  s l j . r . i l ' jcal tor  0f  br l i r  f l  rn. j  v-  i r l

t i rc ol 'b i t . r l -ar l ! jL i  i , - ! i ten1.r i .  . - r | . l i t i t i  i l i i t  . ' i  dtr : :1- jct  i0, ' i l i i i l  c  , ,  1. ,  .  . ,

in i .era(: i i r i t  1,a - ic ies i f i  i i  \ - ! i i r l f r . l  , !o i : i r  i in l )  j t  r t l ,  i r , t i  i .o l - i  . -  f . .L, l : .

an. l  qu.rs i - fcqul , t r  polyhedl . . r .  ln the l ) rcaci1.  paIcf  r ] r - .have e) i l r . r rs l .d t l r .

s. t i ) j . r . r i  f l  { iJr ' l i ' ! : l  : t , . l l  l . j r : . f  6 i ! ! r , l  n i . l l { , r :  f . r  r l l  r i  \ r t lL, , :s { l . . r r

1 to 6,  ar ,d Lra! 'c i ! ,cr  ! ie l r : i i ,e i iatc i i r j i . :a l  1. i : :  s, j f  i . l  j  p io i r ! , . i i i l : r  of  'a i  a-

releranl-  oaLr j1 j ; r l  an! l ! laf  r t i iaI tu l  vtct . | . : t  ; ,

In f j ( t . l  'L i re qr. . r  i iz . l l io r i . i j i : ! i " , r r ,  i ! ,  i : -  l . i  arr l  a l l

dssociatc i l  n r i r - l r ,cs ($- - i , . . , . , t  t )  j :  s l lo, i )  i  
' i i , t i - i r r r r  

io cuir ic -

octal  edfai  sr / r r : i t : ' i - l^- \ r .  S!-"aj f  jc , t l l . \ ' .  t .ha r , - r l  a r / . ! t r :  f . t_rara: i  (s l r , t , ; r r  .4 qcat.

for  each blocl t  i r r  i i i r .1)  . lc i ; r ld by l i t . r . r i t : j l . i  6 ' -  i : ie cr i .  ( l )  )a l^c
Shorn in i i iL)  ' j r ,Ls oi  i i r  vn r ics ( '1_oi  re i is I l t :  lo b{:  i j r , . la i 'sLood 3horr , }  ,n r

l ladror,a cu!e ( l ' ra) i thaaror)  a i  a c l r la ia+. l ladior i ,  i . i .  i r i r - l )  l^a. ipaat to

pol l ' i icaf t  0 i  l i t  c  i r  i r  I  r -  -  o r  r :  t  .  . l  r  . r  I  . r . ! : . .  l i . ,  c l  i , i i  i - :  i i t :  .  , i r i : i  l  i .  l j
iy l  ' r r i , , . r  s l ! i r i !  i r  ! ! !1- l  .1s ' - , rLr !  r . lL r ; i ' r r ,  r . , i t r r  - , :  ,Lr  i i . ,  L l . : i . . " .

I  r ! r ' . r i ! . r

' in. ic !aral 0r aach
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lcs: ib.p olr  er  v.c l , t< in f ig.1 rr i :h e:ur l  ga t re ob' , i r^ . r ' .

For al l  parts in f ig.1 ((a) -  ( f ) ) ,  the z-axis has the sane
Cirect iof .  Actual ly,  j t  is  a l igned to the direct iof  f ron the cen!er ro
' .1 .  r ' iddle of  an cdge oF the octah.. l ron ( i iq.1(a))  ! r i th respcct to rrhich
dl l  other l r0 lyhedia are or ie l r te. ! .  The i  vector j ,  iof i " - i  ng r-he 3pp!opl . ia ie

'; .  ,rNc e. lh_rrl l  j l .h_!cl :r j l  !{ !qt/ (-J, pa55 ihrnJi i l  ch.i idctei- jsi i .
pojr ls of  l l  e polyhedrar erployel  i t ,  f i ! .1 rr l r i (1,  r r .  rar . l  cu \ ; ,h a sol iC

ci i 'c le t | lo i i !hoir t  t l te f i ! , j re.  Speci f ical ly,  th!sc i ro j i ts  fo l .  l . -1 afe
tne vert iccs of  an cctc l t . t i l ror  for  br th sets of  n valLre!  (  f  i  g .  1 (  a )  -  (  t r  )  )  ;
fof  I  = 2 t l rc vei , t " iccs an. l  the shi ,  n qold. i t  se.- j . iot . i  Daini  of  a c lbc
{f j r . l (C) ar,d (c) ,  r i :sg,r i i : r !e ly)  !  fof  i  .  3 th.  Djddl : .  of  cdl tcs oi  a
c! l rctah.dr. I  iaf  b. , t l r  s l t .s ol  n ( f jg. t ( ! r ) - {h))  I  fo, .  r , , ,4 t . .  vcr i ; .cs
or . r l l  ocialr . ( l r0t ]  ( i j . , . l .1( j )  :nr : l  t l t : , , , i : t . i ices of i ] . - r i rcr . r3hei j .or  ( i . l r .1( t ) ) ;
tcr  1, ,5 l l te f i iddle poi ' i is  o i ' the shr l r ,n l ine ser i | . I i :s . , f  a.  oci : . . r . ! ' f . r . l
( r i ! .  l ( r )  )anc1 of  a cuboctah.( j ron ( f i !1.1(rr))1 air i j  fcr  1.  = C the thj r r l
of  the shor ' r l i r i . :  5etnei t : r  of  i  aLrbe ( f iq.1( l )  )  . rd t i te rr i . i . l l .  j ro i  t i5
oi  l te s|airn l i | .  s . r ! l l rc i r is  o i .  a c, , tbcctairLdfor ( i i .J . l ( .1)) .

f l re l i rn i l r  icni :urc 0,  ih!  \ ,er tL,r ' .  i ,  ! ,1r ,  ur  t  e t ,  J seLs ol  l ] t
! l l !cs ( t l r , r i  is ,  the vectofs of  c i ther rc| ]  1or rc l . i  2)  fof  e,rch l  ts ihat
r i r r i /  i ransforf  i I lo eaclr  o1 har,  afd anl .y to lhc t ,  , rhrouql t  s.yt j , r ic t l . ,y ai rer i t jcns
of the cubic-octahc, l fa l  gfo. tp.  Fut r . ,h i lc  l l t is  i :  t fu.  f r ) r  r ,acl  of  t l r .  tvo
sei : :  s.r !afdlel j , ,  €/ccpt f . l .  t_ "  l  and 3.  , ;he or.  s€t  js  not:  t f . , rsf{ ,1. [cr l
l f io the Ot l t . i "  set  by . f .y s l / r inclry ol terat . ioI  of  i i t js  grc i ,p (  l  hL: .v ust :
d i f i r rerrL c i rar i i . ie i js t ' ic  p! i t i t -s) .  l l re dj f . ,ereIce j ) . i f . r . f  ihe ca: .  1 .2 nrd
t i i .  cdscs I  = 1i-6 is thal  a l l  ; , , /ect0rs of  or . t ly  r l r .  i .orni t r  { f i_q.  r f f l )
t f . rsf . r l r |  i f r : i0 each othcr rhrou_.h s! : te 0f  the cp.ral i . r j  of  t ,he ( l )  Er. .up.
( l ldt  is ,  not  a l l  cfel .at jo l ' ts  o l  the ( l )  ! l ro i j i j  lca. l  1o ne| i iss ib le . i j i re-
ct io i ,s of  r  ) .  Thus f jnal l_v,  for . i . .4-6 onl l ,  1.1-! far  are l , . t  syr: r i r ,_r j  c l .
f i r i : i .ns t ransfornt i r . ! . .he oie set  of  i  v{ .c1_ofs i r t r :o thc o: l ref .  Thai  is ,  for
l lese ' : r  valre5 ve do noi  f rnve or je b, i t  , ryrc d. !er  ! rd1-e 0Ai, lQl .

l l  js  of  grcai  i  ter is i  io i ro i ice i . i r ,  i  i i re rui | l . r i  o i  i  , . "c lor  s
i r i  l 'o l , i  i  o|d ro\J 2 icr  aa] ! i r  , t  vclue is e! !a l  , -a i :  + 1 airal  i .  re: tpa,ai : ivai j r ,
l ! . : t  is ,  ccls ldcr in,  r rarLj . lcs Dr. . . !s i r ! !  : l . ju, l r .  see Ll lat  l i .sq t , r ro sc, , js
o{ i  vectors are equal  lo thcse recae. j  for  parLic lc5 t l i th s i t j I  afr j  ofb, i ta l
. ' r ! ! laf  r for , . - ! r t | . l  p.rr i l l . l  i2(r+1)]  and ant i -p.rra; le l  {2;)  iespect lvcl j , ,

ur ! r !crrr6LJ I  v]n. ,qu r lLLrr  ,11 nr i ]  t r f  r  r  ! l : r , f r rLc mrrTir- ! . !1,  : ince
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jt  impl ies (even l ' r j ' 'ho. i t  spjn cJrsjderat i0[)  i ]  s jn i lar  spl i t  in cn. i ! lJ '

dcgcl ierac-y ai  rne 2:+1 st i te3,  i j 'a  d i f fer( i r l  fadjal  f ra ' , !c fuIcL;oi ,  r"c l '

cach sei  o l  i -  vcctors (rerr ts i  ant l  2)  is  i rs5(rr .c,  e,q. ,  nccor. i i i ' ] ' : l  Lo the

igofrofnl i jc  l iodcl  ( ' ) ,  r ] i r i ie iht  i . . lc , ief i . i -+ l  ar ta i  vc(: t . i !  coI i '€r :D.r . i  to

t f ro dj f i r r l r t  s ize pl l ; . , l r r : :1" i1 s i :  15.  l f  sLr. l i  a c.se,  i l !  kr lo! /n ! : i r r 'orbi t

aoir t r l i i i ! i  r ' fa!air  i :  r  . -  r '  i  l  j '  n ' .1a.  . - i  i f , t -a 'a i ra i , la! ' rarr !  i l ra ia i r ! r ra! : f1.  s i i : "ct  of

efef ! t ,  s i r l j l - .  rc lcr i : f . i  i iere io i  i . i .  i i r ' :L r i :  . : .

I |  i .o. , is  3 i , i , j  , r  i r i  i ] . r .1 i i . . .  jn i j r .  i i )  ( r )  ,  (o) ,  ( r  )  arrd

{u)-( :  ) ) ,  ,  -  s icr , rL.r ' . . '  I  r ! . , r1.  r . i  r  l r l i i l jy t  . . r  iu l i . ,1t ior  o i  [ : . :  l ]o l . lh{ tCfa

€|Li j l  ! \ / !a l  jn rrccr lo l ' : l I  l l t f  | i r ; : i i ' , ' \ r l . . r i , r l i : , r  ' l rJ ra i t lotr :h i  ! .  f f r i i l l l

t i ra sy : t i I j i rs t i  t . r , :  r ia :a: i : ,  L) i  t  ! r . i t )s i , r  t . , l ' !  I  i :  _ i l  2.  I i r  at l (  i ' i i l , i l

i r r  ror ] , i  a l '  1. i rar  i i i : , ' i  . .  aar, :ar  i1Lr. : i l  . l r ' j '  r r ra l - r r  l i .  i !  l i  r  { ,  ' .  ' i r  i .  a ' - l  l !  i i i : ,a [ . j ] i l

rc ia l - i i : r r : , i i i ; :  . i i i r t i r ( r  , : ! . i l : . : l r - .  o i  i l ru ( i ) )  r i r r f  i l , ' i ' !s  l i i . l  , r l ! r ' , !  . - r r , l

L l rc alLtr i r , ' r i i ! r ,c,r j r  ! :  : , -a i ) l i : . , , r j  Lr , r . i r : . i , i j j r l i i :  i i , ;  i , :  i i i  c i i i  1r ' - r  ar t i l :

fa l l  as!ni : , i ; t r ,3 oi ,  i , .a la ia,

I i  cotc l r , r , i i j  ,  \ i 'a ]  h i \ , :  i .Lrral  t i . . i  i j ra ' ia. ' ;  r r  a i r , .  s i - r ia: .  a:  l r1

s ra r-  vel i rar  l ra ' j ,  i r  a i i i . . : i : jnr . i  i ,  ,  r ' j i i rcc af  f r ' , i i l : l  \  i i  l . r l  i i - : i  i r i r .  ' ,Lra : la l i

l i i i l i  r r1 , r  r1 l  t .  l . . .  1. . t . : ,  : . r  : .  i \ ' . ) .  - i l  . l , i l . i - t ] i  i , , ! . i .  ! i  { i '  l i i  s !  i i  r . , , : r , :  : r l ' i : ,

a f l f i - i r . .  st , . l :1 i . r  , r  ic  l r ia, i i . i . j i ,  i , i -  i l  -  . . ic  : j  : f r i r - . ! i r i l  aa! ; ' l r ! (

crr l i /n i i i : lcrr  aI  i f , i l j lc  ILr i ; : r 's  i I  l l i ra lar , r r  i r iJ : . i , . ! .

ln qc ' ra-. ( ,1 )  ! l ' l  i r : i '  : .a i  l l lar .  t l '  i i ' " ' r 'L"al  l r ; !  i r l  i r . i i l  i r :  ' t f re

eXisLinc{t  r i  a fur_dar. , r i t . l  : , . } i  a1.  i - r ,  l i  r i i iL, ' : r  \ r t ia l i  i l r i t i r  l ' iav aL

f i id i r ! l \ (  " ' l  c . i r  .1 i r .  r i id r1 i r  l ; ; : is  Lr i  l  i ' i ; . , : i ; i i . i  i . l  . rur  j  oa 1- l t . -  : ! fu

clLrae of  r ia i : tar .

IJol .k : ! l - . l r i , r - ' ,cd ; i  f i r f . 'b ' ,  1f€ [ ] i r f r l -c N-" ' . f j i .  lor i r in l . i i f r  l l . randcI S.0ra!s js,

{ t )  O.: , .  / r , ] .1r  t r i i i  lO; I  l . i . ' . .  : iLt i r , . , .  Ci . . f r !o : : ,  a. ' , ) /  t \1t) i : , )

(21 Ll .S.  / , . i j i .s i . r i .5:  l i i r  , l  l i i j ,c .  i l  .  r . lCi l  ( l ! / : l l :  i ! i i ;  l . r ' r ' r  { . r : f r . j .  ?9.

z ln l . l t i7)  I  af . j  i l .S.  ' in. ! j . , , i r . i i i i :Ds,  - ' l . l . r l i . t .s ,  i \ .  i l_\ ' l  l 'L ! j : ,  : r i  ,1.  Yr[ ; -

tz.r i l i3 : , " , ' :or , l i t , f r !_. . i l i .  : , ! ,  a l  (1!a; l l )

( : j  t ] .5.  Air :  r rn: i l . r : . , : :  l . r l i  , i i r i , r r .  i l r , r i i . r : i .  2 i ,  i i / l  i l ! i l , ) )1 i i ia 21, l i r : l l l ! r : i l l .
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In i l  ia l  te l t tcc t)e! :anetert  f  a1" 1,( :  "" :ah' l  e- t , t . t ' r ' t t t  af  : .nerLia

nadeT.s

S. Aragnostatos,  K.  Denrahos, arrd A. Vassi l icul

The study of  rotal ional  or  qu.s i ro i .at io i i l  specl-ra i I  evef-

even n!c- le i  is  o{ ' ! l reat  impot" t .nce jn l luclc i i l  Phys;c9. 1n the f rar?l . ror l i

of  a phcncmefolol t ic i l  t redtNi :nt  o l '  t i res.r  s i . :c i fa,  1. i ,c study is I  i in i tcd

to a f ! ' lc t jcnal  f i l t i Ig c l  t l t :  ener i t ics ot  ! ra spcaar i t i l  so that  thc

are satisf ie.J for cach jtat. of the 5!ec'!run r/ j  t  h .. I  ! t  ir  ' i  a r f i tot i t : ir  t tr ir t  I .

I t  ha5 bircn f0ufC l . l  i  that  thc i rc i i t .nt  of  r i ; . r t ja { ,1)  is  the [a, : ,1 l ] ,pro-
pr iarc in. i .per ' rdcr i i  !ar jab .  i l j r ) . i ib lc-1, : . r . . : r r t -of , I r . r ' r ia ( \ ' i . ]1)  | i i . . l : ]

i f  the e) i i r i i -ssioi i :  io l  ihe l i , i r i  i i i l  enFi  ! j  l r ; i r . i ,  ( l t r )  arrr l  for  L i , .  l j r . i : j . -

cnctqj /  l r r t  l l l l  of  r"hc rot . i i . t1,r l  crc i i . i j . i  c ic l . : r t r . ( i l )

Usrral ly,  the k ine! i . :  efcr l ly  | , rs t r ie saut.  i ! t .  f0f , t l l  , ,urs ioIs

of  thc Yi . i I  r io. ie l  ,  j . . .

EI = Vi  + TI

and the cqui l  ibr i i r f l l  coidi t ion

(1)

I  FI
-  

iVt  t f t

-o.  
. r :  l
t 'J I  

' l l

(2)
lo l

-  I ( I  + 1) -2l ,  "  
-  ,  ( , :  . :  i  1. .  r ,  lJ .

_-  I
{3)

vrhereas thc !c icrr t i i l l  . ,neaf- ' /  r i i i i . ts  f rct  r : , : . : iorr  t r )  \ r ! is i ! f ! ,  i . . . ,  iL

includars o| ie c.r  t lofe tar i t is  i f ! :u i i re e) i i t i : : iat1 ol :  t t ta iotanl l ( i  I  t -ar i ina l i la

!roufd. ln i re valLre {Jo) of  thr  in. l !pefC. l l t  var iahl . . r l .  Thu:,  jn ihe nost
genern I  case i  t  has t |e for  n

vi  = c.  + c l  ( , i r -  , ,1.  )  + c2 l . :  , ,  -  . ro)2 ,  . .

l i r i r5.  f i l r r  t i ra aJi i l i i i r : : l  i r i l i t ' .  i ) i  v j i : l r ,  i . i t , :  ! i - i , j ia.  , ,  i , i t .  i t : , .

{.1 l
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of the prr :meters Cj  and J^ using eqs. ( l )  and (2) in such a rray that
the no. le l  predic i iofs reprodlrce t l ie e: ipel . imei ia l  ener! jes r^ i i th the
least squared error.  As knom, such a f j i  ( j fvolv i rg a nonl inear systen
of equat iofs)  is  ver) /  sefs i t ive to the jn i t j i . l  ' , 'a lues of  these ptr . t r . tctcr ! .
The purposc of  the prese|t  paper js to provide sr ich jn j t ja l  values.

l ,Je s lar t  !v i ' i i1 the ai)p!-o/ . jnate erf fessjon iZj  for  rhe noir : l r
o i  i  r lcr t id

dt( i r i t ja l )

Vr 1

Thus, for  each I

VI ani l  JI  jn the

sq!are teclrr i  qLre

Et (exp) -

vi lu l :  of  the

VI,  J l  p larc,

to da'Lcf i :  ine

2Jt

sfcctrur,  \ ie hrre a p;r i f

J i re i ' r ,  for  i l l  l  i ;e applJ

a c. I f ]ete i ro ' l ! rc:r ia l  of

VI

(to f i t  r t  I  v- .
I

ci ' ihe ior i r l

r9 l

. ,  .2= oo r  o l rJ + o2,r ;  +

pai fs)  . rnd t l r in.  pcl j , f i ) i i i j l l

r  t , ,  (Jr-r to) , . t r ( , t r - , t . , )2r . . .
' i i

11 )

(3)

l rhei 'e, io is the val i r . r  of  l l  fo.  I  :  0 f ror i  p. t ,

V, -  oo . ,  61lr  1 o, . r? +

.nC JI-  Jo inrpl ies a t r . ; i i rs lat jo|  (o i  Jo uni ts)  o i  " r l  axis.

Thr val !e 01 l ,^  i !  e) . l t , : . , r ,cr i  io 1, .  eor, : i l  to l . : r . ,  bur j t , - i r , In ' l l j . ,  : rk. :  a
sr, . l l  | r . , r l l -7a! ." .  r . ,a l  r re ls a re: ! t l t  0 i  s l . t t i : l ia:  i I t  lhe lea: l -s.u. i . t  i ) r . ! ie-
i i i i re.  The i igter oidcr t t i  t  i i  1. ,1. i7)  r r  ( i )  tk:pcr r ts oir  L i le v{_.r5r!rr  r , !
th!  ! l1 l  u i - rCel  !c ccI t id. i , .  i l f tcr  Ltr i l ,  rs i I r1 r ; : . (3)  arC (S),  r . re :o1ic
eqs.(1) ar l  (2)  t . r . jc t , , . r inr  t r i . r t  t ,1, . : :  o i  i , ,  ( . - . ] : l )  r r  J : , l l l : r t i ] l ) .
l  , i r .  r i .L '  r . r r r , l r i )  i r i i - : .  , :  : :  i  I  i  . r  : : , . r  i  - .  l : l i  l r r  I  - .  , .1

.r  . r .  i i , l  i . - ; l  i r .  i i l . l j i  : ;  i i : l : .  '  ,  ; . r i '  ,  . .  i . l  ,  l l , l  , , ,  ! .  .

I ll n1)_

( \ r .  I  .1r .  1- , r  t  ,  i  ' .  
I  r ,  9,

nrolnent l iN I )  ard , ,1e est j r r l , t te,  us in9 eqs. (1)

f , .  . i  t  " :  - ,  I  c. . ,  I  { , ,  tc :  . . i  1.  .

i .e. ,

(5)

of  lhe spectrul . l  f r i  th angul  ar

ard (  3)  ,  a j ipfoxir i rate val  !es

, : i  l lc  angl l  r l^  -c, .  : r1 l  : r  ( I  )  ,

(6)

ai', apFrcxir;:: i tc

r"lra fcrn
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l rh ich l r i th eqs. (1),  (2) ,  and (3) lead to neu i r ia l  vdiues E,(model)
I

a'J dl in.c0ctJ. l l ] ]s  p l0 ie! tu i .  coni inues unt j l  heheye no neaningfu. l
cheir !es in Er(mode1 )  f ro i t  one cycle to the next.

Gjven that Ao and A1 al l rays hive a vcry sna'11 inf lueice
in t .hc f i t t j lg,  as . jn i t ia l  values of  CI C,,  arrr i  C.4,  ior  rhe l_.n5t
sq! i re5 f j t  jn !he di f fe l -cr ' t i  ! rc.rs ions of  the ! ' i . l j  i to i le l  ,  r le ld i . ,e the
Yal! .s of  the correspondi iq coeff jc ic l r ts of  rhe last  pclrnot j t ;a l  , , ,1

of  eq. (8),  e. ! ! . ,  for  the ! l , i I23+ vcrs rcn,

CZ(ini t jat)  = A2, Cai in i i ia l )  = / . .3,  an. t  Cl l ( . in i i ia1) = AO.

The p.ocedi fe f reviously d_.!ct . jbe. i  fof  C. l -er  in jn!  in i i : ia l
val i res O1'paranrei . fs h.s l .en s!cce5s. iLr l l j ,  a lp l j . r l  tO nl i io: i  a l I  l inot . j . j
nuclea'  r0 la i ic i r : l  specLfa ar id fo pfoblcn of  cci . , " , : ) - . ience haa bceI ol ]_
5ef!ed.

* 
Coi fput. r : r  Div.)  l i l lC Denocr j tos

i l i  I i .A.  J.  l '1af i5c.r t t i ,  c .  Scharf f - t jotCr.b€r,  ar . t  t .  Lr !ck,  f i r j , ! .  l r \ , .  - t7 l l

(  1969 )  I86,1.

{2i  A.  Jch|so| l ,  l j .Ryde, ar. . l  S.A. j . t j  of  r - i . r ,  i tuct .  ph. , ,5.  
l1 i9 (19/2) 753.
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V, DAlA C0l. .Lt iaTI0l l  / \ ; l !  F l jCnSSt: ,G "  Di \ r tL0i i , :  tT

n t aii:! a!::.a,.!!L!:| t,:, : lLi L::',t a!-!.1 !.

Y. i  . . . . . - :

A pro:rrar hrs b.ren l r r i '11-cf  [c] f  th.  nfal- !3 is cf  Xi l l -Spfc ' . ra.  lhe

rp. ,c l fa i l ] . r  cr) l l . !c i r . l  f  i i .h . ,  l i l - t ; ' : la i i ' . l l ' : , . : /  r l r j . - i r  . l l . f1: ,  i r 'o i ( : : r5 j f iJ  r i i

t l re st{rra. i  a i l -a l ! j i i r  a [ ] j is iC l : l^a, : r iar j r .  Siaci . i j  I  r : l f  f !  . : i : ior t5 i . .a: ! : fa 5 i j ra lJ,sar '

p.r far ,aLcfs :ualr  a:  ct l : l ,a i ) i . i t , r  i i i i i : i i , r .  i_al  i  r - ' :nt  l r l , : i i i - : ia l i , i .

i 'ar  c.rair  r ) i - . i i i  l i r  l r r . ; ; .  r r , ,  i - iN , r i  .  I  i i . , , i r r  i f ic l i i .  l ' i : r i : ! :  ar :J

! jVai t  r , t l i - r  .  r : r -s. t f  ( f  l i  l  f r .J i i r : '  , l i ! l - r l iv  l l r ' .  € rr t , \ '  is  arbr.di i r ( , ( :  r 'a.

i i r0 l r "" . i i  l r0! i i i !  r  r t r r l  l : :  l : , .o ' " . r  r !a,r i i i i '  i : .  i ; i :  , , r r l -  l i i i . i '  i ia:  a ia r i ,1

sLofci i  i ra i ) l f  o i  c i ia,a. l i r . :  f i  a i rar ' .aL ,  i r1. ia ) . - j . r j ' ! .  l l i r  l i , l r l i r  i ] r r , . ' ! l !  i l ia

clr , , " f '5 f rc i r  c l l l r f i4, t  t . r  i j i t : , r i rLf j .

Tfc [ r . rc l :q ' , . , ' , ]  ; f  rJ ' ! ' !atrr i . r r r i l i  l ta.r f  i i ia i  ; r l i t t f , i t  l ic i ; , r f r  r r  i l l i .

I  i r j i ts .  1t  i_. .  L l r i :n s !  i r  i .  r . i  i :  l . . r  C i r - . t  L i  .  i , : , i . i l  I r | | l -s i0 .y l r  L l  | . - i  c t i ,a: : i ,

l ;nr l ly  r i r . ,  j i iafr . : r i iar  o i  L. l ia cr f . , iarr , i  l f rc i r i : i . i ! i i - r i ' ' ,1-  r : l

dc. : i : r , : r f i  anC t i r :  i i_tei :1 i1,  ( i i r  aa.rr i :  p, : . r  l r r . i r r r l )  ; ,< c.  i , l i larC.

Al l  t t r js  i r r i ( f  , r . .1 icx is f | j iL i r ! . ]  |  r  i . l  ' r  
' l r let .y i l r  i r  i ; i l ,L. l  I  i , r  t  .

1 i i  0r i jof  is  i rcL.ra.ra i r i i '  i i ,e ei . .  i t , : i5 oi  ! r i r . l l  . . t . !  s i , , r . j r l  . !  i - l r ' r  tdr l

of  Ia i !ar  or  !s.  Ttar l r 'a l i ' , -n l ra:  s j l r r i i ia i r , :1. .  r ,  r r t lLrr lJ i . l i i r  l i ie f r i :Cir i i  f i ) r

s . l [ r i ]  l  e .rr  d l  J, :  i  : r  ! i i th i i r i  XFl i r ' fe i i i . r i i .
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I r l t iaL- l  oL. :o\  af  !h.  1:- : t ( )ata)

A. Katsdnos, 6.  Prokos and A. Asthenopculos

The success of  the Proton l rd i rced X-raJ, [missicr ]  p i .ogram vi lh
appl icat ions in var ious f ie lds led ! rs to a decis icn io credtc an | tcte_
pendcrr i  uni t  for  t l t is  pro. iact .  for  t f r ;s purpos! ! r i  acqt i fed f rorr  aIoal tar f
d iv is iorL of  o i i .  c._, l ] te l . in old l i - j . r iC Yer { l r  Gr. t f t  , " lecl fcr  acacl . ra lar  .
Tha nld in accelefat ior  h i ls  i t l re.rCy bcr l t  a!sanble( i  i i  o, . r r  l . tbal ta iory an. \ ie
af . '  l rorr  i r r  thC p] .ocess Of Ci  a l r jn i f  g i t  tO a pfai :O| |  tchi fe,  to 5e !Ser
for the above nent iofed pr0!Jrarn.

PDF created on April 4, 2012, by S. V. Harissopulos



53

Qlta. i r 'upcLe t t i .pLel .  fa" chcra.d t . . ! i : i .c l .e .L. . t .c i . iox

G. Vcurvcpoulos,  I ' i .  Greenf ie ldf  F.  TroLrposl i i . ld is!  N, Ar idreopc! los,
0,  Topj  kogl  o i l

For the detecl ion of  char le. l  lar t ic le:  f fon the (n,r)  and
(n,cr)  react ions,  a quadrrpJle t r ip let  systc l i t  l ras beef ch0!9ir ,  to tcc!1s
th.  c l rorgcd p;r i jc les l in . i rn!  i ro i t  L j t .  , i .1,- ! , . ,1.  i  e r l t idru r . r le s , rdve
20 c in i :efnal  d janteier ! j fcv i . l j t jq th!-c .  sol j l  ( rn( l le of  !  1 i l  m!r

The oir t jcal  calcLt lat lcns havt Lcer Ier  i . fnred and rhe ea.r  ia9;
for  rotat ing the quadrupr l .  sy5ten in or.Ccr to t . r l<e i l r !u ler  d is i r jb t jon
i ta5 Ccsi  gneC aI. l  coBstfuct  io j t  - is  L ie l  I  ufder\ra-y,

Thc quadrupoles f i . rc doIat-cd Lc D. l tckr i i ,J :  f io i r  i j . [ , i j ,  Sd. l . j , .

1 
l ' lor idr  A nid l i  l in iv i r t i t ,v ,  ia l la i r i , , , r ( : -  Fl . r f i r r ; r ,  i ;SA
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\?1 .  AC t .L l , i : i '01{ CPgrl . " - ; '  ,

A. Asthenopoul0s,  N, AndreopoLr los,  N. Djv is,  N. l l iadls,  l l .  Papalosto-

poul  os anC G. Pfokcs

Durinq 1930

of 2185 houIs.  l ieavy i

181 .
' l fere \ , rere a total  of  6 iank opef i l l ,Js for  f l i rLoI  repairs afLi

Joi  I  chalr !at .  fhn be' l !  h. is acc!nrul i . tca 0vea !Nal)  holrrs oi  o i lefat ion.

Fi ! .  1 sht)r5 l ie bt i tn i j r1. :  teraer i ia!c , /ar1 ' !us l , { r r r l r i r r l I  'o l ' ra!e
foI  t ! - ie ycar 1t80. '1 l l i . i ! . t i r  i l r . r  nccelarntcr  rns ustr j  5 i ' ,  of  t l  e i i r  e

at  i i : , i r !nt i ! ls  l i l rg. l .  l l i . i r  I  I i !  ( -?, / l  c f  1. i r .  r : r , r iLr . r i  i r l l .n i l i :  ) ,  "" i  erc i5

a i0,"  Lr t i l i i : . r i io of  t l r .  ia l . i .xr  at  p( , t . rL ia l1 lc. :  ' .hr l r  I15lr 'V,
' i l rc diode sourae used for the f r ro. i ia i : ic  r  of  I  i r j l r i  ions |as

Ir ,yr1lcc, i  i r i i i r  a Can(.rnl  lonex of{-atni5 di iapldir i  i r , fa i i  jon 5ou|ca. Sevei  i r l

p.rr ' , i  s !p i i l i .s  had to bl  t iu i ' i t  and a Fre| , jn l l3 c l rculat jn!  s,Yste|r  \ las

cofstructed,
'  Af  Al  cal  e l

I  el ls via5 r. ir l  iced !r i  i l

ler fornaIc.  io at td i  f ,

the Tandem Ac(elcrator l ra.  ! t i l  ized for a to id l

cns \ reIe cni l loycd 82: l  o l '  the t j rN. arL. j  l ight  ions

tur laI i . r l  acL] l  i r  p!r j r l )  i  r ia i r t l  I  ed i  n cnc of  l l re bean

. rel jLr la l  i i i f fusiof  f r i f rp duc to i ts unsat isfa. ' ;cry

l i t  ! i r  \ , /aauurf .
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