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Thetheoreticalbasisof electromagneticinductionmethodsin geophysicsis consideredwith specialreferenceto
theinterplayof physicalideasandmathematicalarguments.Thedesignofmathematicalproblemsto elucidateob-
servedphysicalphenomena,andmethodsof solving them, arediscussed.Earthmodelssuitablefor varioustypesof
investigationareconsidered.Theimportanceofgetting thecorrectphysicalinterpretationof thesolutionof amathe-
maticalproblemis stressed.

1. Physicalideasandmathematicalarguments degreeof certaintywe canmakesuchinferences.
I shallnot,however,dealwith thisso-called“inverse

In this ‘Workshoponelectromagneticinduction”, problem”,but it wifi be dealtwithby R.C. Bailey in
our aim is to improveour understandingof the induc- alaterreview.
tion of earthcurrentsby geomagneticvariations,and I shall confinemyselfto dealingwith the mathe-
therebyimproveour techniquesfor discoveringthe dis- maticallyeasierproblemof calculatingdirectly the
tributionof conductingmaterialwithin the earthby magneticfieldsof currentsinducedin variousearth
measuringandanalysingelectromagneticvariation, modelsby varyin~geomagneticsources.But let us
fields at theearth’ssurface.Wehopethat thiswill also first remindourselvesthat thoughmathematicsisa
assistusin our studiesof the conductivityof themoon. marvelouslypowerful tool for supplyingthe answers

Thisintroductorylecti~rewill beconcernedonly in many of our investigations,it canalsobe a danger-
withthe theoreticalside of this work. In theoretical ous tool if we do notuse it properly.Oneof the
investigationswehavetwo kindsof toolstohelpus: dangerswehaveto guardagainstarisesfromincluding,
physical ideasandmathematicalarguments.By the for simplicity or convenience,somefeaturein our
latterI do notmeanmerelythe mathematicalsolutions mathematicalmodelof theearth,and thendrawing
of specificproblems,but alsothemathematicalpro- inferencesaboutpropertiesof the realearthfrom our
blemsto elucidatephysicalphenomena.Thereisna- mathematicalsolution,whereasthesededucedproper-
turally much interplaybetweenphysicsand:mathe- tiesreallystemonlyfromthe particularmodelwe
maticsin our subject.Themathematicsissometimes havechosen.Thisprobablyhappensmoreoftenthan
elaborateandoccasionallyquitedifficult, butI have we realise.
often foundthatphysicalideasarea greathelp in sug-
gestingmethodsof solvingthe mathematicalproblems
that ~. 2. Basicideas,equationsandunits

An importantmathematicalpart of our subject
is concernedwith decidingpreciselyhow muchwe Weare concernedwith theflow of electriccurrents
caninfer aboutthe conductivitywithin theearth throughconductingmedia.Thecurrentflow .1 will in-
from a givenset of observationaldata,andwith what volve somenet transportof electriccharge,this trans-

port being impelledby theambientelectric field E
* Presentaddress:47 WhidborneClose, Kilmorie, Torquay, but impededby theintrinsicstruttureof the medium

Devon.,En&and. andby its boundaries.
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The effectof the intrinsic structureis usually re- 3. Approximations, simplificationsandinterpretations
presentedby the specific resistanceR,where:

=Rr In theusualgeomagneticproblemthe rateof change
‘ / of the field is sufficientlyslow to permitusto ignore

In most casesof importanceR is independentofJ, thedisplacementcurrentD comparedwith theconduc-
i.e.the relation(1)is linear.ForisotropicmediaR tion current.1 in eq.3. Thusevenfor conductivitiesas
is a scalar,fornon-isotropicmediait is a tensor. low as 10-17 e.m.u.(10-6 M.K.S.) a periodicvariation

The electromotiveforce,which is part,butnot wouldhaveto havea periodlessthan1 0~secto make
in generalthe wholeofE, usuallyarisesfrom a D comparablewithJ, whereastheperiodsof the geo.
varyingmagneticfield. Also the currentJ hasitself a magneticvariationsthatwe haveto considerareusually
magneticfield. Therelationsbetweenthefield vectors greaterthan 1 secandfrequentlymuchgreater.
are of coursegivenby Maxwell’s equations: NeglectingD,we can oftensolvethe inductionpro-

curl E = —B = —pR (2) blem by taking thecurl of eq.3 andsubstitutingin it
thevaluesof) andE givenbyeq.1 and2. Thus,taking

curlH = kJ+ L) (3) for simplicity j.z andRto be constantsandisotropic,

where: we obtain: -

D = (4) curl 11=kR1 curl E = kpR1 H (5)

Theconstantk in eq.3 hasthevalue4ir in c.g.s.elec-
tromagneticunitsandthevalueonein M.K.S. rational- anda similarequationforE. Theseequationscanthen
ised units.Probably mostpapersto dateon geomag- besubjectto the relevantboundaryconditions.Also
neticinductionhavebeenwritten in c.g.s.electromag- neglectingD in eq.3 impliesthatwecantake.1as non-
neticunitsbutmany arenow written in M.KS. units, divergentto the sameorderof approximation,andthis
soI havewritten thebasicequationsin aformwhere is frequentlyusefulin obtainingthe solution.
eithersystemmaybe used.Thereally importantdif- Note that in doingthiswe by-passeq.4 complete-
ferencebetweenthetwo systemsisnot somuchthe ly in calculatingthe valuesof H, Fand).But it is im-
different valuesof k,but thedifferencein the physi- portantto remarkthat,whenwe cometo interpre-
cal relationshipsbetweenD andEandbetweenB and ting andexplainingthemathematicalsolutionin
H, leadingto completelydifferentdimensionsand physicalterms,eq.4 is important,asI shallshowla-
numericalvaluesof � and p in thetwo systems.In ter.
free space,thedimensionsandmagnitudesof e and
pin c.gs.andM.K.S. unitsare asgiven inTableI.
In conductingmediathevaluesof e andp wifi of 4. Globalstudies
coursebedifferentbut are unlikely to differ much
in orderof m~gnitude.It isimportantto noticethe Wenow considersomeof theearthmodelsthat
smallnumericalvaluesof e becausethishasanimpor- havebeenusedforstudyingtheinductionof currents
tant bearingon theinterpretationof solutionsof cer- in thedeeperlayersofthe earth,where it isassumed
tam mathematicalproblems,asI shall showlater. that the conductivityu variesonlywith the depth.

TABLE I Thefirst simplemodelwassuggestedby Schusterin
Dimensionsandmagnitudesof ~0 and~ 1889to explainthepart of internalorigin of the mag-

neticdaily variations(5). It consistedof auniformly
c.g.s.units M.K.S. units .

conductinginnersphereof radiusqRE withq < 1,
dimensions magnitude dimensions magnitude RE the radius of the earth. In 1919,Chapmanshowed

e~L2T2 1O_20 M1L3T2Q3 io~ thatq = 0.96,,c = 3.6.1013em.u.gaveresultsthat
9 36ir roughly fitted therelationsbetweenthefields of ex-

2 7 ternalandinternalorigin, foundby sphericalharmo-
~ dimensionless 1 MLQ 4ir10
______________________________________ mcanalysisfrom the observedS-field.
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It wasshown,however,in 1930 by Chapmanand that thereare considerabledifferencesin thesesug-
Pricethat this modelwasnot satisfactoryfor ex- gestedprofiles. I havegiven reasonselsewhere(Price,
plainingthe partof internalorigin of the aperiodic.D5~ 1970) for thinking thatsomeof theseprofilesare
field, which requiredahigherconductivity atgreater unsatisfactory.It seemsnecessarytoemphasize,
depths.HenceLahiri andPricein 1939introduceda thoughit oughtnot tobe,thatevery suggestedpro-
moreflexible modelin which: file shouldbe testedto seeif it will fit everyreliable

/ ‘~—m analysisof all type’of variations.
K k (~-) ,a q’~E,q~ 1;manyrealnumber Thereis, however,onefeaturecommonto all but

(6) oneof the suggestedprofilesin Fig. 1 which is worth

noting.This isthe steeprise in conductivitywith in-
Theyfoundthat,if they furtherelaboratedtheir mod- creasingdepth,somewherebetween400and800 km.
el by addinganoutershellnearthe earth’ssurface Therearegood reasonsderivedfrom studiesof semi-
of integratedconductivityK, theycouldaccount conductorsathightemperaturesandpressuresfor
for all the observationsavailableat thatdate,by either expectingsucha rise,andevenpossiblya suddenrise
of the distributionsd or e shownin Fig. 1, orby any dueto aphasechangeat someparticulardepth.But
intermediatedistribution.Curved correspondsto canwe saywith certaintythat the geomagneticcvi-
K = 2.10—6e.m.u. cm,q = 1,k = 4.10—14e.m.u. dencealonecandistinguishbetweenthesepossibifi-
m= 37,andcurveetoK = 5i0

6,q = 0.9andk and ties?Let me remindyou~thatthefirst earthmodels,
manyvalueswhich makeK> 10—11 The othercurves Schuster’sandChapman’s,necessarilyincorporated
in Fig. 1 indicateotherestimatesof the,conductivity asuddenrisein conductivityforpurely mathemati-
profile derivedfrom studiesof othergeomagnetic cal simplicity andconvenience.How far havethese
variations,butpracticallyall thesestudiesdealwith earlymodelsinfluencedour subsequentthinking and
thefirst zonalharmonicP

1 only.It will be noted our choiceof newmodels?Someinvestigationsap-

Io~ parentlyclaimthat the conductivityprofilesthat
- -r-- theyhavededucedfrom geomagneticinductionstu-

C-M diesestablishtheexistenceof a phasechangeat a
/ ..~ ..certaindepth,but, personally,while I think it prob-

10 / .... ..~ ablethata phasechangeoccurssomewhere,I donot
/ ___~____-•~ believethat thegeomagneticevidenceat presentavail-

ablecanaloneestablishthis factincontestably.
~ io~’°’ Anotherfeatureof theabovemodelsthatneedscon-

siderationis the assumptionthat K dependson r only.

I ~ This is obviously nottruenearthe earth’ssurface,but
•~ ~‘ e e f A in the aboveproblemswe areinterestedreally in only

/ ,/‘ averagevaluesOf K over largeregionsof dimensions
comparablewith thoseof thewholeearth.We can
thereforetreatK as~me smoothedfunctionof spheri-

d 4 cal polar coordinates(r,O ,p)exceptpossiblyfor finite
C-Me ‘I discontinuitiesatlarge-scaleboundarieslike thosebe-

tweencontinentsandoceans.This averageK will
~o ~/ smoothout the immediatelylocal variationsof K.

- Nearthe earth’ssurfacethis averageK will not behori-
zontallyuniform,i.e. it will dependon0 and~ as

-~ L._ _____________________________ well asr, andsomeinvestigatorsconsiderthat this
10 — 1000 2000 2900 may alsobetruein the upperpartof themantle.But

Depth ~~‘çi) at depthsgreaterthan100 kmor soit is likely that
Fig. 1.Conductivityprofiles for theearth’smantlesuggested ~ will dependmuchmoreon r thanon0 or ~ because
by variousauthors, of the temperatureandpressureeffects.This is the
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justification forusing~theabovemodelsfor slowvaria- Hutsonandothers.Two iterations methodshave
tions andcorrespondinglydeepprobing. beenrecentlydescribedby Hutsonet al. (1972)in

Thereareof coursethe otherglobalproblemsthat which successiveapproximationsto the actualcur-
relate to the crust,in which thehorizontalvariation rentdensity)areobtainedin termsof the vectorpo-
of K isof first importance,muchasin the different tentialof themagneticfield andthe scalarpotential
conductivitiesof seawaterandcontinentalrocks.In of theassociatedelectricfield. Exceptfor problems
someof theseproblemsit is usefulto considerthe having axial symmetrytheir methádsbecomerather
theoryof currentsinducedin non-uniformthinshells, complicated,but theycanbetransformedto give
The basictheoryandsomemethodsof solvingcer- iterativecalculationsfor ~ti.Whenthis is done,their
tanproblemsweregivenby Price in 1949.These first methodis seento be identicalwith Price’s first
methodsincludedtwo iterationmethodsthatafford method,andwithregardto their secondmethod,
a good illustration of what I said earlierabout using they haverecentlydescribedit asonein which “es-
physical ideasto suggestproceduresfor solvingthe sentiallythe rangeof Price’sfirst methodis extended”
relevantmathematicalproblems.Thecurrenta in- This extensionis particularlyvaluablewhenthe distri-
ducedin athin non-uniformshellby periodicvaria- bution ofR is discontinuous.
tionsof period2r/w canbe derivedfrom a stream

5. Localproblemsandflat earthmodels
function i,Lt, becausej is(practically)non-divergent.
Priceshowedthat i,(i satisfiesthe equation:

Apart fromtheaboveglobalproblems,thereare
R div grad ill + gradR grad i/i = ~ +N1) (7) otherinductionproblemsrelatingto strictly limited

areasof the earthssurface.In thesewecanignore
whereR is thevariablesheetresistanceandN~,JV1 the sphericityof the earthandconsidervariousflat-
arethe normalcomponentsof the inducedandin- earthmodelswithhorizontalstratahavingeitheruni-
ducingfields, respectively.Since the equationis form or non-uniformconductivities.Thesimplest
linear, i/i canberegardedasmadeup of: (1) iPe due suchmodelwasthatusedby Cagniardin 1953 to
directly to NC,and(2) ~ duetoN’. Thelatterrepre- develophis “magnetotelluricmethod”of conductivity
sentsthe self-inductioneffect andwhenthis is small sounding.Thismodel consistedof horizontalstrata
we canget a first approximation~‘i to ~frby solving extendingto infinity in thex- andy-directions,the
eq.7 withN1 = 0. Themagneticfield of thesecurrents conductivitybeinga functionof the depthz only,He

canthenbecalculatedto getafirst approximation definedthe “apparentresistivity” for sucha model
N~toN~,andN~canthenbeusedineq.7toget a as:~
secondapproximation~‘2 to ~J’.Thisprocedurecan E~
obviouslyberepeatedto get successiveapproxima. Ra = 2T ~— ,whereT= — (8)
tions.The iterationmethodthussuggestedby physical /
considerationsis foundto beconvergentfor sufficient- Actuallythis formulais derivedfrom the skineffect
ly smallvaluesof~L/R, wher.eL is alengthdetermined formulafor alternatingcurrentsin auniformhalf-
by thedimensionsof the conductorandthe spatial spaceconductor,andis not directlyconcernedwith
scaleof the inducingfield, the sourcefield of themagneticvariations.

Onthe otherhandwhenwL/R is largeeverywhere, Whentheresistanceof thehalf-spaceconductor
thenormalcomponentof theinducedfield will near- is uniform the expressionon the right of eq.8 is a
ly cancelwith thatof theinducingfield, sothatwe constantfor all T. Whenthe conductivityis afunc-
canstartwithNI = — N~asafirst approximation. lion of z, theexpressionisusedto defInethe appar-
Wethencalculatethe currentfunction ~i that will ent resistivity for the particularvaluesof T. Since
give riseto N~,andsubstitutethis in eq.7 to get a sec- the currentspenetratedeeperfor greaterT, the way
ond approximationN~andso on, thusgiving a second in whichRa varieswith increasingT givesanindica-
iterationmethod. tion of the conductivityprofile.Theaccuracyof

importantapplicationsandextensionsofthesemeth- this indicationwill dependonhow the Cagniardmod-
odshave been made by Ashour,Hobbs.Rikitake, ci fits the circumstancesof theparticulargeophysi-
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cal investigationbeingundertaken.Whenwehavea During thelastdecade,the adventof largemodern
sufficiently uniform terrain,themethodis acon- computershasmadethesolutionof manyof these
venientandvaluableonefor estimatingthe conduc- problemspossible,andexcellentprogresshasbeen
tivity profile downto moderatedepths.For great madein~designingandsolvingmathematicalproblems
depths,however,evenwhenthehorizontallyhomo- to elucidatethephenomena.Severalmathematical
geneousstrataare extensive,it maybenecessaryto andcomputertechniqueshavebeendevelopedfor
considerthenatureanddimensionsof thesource thispurpose.I neednot describeanyof thesehere,
field, discussedby Wait in 1954andin moredetail butI shouldlike to referto the solutionof oneparti-
by Price in 1962.In this casethetheorydoesnot real- cularproblemobtainedby JonesandPrice(1970),
ly differ basicallyfrom thatof geomagneticdeep becauseit raisesthe questionof thephysicalinter-
soundinginwhichtheverticalcomponentof H is pretationof the mathematicalsolution,whichhas
used,andE is not used. led to somecontroversy,andwill illustratesomeof

Otherproblemsarisewhenthestrataarenot hori- thepointsI havemadeearlier.
zontallyuniform overextensiveregions,but gradual
or suddenchangesof conductivityoccur.We nowcon-
siderthesebriefly. 7. Inducedcurrentsthatgo astray

Theproblemconcernsthe perturbationof alter-
6. Local anomaliesof magneticvariations natingcurrentsflowing in ahalf-spaceconductoroc-

cupyingz~ 0,by averticaldiscontinuityof conduc-
Therearetwo importanttypesof inductioneffects tivity attheplaney = 0. Thecurrent flow ataninfinite

arisingin geomagneticvariationsthatare dueto the distancefrom the origin will behorizontalanddistrib-
non-uniformityof the earth’scrust.Oneis concerned utedaccordingto the usualskin effect.This current
with coastalandislandeffectsarisingfrom currents flow atinfinity canbeseparatedinto two components,
inducedin thesea,andwehavebriefly referredto this oneflowing in thex-directionandonein they-direc-
in § 4. Theotherisconcernedwith landareas(notnec- tion andthetotalperturbationeffectcanbecalculat-
essarilynearthesea)wherethe normalgeomagnetic ed by superposingthe effectson eachof thesecorn-
variations.suchasthedaily variationsandvariousdis- ponents.We consIderthe casewhenthe currentflow
turbancevariationslike baysandpulsationsareover- at infinity is in they-direction,sothatthe currents
lain with distinctive~localfeatures.In suchareasthe will impingeon the planeof discontinuityy =0.This
verticalmagneticvariation,in particular,is oftende- will correspondtoH-polarisation,i.e. themagnetic
cidedly anomalous.Rikitake first calledattentionin field lineswill all beparallelto thex-axis.In the
1952 to suchanareainJapan,andin the last twenty neighbourhoodof thediscontinuitythe currentswill
yearsmanyothershavebeenfoundin all partsof the bedisturbedbut will alwaysflow in planesparallel
world, to x = 0.The differentialequationsandboundary

Thestudyof theseanomalousareashasbecomea conditionsof theproblemwere solvednumerically.
very Importantpartof oursubjectsinceit mayreveal Thesolutionshowssomeremarkableeffectsof the
considerableinformationabout subterraneangeologi- discontinuityon the surfacevaluesofF,butH
cal features,but it wassometime beforereally satis- outsidethe conductoris uneffectedby the disconti-
factory interpretationsof the anomalousobservations nuity.Thesesurfacefield resultsagree,in character
could beobtainedbecauseof thedifficulty of solving with thosefoundby d’Erceville.andKunetz(1962)
the mathematicalproblemsinvolved.I attemptedto from ananalyticsolution.However,onemethodof
describethe generalnatureoftheseproblemsin 1962, solution alsoenabledusto fInd the field andcurrent
andI thensaidof them “Thesemayprovelaborious flow insidetheconductor,andFig. 2 showsthelines
to solve,but it is to behopedthat eventuallyalibrary of currentflow for oneparticularepochduringthe
of solutionsof relevantproblemswill be available, period of oscillation.For the epochshownthe flow is
This would helpthe taskof interpretingmanygeomag. from left to right,from theconductOrK1 totheconduc-
neticvariationphenomena.” torK2 whereK~ 10 K2. It will be notedthatour solu-
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tionshowsasignificantdownwardturn of thecurrent Now the aboveconclusionsall reston theargument
linesastheyapproachtheboundaryandasharprefrac. that asurfacedistributionof chargeisbroughtinto
tion atthe boundary.Whatcausesthe currentsto stray existenceat the interface.This, however,hasbeen
from their straightandhorizontalpaths-thatthey queriedandindeeddeniedby someinvestigators(see
follow atdistanceswellawayfrom thediscontinuity for exampleJonesandPrice,1972).Thisis not really
in K? Wesay thatthecauseof this — thevillain of the surprisingbecausethe equationsusedto solvethe
piece! — is analternatingsurfacechargebeingcontin- problems,i.e.eq. 1,2and3 togetherwith thebonn-
ually placedon the boundaryby theimpingingcur- daryconditions,containno explicit referenceto any
rent as shownin Fig. 1. It is thissuggestionthat has chargedistribution,andwhenthe displacementcurrent
arousedsomecontroversy.We arguethat the electric is ignored,eq. 2 showsthatthe qurrentbecomesnon-
field of this surfacecharge,which is quite minute divergent.Evidently,if thevillain is asurfacecharge,
ifimeasuredin Qoulombs,hasneverthelessan dcc- heiswell hidden!We cannowdiscoverhowheis
tric field comparablewith the otherelectromotive hidden.Firstly, theelectriëfield of a chargedistribu-
forcesin theproblem.Thenormalcomponentof this tion is agradientvectorandthe curl of ngradientvec-
electricfield opposesthe extraneousfield E0 in the tor is zero.Henceby takingthe curl ofEin eq.2 we
betterconductorK1 andaddsto it in the othercon’~ havealreadyhiddenanypartof Edueto acharge
ductor K2, thus effectively (but theoreticallynot distribution.But we still havethe difficulty thatthere
quite absolutely)equalisingthe normal components canbeno chargeaccumulatinganywherebecauseJ
of currentflow acrosstheinterface.Also the surface is non-divergent.This,however,arisesfrom ouras-
chargeis greaterat theupperendof theinterface sumptionthatthe displacementcurrentcanbeignored,
becausethe impinging current is most intense comparedwith theconductioncurrent,which is
theredueto the skin effect of the horizontalup- certainlytruefor thetime-ratesof ehangeinvolved.
per surface.This producesa net‘electric forceE~ But ourassumptionthatwe canignore1) mustof
downwards,which bendsthe currentsdown as in courseimply thatwecanignoreany currentofthe
the figure. Also, if we take for sip~pJicitythe sameorderasD.Now if asurfacechargeof densityp
dielectricconstantse to be the samein thet%vocon- isbuilt up on theinterface,wehave:
ductors,wehaveE1 n = —E2~= E~say,so thatthe
resultanthorizontalfields in thetwo conductorsare + D~= p (9)
E0 — En andE0 + En,while theverticalfields are the andthereforethecurrentextractedfrom r,, to build
same.Hencethelinesof electric force,andtherefore up p is:
alsothe currentlines,arerefractedattheinterface
asshownin thefigure. ~1n — ~2n = ~‘ = ‘~1n+ 1) 2n (10)

_________________ whichis of the sameorderof magnitudeasthedis-
placementcurrentandcanthereforebeignored.Never-
theless,theelectricfield of thesurfacechargeisnot
negligible,because,for example,E1~= ej’ D1~,

4,Ez andthevery smallvaluesof e mentionedin § 2en-sure thattheelectricfield of the chergeitself is com-
parablewith thatdueto theappliede.m.f.driving

+ thecurrents,in spiteof thefact thatthemagnetic
field of the extractedcurrentto build it up is ne~li-
gible.

zi
OnefurtherpointthatI would like to emphasizeis thatthe currentproducedby theelectricfield of

the chargedistributionis atrueconductioncurrent,
Fig.2.Currentlinesandsurfacechargedistri’butlonnieaiaver- proportionalto the conductivityof theparticularcon-
ticalplaneofdiscontinuityof conductivity. ductor.It is notadisplacementcurrentas somein-
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vestigatorshavesuggested.Thismisconceptionhas ableexperimentaYdata,andthento decidehow accu-
probablyarisenfrom eq.10 which showsthatthe ratelyandwith what degreeOf certainty,we cande-
currentrequiredto setu1rpthecharge distributioncan fine thatmodel.I will notdiscussthis further,butI
be expressedin termsof displacementcurrents,but would like to endwitha “CautionaryTale”. In the
the currentarising from~theelectricfield of this distri- preface(I think it was,but it’s a longtimeago since
butionis of a quitedifferentcharacter. I readit) to oneof Heaviside’svolumesonElectro-

Thereadermayperhapsfeel thatI haveratherla- magneticTheory,thereis atale abouta mathematician
bouredtheabovediscussionof interpretationsunnec- who wentslightlymad,andwasgreatlyaffectedby
essarily,but I havefound somanymisconceptions themoon.Hewasso madly obsessedwith themoon,
aboutthesephysicalideasthatit seemsto mede- thathe madeabeautifulmodelof it, andthenhebe-
sirableto clarify the physicalpictureasmuchaspos- cameconvincedthathismodel wasthe realmoon,
sible. andthe thing in the skymerelya figmentof the

imagination!NeedI saymore than”Matbematicians
bewareof beingseducedby your beautifulmodels!”

8. Themoonandbeyond
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