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Gravity potential as a result
of series expansion-based
inversion of torsion balance
data
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« interpolation of deflection of the
vertical

« determination of local geoid forms

« determination of gravity and
gravity anomalies mainly for
geophysical purposes

« determination of vertical gradients

Inversion based reconstruction
of the 3D potential function
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The test area



3D inversion algorithm

The gravity potential W(x,y,z) as an expansion in a series of a known set of
basis function ;... pis

Nx Ny Nz

W(X,Y,2) = ZZZ B, Y, (X)LPj (Y)LPk (2)

i=1 j=1 k=1

(wherel =i+(J-)*N, +(k-1)*N,*N, and BI are the unknown expansion coefficients)

The second derivatives from torsion balance measurements:

N, Ny N, \
ny @ - i:1jzlel‘P (X)‘P (y)l{l (Z)
W, =W, W, =333 B.{g, 00—, ¥ (9, (2)
|= j=1 k=1 QI >
OW & !
sz _@ _; = Blgj (X)LPD(y)LP (Z)
ZW N, Ny N, ql
a X, Y
Wyz - % - ; jﬂ;BILP (X)LP (y)LP (Z)

= )



Introducing the notations:

SqI = SUil(xq)ﬁujl(yq)$yk (Zq)
Qu =1, (V)i (%) — ¥, (), (%) ¥ (2,)
Dql = \PI(Xq)\PJ (yq)LPkl(Zq)
I:ql - LIljl(yq)LIjl (Xq)LPk‘(Zq)
The computed torsion balance data at an arbitrary point (q) are:

(a) . )
q) _
W —;B,Sq,
M
WA(q) = ZBIQqI
1=1

M
Wx(zq) : Z BI Dql
1=1

M
Wy(zq) - ; B, Fql )

where M = N,N N, —1 is the number of expansion coefficients, Sq|,Qq|, Dy, F,  are known.



The first derivatives for the inversion procedure;:

N, N, N, | \

W, : ZZ_:ZBILH )Y, (Y)Y, (2)
w, =2 =2 DIEAOTAOL AN
%Vyv I WUTCTAOTION

Let’s introduce the following notations:
Aﬁl - \Pi (Xq)lPJ (yq)‘Pk(Zq)
qu = LIJl(xq)LPJ (yq)LPk (Zq)

Hy = \Pi(xq)\le(yq)\Pk () (A i B A, |

Computed data at an arbitrary point (q) are : Wx(q) m Z BICqI >
=1

M
Wy(Q) = Z BH,
1=1 /

where M =N,N N, —1is the number of expansion coefficients, All : qu, H q1 are known.



Elements of the deviation vector:

M )
WX(;:n)easured — E BI Sql
M
_W (:e)asured E_ BI qu
B > The function to be minimized:
M
. W (?n)easured E BI Dql
YW@ _TBF
YZmeasured I ql
= J
M
=W (mQ)d -2 BA, N, is the number of the s-th type of data

M
_W(Q) ~->BC A

Xmeasured

Ymeasured

M
W(Q) EBIHqI




Vector of measured data:

J(meaSUf€® — @ W(Nl) wo WNz W(l)

Xy jrrry Xy b} A )" ] XZ 1"

Structure of the Jacobi matrix:

ET <N,

aJ

A ,
R. >XN,<g<>»N
ql s=1 s=1

\

Deviation of measured and computed data:
g — d_'(measurea) _GB'
and let E be:

N
_, _, 7
(€,€) Z where: N =Y N,

k=1 s=1

W



Incorporating the Laplace equation into the inversion: |AW =W, +W,, +W,,

OW oW oW _

comp. i _
AW G 8y2 + =
Ny Ny N,
ZZZ&{S” (X)¥ (V)P (2)+ ¥ ()Y (y)svk(z)+¥f (X)¥; ()¢ k(Z)}
i=l j=1 k=1 ~— S -

L
For the g-th measurement point: a
Ly =% (Xq )5” (Yq) P (2q) + ;i (Xg)¥; (yq)ﬁ”k(z )+ (X)) (V)P k(zg)

MMW@=Zaw
=1

Vector of measured and computed data:
@ (Ny) @ (N,) @) (N7) A@ (Ng)
measg = \W.O . WM WO W W W o® | ot |

Zx 1" zy 1t

compd _ { compW @ compW(Nl) compW @ compW(N7) compAW @ compAW(NS)}
7X ) oy z 1M Z ) yrry

zx 1

(qu g<N,
The extended :
Jacobi-matrix: G = S d
ac : ai =Ry, s221Ns<qssZ:1NS
7 8
L, %NS << glNS

=0



Based on g—Ezo (1=1,...,M)

That leads to B = @T 2}1

The inverse problem is linear, by knowing B the full E6tvés tensor

can be computed for the investigated area
(not just for the measurement points)

e _

KI/I/xx ‘\I{/ Xy sz
E = Wyx Wyy' Wyz
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measured

W, (9)

c:alculatedVVZ (g)

contour interval : 0.01 mGal
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W, (g,) as a result of inversion
(contour interval 0.5 mGal)
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Wy (gy) as a result of inversion
(contour interval 0.5 mGal)

n component of the deflection of the vertical ‘
(contour interval 0.1%) .
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W, vertical gradient as a result of inversion, contour interval: 10 E
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Computed potential field W by series expansion based inversion and the vector
of the deflections of the vertical



Thank you for your attention!



