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Summary

The influence of the magnetic field on seismic waves being propa-
gated in the electrically conductive core has been studied for various
values of magnetic field intensity and electrical conductivity. It has
resulted in knowledge that seismic waves passing through the core are
not affected by the magnetic field unless the field intensity exceeds 10°
gauss or the electrical conductivity is smaller than 10-® emu. The spectral
analyses of an actual seismogram indicated that the spectrum of seismic
waves should be considered as not having been changed owing to the
propagation through the core. Hence possible limits of the magnetic
field intensity, (H), and the electrical conductivity, (¢), in the core would
be inferred as H<10" gauss and o>10"% emu.

1. Introduction

Possible interactions between magnetic field and seismic waves have
been recently noticed by some geophysicists in the hope of investigating
the magnetic field and the electrical state in the earth’s core. If the
magnetic field in the electrically conductive core were strong enough,
both transmitted and reflected waves would be strongly affected by the
electromagnetic force associated with magneto-hydrodynamic or magneto-
elastic couplings between motions and magnetic fields. From the fact
that ScS waves do not seem to be affected by magneto-hydrodynamic
waves which will be generated in the electrical conductor permeated by
magnetic flux, Rikitake” has determined the possible limit or range
of the magnetic field intensity (H) and the electrical conductivity (o)
in the core. His results are H<10* gauss and 10°*<o<10~° emu. Al-

* Communicated by T. Rikitake.
1) T. RIKITAKE, Bull. Farthq. Res. Inst., 30 (1952), 191-205.
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though the details have not yet been published, Hide and Runcorn®
have also obtained H<10° gauss from the study of electro-magnetic
damping of P wave within the earth.

Some attempts based on solid or liquid state physics have been also
made in order to estimate the electrical conductivity in the core as ac-
curately as possible. Elsasser has obtained ¢=1.8x10-° emu from a
calculation under the assumption that the core is composed of metallic
iron under high pressure and high temperature. Meanwhile, Bullard
has reached o=1x10"° emu by taking into account the pressure and
temperature variations empirically determined in the earth.

In this paper the writer studies the characteristics of core waves
by applying spectral analyses to various phases of seismic waves observed
at Tokyo on the occasion of a particular earthquake that occurred in
the Atlantic near Argentina. On the basis of the study, the writer also
considers the possibility of inferring the possible range of the intensity
of the magnetic field and the electrical conductivity in the earth’s core.
Although no exact results are obtained, the possible range suggested
by the present study is almost the same as those given by Rikitake,
Hide and Runcorn.

2. Theory

As has been studied in an electrically conductive fluid, motions in
an elastic conductor permeated by magnetic flux are affected by so-called
Lorentz force. When elastic waves are propagated through a magnetic
field, the velocity and the amplitude of waves are to be modified by
couplings between motions and fields. If it is supposed that there were
an extraordinarily strong field in the core which is highly conductive,
frequency characteristics of seismic core waves might become different
from those of the waves which do not pass through the core. By com-
paring the core waves, for example P’ waves, with the other phase,
PP, we might be able to obtain some information about the intensity
of the magnetic field in the core.

The equation of motion when elastic waves are progagated through
an elastic conductor placed in a magnetic field has been studied by
Knopoff®. He has applied his theory to the longitudinal waves passing
through the core which is assumed to occupy a region only in which

2) R. HIDE, Paysics and Chemistry of the FEarth, vol. 1 (Pergamon Press, 1956),
p. 116.

4) L. KNOPOFF, Jour. Geophys. Res., 60 (1955), 441-456.
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the magnetic fluxes are confined and outside which no magnetic flux
exists. He concluded that the attenuation of seismic waves caused by the
magnetic field is not significant and the interaction with the magnetic field
is not an important mechanism in the propagation of seismic waves through
the earth’s core even for considerably high values of the intensity of
the magnetic field and the conductivity. But Knopoff’s assumption that
the fluxes terminate at the boundary does not seem to fit the condition
in the core. In this paper the writer will adopt some different model
as the earth’s core, that is, only the electrical conductivity is disconti-
nuous at the boundary and the intensity of the magnetic field is con-
stant everywhere.

Combining the following, the fundamental equation is obtained; one
is the principal equation of elasticity and the other that of electro-
magnetic force,

%=a“ grad div U— @ rot rot U—i—% , (1)
F=[o(E+vxB)]xB, (2)

where « and [ are the velocity of the longitudinal and the transverse
waves. p and o denote density and electrical conductivity respectively,
E and B are the electric field and the magnetic induction, U(x,, u,, «,)
the displacement vector, v is the velocity, i.e. U0, and F represents
the body force, the electromagnetic force in this case, exerting on the
elastic body. With the aid of Maxwell’s equations, F may be expressed
in terms of v and B, as follows;

(Vz__o-#_;j_)F:—o'{rOt rot(va)} x B, (3)

where ¢ is magnetic permeability. When the magnetic field is located
in y-direction, substituting (1) into (8), the following equations will be
obtained,
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For the compressional plane waves
uz:Aeip(t—z/C) , ( 7 )

which are propagated in z-direction, equation (6) becomes

(p—1+ipcr/1>(p“— ap ) —ip?B P (8)
¢ ¢ p

According to Knopoff’s expression, (8) and its solution are written as
follows ;

(=) E—iV)=cTE, (9)
pe=Vita +iVieV (Vi i VF—4iVias,  (10)

where V, is the phase velocity of magneto-hydrodynamic waves, that is,

B
V,= , 11
= (11)
and
Ve:]/ o, 12)
/lO'

In the case of Vi{{a* the roots of equation (10) can be expressed in a
simpler form,

V'.'.
C~alld+——— "2 __ L, 13
i~ +2(a""—1§V§)} a2
cmievii— Vi 1 14
AR 2(a'—’—7:Vg)} a4

On the other hand, if V3({«* they will be approximated in somewhat
different form,

)~ 1 172 'iVEVQ
Cl~1/01'+ VE{I+W;5;} ’ (15)
it Ve , (16)
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From (18), (14), (15) and (16) it is obvious that the waves in the
electrical conductor are attenuated owing to the existence of the magnetic
field. For the waves whose velocities are C,, C,, C; and C,, the at-
tenuation factors are expressed respectively as follows;

C,: exp —pd V’%Z 7 )
<1+ hy Ve )
d (—VV?
C.: exp|——2= {1+ : (18)
v v
o 04
, V2V2
e [— d*—"e—]
1 exp p 2(a2+V’2L)5/._,
5 B
=exp | —p'd T (19)
oo+ )
Pt

o o[-/

col-n/ 2] e

The second type wave specified by C. or C, is the rapidly attenuative
wave. The depth of penetration 6 where the amplitude of the wave
diminishes to as small as 1/e of that of the incident one becomes,

aspp

for the wave C;. As for the first type wave C; or C;, the attenuation
is not so remarkable as for the second type wave, but the stronger the
magnetic field intensity grows or the lower the electrical conductivity
becomes, the more notable the attenuation will become.

Now let us consider an infinitely extended slab of an elastic con-
ductor bounded by the planes 2=0 and z=d. Outside this region the
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conductivity is zero everywhere. The compressional plane wave being
propagated in z-direction yields at the boundary z=0 two modes of os-
cillation. One has the velocity of the ordinary elastic wave type C,,
and the other is the wave attenuating rapidly in the conductive region.
These excited waves likewise produce two modes of waves at the other
boundary z=d, so that four types of waves are in the slab. These
four waves, together with the incident, refracted and reflected waves
in the non-conducting region, should satisfy the following conditions at
the boundary :

1) the displacements due to these waves are continuous,

2) the tangential component of the magnetic field is continuous,

3) the total stress composed of the mechanical stress and the electro-

magnetic stress is continuous.

Now that the intensity of the toroidal field ia the core which has
no radial component is inferred to be much stronger than that of the
poloidal field”, the seismic waves being propagated in the radial direc-
tion are nearly perpendicular to the field. In the calculation below we
shall take as actual a model as possible.

When the magnetic field (1'#)B(=H) is parallel to the boundary
and perpendicular to the direction of propagation of the wave, we can
easily derive the following relation in the electric conductor from Max-
well’s equations.

a 1 . oU
e — P )b=T (—— B), 2
(5 = o= G =

where b ig the induced magnetic flux density. Assuming

0 0
b=(0, |=(Serre-se0 |, 23)
0 0

the solution of (22) is obtained as follows,

—_P B4,
b — Cy gintt=zlcy , (24)
’ i L »
O',u Ci

5) E. C. BULLARD and H. GELLMAN, Phil. Trans. Roy. Soc. London, A, 247 (1954),
213-278.
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where A4, is the amplitude of the compressional wave. To satisfy the
boundary condition the total sum of these additive magnetic induction
must be zero across the boundaries, because the magnetic induction B
is constant everywhere and does not change with the time.

As mentioned above, the total stress consists of two kinds, the elastic
stress and the electromagnetic one, which are in general represented by
a tensor (7';). In this case it is sufficient only to satisfy the condition
of continuity of the component 7',,, the conditions for the other com-
ponents being automatically satisfied provided the condition for the com-
ponent T, is fulfilled. T,, is written as

T, =par %% _ L pipy. (25)
0z 2p

The first term of this equation represents the elastic stress and the
second Maxwell’s stress due to the magnetic field. The value of the
second term being continuous at the boundaries, because the tangential
component of the magnetic field does not change there, so that we see
that we have only to bring the first term into question. On taking into
account the continuity conditions of the quantities calculated in (24) and
(25) together with the continuity of the displacements at the boundaries
2=0 and z=d, we have six equations to be solved.

From these equations the ratio K of the amplitude of the transmit-
ted wave to that of the incident one is obtained as follows;

4q.(q,ry—qury)et?

K= (72— @1 o
{a.(ri—1) —q(r,+ 1)} e 0 — {q.(r +1) — : (1, + 1)} e 70

(26)
where
b
Cx
qr= —Vz—— ’ (27)
72— ~;
Ci;
r="2%, (28)
Cy

In the course of the derivation of the transmission coefficient K, the
writer assumed that the waves (specified by the velocity C.,), which are
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generated at one side of the boundaries, are attenuated so strongly
that they have practically no effects upon the other boundary. The as-
sumption will be justified by the fact that the depth of penetration of
these waves is very small and will never reach the opposite boundary
if the width of the conductive region is wide. In reality the earth’s
core is so large that the depth of penetration é given in (21) is negligibly
small compared with the dimension of the core, so that the above-
stated assumption could safely be adopted.

Although we do not know any accurate values of the intensity of
the magnetic field and the electrical conductivity in the core, it has
been presumed that the magnetic field intensity is less than 10° gauss®,
and the electrical conductivity is 10-%¢o¢10-* emu” from various points
of view. In the calculation, it will be assumed that the velocity of
seismic waves is 10 km/sec, the density p=10 g/em’, the permeability
2=1 cgs emu, and the diameter of the core is 7000 km. With these values
we see that the velocity of the magneto-hydrodynamic wave V, is less
than 1m/sec, hence it will be allowable to make use of the approxima-
tions (13) and (14). Then the transmission coefficient will be approxi-
mately written as

j 5 exp[fpi(uﬁ)] . (29)
142 « ¢
2.

From this the following equation will be derived for =10"°emu.

|Kps - o b

1+2}/%><10-3+% %10-°

, (30)

where T is the period of the secismic wave and p=2z/T. As a con-
sequence it may be concluded that seismic waves having periods longer
than 1sec would be little affected by the magnetic field the intensity
of which is less than 10°® gauss.

By taking the product of the complex conjugate in (26), we can
obtain the following real function for the transmission coefficient,

| K= Cz~ 3 ; (31)
A—B cos(—T— _cl—+0)

6) E. C. BULLARD and H. GELLMAN, loc. cit., 5).
7) T. RIKITAKE, loc. cit., 1).
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where 4, B and C are all real-positive. Although A, B and C are the
functions of period, they vary little provided the variation of period is
not very large, while the cosine-term is subject to oscillations with small
changes in the period. Accordingly we may regard A, B and C as
constants comparing with the cosine-term in a small range of period
and the transmission coefficient K takes the value between K,;, and K, .x.

C C
— = <<IKP< 2 32
|1 B =| | =4A_B ( )

Table I. Mean values of square of transmission coefficient; K2.

o (emu)
T (sec.) B 10-9 10-8 10-3 10-2 10
(gauss)
103 0.980 0.994 1.000 1.000 1.000
104 0.980 0.994 1.000 1.000 1.000
10 103 0.980 0.994 1.000 1.000 1.000
108 0.980 0.994 1.000 1.000 1.000
107 0.948 0.949 0.957 0.957 0.957
103 0.969 0.990 1.000 1.000 1.000
4 105 0.969 0.990 1.000 1.000 1.000
108 0.970 0.990 1.000 1.000 1.000
107 0.978 0.955 0.957 0.957 0.957
Table II. Minimum values of square of transmission
coefficient; K2Z,,.
T (sec oo (emu) o
sec. B 10-9 10-8 10-5 102 10
(gauss)\\\
103 0.980 0.994 1.000 1.000 1.000
10t 0.980 0.994 1.000 1.000 1.000
10 105 0.980 0.994 1.000 1.000 1.000
108 0.980 0.994 1.000 1.000 1.000
107 0.941 0.916 0.918 0.918 0.918
103 0.969 0.990 1.000 1.000 1.000
. 105 0.969 0.990 1.000 1.000 1.000
108 0.970 0.990 1.000 1.000 1.000
107 0.934 0.916 0.918 0.918 0.918
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Table III. Maximum values of square of transmission

coefficient; K2,..

“ ¢ (emu)
T (sec.) B C10-Y 10-8
‘- (gauss)

103 0.980 ) 0.994

10t 0.980 | 0.994

10 105 0.980 | 0.994
109 0.981 | 0.994

107 0.995 | 0.995

10° 0.970  0.930

. 105 0.970  0.990

: 10° 0.970  0.990

| 107 1.026  0.998

10-5  © 10-2 10

1.000 | 1.000 i 1.000
1.000 | 1.000 1.000
1.000 1.000 i 1.000
1.000 | 1.000 1.000
0.999 | 0.999 ’ 0.999

1.000 1.000 . 1.000
1.000 1.000 : 1.000
1.000 1.000 . 1.000
1.000 1.000  1.000

Table I, IT and III show these K,, K,.and K,.. respectively, where
K, represents the transmission coefficient in case of the sinusoidal term

2
:% B< | 0°gauss
—
L B=107
~ T=10 sec.
05 ) ] J I | 1
168 10¢ 10 16? 10° o (emu)
2
Ko
Lo B<10%gauss
e =l
- B=107
B T=4 sec.
os L1 ! ' L T
) 16% 16°¢ 1074 16* 10° o {emu)

Fig. 1. Relation between the transmission coeffi-
cient (Kp) and the electrical conductivity (¢) for T=10sec.
and 4 sec.

being zero, that is to
say, K,=C[A. In Fig.
1 the relation between
the transmission coe-
flicient K, and the elect-
rical conductivity is
shown taking the inten-
sity of the magnetic
field as the parameter,
and in Fig. 2 the rela-
tion between K, and
the magnetic field is
also shown by taking
the conductivity as the
parameter.

From these it might
well be said that the
intensity of the magne-
tic field should exceed
10° gauss in order to
have a significant in-
fluence upon the seis-
mic  waves  passing
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through the core and .
that the electrical con- Ko 5105 emu
ductivity would mnot cor o ==
show any effect as long -

as it takes a value L
larger than 10-® emu. T=10 sec.

3. Spectral analy-
ses of core waves. 05

10 10* 10° 10° 10” Blgauss)

It has been so - far
believed that predomi-
nating periods of seis-
mic core waves cover K .

g 107 emu

a range roughly from 1o = i =
T=1 to 5sec., though, - T=io F=15°
as far as the writer
knO\zvs, no detalled an- T= 4 sec.
alysis has been carried
out. In this context, -
the writer would here ! | | 1 L

. . 0'5 £y 7
like to analyse a seismo- 10° 10* 10° 10 107 B(gauss)

gram of a distant earth- Fig. 2. Relation between the transmission coeffi-
quake as one example cient (Kp) and the magnetic field (B) for T'=10sec. and
of the records of core  4sec.

waves. Since only one seismogram is available, the reliability of the
results will not be very great. However, this sort of study would serve
to make clear the differences, if any, between the properties of core
waves from those of the other waves such as propagated in the mantle.
Since no detailed study has been published yet, it would be also of
interest to investigate the characteristics of core waves by means of
spectral analysis.

The earthquake taken up here occurred near South Georgia Island
(the epicenter was at 29.5°W, 54°S) at 12"47705° (GMT) on June 27th,
1929 and its magnitude was M=7.8. Seismograms used for the analyses
are those obtained at Hongé station with Ewing’s vertical seismograph
(T'=10.8 sec., ~*=0.05) and Oomori’s horizontal one (I'=3l.1sec., A=
0.11) (Fig. 8, Fig. 4). The amplitude spectra of this earthquake was
computed in accordance with Kasahara’s method®. The results are shown

8) K. KASAHARA ARA, Bull. FEarthq. Res. Inst., 35 (1957), 473-532.
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Fig. 3. Seismograms used for analyses of the vertical components: (a)
P’ wave, (b) PP wave, (¢) PPP wave.

Fig. 4. Seismograms used for analyses of the horizontal components: (a)
P’ wave, (b) PP wave.
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in Fig. 5 and Fig. 6 in which, as a matter of course, the corrections
for alteration of spectra due to the characteristics of seismographs are
made. In this case P’ wave seems to have the maxima of the amplitude
at about T=2.2, 4 and 10 sec., while it does not seem that the short period
waves are predominating in particular. It may rather be said that the
waves around T=10sec. are most predominating for P’ as we can also
see in the other phases such as PP.

In order to study the characteristics of P’ wave, it is necessary to

depict the idealized spectrum of the longitudinal wave that can be re-
garded as the one which would travel along the same path as that of
P’ without being affected by the core and to compare it with the spee-
trum of P’ wave itself. For the purpose, PP or PPP which are propa-
gated through the mantle of the earth and recorded on the same seismo-
gram would serve to take the place of such a virtual wave. The spec-
tra of PP and PPP waves are also shown in Fig. 5 and Fig. 6 together
with that of P'. As for the
up and down component of A B agtt)
the seismogram which seems n z
to give more precise informa- NN / larv“"
tion about the longitudinal \ S
waves than the horizontal 10 |- {“ ,I o)
component, the amplitude of ( . H
PP is smaller than that of P’ I~ \ i /
wave on the whole, and more- u hi y A
over the amplitude of PPP is ,! L'T‘\i J '|
smaller than that of PP. In B ! \
addition to these differences i3 J
that can be seen in the am- * o '
plitu.de ratio, the periods of © | 2‘ = ; ' é"el|;) "; cec.
maximum amplitude of PPP ) )
eom 1o have shifted fom 6% Theennie e o el
those of PP, a similar tendency  wave, a,,(T) that of PP wave, appp(T) that
being also observed between  of PPP wave: ordinate in arbitrary unit.
P’ and PP. From these facts it is apparent that on reflection of seismic
waves at the earth’s surface, their spectra are likely to be transformed
by some unknown mechanism; the amplitude is diminished and the period
is some what lengthened. Therefore the spectra of PP and PPP are not
to be used by themselves as the standard of comparison and the spec-
trum corrected for the effect of reflection is now required,
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It is assumed here
A that the every reflection
has the same influence
upon the amplitude spec-
tra of seismic waves.
The effect of reflection
would be surmised from
- \o,/a"m” the appearence of the
~ap(T) spectra of PP and PPP,
though by what mecha-
nism it is exerted on
o LS L the seismic waves are
1 2 4 6 810 20 sec. unknown. Before pro-
Fig. 6. 'The amplitude spectra of the horizontal ceeding furtherf we
component: ap/(7') is the spectrum of P’ wave, app(T) must pay attention to
is that of PP wave: ordinate in arbitrary unit. the attenuation of ampli-
tude with the length of the path. According to Gutenberg’s study®
the square of amplitudes of P that has travelled in the mantle is pro-
portional to e="®:2  that is to say,

.u‘.!m e—0.000I'.’D R

where D is the whole path of the waves. Taking this absorption into
account and taking the path length of P’ as a unit of length, the spec-
tra of PP and PPP are redrawn in Fig. 7, in which the small fluctua-
tions of the spectra are neglected and the curves are smoothed.

In Fig. 7 good correspondence can be seen between the individual
traits of curves of PP and PPP, a, might be transferred to a., b, to b,
and ¢, to ¢,. To express this mathematically, the following relation will
be assumed for the first approximation between the spectrum of PP,
App(T) and that of PPP, A,..(T),

APPP(T+kT):f(T)'APP(T) ’ (33)

where f(T') is the operator of real function which represents the cha-
racteristics of reflection. As the value of %

k=0.2

9) B. GUTENBERG, Bull, Seis, Soc. Amer., 35 (1945), 57-69,
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is obtained from Fig. 7. Fig. 8 shows the function F(T) as calculated
numerically. If the same relation as in the expression (83) is also taken
for granted between the spectra of PP and the virtual wave suffering
no effect of reflection, namely,

App(T+ET)=f(T) Aopn(T) (34)
) fmL
Al b AptT) o
I L
R AppplT)
@ b m 10 |-
1.0+ —
N I [}
Loa [ ]
- el C -
N 05
i "J “%—»1—\("/‘ -
0 l N NN ] -
1 2 4q 6 8 10 sec. |
Fig. 7. The corrected curves of spectra, (o} [ T T B S AT R
App(T) and Appp(T), for the effect of absorption i 3 5 10 sec.
due to the difference of the path length: ordinate
in arbitrary unit. Fig. 8. f(I)

where A,p(T') is the spectrum of the virtual wave, A,-(T") may be easily
caleulated. A,»(T) thus obtained is the spectrum of the wave arriving
at the surface with the same angle of incidence with that of PP. Since
the amplitude of the seismic wave differs also on account of the differ-
ence of the angle of incidence and the epicentral distance, the spectrum
of the virtual wave AyT) is not the same as Ay, (T). For this reason
amplitude ratio of P’ to PP is calculated to become 0.875 at 4=155° by
Danal®. Taking it into account, A,(T'), the standard spectrum of the
longitudinal wave assumed to have passed through the core without any
influence of it is obtained in Fig. 9.

10) S. W, DANA, Bull. Seis, Soc. Amer., 35 (1945), 27-35,
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In Fig. 9 it will be noticed
A that the periods of maximum
or minimum amplitude of A,(T)
| , curve agree with those of
Ap(T) curve fairly well, which
is the curve of P’ wave, though
some discrepancy can be seen
in the value of the amplitude.
Taking into account the er-
rors which unavoidably ac-
company the seismogram and
are included in the semi-em-
i pirical formula used for the
calculation of A,(T'), the above
discrepancy might not be re-
0 A N S R : garded as very significant. Ac-

1 2 4 6 810 ssc. cordingly it might be concluded

Fig. 9. Comparison of the spectrum of the that the amplitude of the

virtual wave A7) assumed to have travelled .
through the core without any influence of it compressional wave would not

with that of P’ wave 4,/(T) calculated from  P€ much affected by travelling
the seismogram: ordinate in arbitrary unit. through the core and it would
be unlikely that the magnetic field or some other mechanism would be
playing an important roéle in the propagation of the seismic waves in
the earth’s core.
The above statement would be also supported by Gutenberg’s study™.
He has investigated the absorption of the seismic waves in the core
using P'P’ and P, as well as in the mantle, and obtained almost the
same absorbing factor as in the mantle. This means that the core would
be exerting no significant influence upon the propagation of seismic waves.

Ap(T)

Ao(T)

4. Concluding remarks

As stated before, if the core waves were subject to some remarka-
ble modification owing to the propagation through the core, the physical
state in the core would be brought to light partly. The results of analy-
sis of core waves, however, have clarified that there seems to be no
effect of travelling through the core, if any, there must be little. Aec-
cording to the calculation of interactions between seismic waves and

11) B. GUTENBERG, loe, cit., 9.
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magnetic field, as shown in Fig. 1 and Fig. 2 the amplitude ratio of the
transmitted wave to the incident one is not affected unless the intensity
of the magnetic field exceeds 10° gauss, or the electrical conductivity is
smaller than 10~*emu. Therefore as a limit of the magnetic field inten-
sity and the electrical conduectivity in the core H<10"gauss and ¢>107°
emu could be safely adopted. As for the conductivity the above value
has agreed with the lower limit obtained by Rikitake.

Also in case of using the model that the earth’s core is highly con-
ductive comparing with the mantle while the magnetic field is continuous
across the core-mantle boundary, the influence of the magnetic field is
not to be considered very important for the propagation of seismic waves
through the core.

The spectral analyses of P’, PP and PPP waves brought forth an
interesting tendency that the spectra of these waves change by the re-
flection at the earth’s surface. As far as we are concerned with the
theory of elastic waves, no reasonable explanation can be offered for
such a phenomenon. Although it is beyond the scope of the present
study to examine the cause or mechanism of the reflection effect, it will
be highly desirable to conduct ample investigations of the effect in con-
nection with the structure of the crust or upper part of the mantle.
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