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1. The discovery of the polar phase shift associated with the
propagation of waves on a spherical surface produced new knowledge
of the phase relation of surface waves.” Because of the nature of the
associated Legendre function, waves on a spherical surface have some-
what longer wave lengths in the region of the pole and antipode as
compared with other areas of the sphere. Similar results had been
found previously for the source region in the case of waves propagating
on a plane surface.” These two phenomena, however, are not quite
independent, but are connected by the formula®

n-mPr(cos O)~J,(¢), Wwhen n—oo , (1)

where #=¢/n and @ is not very small.

The left side of the above expression represents the wave form on
a spherical surface, while the right side that on a plane surface. When
n and ¢ are large, but the ratio é/n is moderate, both sides of the
expression (1) have the asymptotic form®

]/‘;22’ cos [ "7 -2 ], (2)

where ¢ stands for either ¢ or ¢ in the case of the spherical and plane
boundary problems respectively.
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must be taken because there are various definitions, most of which use the identical notations.
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Since the argument of the cosine function is not ¢ only, but has
two additional terms, the effect of these terms must be considered,
especially when the motion at the origin is to be deduced using data
observed at large distances from the source. The last term, =/4, is
connected with the polar phase shift and is independent of the order
of the functions. The second term, however, contains the factor m:
consequently the phase angle at the origin is gravely affected by an
erroneous estimation of m. For example, if m=2 and is assumed to
be zero by mistake, the sense of the motion at the origin proves to be
reversed. If m is an odd number, G waves G, and G,., (or Rayleigh
waves R, and R,;;) have the additional phase difference z caused by
the second term in (2).

2. The theoretical seismogram, obtained as the result of numerical
calculation of the propagation of torsional oscillations on a homogeneous
elastic mantle”, will serve as an example of the application of the fore-
going theory.

Suppose that the force applied at the origin is unknown, and that
the value of m which determines the azimuthal characteristic of the
focus is to be found. The ordinary method of Fourier analysis can be
used to calculate the phase velocity by the comparision of two obser-
vations, say G, and G,. If the same method is applied to the data G,
and G,, the correct value of phase velocity cannot be determined unless
m is known to be either even or odd. If m is an odd number, a
correction must be added to compensate for the phase shift caused by
the passage over the antipode.

Independent evidence concerning the nature of the source and the
value of the factor m is available
from body waves. The study of
ScS waves indicates a wave form
similar to that in Fig. 1la, from
which the type of the force applied
at the origin may be inferred. The

Fig. la Fig. 1b motion near the origin deduced from
Theoretical ScS waves on the surface Fourier synthesis® has a phase re-

of a homogeneous elastic mantle (Fig. 1a), . . .
R . 1C
and the torsional force applied around the lation which agrees with the above

pole. (Fig. 1b) Axial symmetry (m=0) is Wave form if m is correctly assumed
assumed for the calculation. to be zero. The assumption of values

5) Y. SAT6, T. Usami, M. LANDISMAN and M. EWING, “Propagation of Torsional
Disturbances on a Radially Heterogeneous Sphere, Case of Homogeneous Mantle,” (in press).
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for m which are different from zero will result in an incorrect time
function at the origin.

In this way the value of m is connected both with the phase
relation near the origin and the azimuthal characteristic, which permits
the determination of one from the other.
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