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EARTTI'S R{DIAL PROFILf,S BASED ON LEGtrNDRE-LAPLACE LAW
.d N. Marchenko

(State Unir e$iir " Lrir Polrtechnic')

Absttq.t The fanous (and aldest) solution ofclaraut s equation ar Legendrelaplace law of dennry \,as used lor
the parameteizatioh af the hldtosta c/adiabatic Earth s rudial dentity disribution in the tro standad foms:
continuo s and piecewiie radial casetr. As a rcsuh, the ;-et of rcarsive famulae werc faund fot the satution of
ditect atd imerse pftblens (on the ground aflundamental geodetic constants and seisnic dqta simubaneousty).
The mennoned piecevise Legendre,Lapldce densuy is in a good ageement with the PREM-densiU nlodet

Introductit t

Traditional consideration of ihe faflous exprcssion of
a plaret's Newtonian potential

vlP)' cffldn ffl sdv. (r)

leads to well-known conilusion ttr.rt att probtems re-
grrding the determination of a planet @arth) gravita-
tioml potential rnay be solved if the correspondhg
volun1e derNitv funclion p oI this bodv is kmwn. ln
(l) {F6.673.1O3 cn'zetsec 2 is tlrc gavitarional cor-
{anr. d i. an element of lhe rolurne !, /ry is ln
element of massl I is the distanc€ betveelr the nrass

elemeft dm=?Jv al.d the attacted point P with unit
mass. ln practice we have another or inverse situation:
we want to detemrine this lilnclion p (to lake futo ,c-
couit oul poor kno\i'ledge nboul deisities aM some
initial information aboul pla Ets). F'irst of all we lvant
lo deternrne th€ plaNl's rndlal densities p(1) , for in-
siance, from $e solution of inveNe gravilatioial prob-
len1 l'ith an additional application of rhe Earih's seis-
nric data ard other geophysical dara-

Recentlr. instead oflhe standard polynomial rspro-
se :tlion of a piece\rise radial d€nsi8 sone old hlpo-
theses for density disirjbution (see. Br 1en, 1975) rvete
analized especially in view of Clairaut and William-
son-Adams equalions (Marchenko, 1999; Marchento,
2000) The lafter leads to the special investiSaton of
t\e hydrastatidadiabati. talrr. In particular. Dar-
rvin's laq' (1884) of radirl densif, was used for rhe
tralrsforrnation to the famous Gaussian distrib tian
that rlas called by the Ed,"/, 's density normal law wt]Jl
the tseafirent of Roche's law as a truncated Tavlor se-
ries expansion of Gauss or Legenahe-Laplace odel
(Marchenlo, 1999; Marchenko, 2000). The fieated ra-
diil profiles are in a good agreemenl with the PREM-
density model, including gavity disFib tron. For tlus

rcason just Gauss' normal model was applied further
for the representalion and comparison of planet's
ndial dm.rles pro6les. The goal ol dLis prpe, is a

study in the same way the oldest solution of Claimut's
equation, which is well-known as L€gaftbe-Laplace
lav ofthe radial densiry distrihtion-

1. Basic erprcssiohs Jot the stalifpn spherical E 'rh
Ar before. we shall assume d1e figwe of tlle Eanh's in
folm ofa sphore with the cefain moar rrdi s R=6371
kn. In our formulatlon the plmet's radial derlsiry 1vill
b€ cor$idercd only as a function p( I ) of the cuneft
radius / (0< I <R). Since we use a spherc irstead an
ellipsoid *i1h the na$enaog F0, the gravilational
potential I/ will b€ treated also as th€ gavity poteftial
IY Moriz, t990)

The planet nuss M and its mean moment of ingrtia
1 will be cho6en as observed data. For latter use, we
slDll rewdte several w€ll-known fomulae in thc !.ase
of , lavered sphere of t]}e radius l, rcstricred planet
nusses. [f a statificalion of the Eadh ieads to lts
division inlo n shells, we shall rsprcsent a volume
radial density by o e model wilhin every shell
s!?arately

(2)

a\d t\e mean moment of;rer"Ita will be r€presented in
{he similar way

p,(r1. r=tz..m.
with a suilable lnalhem.rlical rcpresentation of th€
functions (2). Then we shall consider these relation-
ships for a sler..a/ stratified Ealth. ExFession for
the nd.rs can be written mw as

M (r)= 4/,U lo,e)r'a. +
t-tlH t

(tc'=o), (3)
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(ln =61 (4)

wbere dr is the element of a line. The ean deNity
D( I ) and the gaviry n$ide a planet admil tlre tollo"
lvrng standard rcpresentatiorls

D(t. M(t\, (5)
' 4 n !'

t na:

'rU\=:(DI'l (6)3'
Lr dre crse or th€ Farlh $e slbll use $e sersnLi,
lelocities // and I/. as well-ho1vn fuction

.. ..^ aa=@U)-v(t)i -Y\t)i. (')

by applying thoir grid values in accordance wilh the
PREM-model (Dziewonski and Arde.son, 1981)
which reflects tle results of seismic radial tomogmphy
ol the Eanh intedor

Assming th,rt such a piecewise deNity rnodel
slould fulfill some stan&rd diff€rentbl equations, our
nerresl goal will consist of tlre conDutation of the
mlegals (3), (4) after the choice of an appropnate
nathemdic?rl exFessio for the density distribution
wirhin each shell. The sepanhon of the spherical pla-
ne1 inio convenieni shells h"s to be choice aI rfiose

spher€s. wherc disconhNities in rhe prameter @ or in
rts derivali\€ can be obsened.

2. Auxinary rclatiotlthips fot Lesendft-Laplace model

According to (Bullen, 1975i Montz. t990, elc.) there
exisl three famous soluli(ns of Clarraul s eqlation for
the radial densiB disfiibution p inside the Earrh. Firsl
one ls Lceoal,c Lalla,e tdt. dte .e.ond one i\
Rocr? 1r /s, and the third o e 1s G Daruin law. The
fir$ law of densi8 distributror$ \dll be studied belorv.

2.1. Contin ous rudiat densi\, disttil)uttorl

As well-known the radral densitr p nuy fulfil ihe so,
called WillialDson-Adrms equatio for each shell and
it corresponds to lhe hvdlartatiLradiahdtic Eo h wt-
der the following assunptionsr rie Eanh is globallt il
hydtostatic eqnilibri]dn\: the tenrp atlre is adiabahc
i every shell; chemical composilion,nd phase uaru-
for7lTalroll's are hamogeneonr in each shell. Nou, by
,pphrng the obsened scr\mic \clo('r,cs (7r rn \re$
of the $avilado al ard hydrostatic rolarjonstups Wil-
liamson-Adans equation can be writter fi nally as

dtn p(t) g!)
d( ---q4

As a rcsul. (8) is a fonnula to derive the radial densiry
frcm the seisnic vetocities dar4 firlfilled under the
assunptions listed above. ln order io use (8) $,e will
tr' ftrtber b apply Legondre-Laplace law

sin(l.r)

I(I)= Yli'i 0,,,n o,. i o.',,,' a'1.r ,r,;, ,; I

p(z) = p.. 0=coflst), (9)
w

and to express the observed seismic data bv the
coresponded tmction oI a depth. Here r is tlrc
dimensioiless "mdius-vectoi' x=l/R regarding to

R;p.= const and may be considered as the densr9 al
th€ origr Note that Taylor expansion of (9) leads to
Rocbe s model

I ^.1 \pO polt =x',=a t, ,ro,
\o)

if lve disregard olher higher powers ofr
\eyl. in vrew ofr9l rhe sraighfor$crd inlegrauon

ofthe exFessions (3) and (4) admits the ner( renar-
kable expressions for the Eardr's mars

M\!)' ::L t) o'ltl rlll
t'

wfth the following exuession 1br radial deril'ative

,r'tn =ff=1o,"o"tr.r ptttllt. (2)

^\d 
lot 1\e nean matient of ne n in rhe standard

t t t = | u r. r.l,'- t^..1'on!r,o,o,.,,,
j L y.) 3y.

d1rd in lhe dimensionless lorm

',r,,=11;-6 
41* 1e(1) (ro)r f' "t.Dlt)

Applying lhe last formula to a surface of re spherical
Earlh (l = n ), x'here the obsen€d densify dR)=A is
known, il€ comc to the rcxt expression

t.=t,,Gt 4 ":. t,' . ,rir
t'lD I l

where ,-DG) represents the Ealiis ean density
(D=5.j 14 g/cm3). Thus, if rhe values ,, p"! and /, are
known from obsenations we come 10 th€ solution of a

nonjinerr inverse prcblem by neans of two closed
c)iprcs.rons lo' 2 basrL pdramerers TIle ftrsl one i.
some qualitative .hatucteistic of the global density
distibution in the form of a simple fomula lor rle
coeffi cienl /of Legendre-Laptace nodel



(16)

whrch equal 1o f2.47541 for the next initial valuesl

D=5 514 g/cnl1. p,-2 61 g/cnt3. arrl 110.]29979. The
seco one rEpresents t]lLe quannkl ve paranetet of
the nrodel (9)

rlD fl-)
'" ; [srnt71 7 cosi7l]

which can be co rpuled on the gound of the expres-

sion (16) lrrd 12.117541. ,=5 514 c/cm3. As a rcsull.
rhis para leler is equal to ,r".. I 0.8?:l g/cn3 in tle case

of the continuous Legandre-Laplace drslribution Tlte
solulron (t6)-(17) provides finall] the e)iact agreemerlt
of p,. the me3r densit\ I] ard the mean momenl of
ltle{ia t. but wiliroul such good ageemenr of dre

densrw p,, al $e ce re of the Eadl's masses This
nodel agr€es besl of all with the continuons Roche's
nrodel drat rs reflectcd rn frturc I. wcre compariso'r
Nith piecewise PREM-model is done

Nole that tle determinaliorl ol2 para eters ol_the
conlinuous Roche s rnodel is bnsed traditionally onthe
mean de siE D and the nrear rno enl of rrctia 1,
onlv In fact. jn lhe casc oflhc co ti uous Legendre-
Laplace :rnd Gauss densi$ rnodel (also 1!ilh 2

pirimteters). d// standa 3.2-l .onditians (lbr
sutla.e denstyA os nell) .dn he repla.etl hy one
relahonship (t6) lot the cote.tpahdtnF qualikttire

, =^ln;-,lll" i)

p [s/cn']

characletistic I TIr€ q\ratttilative characlenslic A row
rs the non-lmeal functlon (i7) of the comprted /aid
the Earth s nean de sl4

2,2. Pie@iie ltdial dehsirr distNibutioh

\c\r ue as5une dlJl lhc Lbrdr's .lr rrLficabon Br\ c. flr
the forfi ofits division inlo ,, shells. then we will re-
presenl rc density disErbution by orc L"-gendre-Lap-
lace mod€l within every shell sepamlele

. . sin(r x)p.U| 6,- ' : , '.r..a (18'
y, .x

hsening (18) into (3) " (6) ue con1e to rle re.,/
tun.e lbnnulae for a sequenlial conrpulalioD of (he

mass, the nleai d€nsit\ and the mean momenr ol iDer-

M ,.,,(L) = M ,.,, . (t ,, .) . u ,,(4 .

(r,,.<t<t,), (re)

D,-\ ) l '. 1 o,.",1'",,1' n"y1 r.2n)

\/./
t, ,,(')= t,,,, ,(t ,, ,). t.(t). (21)

$here evera, integlal h (3), (1) c"Ln be expressed by
means of the arxjliary relalionships

or',=!4'\ '[d.o.; ,r p.tttl/,. ,ttt

.l

Figure 1. LeseMre-Laplace. Roche, and Gauss contlnuons densitres reg|rdins the PRIM- odcl
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,,ttt =51,,,,p',(r,,) tpie)1.

M.,.1Q)=MJ1), e3)

,,ru= *YIn,,piu, ) - tp',(r)\.

D,,,(r)=D,(/), (24)

| (t) - !#A" lt, e (r) - r',p,(t )l
z".k^p',ttt - tip',u,t]- u,tr>\

t,(t)=t,(t). (2s)

si.rlng lro tlre lirst shcll (O<l<1,). In rtrese

formulae 1, (/=1.2,...'r-1) are the hxed radrus"lec-

tors. where disco tinuiiies of the radial densitf are as-
srmed Fonnula for dre Sravity is based on dre ex-
pressions (6) and (24):

)l-ag,"(,) l" 'tt ",(,). \,,",._t-t,,). \261_t
For the forinulae of ih€ seisnic pann1eter @ md

rtsl mps we shall find
dtnp,(t) _ e:(t) _y,co{t,x) | , (z:)

Llt p,(t) R !
a,rd l1l view of Williamson-Adams equalron (8) nnd
(27) for s ch model we eer imnediately

- ,, +ftCp,,l| )Dt,.\t)R
<4 h\t )= n .

rp'" lr ')

(t,,,<t:t_). (28)

the exFession lor q) agrin sra(irg konr tire first shell.
A" $ell-kno$r. drrs prrdnrerer nrun oc rlua)s p../.
,r? irld the ratio musl be positive also for each bouo-
dan oflwo shells. thal is

o,.,1 ,) p;.,1r ,t p,\t.) 
^at,,t\t,) p:u,t p,,t(t,)

t = 1.2. ..n . (29)
In ptuticrlar. we corne 1o conclusion rhat the deriva-
trves pj(r,). pl r(1r) in (2e) musl be nesalive for

Legendre-Laplace n1odci ln addrtron \re car coirpute
now a sersmrc.iump of @al the / - bourdary as

1t@ = lo .,.1 = o,Q ,) o,,,\t ,l
4ftGDt,]l t\t t fp,-,{,, t p,11, )l {10l

r L;,"Jr", e/rtl

Tlese fomr lae may be used also as lhe addi[oftl
conditions for data pocessing. because the left-h d
side of(29). (30) is known fiorn seismic data. Note al-
so tir t the density aldle origin according to Legendre-
Laplace model is depended or the ob.rensd 4,as

. , AnGRl{,(0)= '-. 5' (llr
yi

$here q(0) conesponds to the firsl piece ol the
seisnic dau @ at the oigin. Relalionships of rhe safle
rype for the piecewise Roche s model and for the
piece\dse Gauss' model car be fourd lll (N,Iarcherko,

1 999) and (Marchenlo. 2000) respcctively

3. Pieceuise Lecenbe-Lqlace nodel

Roche s model (10) can be chosen norv withn everY
shell separrteLl as rnilbl jlenton for flrrdrer construc-
iior of tlle pjerewise Legendre-Laplace density profi le
(t8), which should be agieed wlth the whole milral
ifformation aboui the scisndc dala ard asfo-geodetic
data Regarahng dr€ drsconthuities in the sets xc velo-
citres we are led to tlle following separalion (lable 1)
i$o sh€lls according to (Marchenlo, 1999). $herc a

rrrhenr'r. Ll desLnprron or ll'e Fani \ derls,iv rs

based on dre pie.ewise Roche s model with l1rc same
separation. Thrs piecewise Roche's odel ls in a good

agrecinenl wilh lhe PREM-deDsit\', wirh the exception
ol rhe (rusl shels on fie firuJ sep r "geodel-c \er-
sion ' of rhe piecewise Roche's density profile widl the
sudace densilt p,-2.6? g/cmr (included i o solutur
as additronal infonnation) was build (Marchenlo,
1999).

Thus. o drc fusl slep \re cir get a preliminary so-
lurio.r ror coem(r.-nls / ol ecch shell b) rhe Lonrprn-
son (9) md ( l0) thal loads to the nexl formulD

which was used for the initial detemrination of li Gee
Table I, colrrm "iniiial itention"). The coefficienrs d
of the piecowise L€gendre-Laplace densify profile
(18) were adopted ir dris srudy as fixed v:iues accor-
dirg lo lhe same previous Roche s nrodel (Table l)l

r, - J-6+,74 . (32j

(33)

A process of tle diferential conectjon for ihe
creation ol Legcndre'Laplace nFdel was applied on
dre second step This consists ot thc readjuslmenr (bv
jlentrons) of these independenl piecis of densrty to
the piocewise Legendre-Laplace density distrib[tion
bv meons of the closest approxirnation of the set oI
seisnLic data and othor additional irformation abo t
fundxrnentd geodetic const2nls.
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Lr fact the set ofthe coefhcients 4 and I yietd Le"
gendre-Laplace density (18) denored in Table 1 as

I re finrl \ersrol of rl,e pi<ce$is€
l,egendre-Laplace radiil densitv is denoted in Table 1

as Jihal tt?ration" (see Figlre 2). Tlns mod€l iyas
construcied bt m€rns of tlrc li eariT-rtior of necessary
equalrons aDd 1Ie direcl approxLrnation of rhe obser-
ved seismic dau @ ir accordance rvirh (Dziewonski
alrd Andesor, t98l). Note also thal rhe discussed
probien represents a good exanple of r -po6od prob-
lenl and ir view of stabililr ot tie solution on\, di$t-
r€Nial correcdon of t, \vas applied here withaul ,mv
chalu€s in d.. In practice u€ set a vioiarion oI the
requrement ofstabiliS. Ljsually a solulio can be ob-
tained bl the direct applicatron of some additional
rnjo mdrron dbour rl. lhlrs sr,tntltrneous dcrem.iuu-
ons dl, X leads in lhe c.lse of the piecewise Legendre-
Laplace model (or ir the case of Causs' model) to a
''collapse" of malJix inversion and orv choice in tlns
st dy was the diJlerential cor]eclion of rhe coel)ic;enl
I onlY

As a resull. tlns ronlinear inverse problem was
based on the expressions (18)-(11) ad 3 additronal
conditions lor rhe Earth s rean densj8 . lh€ meitn mo-
nent of inertia, and the srrface densirl,. The tafler ll,as
rdopred [ere rr in drc p(vrour c,rse) ior Ure p]e-e\ 1cc
Roche s and Gauss models: p,-2 6? 9cm3. As a nat
ter of fact, ihe behavlour ofdiffeleoces in tlrc Table l
belween the initial a final versiorr of the coe{fici-
enls I of Legendre-Lapiace models nlar be trcdred
here for every pi€ces br rh€ application of &e non-
liredr Legendre-Laplace nodel iistead of the iirilial
linear Roclre s model

Conclusions

I'r .rddir oa to fie pre.ediig re\ulrs rcl colct'rs,o1c,
limllv we shall characledze some nice Fopenies of
the considc.ed ,spzr,l"?-t aptace no.lel, Rochp s mo-

feoae3it

del O4arclrenko. 1999), and da'l.r,r br nornat nadet)
h:tdia! denery distribuhan (Marchenko, 2000)

On the one ha.nd, the.,orlrr?r?r Iadial ileNitr dis-
uiburun \$e FcnI lrs one {hclt) In rtre tom,s ol no-
che s profile ard Legendre-Laplace model luve a best
agreement. which is reflecred in Figure I Bolh these
nodels srlisfu 1o Clairuul s equaron. Oauss. radial
profile satisfies to Williamson-AdaDs equation jnd it
describes best oI all a ge, eral trcnd of r\e EaI1J, s n-
dr- densrh which \ rs repre.enled here b\ tne pre.e-
wise PREM-model of dcnsitr.

On the odrer lund. th€ piecewise Eaflh.s Legen-
.1rc-Laplace rudiDl denstry Annhution c€n be tesled
with tlre same apFoach as in (N4lrchenlo. 1999; Mnr-
ohenko. 20m). l.or 1h€ piccewise Roche's modet we
haYe got dle appropriate sol ul ion on the gro nd of the
golder section technique (s1ep by srep) with drc read-
justment of all piec.s bv paraneters with some additi-
onal co ditions. Note that Roc-he's mdial dlsrib\fion
con ects wift the inversion of rhe /irear opemtor (see.
for lnsunce (10)). Od,.rs |dtd Legendre,Laptace \b*
linear models co recl larth the conespondrnts ,or,
/ra ar 

^pemtors and ob!ror s dimortUcs rn tleij r\.er-
sion (with high sensirivity to a stabitity of solution).
As a result, ihe ditrcrcnrid correction of one coeffici-
ent l, (Ior causs' model) alld t, (lbr Legendrc-Lap_
lac€ proflle) were uscd o ly as a possible wav for dre
solu on ofsuch ill-poscd problem. So, in vie\1of(10)
fie coefficients a, of Roche's model were fixed jn
lhese hst cases Nole agan ftat simultaneous delernx-
natioDs of all parameters (,\brikosov, 2000) of the
piecervise Legendre-Laplace or Gauss prcfite require
especiallv the additional infomudon abod the desjred
solution, for example, a general bend ol rhe Eantfs
rudial densi1t,.

Never rel€ss all investi8ated pi€cewise Roche s.
causs', and Legendre'Laplace Fofiles are m a good
ageenent lvil]l the slandrrd PREM-nodel (laking
i,{o accounl the considered assulrptions about hrdro-
slatic/adiabalic Eenh listed before). Obviouslr, a iinal

:wse Lcgendre-Laplace densily model (r?=?)

Shell 4
lninal

itemtion I
Final I). DensiE

julup

I

2
3
:l
5

6
,7

13 061

12.483
6.370
6.058

-5 ?81
6.05?
6 622

2.02098
z 00252
155108
159160
t.6t8t0
169578
l8!230

2 02334
2 05393
160817
L68t74
l 7'7825

1.87310
2 I1959

1221.5
3480.0
5701.0
59',71.A

6151.0
6346 6

0.5'75
4.429
0.3 s4
0 395
0.084
0.420
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Figure 2. Comparison of the fnal Legartte-Laplace model with the PREM-dens8

choice can be done affer lhe abo\,e-menlioned study
regarding a possible stabilization in the frame oI the
regutaization teclurique. h this step of investigauons
of analysed nodels, Gauss profile is rather more pre-
ferable. On lhe one hard, this model a&lits the most
rpprcpdate agrcement with a genenl trend of the
Earth s radial density. On dle other hrnd, (i depen-
denfv on other models) it leads, as the ponia] soluliotr
of Williamson-Adans equation, to the si pl€st rela-
tionships fol initial coeflicients on the gound of
seismic data.
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A. tllapseHno
PAA.IAJIbHOE PACIIPEIF,IEHIiE NNOTHOCTH 3EMJIH HA OCHOBE MOIFJM

JIEX-{H.4PA-NANNACA

H3Becrnoe peuenHe WasneHur KJ€po B iDopMe 3a@ra Jlexan4pa-Jlapraca, flurcntr3oBaHo Aru n*piMerp6aqr{r{
palrraiLHoro pacnpelexenlfi [noTt{ocrr{ 3eMDr B paMkz.{ ruapofiarFrecKr_4fia6drfi{ecftofoi reopIrx. orMe\eH_
Hoe pa,Sfiarbfioe PacnpelereHye nrrorHocru paccMqrpeHo 8 ABy.! Bapr.ranraxi lJtk fienpeplrBxoej raK !r ee KycoqHo_
HenpeprBHoe pacnpere,{e1rxe. B p$y$rare 6ru llonv{eH pnx peryppernr6x oopMyx (a,,rJl nnaHerbl co c1[epH-
qecRoi crlarltonKaqrcn). loc'raB.rr,trorir,.{x peEen}re nprr\4oi ! o6paT}Iofi 3araq I{l ;cEoBe ceicMrrecru\ Ir acTpo-
HoMo-reoae3r{qecftni aaHH}rx. llorryqeHnoe Ktco''ro-HenpepbrBHoe parlr{anbHoe pacnpeaenerflre xopo(o cormcv-
ercr c ruore-Il'rc nnmHocrr PRPI\4

the descnption of botl rhe primory atrd seconda.ry
elements of complex inrss distributions, using finire
nurnber of piu_d'rele s, arld ne\ible ril grvcs tLe posr-
bilitv 10 use rnodels of different conplexit| Tire mo-
del conslruclior reduces 10 the soiution of lhe irLveNe
gravity problen

wle dle e\pennrent is {rcLesrfrt. re ir nrque
and stable mod€l of point mlsses for the gjven se1 ol'
dala is constucted, ihe obuined phrsrcal drrd n1athe-
matrcal model gives d€ possibrh[ for a more radicat
way ofsoiving all gravit! and geodeiic problems

ln order to avoid non-uniquerrcss aDd mstabrlily of
tlLe ploblenl ard to find concrele models, hro impor-
lant questions should be dnswercd: how to defi e the
nLa:dmum mber of point nusses ard how to fird a
unique a d slable solution wi u the chosen class oI
ftodels.

11 is obvious rlul rlle bigger d1€ number ol tl€ po_
int nnsses is, drc more Fecise rhe approxi auon lvill
be. lt is dso clear thal th€ idormarion. on wluch the
de sity cross'sectior of the Eorth is modelied. is finite
and the conplex y oflhe Drodel is limited. The appro-
j\rmruon .tr made by grddu.tl,, flakn8 rhe rnodcl mo,e
elaborate, until reachirg a model class, for which ,l

OPTIMUM POINT MODEL OF THE IIARTT{ GRAVITY FIf,LD
COMPILED ON THE BASIS OF ABSOLUTE GRAVITY VALUf,S

Stoyan Avdev', Simeon Kostyanev ,, Vetist fiv Stoyanov,
(scientifu: Resear.h Institute ,Ceotog & Geophysbs",, Uni,e.sity of Minntg & Geology, SoJia , Butgoia)

Abtuad .4n .ophtnll pont nocletoIthe global grtuifi)letd,as canrytte.t on the basis ofdata far absohne Narltes
ol gruvtty. The nadet ws campased o/ pomt nasse:. Oprmltn parumete^ aI the nass;s werc ctetenntntd br !h?
lcan suarc. nah..l This hodel ts u tq e and iabb fat e s;d set oI dat; and pft \dei the he,, a",,,,pri,i, 

"ttheJield*tth leastnunber afparaneten ofthe so ret Itapprcfl ates the Ltsed abrotute vat,es at the grc,\ty,ilia ean sqltare effat oI about a0 mGal, and anly fo, data ton the IISA tetitory - 3a ncat. The jetd al the
optinum.potnt model k ctose n n|rcs to the fetd oI the lekrcnce e ips.,td (the nornat ercvtr jerd), and tiat of
tue rcNdual anohlalies , to the free ab anantaties An adrantase aI the point ntadet af ie 

"o,ti's 
gt.t, ot tr" U, i,

conpartson h.the el.LpMidal one, h itsJlenb itf antt htgher precision m drlta pracessi E and its-appti;ahan in
ge a ph \'r c. a n d ge a de s,r'.

I ttoluction

The idea ol presentiry lhe eafih's gravitv field . rd its
so rces b] an oplinal model ofpoint m.lsses was pro-
pos€d in 1962 by the outstandiry Bulgariar scientisl
Dr. Dimitar Zidarov (Zid,fov,t992). J. A Weightnun
(1967) $ggested rhal the pojnl masses should be llsed
in geodes\ 'o create r nladlcn,rlic:tl model ol glr|B
field Drc to the adv)ntages of this class of models ro
tbe traditionai decornposition of gra\rit! polential to
sph€rical fuctions the idea go1 a wide derclopmelrt
Wc are nol going !o mention all otthe numerous pub,
lrclriors on rhe abo\e problern. \rr.c ther rete r]in.
It to lhe formal descriplio of the gravif fietd. We
would rccotnmend the works ofMeshcheryakov, Mar
chenko alrd olhen to lrose 10 rhose inlerested i ttre
nrLr'riporI nlodcls ot the geoporer|bt Worlh menDo-
ning arelhe R?pers ofJ Jelev

In our pJper rre olfer.," lpl'rn,rcn oi.rerlirg dll
oplmal poinr Nodel of the Eanh and its gravily fietd
usurg non-reduced gnvltt data.

As an apprcximate conslructron rhe poinr model is
u jversal (( approxirnates arbitrar!, smooth enough
funclions of mass dislnbnlio ). e.\pressive (il allows


