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A FOLDRENGESEK ROMBOLO HATASANAK VIZSGALATA
A FOLDTANI FELEPITES FUGGVENYEEIN

SZEIDOVITZ GYOz6*

Egy foldrengés kipattandsakor az azonos tavolsagban elhelyezett egységes
szerkezet(i mitargyak is kiilonb6z6 mértékben karosodhatnak. Ennek néha a mély-
tektonika, néha azonban a kozvetlen kérnyezet kildnbozé foldtani felépitése az
oka. A kilonbozé foldtani szerkezetek granithoz viszonyitott intenzitasnével§ hatasa
a két-harom MSK (Medvegyev, Sponheuer, Karnik, 1964) fokot is elérheti.
Célszerl tehat mérndkszeizmoldgiai vizsgalatokkal elére meghatarozni, hogy milyen
lesz a talaj foldrengéséallékonysaga, ha egy tertleten foldrengés kovetkezik be.

E vizsgalatokra kidolgoztak néhany mddszert, amelyek a talaj rezonans frek-
vencigjanak, s(r(ségének és a benne terjedd szeizmikus hullamok sebességének mé-
résén alapszanak (Kanai, 1956, Medvegyev, 1962).

E modszerek nehézkesen, de jol hasznalhatok nem tdl bonyolult féldtani fel-
épitésu teriletek vizsgalatanal.

A kovetkez6kben a talaj foldrengésintenzitas-novel6 hatasanak meghatarozasara
egy egyszerl és viszonylag gyors moédszert ismertetink.

Kulonbozé foldtani felépitési teriileteken vizsgaltuk a sulyejtéssel gerjesztett
szeizmikus hullamok elmozdulasamplitidoéjat a gerjesztéstl 20 m-re. Méréseinket
kulénbdz6 energiaju gerjesztéssel — 120 kp, 3 m magassag (a, b) és 40 kp 1,5 m
magassag (c, d) — tdbbszér megismételtiik. A mérések elkezdésekor az amplitidok
mellett az elsé beérkezéseket is feldolgoztuk. Az els§ beérkezések amplitudéja és
az egyes teriletek foldtani jellemz6i kézott dsszefliggést nem tapasztaltunk. Ezért
kés6bb csak az észlelt rezgések maximalis amplitadéit vizsgaltuk. A tovabbiakban
Ax, Ay és A, a kuldnféle talajon mért szeizmikus hullam sugariranyd horizontalis,
sugariranyra merdleges horizontalis és vertikalis elmozdulasanak maximalis ampli-
tadéjat jelenti.

A graniton mort Ax amplitado értékét jeloljuk -4x.r-rel és képezzilk az Ax/Axy
aranyt (1. abra). A gorbék menetét a gerjesztés modja kis mértékben befolyasolja,
nagyobb eltérést csak dolomitnal tapasztalhatunk. A horizontalis vektor, valamint
a teljes elmozdulasvektor maximalis értékét a kovetkez6 médon becsuljik:

AH=fIf~"A$
ArrAl+Aj+Aj

Képezzik az egyes teriiletekre rendre az AH/AHgr, valamint AT/ATgr aranyt
(2. &bra). A gerjesztés modjatol, a vizsgalt hatarokon belll, az amplitudéaranyok

* MTA Geodéziai és Geofizikai Kutatd Intézete, Sopron—Budapest.
A Kézirat beérkezése: 1973. okt. 9.
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1. abra. Kulonféle foldtani felépités mellett mért maxi-
malis sugariranyld amplitudéaranyok 6sszehasonlitasa ki-
16nb6z6 gerjesztésnél a, b: 120 kp, 3 m; c, d: 40 kp,
15 m; D —dolomit, A = andezit, G = gneisz, K = dolomit-
konglomeratum, L = l6sz, Ag = agyag, 77=homok
Figure 1 Comparison of radial amplitude ratios for
different types of ground and different seismic sources
a, b: 120 kp, 3m; c,d: 40kp, 1,5m; D = dolomite ; A =an-
desite; G =gneiss; K = dolomite conglomerate; L = loess;
Ag=clay; H =sand
Pue. 1. ConocTaBfieHVe OTHOLLEHWNIA MaKCUMasIbHbIX aMnTyg,
celicMMYeCKUX BOMH, 3anucaHHbIX B paiioHax C pas/MyHbIM
reosIorMYecKMM CTPOEHUEM, MPU Pas/INYHbIX UCTOYHUKAX BO3-
Gy>kaeHUs ynpyrux KonebaHwuii a, b — 120 kr, 3 m; ¢, d — 40 «r,
15 m; D — gonomutbl, A — aHgesnTbl, G — rHeliccbl; K—
KOHrnomepatbl gonomuta; £ — nécc; Ag— rNuHbl, H — neckn
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2. abra. Kulénboz6 gerjesztésnél mért Aj/Ajgrés
Anh/Anhgr aranyok osszehasonlitasa

Figure 2 Comparison of the Ax/A”gr and Au/Angr
ratios for different seismic sources

Puc. 2. ConocTaBsneHue rpatrkoB OTHolleHWA Aj/Ajgr

N Ausangr NPU Pa3NYHBIX WUHTEHCUBHOCTAX
BO36Y>XKEHUS YNpYrux KonebaHui

csak kis mértékben fuggenek. Medvegyev a kulonb6zé talajok intenzitasnoveld
hatasanak meghatarozasara az

n=1,67 log VO@¥Vr;n
Osszefliggést talalta, ahol
Vn ill.FOa szeizmikus hullam sebessége a vizsgalt kézetben, ill. granitban, km/sec,
@, ill. pO0a vizsgalt talaj, illetve a granit s(irlisége, gr/cm3
Helyettesitsilk be VO@/Vrgn szeizmikus keménységek helyére sorba a AJAxgn
AH/AHr értékeket. Az ilyen mddon Aatalakitott egyenletb6l hatarozzuk meg az
altalunk vizsgalt tertletekre az ,n” intenzitas értékét.
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Az 1. tablazatban a kapott eredményeket a Medvegyev altal meghatarozott
.N" értékekkel hasonlitottuk ossze. Lathatd, hogy a homokon mért Ax/Axg-bol
szamitott kivételével mindegyik intenzitasérték a Medvegyev altal megadott inter-
vallumba esik, tehat egyszer( és gyors mddszerink biztaté eredményeket igér.
Vizsgélatainkat folytatjuk és ha az eddigi eredményeket bévebb adathalmazzal
igazoljuk, a szeizmikus veszélyeztetettség el6zetes meghatarozasa egy kdnnyen alkal-
mazhatd mérnodkszeizmolégiai modszert kap.

|. téblazat
Table |
Ta6bnuua |

Kézet
Rock 1,67 log Ax/Axgr 1,67 log An/Angr 167 log ArlATgr Meggepes (1962)
n

[opHble nopogbl
Granit
Granite 0 0 0 0
rpaHnTbI

Dolomit
Dolomite 0,02 0,80 0,75 0,2-1,1

A0/TOMUTbI

Andezit
Andesite 0,72 0,3 0,3 0,0-1,1

aHOe3nTbl

Gneisz

Gnheiss 0,80 0,2-1,1
rHeuccol

Dolomitkonglomeratum

Dolomite (conglomerate) 1,20 11 11 1,0-1,4
00/1I0MUTbI (KOHI/IoMepar)

Losz

Loess 1,60 16 1,57 1,2-1,8
nécc

Homok

Sand 2,10 1,67 1,67 1,2-1,8
neckmn

Agyag

Shale 1,92 1,63 1,57 1,2-2,1
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1 Medvegyev, S. V.—Sponheuek, W..KAbntk, V., 1964: Instruction concerning the
scale of seismic intensity MSK.64. Publication No. 48 of the Institutfur Geodynamik,
der Deutschen Akademie der Wissenschaften zu Berlin, 69 Jena (DDR), Burgweg 11

2. Kanai, K. 1956: Proceedings of the World Conference on Earthquake Engineering,
California.

3. Megseges, C. B. 1962: VHxeHepHasA Celicmornorust FocyfapcTBEHHOE M3AATEbCTBO /IUTepa-
TYpbl M0 CTPOUTENLCTBY, apXUTEKTYpe M CTPOUTeNbHbIM MaTepuasiam, Mocksa.



THE DESTRUCTIVE EFFECT OF EARTHQUAKES AS
FUNCTION OF GEOLOGIC STRUCTURE

GY. SZEIDOVITZ*

It has often been experienced that the damages suffered by objects of identical
size and in the same distance from the epicentre of an earthquake can be quite
different depending on the properties of the ground. In some instances this has to
do with deep tectonics, in many cases, however, it is the geology of the immediate
neighbourhood which matters. Since the intensity-increasing effect of different
geologic patterns as compared to granite can reach as much as 3 MSK degrees
(/. Medvedev—Sponheuer—Kaewk, 1964) it has ever been a challenge to
engineering seismology to predict the earthquake resistance of different types of
grounds.

The various methods proposed (Kanai, 1956, Medvedev, 1962) are based
on the measurement of resonant frequency, density and seismic velocity of the
ground investigated. A common drawback of these methods is that they are labour
consuming and only apply for mildly complex geologic conditions.

The present paper is a summary of our first experiments towards a rapid simple
technique of predicting the effect of grounds on the intensity of possible earthquakes.

We measured displacement-amplitudes of seismic waves generated by weight
dropping at 20 m from the source on areas of different geology. Measurements
were repeated many times with 120 kp, 3 m height (a, b) and 40 kp, 1,5 m height
(c, d). As there was no significant correlation between the amplitudes offirst arrivals
and the geologic parameters it seemed appropriate to use the maximal amplitude
recorded. In what follows let Ax, Ay and Azdenote maximal amplitudes of the hori-
zontal, perpendicular and vertical components, respectively. Figure 1 depicts the
ratio of amplitude A xto Axgri.e. to that measured on granite. The general appearance
of the curves is but slightly influenced by the weight applied ; the only significant
deviation being that for dolomite. The maximum of the horizontal component and
that of the total dispalcement can be estimated by

AH=YJT*+ AS,
AT=1A1+A*+Al
Figure 2 represents plots of the AH/AHy and AT/ATgr ratios for different

areas. Within experimental limits these ratios are independent of the energy of
source.

* Geod., Geoph., Inst. Ac. Sc., Sopron—Budapest
Manuscript received: 9, 10, 1973.
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Medvedev (0p.cit.) described the intensity-increasing effect of different ground

types by the factor.
n= 1,67 log VOQ¥VvmQ,

where Vnresp. VO (km/sec) are seismic velocities of the rocks investigated and of
granite, respectively, and gn; g0 are respective densities.

Let us substitute ratio of “seismic solidity” VO@/Vrgnby Ax/Axgrand A H/AHr;
respectively, and determine factor from the modified equation.

In Table | we compare our results with the “n” values determined by Medvedev.
With the only exception of the intensity determined from the Ax/Axy ratio, for
sand, our values fit within the intervals given by Medvedev, so it is hoped that
this very simple and rajnd technique will prove to be a reasonable substitute of the
more elaborate methods published so far for predicting seismic danger spots.



AHAMIN3 3ABUCVIMOCTU PA3PYLUAIOLLENO AENCTBUA
3EMJIETPACEHNIM OT FEO/TIOMMYECKOIO CTPOEHUA

CENAOBUL, Ab.*

Mpy BO3HMKHOBEHUW 3eMJIETPSCEHUSA COOPYXKEHUS O4MHAKOBOW KOHCTPYKLMW,
Haxo4ALWMeCA Ha aHasIorMyHbIX PaccToAHUAX OT 3MNULUEHTpa, MOryT paspyllarbes
B Pa3/IM4HOM Mepe. B HEKOTOPbIX ClyyYasx 3T0 CBA3@HO C M1yO6MHHOW TEKTOHUKOM, HO
4acTo C reosIorMyecKUM CTPOEHMEM HEMOCPeACcTBEHHOW MX OKpecTHOCTU. lMoBbiLle-
HVWe WHTEHCMBHOCTU COTPSACEHWUI 3a CYET Pas3/IMYHUIA B reosIOrMYECKOM CTPOEHUN
MoXkeT pgocturatb 2—3 6annoB MCK (M easenes, W nowuxeiiep, Kapnuuk, 1964).
CnepoBaTesibHO, LiesiecoobpasHo MpoBOAUTL MHXXEHEPHO-CeicMoMornyeckmne uccre-
[0BaHWA ANna onpefesieHns yCTOMYMBOCTU Pas3NINYHbIX BUAOB FPYHTOB MPOTUB 3EM-
NETPSACEHNIA.

[Ana aTon uenm 6bln paspaboTaH psA4 METOL0B, B OCHOBE KOTOPbIX JIEXKUT U3-
MepeHVe Pe30HAHCHOW 4acToTbl, M/IOTHOCTU FPYHTaA M CKOPOCTM pacrnpocTpaHeHus
B HEM CEMCMUYECKNX BOJTH (K anau, 1965, M egsenes, 1962).

OTn MeToAbl TPYA0EMKMN, HO 3(PeKTUBHO MPUMEHSIOTCA B palioHax ¢ MPOCTbIM
reos1Io0rM4ecKNM CTPOEHUEM.

Hwke paetca onmcaHve NPOCTOro W CpaBHUTEsSIbHO 6bICTPOro metoda As1a on-
pefesieHnst CericMOCTOMKOCTM TPYyHTOB. B palioHax ¢ pasfIMyHbIM reon0rmMyecknm
CTPOEHMEM 6bl/IN NPOBEAEHbI UCCNEA0BAHUSA, MPUYEM MPU MOMOLM NajaroLero
rpysa Bo36y>Aasmcb CeicMMyeckme BOSIHbI M Ha 20 M OT UCTOYHMKA U3YHasIUCb aM-
NANTYAbl CEACMUYECKNX BOMH. V3MepeHns Bbl/in HEOAHOKPATHO MOBTOPEHbI C pas-
JINYHOW MHTEHCUBHOCTBIO BO30Y>KAeHUss — 120 Kr ¢ BbicoTbl 3 M (a, b) 1 40 Kr ¢ BbI-
coTbl 1,5 ™M (c, d). CHadana, Kpome aMnanTyf, aHa/IM3UPOBa/INCL U MepBble BCTYyre-
HUA. Tlpn 3ToM He 6bls1a 06Hapy>keHa CBA3b aMnAMTy[ NepBbiX BCTYMJIEHWIA C 0CO-
6EHHOCTAMM re0N0rMYECcKOro CTPOEHUS pas/INYHbIX parioHoB. 03TOMY B AasbHeii-
LEM M3yYasINCb TOSIbKO MaKCMMasibHble aMnInNTy bl HAbNIOAEHHBLIX BOMH. B HuKe-
cnegyowemM AN 0603HavYeHUss MakKCMMasibHbIX amnanuTyf ropusoHTasibHOro, nep-
NeHANKYNAPHOr0 N BEPTUKA/IbHOIO CMELLeHWIA CeiCMMYECKMX BOJIH, 3amnmcaHHbIX Npu
pasnnyHbIX rpyHTax, BBoAATcA cumBosbl JIX, Ay n A, COOTBETCTBEHHO.

MycTb BeNMuMHa aMnanTyabl FX B rpaHuTe GyaeT Axgr; Ha puc. 1. npeAacTasie-
HO OTHOLWeHWe aMnnTy4 AJAXgr. Ha 0CHOBHOI X0/ KPUBbIX B HE3HAUNTESIbHOM Mepe
B/INAIET BeNMYUHA TMPUMEHSBLLIETOCA rpy3a W TOMbLKO ANA LO0/I0OMUTE Moslydaercs
3HaunUTeNbHOE OTK/IOHEHWE. MaKCcMMasibHble Be/IMYMHBI FTOPU3OHTA/IbHOI0 BeKTopa
M BEKTOpa CYMMAapHOro CMELLEHUS BbIpaXKatoTCA COOTHOLLEHUAMMN

AH= YAx+Ay
AT=\AL1+A*+Al

~ eofe3nyecknii N reomanyeckunii nccnegosatensCknini MHCTUTYT AH BHP, LWonpoH—BypaneLut.
Pykonuck noctynuna 9 okts6pa 1973 r.
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Ha puvc. 2. npeactasneHbl rpadukmn oTHoweHnin AH/AHY n AT/ATy ans pasnuHbix
paiioHoB. B npegenax n3y4aemoro AvanasoHa, 0THOLIEHUWS aMM/IMTYA 3aBUCAT B He-
3HAUMTE/IbHOW Mepe 0T MHTEHCUBHOCTU BO36Y>KAEHMS.

[ns onpegeneHuns agcpekTa rpyHTOB, MOBbILWIAOLWETO WHTEHCMBHOCTL COTPsiCe-
HUA M epsenesmim (1962) 6b1JI0 NPEA/IOKEHO COOTLUEHME

«=1,67 log VeeWVn

rae Vnu VO — CKOpPOCTb pacrnpocTpaHeHUs CEMCMUYECKNX BOSIH B U3y4YaeMbiX rop-
HbIX MOpoAax 1 B rpaHUTax, COOTBETCTBEHHO, B KM/CEK.,
e, W p0 — NAOTHOCTb W3y4YaeMoro rpyHTa W rpaHuTa, COOTBETCTBEHHO, B
ricm3

MoacTaBUM B OTHOLLEHWW «CeMCMMYecKol npoyHocTyy» VOoJV dgi BennuuHbl AX/AQr
v AH/AHgr. Mo n3MeHeHHOMY TakKuM 006pa3oM YpaBHEHUIO OrnpefesiuM  BENTUYUHY
«» NHTEHCMBHOCTU AN151 N3y4aeMbiX PaioHOB.

B T1abnuue 1 paetca conocTtassieHWE MOSyYeHHbIX pe3y/ibTaToB C BelM4vHamMu
«», onpefeneHHsIMn MegseaesbiM. 3 Tabnnubl BUAHO, YTO 3a UCK/TIOYEHUEM Be-
JNINYMHBI, NOSTYYEHHOM NO OTHOWeHUIO AX/AXgr 4N NMECKOB, BCe OCTaslbHble BE/INYVHbI
WHTEHCUBHOCTWN MPUX0AATCS B MHTepBas, 3afaHHbIi MeaBedeBbiM. B cBA3W € 3TUM
MOXXHO HafAeATbCHA, YTO MpegsiaraemMbii MPOCTOA W BbICTPbIA MeTo4 CMOXeT 3ame-
HUTb Gonee TpynoeMKMe MeToAbl, pa3paboTaHHble 40 CUX MOp ANA NpeaBapuTesb-
HOro ornpegenieHNss CeMCMUYECKN OMNacHbIX Y4acTKOB.



EDITORIAL NOTE

A paper of Gy. Daykhazi, “Theoretical aspects of the induced polarization
method”, published in Geophysical Transactions X X 1. 1-4, 1973, has awakened some
comments. The Editor is of the opinion that a too concise composition of the paper
which involved neglecting some details deemed as unnecessary by the author has,
in fact, rendered the proper understanding of the message difficult.

As a matter of fact, the comments gather around three problems. The author,
accordingly, was ap23roached to answer the following three questions.

1 It is known that in actual IP field measurements polarization current is
proportional to inducing current. Why has the author chosen just x (the
electric polarization susceptibility) for proportionality factor?

2. In an SI system of units has x a dimension or not?

3. Why £0, the dielectric constant of a vacuum, fails to appear in the exponential
expressions ?

The author’s answers are the following.

To make the point clear it seems appropriate to present a parallel treatment of
polarization phenomena in conducting and insulating bodies. Rocks will be consi-
dered as conductors or insulators, usually possessing polarization properties. Non-
polarizable insulators behave like vacuum, while a nonpolarizable source-free con-
ductor (one for which div jO=0) strictly obeying Ohm's law will be termed the
ideal conductor. In a polarizable rock (insulator or conductor) the electromagnetic
field components will differ from those in vacuum or in ideal conductors, precisely
because of piolarization.

Using the SI system of units in a nonconducting dielectric the change of electric
field-strength as compared to vacuum is characterized by the polarization field-
strength P dwhich has been found to be proportional to the field-strength E measured
in vacuum:

P d= eOxE,

where e0is the dielectric constant of vacuum in the SI system of units and x is the
electric polarization susceptibility. On the other hand, in case of conducting rocks
and other materials it has been found that

jp=-No-

wherej p is the polarization current produced by the inducing currentj 0. The constant
of proportionality, x, has been deliberately denoted by the same symbol as the
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polarization susceptibility figuring in the previous equation even though we realize
that there is a considerable discrepancy between notations and opinions of different
authors. In what follows we proceed to show the suitability and necessity of this
choice of x.

Multiplying both sides of the previous equation by gQi.e. the specific resistivity
of the rock, we get

eJp=-KMo=—KE,

where we have made use of the equationj0yO=E. The right-hand side of this equation
and of that relating to dielectrics are formally the same but for a minus sign that
appears instead of e0. Before dwelling upon this any more let us inspect the left-hand
side. In the equation for dielectrics, in the SI system of units, the dimensions of Pd
and E differ since enis a dimensioned quantity. This discrepancy is due to the parti-
cular choicé of the system of units and can easily be cleared up by making e0dimen-
sionless and attaching the dimension F/'m to the relative dielectric constant er. As to
the usual alternative, it also has some practical merits since in vacuum the relative
dielectric constant er regresses to the dimensionless “ 1” i.e. to the dielectric constant
of the C.G.S. system. Considering, however, the equation multiplied by gnwe find
that all practical advantages disappear in case of polarizable conductors when this
very important empirical equation yields incompatible dimensions. The contradiction
can be settled unambiguously by attaching the dimensions F/m to er instead of eQ.

The dimensions of x will be F/m as well since the field-strength E refers in this case

to an ideal conductor for which erE = E. Here e0is the relative dielectric constant
of the ideal conductor, its numerical value being 1. For non-ideal conductors we have

Having thus further increased the analogy between dielectric and conducting bodies
the polarization of the latter can be described by the equation

Pc= —xE,

which is already correct as for dimension.
Let us now investigate the role of the minus sign in the equation for Pcand its

absence in case of Pd Conducting a D.C. to a polarizable conductor we experience
that while keeping the voltage fixed the current gradually decreases. This is due to
the fact that during the stage of their development dipoles contribute an additional
current to that of the free electrons or ions and this additional current dies out by
the time dipoles will have been brought about. So, according to the experimental
results, polarization current is of opposite direction to the inducing current which
accounts for the minus sign. On the other hand, since we cannot conduct a D.C.
through dielectric bodies, the current flowing in them is characterized by the dis-
placement current density, i.e. by

BE BE dE
£°S Bt ~€° Bt +y~Bt .
This current obviously increases with increasing erbacause of the continuous polari-

zation of dipoles, that is for nonconductors the dielectric constant does not decrease
but increases displacement current. The difference in sign between the two equations
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is a matter of convention and technique of measurement rather than a point of phy-

sical significance.

Let us consider now the role of e0. The equations for Pdand Pc, respectively,
are experimental facts, theirvalidity does not have to be checked. Strictly speaking,
these equations hold under certain restricted conditions (homogeneous isotropic
rocks, low current densities, etc.) but throughout our investigations we have restricted
ourselves to rocks satisfying these ideal conditions, anyway. That e0 occurs in one
of these equations while fails to appear in the other is an experimental fact and our
only task is to try to understand the physical background of this phenomenon.
The explanation is pretty straightforward if we approach the question from the
point of view of quantum-electrodynamics.

According to quantum-electrodynamics the evolution of dipoles is due to the
electromagnetic interaction—transmitted by photons—between dipoles and particles
maintaining the electric current i.e. free electrons and ions. Evidently, the interaction
between a dipole in a dielectric situated between the plates of a capacitor and the
photons moving in the dielectric will be totally different from that between a dipole
of a conductor and an ion moving within atomic or molecular distance. The polari-
zation field strength in this latter case is many times higher than that in dielectrics.
The difference becomes appreciable if we compare the performance of capacitors
made up of dielectrics and of electrolytes, respectively. Capacitors made up of
electrolytes can be considered as conductors with li.e. of an extremely high pola-
rization susceptibility while those comprised of dielectric are insulators. Consequently,

in electrolytic capacitors the polarization field strength can be characterized by Pc

while in dielectric ones by Pd Using capacitors of the same size, an electrolytic
capacitor yields a capacity of orders of magnitude higher than the dielectric one.
We are now in a position to show why it was necessary to use K as factor of

proportionality in the equation for Pc. The point is that it is impossible to draw
any distinctions depending on the material or rock where polarization takes place.
Polarization always results from the interaction of dipoles with the electric field-
strength no matter whether this field-strength is due to the voltage between the
plates of a capacitor or to ions moving in an electrolyte. There is one and only one
physical constant within the scope of quantum-electrodynamics for the description
of the relationship between the electric field-strength and the polarized microparticles
and this is polarization susceptibility (or the dielectric constant having the same
information content).

The introduction of any other physical constants would be justified only if
the interaction itself were basically different, e.g. if the development of dipoles
were due to mechanic collisions of ions. Classical electrodynamics, however, does not
assume nor ajaprove interactions of that kind so if we do not want to violate the
idealized conditions and the generally valid range of electrodynamical rules, it is
inevitable to use k as constant of proportionality.

According to what has been said above rocks have to be considered as conducting
bodies where an electric field, no matter whether transmitted by ions or brought
into existence immediately, can produce polarization. There is no polarization if
the relative dielectric constant er is 1 (case of the vacuum or an ideal conductor).
Maxwell’s equation involving polarization constants becomes

vo.r dP tp
curiH =jO-jp + eo-fo+-Rf>
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using the same notation as before. The last two terms on the right-hand side corres-
pond to displacement current density. To gain a feeling of its order of magnitude
suppose that we perform a field measurement with a current of a frequency co= 100
Hz and an effective voltage ¥ = 1000 V. In this case, if er= 10 F/m,

W dp dé_ ~ ~ .
% eCerwV = 8.55- 10-n 103-103= 8.55-10-°.
E~dt+ ~dt~-BE <t

If the resistance of the circuit AB is 1000 ohm, the inducing current is — = 1A,

i.e. the displacement current is only a fraction of some millionths of the inducing
current and we are justified in dropping it and putting

curl H=j0-j p.

This implies that under actual field conditions of the IP method €0 does not
figure in Maxwell’'s equations, so it obviously “fails to appear” in their solutions
either.

Since the paper under discussion dealt with ideal conductors there had been
no need to distinguish P c and Pdand the polarization vector and other field charac-
teristics were denoted in the conventional way. It is extremely important to explore
the nature of the j>hysical “constant” x whose constancy, of course, is only one of
the idealized conditions we had to accept. In practice, it most likely depends on
frequency, temperature and on the texture of the rock. A further simplification
we have made is that polarizatin has been attributed to dipoles alone and the role
of quadruples and multiples has been neglected.

However, while these and other facts of the theory of IP will remain a task of
future research we have to emphasize once more the significance of the quantitative
approach, even under idealized conditions as we had done in the paper discussed.
The analysis of discrepancies between experimental findings and those predicted by
these idealized theories will lead to a deeper understanding of the underlying physics
and, after all, to better tools of geophysical exploration.



