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Maxwell’s Equations

At the frequencies involved in MT exploration, conduc-
tion currents dominate over displacement currents. There-

fore the integral forms of Maxwell's equations, assuming
an e ! time dependence, are given by

fH-dlszJ-dsszaE-ds
fE-dlszi,u,wH-ds

where in general u and o are tensor quantities [Stratton,
1941].



Difference Equation Geometry




Difference Equations
J=(1, 7, k)&zk‘ﬂ'yj — [Hz(i: j+1, k) — H.(4, 7, k)] Az
where Az;. and Ay, are the block spacings.
lw“'HI (I':I j: h)&zk—lfz‘ﬁ'yj—lfz —
[E.f(llj:lk) - Ez(lnj_lnh)] ‘ﬂ'zk—lfz

—[Ey(i,5,k) — Ey(i,5,k—1)] Ay;_q/7

where Az;._1 /5 and Ay,_4 /- are the distances between midpoints
of the blocks defined by the normals to block faces.



Difference Equations Continued

Since the Efields are specified as averages across block faces, they
will sufter discontinuities it adjoining blocks have difterent conductiv-
ities. Thus we define the E fields as the average of the E fields on
either side of the block face. Since J is continuous, this can be
written for the x component as

P(l,j,k)ﬂ.l‘i —I_ P(l - 1:j’k)&xi_lj_r(i,j,k)

(i i k) —
(2,7, k) Avi T Az

— PI(I.':I j:l k)"?l'(ln j: k)

where pz(i, j, k) refers to the average resistivity in the x direction.



Difference Equations Continued

We can eliminate the electric fields and group the resulting second-
order equations together in the form

Mzz Nry Nz:z H
AK == Nyr ..'-'\nyy Nyz Hy = b,
NEI Nzy *hf-fzz Hz

where b contains the terms associated with the known boundary

values and source field.
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Solution of Equations

* Indeterminancy caused by air layers removed
by adding a gradient (p div H) term to the
equations or by alternating divH updates with

EM updates.

* Preconditioned by ILU decomposition of
diagonal sub-blocks

« Solution by BICGStab algorithm



Vertical Meshing Rules

e Surface layer thickness: 1/10 skin depth at shortest

period in most conductive surface block

e increase the thickness of each layer by factor of 1.2
to 1.5 until the block thickness is > 1 /3 skin depth in
the deep model at longest period.



Horizontal Meshing Rules

¢ Columns widths can increase away from the stations by a fac-
tor ot 1.5 until the block width is about the same width as the

thickness of the deepest layer in the model.

e For typical MT surveys, column widths should be on the order
of a few hundred meters. If you have enough sites so as not to
alias the lateral response variation, then one block/site should
be fine.

e Block widths can increase by a factor of 1.2 to 1.5 in between
stations depending on the spacing.

e You should try to make the block widths as uniform as possible
within the area bounded by the stations.



What do these meshes look like?

Horizontal Slice



Vertical Slice



How good are these finite
difference solutions?

We can test them by
comparing to analytic
solutions



2D ANALYTIC MODEL (WEAVER)




ANALYTIC (line) v. MACKIE (points)
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Computational Considerations

« Serial or parallel

 Compute times

— The Dublin 3D forward model | ran was
95x95x73 (not including air layers)

— | ran it on our small cluster using 72 nodes
to a preconditioned residual of 1e-10.

— 21 frequencies in 30 minutes.



