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The variation of the angle of incidence of P waves with epicentral distance
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ABSTRACT. AngJl'ij of ineklenoe of P wevce were obtai ned from the records of the short and long pt'riOlI
scismographe of W.W.8.S.N. at Shillong. The atudy covers the rango of ep lcentral distencee from 20° to H.IO'. 111c
olecrvntlone indicate that the velocity of P WllY('!8 at the earth's su rface is approximately 6 km/IOO which is tho
velocity of Ihc uPI.M:r layer (granitic Ieyer) of the earth's cru et.

•

1. Introduction

Xuttli and Whilmore (1961) made a study of
the variation of the angle of incidence of P waves
with epicenlral distance and observed P wave
velocity of 8 ·0 kmjsec which is the va lue just below
the crust fitted satisfactorily with t he observed
angles of incidence. It was, however, surprising to
the authors that the observat ions could not be
fitted with the P wave velocity near t he surface of
the crust as expected from theory. No satisfac­
tory explanation was offered for t he peculiar
behaviour. The authors, however, suggc.q,ted the
use of dntn from seismographs iu which daily
calibration pulses are recorded so that the perfor­
mances could bc checked for each component for
day-to-day recording. This condition is satisfied
b), the long and short period seismogra phs of
W.W.S.S.N. in operation in Shillong since April
1963. The work has, therefore, been taken up ngain .

The present study was undertaken with data
from tbe above seismograph system. The instru­
mental conatunt s of the short period system are
giveu below -

To = 1' 0 sec, T. = 0' 75 sec
Both seismometers and galvanometers are criti ­
call)' damped,

During- the entireperiod, the long period seismo­
graphs did not operate with the same constants,
The constants of t he instruments werQ as follows -

~; ig()•.0} from April1 9G3 to 23 April 1965.

In the later part the seismometer period was
changed to 15·0 see (Both the seismometers and
galvanometers were critically damped).

The present study is not, howeve r, affected
by the change in the instrumental constants.
Because our requirement is that the components
should he matched so that the constants and
magnification of two horizontal and vertical
components shou ld have t he same va lue. This
will enable us to make direct use of the recorded
trace amplit udes without any reference to actual

response curves. In doing so we have assumed that
the period of the initial P motion is same for two
horizontals and tbe vertical.

2. Method

Tbe apparent angle of incidence i is defined as
the anglo between t be resultan t P motion and the
normal to tbe surface . This is givcn by-

tan. = Uh{U.
where Uh and U. are tho horizontal and verti­
cal components of t he ground motion du e to tho
incident P wave, respectively, Uh is obtained from
the relation-

• •u, = (U,V+ U'E )1/2

where UNis th e ground motion recorded in t he
N-S component while UB is the ground motion
recorded in the E-W compouent. The initial
motions of the P wave were measured from the
three components and the va lue of i is computed for
shocks of different epicentral distances. In
selecting shocks proper care was taken to select
those records for which t he initial motions are
very well recorded . Tho real angle of ineidence
; is related. to the al:'parent ang le of incidence i by
t he following relation (Bullen 1953) -

i = sin -I [ ~ (l--eos i) ]'/2
2b'

The ratio alb of P and S wave velocities were
computed for Poisson's rat io a for t wo assumed
values, viz.,

a = 0· 25 and a = 0 · 286.

Assuming different values of P wave velocities
a it is possible to calculate the i-D. curve by
using the relation (Bullen 1953) -

dT/ell':. = (r/ao) sin i
where r is the radius of the earth. Nuttli and
Whitmore (1961) have constructed a set of t heore­
tical i-I':. curves for different assumed values of
ao ranging from 6·0 to 9 ·0 lan/sec. The solid curves
in Figs'. I , 2, 3 aud 4 based on th e J effreys-Bullen
travel-time tables, are taken from their paper.
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