RESPONSE CHARACTERISTICS OF ELECTROMAGNETIC
SEISMOGRAPHS

by K. N. BANERJIEE, (il & Natural Gas Commission, 54 Rajpur Road, Dekra Dun
(Communicated by S. K. Chakrabarty, F.N.I.)

(Recetved November 23 ; read December 4, 1959)

ABSTRACT

The response characteristics of an electromagnetic seismograph associated with the combina-
tion of damped and sustained harmonic displacement of the ground have been calculated and the
seismometer and galvanometer have been assumed to have initial motions. It is a combination
of four terms, viz. (1) theinitial motion of the galvanometer, (2) the initial motion of the seismo-
meter, (3) transient term, (4) steady state term in the solution giving response. Numerical
results have been worked out which clearly show that the magnitude as well as the direction of
the initial motions of the seismometer and galvanometer play an important part in the nature
of records obtained in seismograms and in many cases the recorded trace may be quite different
from the ground motion. The results also indicate that the contributions of the initial motions
of the seismometer and galvanometer and of transient part of the response are to be taken into
congideration in. the interpretation of seismograms which will give a better idea about the
relationship between the amplitude in the seismogram and the extent of energy released at the
hypocentre,

1. INTRODUCTION

In an attempt to interpret the seismograms and correlate them with the
nature of the motion at the source or the dispersion, reflection, refraction and absorp-
tion of the seismic waves during transmission it is essential to study the response of
the seismographs to different possible types of ground motions. Usually the
response associated with a sustained harmonic oscillation of the ground is estimated
and compared with the recorded observations. Rybner (1931, 1937), Chakrabarty
(1949), and Eaton (1957) have worked out the response characteristics of electro-
magnetic seismographs associated with sustained harmonic oscillation of the ground.
In the previous papers (Banerjee, 1956%, 1958) we have worked out the response
characteristics of electromagnetic seismographs associated with damped harmonic
ground motion and discussed how a variation in the initial conditions of the seismo-
meter and the galvanometer may modify the response characteristics. In this paper
the response characteristics of an electromagnetic seismograph associated with the
combination of damped and sustained harmonic ground motion has been calculated
and the seismometer and galvanometer have been assumed fo have initial motions.
These initial motions of the seismometer and galvanometer may be due to initial
sustained harmonic oscillation of the ground due to an earthquake or microseisms
associated with disturbed weather. The ground motion following an earthquake
has been suggested by Jeffreys as a damped harmonic one. Those associated with
microseisms are nearly harmonic. In actual operating conditions the seismometer
and galvanometer are never really at rest even when an earthquake pulse first
reaches the seismographs and this is so because of the normal ground motion due to
microseisms and other causes. For studying the records of the later phases of an
earthquake the initial motion of the seismometer and galvanometer are due to the
earlier pulses also and thus cannot be neglected. In the present paper we have
given analytical results on the response characteristics of the seismographs associated

* Hereafter referred to as (A).
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with a damped harmonic displacement of the ground and their variations with both
the instrumental constants as well as the initial motions of the instruments and the
ground.

2. MATHEMATICAL ANALYSIS

The differential equations for the motion of the seismometer and the galvano-
meter are :—
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where the notations are the same as in (A).
We have taken the ground displacement represented by

y = C[sin al+sin bl exp (—e;t)] . .. (2

where C is a constant depending on the hypocentral distance and energy release at
the hypocentre, a, b and ¢, are different for different phases. For the initial condi-
tions of the motion of the seismometer and that of the galvanometer we have
taken

r=0,=u;80=0, g=v .. .. N )]
when ¢t = 0.
Proceeding as in (A) and using the initial values given by (3) we get, after
simplifications,
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where Z = fmz(t) exp (—st)dt, ¥ = fwﬂ(t) exp (~st)dt, .. (9
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and 2, 8 are the displacements of the seismometer and galvanometer respectively
and have been defined in (A).

Following Chakrabarty (1949) we have neglected oo, in comparison with 4ee; as
in most cases particularly for the Benioff instruments this condition is always
satisfied. We then have
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where I is such that when the real part of s is greater than 5, Z and ¥ are analytic
and w = el+b2

Evaluatmg the integral in (6) by the method of residues and using (A8) we get
after some simplifications

alt) = v oxp (~eg) smh K¢
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K2 = e2—w?, K: = e?—w: , Kf = —a2, K: = ef—wf ,

. A2 = (w:—w2)2+4(eg—e)(egm2—ew:) R

and X, C, S are functions of the instrumental constants and are given in (A 10), X',
C’, 8’ are also functions of the instrumental constants and are obtained from (A 10)
by taking e; zero. It is now obvious that the response of the seismograph «(t) is a
combination of four terms, the first of which (¥ say) depends on the initial motion
of the galvanometer, the second (P) depends on the initial motion of the seismo-
meter, the third (@) is the transient term in the solution and the fourth (R) is the
steady state term in the solution giving the response.

We thus have
alt) = 2lyos [V +P+ @+ R] . .. .o (8)

where
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In the special case when both the seismometer and galvanometer are critically
damped, we have
€E=w,; €g = wg

and hence .

K=0; K;,=0 .. . .. .. (10
In this case we have the amplitude of the recorded trace xy(t), say, given by the
equation

ag(t) = 2oe[Vo+Po+ Qo+ Ryl

where
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and 4g, X, Cy, Sy are the values of 4, X, C and 8 given by (A 10) in which ¢, ¢, are
replaced by ® and w, respectively. X;), Ch, Sy are the values of X', ¢, 8’ in which
€, €z are replaced by « and w, respectively. The response recorded by a seismo-
graph can be obtained from equation (7) and with the help of (A 10) by substituting
the proper values of the instrumental constants. In the next section we give the
values obtained for uy(t) for particular values of w, w, which correspond to that of
the East-West component Benioff seismograph in operation in the Geophysical
Laboratory of the Bengal Engineering College, Howrah.

3. Nomericar RESuLTS AND CONCLUSIONS

The East-West component seismograph in the Geophysical Laboratory of the
Bengal Engineering College has the following instrumental constants :

e=w=>5712; ¢ = w; = 03190

and in the following we have worked out the analyses relating to a type of ground
motion where

€1 = 075w, = 02392, b = 2n[3 = 2:0944, a = 2727 = 2:3271.
We then have after simplification :
Vo= Cla+b)[A exp (—~wyt)]
Py = Cla+b)[ { —0-03845—0-1964t} exp (—wt)+ {0°03845—=001097¢} exp (—wgt)]
Qo = Cla+b)[{—00109—0-0193t} exp (—wt)+ {0-0362—0-0069t} exp (—wgt)]
Ry = C(a+b)[0-0135 sin (af+1'0695)4-0-0138 sin (bt+1-3041) exp (—¢3t)]

We have, however, assumed in plotting the results, « equal to C(a+5) as in (A)
and » equal to Ag,u where A is different for different instruments. In Fig. 1 we
have plotted ¥, = sin at, ¥y = sin bt exp (—¢y?) and Yg = sin at4-sin bt exp (—e;f)
against ¢ which show the nature of the ground displacements due to simple har-
mcnic, damped harmonic and combination of simple and damped harmonic motions
respectively. In Fig. 2 we have plotted Qy+ Ry, Po+ Qo+ Ry and Vo+Py+ @+ Ry
(when A = 0-01 and 0-04) against ¢ which show clearly the contributions of the
initial motions of the seismometer and galvanometer along with the transient and
steady state terms in the recorded response of the seismograph. In Fig. 3 we have
plotted the value of @y+ Ry, @o+Ro—Po, and Qo+ Ry~ Py—V, for different cases
viz. A = 0-01 and 0-04. There we have considered the initial motions of the
seismometer and galvanometer are same in magnitude but opposite in directions.
The results of the present paper show that the magnitude as well as the direction of
the initial motions of the seismometer and galvanometer play an important part in
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Fia. 1. Variation of ¥; = sin at, ¥ = sin bt exp (—e;¢) and
Y3 = sin at+sin bt exp (—¢€;¢) with time,

Fia. 2. Variation of Q¢+ Ry, Po+ @9+ By and Vo+ P+ Qo+ R, for
different cases, viz. A = 0-01 and 0-04 with time,
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—6r

—I-0F

Fie. 3. Variation of Qy+ Ry, Qo+ Ro— Py and Qy+ Ry— Py— V, for
different cases, viz. A = 0:01 and 0-04 with time.

the nature of records obtained in seismograms and in many cases the recorded trace
may be quite different from the ground motion and even for the same ground
motion the nature of the record may be different in different instruments depending
on the initial condition of the seismometer and galvanometer. The contributions
of the initial motions of the seismometer and galvanometer and of transient part
of the response are not insignificant in comparison to that of steady state. A
careful estimate of these will lead to a better understanding of the earthquake

- magnitude scale (Bullen, 1955) put forward by Gutenberg and Richter (1951, 1956).

ACKNOWLEDGEMENTS

The author is indebted to Dr. S. K. Chakrabarty, F.N.I., for his help in the
preparation of this paper and thankful to Dr. M. B. Ramchandra Rao, Director,
Geophysics Directorate, Oil & Natural Gas Commission, Government of India, for
giving the permission to publish this paper.

REFERENCES

Banerjve, K. N, (1956). Trensients in the records of seismic body waves. J. Technol., 1, No. 1, 49,
~—— (1958). Contribution of the initial motions of the seismometer and galvanometer in
the response characteristics of electromagnetic seismographs. J. Technol., 3, No, 1, 25,
Bullen, K. E. (1955). On the size of the strained region prior to extreme earthquake, Bull,
seismol. soc. Amer., 45, 43,
Chakrabarty, 8. K. (1949). Response characteristics of electromagnetic seismographs and their
dependence on the instrumental constants. Ibid., 39, 205,
Eaton, J. P. (1957), Theory of the electromagnetic seismograph. Ibid., 47, 37,
Gutenberg, B., and Richter, C. F. (1951). Seismicity of the Earth, Princeton Univ, Press, p. 10.
— (1956). Earthquake magnitude, intensity, energy and acceleration. "Bull, seismol,
soc, Amer., 46, 105,
Rybner,lJ . (1931). Investigation on the theory of the Galitzin seismograph. Beitr, Geophys.,
31, 259, )
- (1937). The determination of the instrumental constants of the Galitzin seismograph
in presence of a reaction. Beitr. Geophys., 51, 375, , .




