
Physicsof theEarthandPlanetaryInteriors, 10 (1975) 262—270
© Elsevier ScientificPublishingCompany,Amsterdam— Printedin TheNetherlands

NUMERICAL AND ANALOGUE MODELLING OF INDUCTION EFFECTS IN
LATERALLY NON-UNIFORM CONDUCTORS

OLD1~UCHPRAUS

GeophysicalInstituteof theCzechoslovakianAcademyof Sciences,Prague(Czechoslovakia)*

(Acceptedfor publicationFebruary27, 1975)

Modelling of electromagneticfieldsin laterally non-uniformgeoelectricstructuresis briefly reviewed.Attention
is paidto progressachievedspecificallyduringthelast threeyearsin numericalandanaloguetechniquesof solving
two- andthree-dimensionalproblems.Somenewimportant resultsarealsomentioned.

1. Introduction havebeenworkedout duringrecentyears.
The developmentandthe stageof treatingthe

Researchinto the inductioneffectsof naturalelec- aboveproblemsat the timeof the First Workshopin
tromagneticfields and investigationinto the distribu- 1972 (ElectromagneticInductionin the Earthand
tion of theelectricalconductivity in the earthhave Planets,1973)wassummedup by Jonesandpublish-
recentlymadean importantcontributionto our ed subsequently(Jones,1973a).Avoiding pureana-
knowledgeof theearth’sbody. Methodsof geomag- lytical methods,which werecoveredin session2a of
netic andelectromagneticsounding(MTS) over this Workshop,I shall confinemyself to the resultsob-
broadperiodbandshavebeenextensivelyusedin tamedby numericalandanaloguemethodsduring the
estimatingthe peculiaritiesof theconductivity distri- lasttwo years.
bution on global, regional,andlocal scales.

The first theoreticalstudiesand estimatesof the
2. Two-dimensionalmodels

conductivity datebackto 1939(Lahiri andPrice,
1939).Furtherbasicpapers,leadingto thespecific Two-dimensionallyinhomogeneousmodelsapproxi-
subjectof this review,by Price(1950),Tikhonow matea broadfamily of importantlinear geological
(1950),Cagniard(1953)andseveralotherscanbe structuresof longextentwheretwo pronouncedmutu-
referredto. Theactualapplicationof theelectromag- ally perpendiculardirectionscanbe defined.A semi-
neticmethodsto theearth’sconductorraisednew infinite conductoroccupiestheregionz > 0, and
problemsas to the interpretationof the resultsob- rathergeneralchangesof the electricalconductivity
tamedby observingsuperficialfields on MTS sitesor are confinedto thezy-planeandthe configurationof
over largearraysof simultaneouslyoperatedmagne- theconductivity is independentof thex-coordinate
tometers.The sourceeffectson theone hand,and which, therefore,representstheaxis of structurehomo-
local perturbationsof a systemof inducedcurrentsby geneity.
abruptchangesof the conductivityon the otherhand, Theelectromagneticfield is assumedto be oscilla-
weresupposedto explaintheobservedeffects.The ting with periodT = 2ir/w longenoughfor displace-
importanceof lateralinhomogeneitieswasrecognized ment currentstobe negligible(Price, 1950,1967).
and differentapproachesto the solutionof the theo- Becauseall quantitiesare presumablyindependentof
reticalfield distributionin thesecomplexconductors thex-coordinate,two independentfield modesare
* Address:141 31 Prague4— Spolilov,Bo~nI11/140ib, Czecho- decoupledfrom thegeneralsystemof Maxwell’s equa-
slovakia. tions(theM.KS systemand a timefactor exp(—iwt)
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are usedhere).They arecalledtheE-polarizationcase 3. The finite-difference method
characterizedby the equations:

aH aH Startingwith Neves(1957)the methodwas further
— = developedby Price,JonesandPascoeandhasbeen

Y Z extensivelyusedin numericalmodellingof induc-
aE~ tion problems.Full detailsof this techniquewereex-

= iWpHy (1) plainedin Jones’review (Jones,1973a),wherealso

relevantreferencesto original papersby Jonesandx = Price(1969,1970) andJonesandPascoe(1971, 1972)
z canbe found. In thesepapersa generalcomputing

and theH-polarizationcasegivenby equations: programwas developedfor solvingfor the total field

aE aE in two-dimensionalmodelsof a generalnature.The
——~ — —~ = ~ applicationof the computationalprocedurewas also8Y 3Z X extendedto solving for just the perturbationcompo-

aH~ nentof the total field (Jones,1972).This approach
= tJEy (2) wasfurther developedandthegeneralcomputing

programreadaptedfor studyingthe frequencyde-

= pendenceof the geomagneticperturbationfields due
ay z to lateralconductivitiesin theearth(JonesandAinslie,

1973a).Models of a conductinghalf-spacewhich con-
It is seenfrom thesystems1 and2 that E~andH~ sistedof two quarter-spacesof different conductivi-
satisfy theequation: ties(one-orderdifference)wereanalysedsimultaneous-

~2~j a2u . ly with a model of a moreconductingdike embedded
+ = —iwj.wU in a half-space.Both theH- andE-polarizationcases

wereconsideredfor severaldifferent frequencies(1 .0,
whereU has to be replacedby eitherE~orH~for 0.1,0.033and0.01 Hz) andthe perturbationfield
the relevantpolarization.Accordingto eqs. 1 and2 componentprofiles asa function of height abovethe
the solutionsforE~andH~aresufficient to obtain surfaceof theconductiveregionwere studied.The
all otherfield components. perturbationfields were shownto be stronglydepen-

Eqs.1 and2 haveto be solvedwith properbound- denton the frequencyof anappliedfield, andsignif-
ary conditionsdefinedat internal interfaceswhere icant differenceswere exhibitedbetweentheH- and
abruptchangesof conductivity takeplace,andat E-polarizationcases.
externalboundarieslimiting the extentof themodel The methodwas furtherrefined for solvingspecif-
for z -÷ ~ andy -÷ ±oo. For detailedanalysisof both ic problemswherehighconductivitycontrastsmust
kindsof boundaryconditionsand also for differences be assumedfor representingadequatelysomespecif-
betweentheE- andH-polarizationcaseswe referto ic conductivestructures(oceanic—continentalinter-
papersby Price (1950),JonesandPrice (1970)and face,islandstructuresetc.).Two approacheswere
Schmucker(1971). consideredby JonesandAinslie (l973b) to solve

In the purenumericalmethodsa two-dimensional highconductivity contrastproblemsfor theE-polari-
structureof rathergeneralconductivitydistribution is zationcase.In thefirst approachthey increasedby
first restrictedto a finite regionwhich is subsequently a factorof aboutfour thenumberof pointsin the
coveredby a meshof grid points,or by certainfinite grid in thehorizontaldirection. Approximatelythe
elements,or by conductivecells. Thefield distribution sameresult,however,was obtainedby approaching
in theentireregion is approximatedby couplingthe the problemwith a techniquewhich the authorscall
behaviourof partialfields in theelementaryunits, the folding-in technique.Thismethodapproximates
Theboundaryconditionsare respectedandthe ele- a solutionsuccessivelyfrom a grid with largegrid
mentaryfields are obtainedby makinguseof certain dimensionsto a moreaccuratesolutionfor a grid
basicprinciplesof physics. with smallerhorizontalgrid dimensions.
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A simpleverticalcontactof two different conductive
regions,theshelfandtheslopingshelfmodelswere
solvedfor conductivitycontrastsof 4—6 1o~between 20

regions.Numerousresultsshownin the abovepaper
provethe folding-in techniqueto be an efficient meth-
od of dealingwith high conductivitycontrasts.Specifi-
cally, it givesa substantialreductionin computingtime
comparedwith the large-gridapproachand also ap- 2

pearsto offer a bettermatchingof theboundarycondi- 1

tionsleadingto a moreaccuratesolution. -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 ?P Y(km)

The finite-differencetechniquehasalso beendevel-
opedsince 1969by our researchgroup.Puretwo-di-

Fig. i.E-polarizationcase.
mensionalmodelscoveredwith a meshof grid points Apparentresistivity curves,normalizedwith respectto Pi
intentionallyvariable inboth thehorizontalandverti- alongtheslopingcontactof two blockswith electricalresisti-

cal directionswereinvestigatedfor E-andH-polariza- vities pi 102 andP2 = i0
3 tim. The curvesarelabelledac-

tion cases.In approximatingtheLaplacianoperatorwe cordingto theslopingangles(90°:verticalcontact,a < 900:

usedGreen’stheorem.Contourgraphsof relevant underthrustingof more conductivematerial).PeriodT= 10 sec.

field componentsandapparentresistivitiesas func-
tionsof the periodhaveresultedfrom our treatment.
In thefinal step the MTS curveswere derivedat specif- on both sidesof the modelarebeinganalysed.In
ic pointsof observationon theearth’ssurface.The Fig. 3 the apparentresistivitiesare plottedfor differ-
curveswereplottedas functionsp~/p~=f(X/h

1) where
a normalizingresistivityp1 wasdeterminedfor such
a shortperiod that the field distribution wasnot affect-

9’
ed by theinhomogeneity.The wavelength X wascal-
culatedfrom thegiven parametersaccordingto the
formula X = ~Jfö~~(km), whereh1(km)is the thick-
nessof the superficiallayer.

First, somemodelsof block structureswere studied
(NedomaandPraus,1972;Prauset a!., 1973a).The ____________ __________

methodwasfurther extendedby introducingapproxi- I
mationsfor inclinedboundaries(~ervandPraus, ‘° I ~‘ I
1972),andsomemodelswith dipping contactswere
analysed(Prauset al., 1973b).Thesemodelswere in-
tendedto accountfor realisticconductivityconfigura-
tionsin the marginalpartsof sedimentarybasins ______

whererelatively well conductingsedimentsweredepos -_______

ited on theslopesof a less conductingbasement.
In Fig. 1 theapparentresistivity functions,normal-

izedto Pi, aredisplayedfor a simpleinfinite contact 2 I 2 3 4 5 4 7

of two subregionsfor theE-polarizationcase.Differ-
entslopinganglesareassumed.In Fig. 2 theapparent ________________ ______________________________
resistivity functionsare shownalong the profile across ~ ° ~° 4° 5° 5° y(k~)

themargin of a sedimentarybasin.The effectsof the Fig. 2.11-polarizationcase.

sloping contactareapparentfrom thegraphs.A zone Resistivities,proportionalto apparentresistivitiesacrossanin-clined margin(450) of a basin.Parametersof the modelarepi
of depressedresistivitiesabovethe slopingcontactis = io

3, p~ 102 tlm,h
1 = 40km. The curvesarelabelledac-

characteristicof this model. cordingto thesourcefield periods(sec):1 = 1; 2 = 5;3 = 10;

At present,structureswith differentstratification 4 = 25;5 50;6 = 100; 7=250sec.



INDUCTION EFFECTSIN LATERALLY NON-UNIFORMCONDUCTORS 265

6 a) __ ~2 a)

1: __

~ ~~(i4. .200320 ~0 ~ 60 y(km)
3A— 30 20 10 0(B) 10 20 30 119 y(km

)

:::~::~91 ________

9 2 2

9~i1

Fig. 3. H-polarizationcase. 5 10 20 50 100 200 A/h
1

a. Theresistivitiesproportionalto apparentresistivitiesacross
a less conductivestephi the basement.P1 = 10,P2 = io~c2m, Fig. 4. H-polarizationcase.

= 10km,h2 = 20 km. Periods(see):1 = 1; 2 = 25 ;3 = 100; a. Resistivitiesproportionalto apparentresistivitiesacross
4 = 500;5 = 1,000;6 = 5,000sec. two non-conductiveblocksplacedin a homogeneousmedium.
b. TheMTS soundingcurves: 1 fory <—40km.2 fory> Parametersof themodelarep~= 10, P2 = i0

3 f2m, h
1 = 1 km.

40km. 3 fory = 5 km. Curvesarelabelled accordingto sourcefield periods(see):
1=1;2=l0;3=50;4=100;5=250;6=500sec.
b. Thesoundingcurves:A for ly I> 40 km,B for y = 0.

ent periodsalongtheprofile acrossa less-conducting
stepin thebasement(~ervand Praus,1974).In Fig.
3b the correspondingMTS curvesare shownfor nique to treatingthree-dimensionalmodels.In these
threeparticularpointsof observation.In Figs.4a,b problemsthefield componentsremaincoupledand
the apparentresistivity functionsare plottedalong thereis no possibilityof separatinganyspecific direc-
the profile acrosstwo less-conductingblocks placed tion of polarization.Thereare altogethertwelve field
in a homogeneousmedium.Strongedgeeffectsare quantitiesto be determined(six field componentsand
apparentin Fig. 4a near theblock boundaries.Two thecorrespondingphases),andthis amountof infor-
MTS curvesfar from theverticalboundaries(A) and mationbecomesa problemto dealwith.
in the centralpartof themodel(B) are displayedin Preliminaryresultsof treatingthree-dimensional
Fig. 4b. A fictitious more conductivelayeris suggested modelswerepublishedby Jonesand Pascoe(1972)
by theform of the MTS curve at siteB althoughthe andthemethodwasextendedfor moregeneral
mediumis presumablyhomogeneous. modelsin Lines (1972).Someof theresultsfor single-

In treatingthe anomalousinductioneffectsof andtwo-islandstructureswerepublishedin two papers
island-typestructuresconsiderableattentionwas paid (LinesandJones,1973a,b).The computational
by Jones’group to extendthe finite-differencetech- resultsreportedin the abovepaperswere subjectto
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discussionconcerningthe interpretationof results of accuracyinto theJ—Pfinite-differencesscheme
(Nyland, 1973) andbasicprinciplesof the approxi- and simplechangesto therelevantsubroutinesof the
mationmethodused(Rankin,1973).In their replies original programare given.
the authorshaveshownthat theprocedureis a valid Fromthe discussionit is clearthat thegrid must
approximationto the geophysicalsituationandis be carefullychosenin any caseand asnearlyuniform
adequatefor their investigations.(Lines andJones, as possibleto getan approximationwithin a reason-
1973c;Jones,1973b). ablenumberof iterations.

Referringto the basicpaperby Price(1950)and
usingthe methodof PeltierandHermance(1971)the
authorsHibbs and Jones(1973)appliedthefinite- 4. The transmissionsurface analogy
differencetechniqueto solvefor theelectromagnetic
fields inducedin the earthby a non-uniformcurrent The useof the transmissionline andtransmission
source.They calculatedthe apparentresistivities surfaceanalogiesfor solving Maxwell’s equationsin a
fro~nthe Cagniardformulafor modelsin which the two-dimensionalform arisesfromthe similarity of
earth’sconductorhas lateraland horizontaldisconti- Maxwell’s equationsgoverningtheelectromagnetic
nuitiesand thesourcefield is of a Gaussianelectrojet. field componentsandthetransmissionline equations
Forthis typeof sourcethey foundthe apparentresis- for currentandvoltage on the transmissionline. The
tivities at longerperiods(greaterthanaboutiU~sec) analogyemphasizestherole of the impedanceasthe
to be considerablydifferent from thosefor a uniform importantphysicalparametercouplingE andH fields
source, andshowsthat thecross-coupledfirst-orderMaxwell

At this point I shouldmentiona discussionwhich equationsaremorebasicthanthe associateduncoupled
hasappearedquite recently.The authorsWilliamson Helmholtzequationfor separatecomponents.
et al. (1974)suggestedan approximationfor the La- This analogyhasbeenextensivelyusedfor study-
placianoperatordifferent from that usedin the general ing perturbationsof theelectromagneticfield by lateral
programsdevelopedby JonesandPascoe(1971, 1972). inhomogeneities.For basictheorywe refer to papers
Williamson et al. also showedthat significant differ- by Maddenand Thompson(1965),MaddenandSwift
encesbetweentheir resultsandtheJones—Pascoe Jr.(1969),andSwift Jr.(1971).For a transmission
results may appearwhen calculatingthe electro- surfacetheequationsread:
magneticresponseif mesheswith strongly irregular
grid spacingsare considered.In their numericalexam- ~ az~
ple they intentionallydefineda grid very unwisely to + = YV
getenhancederrors.However,this wasnot theway
theJ—Pprogramwasused.In the workspublishedby ~ _ZJ~ (3)
Jonesandhisco-authorsgradualchangesin grid spac- Z

ings areusuallydefined,which makesthe differences ~ 2~
betweenthetwo methodssmall,between3—5% in- y

creasingto about10%near the interfacefor apparent
resistivity andlessfor the field valuesthemselves,as where VandI are thevoltageand currentalongthe line
shownin thereply by JonesandThomson(1974). andZ and Yare thedistributedimpedanceandadmit-

JonesandThomsonexplainthat the differentfinite- tanceparametersperunit length,respectively.The
differenceformof the Laplacianis relatedto the basicanalogyis betweenequations3 andoneof the
mannerin which thefirst derivativesare approximated. systems1 or 2. In eachof thepolarizationsone field
JonesandPascoeassumeda centraldifferenceform component,linearly polarizedalong theaxis of the
for thefirst derivativesfrom theoutset,whereasthe structurehomogeneity,is cross-coupledwith thetwo
methodof Williamson et al. implies theapproxima- componentsof the otherfield. Thus,by associating
tion of thefirst derivativesat a particularpoint by a VwithH~(orE~)andthecomponentsoflwithE
weightedaverageof the derivativesin the adjacent (or II) we canexpressthe distributedcircuit param-
regions.This modification introducesa greaterdegree etersof theequivalenttransmissionsurfacein terms
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of the relevantparameters.In definingthe proper figuresthe authorsshowedthatvarioustopographies
associationswe must respecttheprinciplesof energy may give riseto electromagneticfield distortionsand
conservation, they may accountfor someanomalouseffects.Their

The associationscanbe summedup for bothpolari- resultsprove theanaloguetechniqueto be an impor-
zationsasgiven in TableI. tantandefficient numericalmethod.

In introducingtheexternalboundaryconditions
for theH-polarizationcasewe assumea constantvolt-
ageassociatedwith H~= constantat z = 0. Forthe 5. Thefinite-elementmethod
E-polarizationcasea constantvertical current is asso-
ciatedwith the11y componentwhich is constantat The introductionandapplicationof the finite-ele-
the topof an air layer.The conditionsat the bound- ment methodto geophysicsis quitenew. Coggon
arieswhichlimit thehorizontalextenton bothsides (l97la,b) andRyu (1971)haveappliedthe technique
of a model are obtainedby solvinga one-dimensional to modellinglateralinhomogeneitiesburied in a con-
transmissionline problemto get thevoltagebound- ductivehalf-space.
ary values. The methodis basedon the physicalprinciple

After a specific modelhasbeencoveredwith a mesh stating that anyelectromagneticsystembehavesin
of electricallyhomogenouscells,Kirchhoff’s law of sucha way asto minimizeits totalenergy.In the
electricalcurrentcontinuity canbe written at each finite-elementapproximationa two-dimensionallyin-
nodeanda set of equationsis obtained.Thisset of homogeneousstructureis representedby a meshof
equationsis solvedin thenextstepby a suitablenumer- finite elementsinsideeachof which the total electro-
ical method(matrix inversion,iteration or Gaussian magneticenergy functionalis minimized.A varietyof
elimination), elementtypes(triangularandquadrilateral)may be

The aboveappro’~ichof analoguemodellingwas introducedfor solvingmodelswith specific geometry.
usedin theinterpretationof electromagneticsurveys Following Coggon(197la)the correspondingelec-
andMTS results.Forinstance,somefault zonesap- tromagneticenergyfunctionalsto be minimizedin
pearingasthin conductivedikeswere investigatedby eacheth elementcanbe written as:
Vozoff(1972). In studyinga buriedgrabenin the
westernCanadianbasinPeeplesandRankin(1972) U= f (2w2pJ1I(~X Ee)2+ k~E2Idp (4)
appliedtheanaloguetechniqueto modellingthe vol

theoreticalresponsesof boththe polarizationcases. and
More recentlya group of authors,Ku et al. (1973), U= f i[2~(a — i~e)]~ I(V X H )2 + k2H2 Idr’ (5)

hasmadeuseof thenetworkanaloguemethodin e e e e

studyingthetopographiceffectson electromagnetic vol
fields.They give theanaloguesolutionfor rather whereindexe specifiesthe following quantitiesin each
complicatedmodelswhereboth topographicand eth element:Ee andHe aretheelectric-andmagnetic-
buriedlateralinhomogeneitiesareinvolved. In several field vectorsrespectively,~ the magneticpermeabili-

ty, ke = lj1~C~W2+ lOJUePe ~‘ 0e is the electricalcon-
ductivity, and~e is the dielectric permittivity. The
two-dimensionalcharacterof theproblemmakesit

TABLE I possibleto replacethe field vectorsE andH in eqs.4

Associationsfor networkanalogysolution and5 by their scalarcounterpartsfrom eqs.1 and2.

F-polarization H-polarization The externalboundaryconditionsare introduced
_____________________________________ in a similarway aswith theothernumericalmethods.
E~ V H~ v Minimization of the functionals4 and5 leadsto a setof

5~ linearalgebraicequationswhich are solvedby usual
procedures(matrix inversion,Gaussianelimination).

a ~ : °. Foractualresultsobtainedby this approachwe
________________________________ referto the paperby ReddyandRankin(1973).They
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usedtriangularelementsfor studyingthe effectof a tail in his review(Dosso,1973).It is of interestto
two-dimensionalslopingcontacton the surfaceelec- supplementheresomedetailson the equipmentand
tromagneticfield in both theE- andH-polarization resultsobtainedby Sovietscientists.
cases.Theirgraphsshowthat thereare certainfeatures Thereare two main groupscarryingon laboratory
commonwith our resultsreportedpreviously(Praus scaleanaloguemodelling. Onegroup working in the
et al., 1973b;figs.I and2). Departmentof EarthPhysicsof LeningradStateUni-

Numerical resultsobtainedwith quadrilateralele- versityhasbeendealingwith this methodsince 1959.
mentsconsistingof four trianglesfor complexgeolo- A detaileddescriptionof the equipmentwas givenby
gical modelsare reportedby Ward et al. (1973). Brjunelli et al. (1969).Their analoguemodel consists
The apparentresistivity responsefrom a saltridge and of an overheadoscillatingfield source.It hasthe form
from islandstructurescanbefound in the above of a quadrilateralsolenoidwith six windingsof 3 X 2
paper.Also theVLF responsesfrom bothconductive m2 dimensionseach.It providesa sourcefield uniform
andmagneticsemi-infinite dikescoveredwith a con- over 2 X 2 m2 areaof a largetank(4.2 X 4.2 m2)
ductiveoverburdenare given in the samepaper.The containingconcentratedsaltsolution (NaCl)with
effectsof tilt angleandellipticity on VLF responses resistivity0.055l~2m.Thefield componentsE~,H~,H~
from boththe conductiveandmagneticdikeswere (orEy~H~,Hz) are detectedby one electricand two
studiedaswell. magneticdipoleswhich are placedtogetherinto a

To conclude,the aboveresultshaveprovedthe measuringunit. The modellingfrequenciesare between
finite elementapproachto be an efficient methodof 0.4 and50 kHz. Fromthemeasurementsthe behaviour
modellingtwo-dimensionalproblemswith a highdegree of impedancesand of related MTS curveswerestudied
of accuracy.On the otherhand,increasedrequire- simultaneouslywith theHz componentanomaliesfor
mentson computercapacityand relatedproblems different inhomogeneousstructures.
seemto be settingcertainlimits to extensiveuseof Theresearchgroup analysed,for example,the dis-
this method.Obviously,for thesamereasonno at- tortionsof MTS curvesover a non-conductivestep
temptshavebeenreportedasyet to solve three-di- (Dobrovolskayaand Kovtun, 1970) andtheir results
mensionalmodels. were consistentwith thoseobtainedanalyticallyby

Dmitriev (1969)andDmitriev et al. (1973).Analyses
of superficial field behaviourover along triangularrise

6. Analogue-modelstudies anddepressionof a non-conductivebasementwere
performedby Kovtun et al. (1970).Modellingwas

Numerousresultsobtainedby analoguemodelling also donefor a three-dimensionalnon-conducting
on laboratoryscalemodelshaveprovedthis method truncatedconeembeddedin a good conductor.With
tobe a usefultool for investigatingthe problemsrelat- the samemodel the shieldingeffectsof a thin insulating
ed to perturbationsof the field by lateralconductive layerplacedabovethe conewere investigatedaswell
inhomogeneitieswhich do notyield readilyto mathe- (Dobrovolskayaet al., 1970).The resultsare present-
maticalsolution.The methodis not restrictedto simple ed in theform of impedanceprofiles acrossthestruc-
two-dimensionalproblems,but rathercomplextwo- ture andsomeMTS curvesare displayed.
and three-dimensionalstructuresaretractableby the The other researchgroup dealingwith analogue
analogue-modellingtechnique.The theory, analogue- laboratoryscalemodelsis working at the Lvov Branch
modelconfigurations,measuringequipmentandmany of the Instituteof Geophysics,Academyof Sciences,
resultswere summedupin Dosso’sreview (Dosso, UkrainianSSR.The basicconfigurationof modelling
1973) for the First Workshopin 1972(Electromagnet- equipmentis essentiallysimilar to that of theLeningrad
ic Inductionin theEarthandPlanets,1973). group.It consistsof anelectrolytictank (4 X 3.75 X

Respectingthe principlesof electromagneticsimii- 0.65 m3)with saturatedsalt solution(NaCl). The ap-
tude,which definethe conditionsfor invarianceof plied source field is producedby a systemof six wires
resultsundera changeof scale,analogue-modelling (1.95 X 4.4 m2) encompassingthewhole electrolytic
configurationswere developedby different research tankso that the primaryuniform magneticfield in-
groups.The Dossoconfigurationwas describedin de- side theantenna-solenoidis used.More detailswere
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