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:::>u,nIARY .... 'Ve (Ievelop Oll e(lIlation of statc for the atulII based Oli 
the elasticity formalism whirh cxtendR, (he vali(lit.y uf the Thomils-I<'eflili 
Illodel to pressures of geoph:rsical illterest. The model is (')le('kcd with 
sho('k Waves (lata, with the Bireh-~rurnaghan f'qllations und \\"ith the Earth's 
('onl e(juation of sta(.e. 

RrASSUJ\TO. - :::>i svilUIJIJl1 ull'equazlolle (Ii stato j)tlr l'atomo basata 
SIII furmaiislilo (Iell'elasticità. che estell(le la vali<lità. del modello di ThomUH
Vermi a jJressiOlli di interesse geolisi('o, Si fallllo paragoni ('on i dati basati 
~nl1e olldc d'urto, ('011 le C(luu1.iuni (Ii Bir('h.~rurnaghall e ('Oli l'equaziune 
di stato del lIudeu terrestre. 

GENERAI. REMARKS ON 'l'noMA8-FERMl MODRL. 

The Thomas-Fcrmi ('.3) appl'Oximation was used orif,tlw\lly for 
calcuh\t.ing thc electron distributioll in a heavy atomo The most 
impOl't.l\ut. advantage of the 'l'homas-Fel'mi model is thitt it reqnjres 
the solution of l\ t.ot.al dilTerential equation, slJbjcct to initial and boun
dary conditions, rathcr tlmn }lartial dilferential equation subjcct to 
boundary coutlit.ions implying eigellvalues of cOlIstallts of the lllot.ioll 
for many clcctrons, as in Sclll'oilingcr cquation. Thus it constitutcs 
esscntially an a}l}lroximate method of solution of thc many-cJcctron 
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pl'oblem, mmlogous t.o t.he Deby(~-IIuùkel t.heory (O) of ionic solut.ions. 
Tlw met.hod has becn applied to the .a.vvroximate calculation of mlmy 
atomic vropertics. 'l'he ba.siù idea of the Thomas-Fermi appl'oxima
tion is to eonsider the clectrons ùh~ssically provided that thcy satisfy 
t.he exelmion princil)le. 'l'hen the electron density can be calculated 
by mea.ns of the Poisson equation. 'l'he l ~toOln is cli"vided into ceIls 
:mmIl enough so t.hM thc votentin.1 is essent.ially constant, but. h~rge 

enough so that t.lw clectrons in fb cplI OCCUIJy lt regiOl[ of vlmse SVl~ce 
larga comparcd with h". At 00, t.hc Fel'mi-Dirac st.atistics implics 
t.hat t.he electron density in the phase Rpacc is '2/11,3 at ali points cor
rcsponding to an energy less than the Fermi energy, and is l\Cro a,t. 
points corresponding t.o an energy larger tha,n the Fel'lni energy. At. 
l ~ given IJoint o[ the configumt.ion spaee, those IJointoli of the momen
tum space within a svhl1l'e of radius eorresvolHling t.o the maximum 
moment.um pcrmitted by the :Fermi energy, al'l1 occupied b~v eleetrons, 
and thosc outside the sphere are 11ll0eCUI)ied. The total number of 
eleetrons within the sphere !letermines the electron densi1.y which is 
to suhstitute in Poisson's equat.ion alHl, by solving' t.his eqlU~t.ion, one 
fimls the votentin.l l ~!l(l the eleetron distTibut.ion i\elf-consist,(mtly. 
Besides the statistiCltl approa('h, it is also I)Ossihle to deri ve the Thoml~s

Fermi mOlld l ~S t.he semich~ssicl ~1 limit of t.lw Hart.ree equations for the 
model of l~ self-consist.cnt el1ntral ficld (6.1). Since the fmblcvels of 
angular monwntum are averflgcd, it is possible to dcseribe only those 
l)rOI)erties of thc atom which are independent 01' little dependent of 
t.he shell structure. At high IJressl1l'c such st.l'llctlll'e must be largely 
dest.roye!l, so that the equation of state at tlll1 highest UOllLprl1SRionR 
~hould be l~ccura.t.e. 

From an Ol)posite l)oint o[ .iew, we must recall also that tbe Tho
mas-Fmmi model has some !lefects rUlli we review the most. interesting 
t.rial corrections availabll1 uV todl~y. 

'l'he electron !lensity becomm! infinite as 1/r31~ at t.he nucleus and 
vanishes as 1/1' ~ at large distancesj this is in contra.diction with the 
behaviour o[ the wave meclumical electron density which is const.ant. 
l ~t. t.he nucleus lm!l vlmishes exponentially at large !listance from t.he 
nllcleus. Also the binding energies, a.s ealcula.ted from Thomas-Fermi 
theory, are 10-30 % lower than the eml)irical va.lues. 

Many lmthors have cOl'l'ected the originaI model u~ing- more eXl~ct 

forms for t,he votenth~1 and the kinet.ie energy. 'l'o eliminate the 
sclf-intera.ction o[ the electrons from thc electrostatic coulomb intcr
l ~ction, the onI}' one h~ke into account in the origim~1 model, Fermi alHl 
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.\nmldi (8) have suhtracted from the llotential of the atOTIl t.he mean 
llOtenti al V./Z, of one eleet,ron, whe1'c V, is tlw pot.ent.ia.l of the cOll1vlete 
{,lect)'on r,lond and Z thl:' a,tomic nUlllhm. This eOlTeflt,ioll j"rJves a 
good approxillla tion a t. thc hm'dcr of the atolll and improves tlw dee· 
troll dist.1'ihutions in this rngion. 

?\forcover Dimc (g) t.ook int.o (~ccount. t.he cxchangc intcm ction 
betweell electrons determining a rundamental clmnge or t.he houlldary 
clec1:roll distribnt,ioll: the mdii of the atmll,~ hecollw fi nite, i.e. t.he 
elf-H:t,rflll dcmity v anif\lws on the horc1er. 

Anothcl' corrcction COInes hom consic1ering ( lO ,ll. l ~) the cOlTl,IMion 
(mcrgy 1'esu1ting from t.hc interaction ('olTela,tion of t.he e1ectrons. This 
is smaller t.IHm the other two concct.iom lIHmt,ioned above and ph.ys 
an illlpOrk'l,nt rolc only in the horc1e1' or thc atomo 

Various correctionf\ for tlw kinetic energy arc alw cOIlSidel'nd. 
First is t.he so·callcd vVCiZ8fl,eker (14) eOlTeet,illll, hy which t.he singlilarity 
of the electron demity iOt. t.he nuclens and the l/l·" falling oH o[ it at 
infinit,)' dif\appear. lIowevel' the agrcement. wit.h t.hc ellllliricai dM.a 
is not so good: the cnergies of tlw model are 20-25 % higher t,han t.hc 
expcl'iment.al values. ?loreover this modd Cimnot be c1educed in a 
complet.ely siOt,isfact,ory manne1' (H,I".17). 

Tlw lnOst, satis6~ctory correction is due to Ph~skctt. ('~) obh~innd 

start.ing from t.he Schrodinger eqllation. 
I-Iowever, cOllc1uding those generaI considl:'TatiollS, it iOppeiOrs, as 

pointml out hy Gomlms (l0), t,hat, one of tlw most illlport,(mt probleTIls 
in tlw statistical thCOl'Y of iOt,oms i8 t.hc complctcl}' sa tisfactory dedllct
ion of the kinet.ic energy I\OITection. A fUl'ther t.ask wOllld bc the 
cieduction [rom wave mcchanics o[ a gmwr(~l rebtion between electron 
density and pot.cntial which would inclncie t.hc kinntic Hlwrgy cOlTection 
ill a Ilatum l way, alld would hold even fol' t,he lightcst atoms. StricUy 
spcaking, this would Ilot simply lIwan a fnl'thel' development o[ thc 
statistical t.hcory itst1lf, but, ra,t.her, thc dedllction of t,his geneml WiOve· 
lnechaniciOl 1'elat.ion in an adequate appro:ximation. Thc point is jllst 
the " adeqllatn a·IIProximMion". The exaet, rdation is extremely 
involved; thc point would rcally be t.o dcduce a llsnful approximMion 
from t,he geneml cx act rebt,ioll, which woulci satisfy the physical 
conditions. 

Thc prcscnt work is concerncd exelusively with the a]l]llicM.1on 
of 'l'homas-1<'ermi mociei to the calclllation of an eqllation of state at 
high prI:'S~llre. 1<'01' ot,llOr applications, to at.oTIls and t.o nuclei, t,he 
works of GombfloS (lO.IU) C[Hl be ('onsulted. 
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II. - 'l'Hg DOnIAIK OF APPLICABILITY. 

Au cqlU~tion of state inferred from the stn.tifit:.ical a tom model 
becomes more accurate the larger the a tomie numbm· Z and the higher 
is the pressure P. The first condition follows from tlw requirement 
that the number of electrons be large enough in a celI in the atom, for 
which the l)otential is rdatively const:mt ovcr an dectron wavdenght, 
so tlmt thc cOrrCSI)onding ref:,r1on occu}Jied in phase sl)ace bc large rela · 
tive to hJ • 'l'he second condition is n. eomequence, on the basis of the 
assumptions of the model, sinee it corresponds to the condition under 
which the detailed stl"llcturc of the energy levds can be ignored. Ho
wever, we must remember that at low pressurc, thc c1rect.<; of (~hemical 
binding and lattiee strueture of the soliti n.rc ignored in thc stn.tistical 
n.t.om llludeL 'l'hese cfIects account for bindillg in t,he sulid state n.t 
normal pressure, amI the procedme of viewing the ellect of the lattice 
mmely n.<; n. }Jerturbn.tion of properties illfened from the statistical 
model is valid only at high pressure. 

It was emplmsized by Feymn:m , 1I-Iet,ropolis :md 'l'plIcr (') t,ha t 
t,he equation of state inferred hom the statistical atom model are likely 
t,o be vn.lid only for preflsures exceeding about lO :Mb. Elsasser (~O) 
hn.<; suggested a few milliou megn.bars, beginning at 80mewhat highm· 
IH·essures for the lighter element-s and sornewhat lower for the hen.vier 
elcments. 

'l'his questiou of thc criticaI pressUl·c cn.n now be examined on 
t.Iw basis of mcasuremcnts of shoek wavcs in metals. The originaI 
men.surcments by \-Valsh an(I Christian (21) for alumiuium, copper, 
amI zine for shock pressures UI) to about 500 kb wcrc extended by 
:McQueen and l\Iarsh (21) to ma.ny dements up to a }lrcssure of 2 )Ib. 
In subsequeut wOl"k by Altschuler et al (2~), the u}l}ler limit of 1)l"CSSUl"(\ 
has reaehed :j J\Ib. The data fOl" }ll·eSflUl"C versus denflity of Altsclmler 
and al. amI of J\IcQuecn :md l\In.rf\h havc inde}lcndently been reduced 
to zero absolut.c tClli}lerature by Takcuchi and Kanamori (2-1) amI eom
pared with the predietions of the Thomus-Fermi ninloc theory. 'l'hey 
[md that the Thomas-Fermi model yields dellHit,ies t.hat n.re t.oo low 
at lO Mb, but extm}lobtiou of the eX}Jcrimeutal results indieatcs Umt 
t,he actun.l equatioll of state is welI rCI)resented by the model at prcs
sures slightly higher t1mn 100 Mb. The conclusion n.pplies to Ag, 
Au, Cd, Cu, Pe, l'b, amI 7.n, involving ext,rapolationfl in IlI·cssure by a 
factor 20 to 50, in generaI. Un the basifl of the results of Takeuchi 
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n,nd Kanamo1'Ì, a criticai pressllI'c of about 100 :Mb, independent of 
a tomic number, sccms t,IlO most rcasonablc. 

Until the advcnt of thc data from mea.surements on shock wavcs, 
labol'atory determinatiollS of equations of state could he carried aut 
t,o pressnrc of only 0.1 Mb as an upper limit, hy the t,echniques of 
Bl'i!lgman (2o). 'rlw procedure of int,erpolating t,he equat,ion of state 
at intcrmediate pl"essures from t.he computation of the st.a·tist,ical 
model a t high pmssllI'rl anrl the mcasurcmcnt8 of Bl"idgnmn at low 
pressure Ims bcen mcd for geOI)hysim~1 Inu1)OSCS by Elsasscr eD), Bul
len (2"), Bil"eh (27) to in[el' the cllOmical eomposition of the corc. Nevcl'
theless dat.a from shock-wave measurements now extend to ;j :\Ib, in 
excess of the pressure (,l-H Mh) at t.he Eart,h's Cent,er, this rnet,hod, has 
its merits a~ pointlld ont by GilvalTy (2S), in spit.c of obviolW !leficicnces. 
Thc J<:I~aHser's conclusion tlmt the core is composcd of iron with a 
l)os~ible mixtme of nickel and the deduct,ion by 1';:.nopolT and .:\lac
nonal!l (29) that the iron of t,he core is pro1mhly alloyerl with silicon, 
obtaincd with UHe of this int'/',q)olH,t,ion procednre, havlI not been revers
cd by t,he rlir(\(:t experimental data obtained from the shock-wavc 
rneaHl1remcnts. 

Qnly with USI' of such an inferpolation scherne the equation of 
sta tc from thc statistinH,1 atolli mOllel can be a,pplicd with H,n? validit,y 
to the plmwt.<, of t,he solaI' system, since the maximum l)rc8sure in the 
int,erior (for Jnpiter) is only ahout 30 :Mb, less than the eritical prcssure 
1001fb alloptcd above. However, prcssure~ considerahly higher t,lmn 
this critiea,l vahte occur in tlw int,eriors of whit,e dwarf stars. Thus t,he 
equatioll (lf state horn t,he statistical a tom mOlle! can brl applicd in tlHl 
determination of t,lw mass-mllius rclation and thc limiting maximmn 
ma.<;.~ for white dwarf stars (Chandmsekhar (~O)), 

As an exampLc of the application of refmlts horn the statis(,ical 
at,om model t,o a question in llhmetm>y sGÌence, Ulll pl'oblmn of prcllicting 
t,he pressUl'es anll temperaturcs arising in rn.:_plosivc impact of largc 
mcteoritcs on (,Ile surface of the Moon amI Earth (mn he discusseù for 
a.~tronornic meteorite vclocitiC8. This was treatcd by Gilvarry and 
Hill (31). 

Tt. i8 dcsidemble to indicate schematically the Ilomain of applica
bility of thc statist,ical atom model in the field of the variabl('~~, teml)e
mturc .T (ab~olute) aH11 pressnre P. This is done in Figure 1, adallted 
from a, corrC'sponding diagmm of ",Va,l'es (3S) in terms of temllemture 
and density by Gilvarry (2S) and with correction to thc at,omic number 
of iron in the non-relativistic case and with addition of regions corres-
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llonding t,o condemed pbasefl. Tbc piane of t,he diagl'am is separat.ed 
into two disjoint regions by tbc 10cm cOl1'espunding tu the degeneracy 
t.emperature; far t.emperatures below tbis curve, Fel'mi·Dil'ac statist.ics 
must. be UHed t.o clw.ract.erize tbc electrons wbile, faI' tempcl'atul'es abuve, 
tbe }'ermi·Dirac statistics reduce t.o t.be usuaI1Iaxwell-Boltzmannforlll. 

10'~r-------------------------------------' 
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Fignl'D L - ~chematic repl'e~entation of the domain 01 applicability of tlle 
stat.i~tieal atom model iu the fields of variahles, temperature T (absolute) 
and pressure P. 
peratnres helow 

'l'Ile stati~tiral atom model is appl'Oximatcly valid at tem· 
the degeuemcy telllperatnre, at pl'essnl'l's helow tllat whel'e 

wlativistic etfects heeome impol'taut, aud at.prel<sureR ahove a 1imit 01 about 
100 Jl.Th u('('es.~al'y fol' the aR~uJllptions of tl,e model to bo v alid; Uw cOl'rCi<poud· 
iug regiOle 01 the val'ialJles is shown el'uss·hat.clw<1. 'l'I,e lines fuI' the dl'gt'lle. 
rucy telllperatnre il1ld t1,e fusiun curve (at lligher pressnrl's) a.8 sllowu t'orres· 
poud l'oughly t.o iron, and in W'lwral HJlould be repl'esented by bands luI' a 
l'unge 01 atomic uumbel'. 'l1w reetangle indicatos the coonliuate point for 
the Eal'th's, AdaptDd IrOlll Wares (for Ule relativist.ic case) Witll mOlljft. 

cations aud addit.iollS for tlle non·J'('·lat.ivistie l'egioll by Gilvarry. 
l!.'rralu.m: 'l'he line tllat. l'('preseut~ the fusion ('ury(' doe~ not CI'OS~ thc 

statistical atolll dumaiu. 

Tbe statistical atom modei to be describcd in wImL follows applies t.o 
temperat.ures below tbc degencra-cy locus, at pl'essures above the criticaI 

.,. 
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pressmc oI l~bout ] 00 ::\lb discussed l~bove but, below the pressurc at 
which relat·ivist..ic efIect.s become import,l~ut. 'l'he degenemcy t:L1mpe
ml,ure appearing is al1llroximately t,lmt, for irou, aJHI the correspoudiug 
domain of validity of the slflotisl,icn,l atom model is showu cross-hatched. 
This regimi is cuI, into two part~ by the fusiou curve, separal,ing t,he 
regions of exiflten\,e of thc liqnid ami solid phasefl. The melliug liue 
as drawll for lhe higher pressures correspolHlfl roughIy to iron. For 
coordinate points below this curve, eorreetions 1,0 lhCt"modynamie 
functions aH illferrcd from the statistieal atom mode! are neeessary Ior 
lhe elIect of t·he lattiee. One uotcs tlmt thc fusiou curve docs noto faU 
far Irom thc degencmcy locu~; thus thc domain of vl~lidity of the 110n
reIathristic st.at,isl.ieal model to he descrihfld is roughly coextensive 
with the regimi of t,he ~olid phaflc. Aetually t.he dflgeueracy tr:msitioll 
Irom Ferllli-Dirae to 1I1axwell-BoItzmann statisties ifl continuum but 
noI, sharp and this, as wenl~S thc othcr houudarics oI region in Figurc 1, 

cOl'responds to mnges of atomic numhcr. 'l'hns, aH lines of delm~rca

tion iu Figure ] ~honld be dmwu a~ bamlfl, hmwe the correspondi11g 
numbers l~llpenring on tlw eoordinatc axes arc indica,l,ive of ol"llf'rfl of 
ma/.{uit.ndfl ouly. It. flhouId be noted that the degenerac'y crilerioll 
Sl)(lcified flopplics onlf thc electrollS, while the hea"\')' a tomie partieles 
(protons, neutrom ami nuclei) follow t,he classical :Maxwell-Holtzmalln 
statist-ies over esscntially thc eut,ire field of thc dh~gmm. 

'l'hc coordiuate poiut, cOl'reflpoudillg j{) the E arth'fl core is shown 
iu 1<'ig11l'e ] hy n, reetangle whose height represcnts roughIy the uncer
lainty in the temperature as inferred by Gilvm'ry (~~,34.3"). Normal 
pressurc is indieatecl by a vertical hl'okcn line. It flhould hl' not.f'd 
thM, thc free elcctrolls in l~ met,l~l n,l'e flt..l'ongly clflgflnel'at,c undeI' con
dit,ionfl of nornml presflure ami tempemture. 

Tlw purpoflc of this work is to modiIy the 'l'homas-Fermi cquat.ioll 
of sta te to extencl its validity t·o the muge of pIessures of geophYflical 
i11t.ercst. This 'will bc malie by eonsirlering the a t-Olll, in sueh a mnge 
of preflflurcfl, formalI)' a8 an clastic body. 

III. - THF. EQUATJOX OF STATE. 

'l'he eeutml question ifl the det.crmination of the equat,ion of state 
of lllat,mi:\l~ at exlreme conditions is the ealeulation oI the eIectrouic 
configuration of thc systcm. lo thc Thoma.s-Fcrmi theol')' cach l~tom 
of the material occupies an independent spheriel~l celI, ami tlw electl'ou 
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distribution is determined t.o a first approximatioll about a. 111lcleus 
fixed in thc center oi thc cell. As all'ca.dy rncntioncd, t.he electrons are 
assumed to be free Fcrmi-Dirac particles, alI othcr dcta,ils oI the qUfLn

tUffi mechanics of atoms are ignored and thc distl'ibution of thc electron 
clond is reln,t~,d to t.he elcctrostatic potential by Poisson's equation. 
In this maoncr tbc main cfIects oI Coulomb intemctions are includcd 
self-COlll',istcntly to a.ll ordcrs in tbc elcctric charge. 'rhen, by dassical 
kinctic thcory, ncglecting tbc (small) contribution of the nuclear mo
tino to the thermodynamics or thc systcm, it is possihle to derive thc 
equation oI state. 

fn the case oI neutral sphcrically atolliS, tllere is no electlir field 
at. t.he at.omic boundary. AlI oI the momemtum carried across t.he 
surIace of the at.om is due to t.he kinetic energr (llcet.rons. On t.he basis 
oI thc kinctic t.heory of a free electron gas, wc can write: 

with 

3102 (3\"13' 

Co - 10m \,8 nJ 

[1 J 

whel'c rJ is the electron tlcnsit.y, p th(l pressurc and To the atomie radiw,;. 
Ca.Icuiating (! Irom thc Thomas-Fermi equfLt.ion, it is possible to obtain 
1.he equu.tion of sta.te. 

Now Iet TIS assume that [1] is valid for alI the values of 

ro : O >:;;; r. ~ To (p = O) 

Le. Jet: 
.. 
" '/ p(!') = "3 c. [J 3 (l') 

give the behaviour of the pressure in "the interior or tbe at.om. 
let us write the IolIowing relat.ion formalIy dcrived from classical 
of da.sticity: 

T =LL1. 

[2J 

'l'L fin 

fheory 

[3J 

wherc T has the meaning of an external perturbation (apIJlied pl'essure), 
À is the refLction (internaI pressure) to the external perturbation and LI 
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is t.hc dilatation. Then assuming p(r) ._0 ;.(1') t.he surface displa.cenw.ni 

iH p:iven by 

., 1-: \ 

dr ~ T 
p(r) ) 

we (jl}n derive t.he following equation of stl~te: 

[G] 

whem (1, is the initial density flJt(l!l1 is t.he demit.y a.lter first COmpI'CK
sion TI. If the at-om undergoes other subscquent compressions wc 
can write gelwrally 

Q. - Qn- I _1_3_ 
0"-1 - r ._1 

r w_l 

l' 1'~ dr l 
J - (- I (,,, - ,.' ,) 

]l 1" 
[(i] 

In thc cqw~tions [:"5] and [6], p(r), given by [2], ha.s t.he following !lx.]Jlieit 
form: 

lO fl4 n 
[7] 

obt.a illpd fl'om Thoma .. 'l-"f!'el'mi mode!' In the eql1a tion [7] Z is t'he 
at.omic number, rp i ~ the Thoma~-Fermi funct..ioll, c ii! t.he elect.ron charge, 
x is a dimf'nsionle~s varia.ble: 

:1: = 
, 
l' 

f-l = 0.88 . ((, Z"l/l cm 

whcre 0 0 is t.he Bohr mdius for hydrogcn. 

Substit.ut.ing [7 J in [6J and puUing: 

"'''_1 

J .-1 r x"i , 
Il .r " . , .. , ", . 

• 1 ." \'~I -
" 

we obtain 

Qn -Q"- l I l , 
= :c3n- l A(Z) In-I~T" . 

Q"-l , 

[8] 

[9] 
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U~ill~ t.llI' inpllt. pa.ra.meter~ given hy TfI,hle 1, we have Ileveloped num
eriea.1 calcnlation for Fc, Cn, Zn, Ag, l'Il, ~\u, P]} conflitlel'ing t.wo ~nh
seqnent eompre~sions (t.ho formor, from O t.o 101~ tlynesjem!, tJw la.t·ter 
from 101~ to cl· Il)12 dyncH/cm2) and thc rcsults arc shown by Ilashml 
cHrves, in FigA'. :3-8. 

'l'abl,' I. - 1"l'u']' 1',\j(,UU;'J't;I\S Hm '\U.\U';IIlC,II. C,ILCl'LITIO:.IS {Hoy('!' (")). 

,. " .'[dal Z {gjl'III"} (A) 

F" 2(j ; .H(j I.GI 

CII 2!l H . !lO .H 

ZII 30 ;. " .iJ.l. 

Ag- ,; IO .J!l (jO 

Cd ,< <. (jJ .73 

Ali 7\1 l!! .:!..J. . ii!! 

l'b H:! " .3..J. .D3 

CrnIPA!UkO:"lk W['fll SHOCK WAVRS [J,\TA. 

Alt~huler et al. (~") have mea.~1lI'etl t.he eOl!lJlressihility of several me
t·,l,ls t.o a Ill'essllre of the ol'der of -1·10'" (l\'ne~/em2 llsing t 1m teehlliqne 
of ~h(wk w[Lve~. 'l'he cquation of state so det.ermined must be l'ml1wcd 
to a l'cfcl'cnce temperatlll'il (00 E) in ol'der 1.0 makc prolWI' interpretal;
i011H of thc eXllCl'imellLal ref\1l1ts. Thi.~ ha~ heen lllade in two ditrcrcnt 
lllHonnel'S hy Kllollotr u1Hl )iaf'i)unald (!"), antl hy Takenehi mlll Ea
lIalilori (~1). l!'igg. ~-8 shov.' t.he results of Tllkcnehi antl Kan amol'i 
for Fe, l'n, Zn, ~\g, l'Il, J\u, 1>h eOl!lp,u'{~1l with Thomas-Fenni Uirae 
B!platioll of state, with [9J a.nd with the Bireh-Mlll'naghan (27) eqllatioll 
of stat~l fOl' t.hl'ee valnes of the llarameter 1;. Thc rc~nlt.~ of KnopolT 
anll l\laeDolmld fol' l"B, eu, an~ relll'llSented in Fig. 9 a.nd eompa.retl 
wH·h [9.1, the Thoma..<;-FCi'mi eqllatùms of ~t.ate, allll the p- J' relation of 
Eal't·h's int.erior. From the~e consitlcl'atùJJlS we mm eOlldllde that 
Out· motlel comtitllte~ all illlprovement or the eqnations of stato tlm'iv
ed from the ThomHs-Ferllli mollel of t·he 'I,t.om a.nd tlmt the formai use 
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or olllostieiLy in ,.tomie l>ealo iH justifìed hOIll tlle experilllentni resnlts. 
[1ow{\ver wo wanL to note tlmt the pl"OHent rCf!lllL~ ,.re only osLimates 
a,nd Llm1, in a ]IPxt work Wl' ~hall re]lort a, lllore rig-orons developmo]~1; 

1014',--_________ ___ .,-_, 

f!/r!" - 1 

TFO 
Z=82 

OOK isofhprm 
sh ock Wave 

1=_ ' )MB f: r equation 
,/,:1 - -} of state 

Figure 8. [~otll(,TIIW or Letl(J aL O oK ha~1'11 OH slu)('k wa.ve (lata r('llneed 
by Takl'lll"loi illl<l l\a.I\a.WOl"i (M). Bìrl"h-\hl1"llilghall 1I«()(Jr-] ilwl Thollla.~ - lo'erJlli 

1I«()(JeJ. 'L'III' (L]..~III'II ("IIITI'· n'.prn~(\!lts onr JIIodl'l. 

alld more pl"ooi~o ]"(lslllLs. 'l'Ile teltlllemtnri' jl(',rlurba,j,ioll abo ~h all he 
tab'n illto a,o(jollnt:.. 
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14 

10 -
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/ 
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I I 
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/. , 
li 

i/ / 
Zfl; / / 

/ /Earth .' 1 1 

/
' /ILU ;' 

.1/ / 
/ ' ,II 1 / 
. / ' 1 
I 11/ IIFe / 

I il i / 
// / /23-48 

I .'1 I I 

8~--~I· ____ ~~ __ ~~·j~·j~·~/~/~·~/~,/~,~~~ 
1 2 J 45678910 

pressure 10'2 

Fi/.\'11re !J. - E'llHIt.ioll~ of ~tate Ior iroll, eOPlH"r, ZilU', allO! 11 h,vpotJwtieal 
material uf atomi\' 1111mher 2:3, atomie \wi/.\'ht -1-1> in t!)(' Earth'~ ':0)'(' ]J1'('.~Hlll'l' 

l'[mge. 'l'hl', val1w,; oleri\,p,l frulli slwck wave mna';lll',UlH'llt,,; (,;olid) an' ,'om
]Jal'nol wit.h thu~,' oillaincd fruill Ihe 'l'!wJltaK-Fprllli t.lwul'y (fnll ,·in·h',;). 
])1111(\]1 '" d{'llsity di.~tl'ih111iOll i~ "llOWll f,)]" "OIll]JariAoll (lriallglPK). 1)111' ),(\';1111" 

are indi"ateol Ily da,;hl'ol lill{'~. 

GEOPIITSICAI. IMPLICj\TIO.:'{S 

OUI' t'l'sults for iron M'e eOllllml'1II1 with t1m Eal'th's eore equatioll 
of state. 1<'01' this 1111I'])OSe we lLf!e tlw ])l'e.~~llre-thmsity J"eh1,t.ion of 
t.lw El~1't,h's interior given by Rullen's mode! (Al) (30) rellortl',d in 
'ra-hle 2. 

\Ye must, note fÌ1'st tlmt it is Yl'l'y signifìcl\nl t.klot. tlw tlwol'etical 
(nll've of il'OH almost COillCillm! wit.h t.hc labomtory eX}leriments (Fig. 2). 
It i~ ,.l~o f!igllifì(', l\nt. tha-t onr tlwol'clieal C1l1Te of il'on i.~ 1!l1wh elosm 
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to the Earth's ])reSSllre-!lensity relatioll tlmn the forIner theOl'etica,1 
models. Also the therInodinamie eorreetions sliOuld be at most 8% 
for temperature of the eore of about 10 1 oR. This correetion brings 
thc theoretical results eloser to tlw pressure-density relation of the 
Earth's COI'(\, but it is not suffieient to bring them toghether. 

TaliJ(l 2. - VAr.Ul';S Of' p, IX BUU.EN'S )iOIlEl. (A') ("'). 

DCJllh (gil/cmJ ) 
p 

(Km) (I 012 Ilyncsjcm') 

33 3 . 32 o OOl-) 

200 3 . 31i o OG-i 

-iOO 3 "' 0 . 132 

liOO , 01 O. 201i 

1000 , (ili o. 383 

1400 , . !lO o 57 

1800 5 . 12 0 . 77 

221)0 [i . 33 o !ll' 

2GOO [i ii-i . 20 

2700 " Ii!l I. 2G 

2883 5 . G8 1. 37 

2HH3 o. 70 1 . 37 

3001) " !l7 1.-i!J 

3500 10 . 1i5 1. !J!J 

-i000 I1.I!J 2 -iii 

-i1i01) Il . 1i0 2 . "' 
-i!lH2 Il . H!l 3 . 15 

li371 12 . 22 3 . 55 

Therefol'e the equation of state intro!luce!l in this paper, when 
compal'ed with the pressure-!lflllHity l'ela tion for the Eal'th's interior, 
can sug-A"est anomalies whieh are of physical signifieance. For instance, 
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i[ we acccpt the hypothesis o[ a core madc o[ iron and silicates whoso 
reprcsentative atomi(\ nnmber is 23, then the relative composition 
shol11d be 80% iron mld 20°,;, silieates. 

14 ,-----------------------cn----" 

8 

13 7 

12 5 

4 

3 

2 

10 

/ O"K ,y 
,,~-------L-L~--~~~~~ 
0,1 234567 

pressure 10'2 

l"igllfe lO. - COIllparison uf ILen~ity eurves fuI' iron "ith tllOse for tllll Eartll'H 
cure. ])ellsity ~listril)]]tioll is that of BlIllell's Illodel A. Our fe.~ult.~ an' 

represelltnd by da~hed !illes. 
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