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ABSTRACT

A sequence of calibration signals composed of a station identifi-
cation code, a transient from the release of the seismometer mass at
rest from a known displacement from the equilibrium position,and a
transient from a known step in voltage to the amplifier input are gen-
erated by the automatic daily calibration system (ADCS) now operational
in the U.S. Geological Survey central California seismographic network.
Documentation of a sequence of interactive programs to compute, from the
calibration data, the complex transfer functions for the seismographic
system (ground motion through digitizer), the electronics (amplifier )
through digitizer), and the seismometer alone are presented. The analysis
utilizes the Fourier transform technique originally suggested by Espinosa
et al. (1962). :

Section I is a general description of seismographic calibration.
Section II contrasts the "Fourier transform" and the "least-squares"
techniques for analyzing transient calibration signals. Theoretical
considerations for the Fourier transform technique used here are described
in Section III. Section IV is a detailed description of the sequence of
calibration signals generated by the ADCS. Section V is a brief "cookbook
description” of the calibration programs; Section VI contains a detailed
sample program execution. Section VII suggests the uses of the resultant
empirical transfer functions. Supplemental interactive programs by which
smooth response functions, suitable for reducing seismic data to ground
motion, are also documented in Section VII. Appendices A and B contain
complete listings of the Fortran source codes while Appendix C is an update-
containing preliminary results obtained from an analysis of some of the
calibration signals from stations in the seismographic network near
Oroville, California.
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INTRODUCTION

Any seismological study which depends on the amplitude or fre-
quency content of seismic signals requires a calibrated seismographic
system. In addition to providing a means of obtaining ground motions
from the seismogram and/or obtaining theoretical seismograms for com-
puted ground motions, an automatic daily calibration system yields a
number of other valuable bonuses, particularly in a large network.

Visual inspection of the daily calibration signal during routine scanning
of the seismograms provides a quick check that the system is still
operating - and that it is operating with approximately the characteris-
tics desired. If the operation is judged unsatisfactory, the calibration
signal can provide diagnostics of what component in the total system is
malfunctioning - and how. Calibration signals may be utilized to pin-
point deficiencies in an operating system that otherwise might escape
detection.

In order to take full advantage of these potential benefits, the
calibration signals should be: (1) scanned daily when arrival times
are read to detect gross system malfunctions, (2) analyzed on a routine,
if infrequent, basis to detect subtle changes in the system, and (3) ana-
lyzed to determine the system response whenever the ground motion for a
particular event is desired.

There are several ways of empirically obtaining a transfer function,
or system response. The steady-state approach often used on the lab
bench is to drive the system sequentially with many harmonic inputs of
known amplitude and to plot the normalized amplitudes of the harmonic
output. Since relatively lengthy calibration time (downtime for both the

system and the person doing the calibrating) is required, this approach



is not attractive for automatic, daily calibrations. In addition,
relatively complicated and expensive circuitry is required to generate
a sequence of harmonic inputs for automatic remote calibration. A
more practical approach involves the use of transient input signals,
such as steps, which have significant and known frequency content over

a fairly large band width.

Calibration using transient signals has several advantages when
compared with the steady-state approach. The transient technique is
quite general and only requires input signals which are known and have
finite duration. If the system has zero dc response (as does the
velocity transducer seismograph), the duration of the output transient
is relatively short so that the amount of system down time for calibra-
tion purposes need not be burdensome. Finally, it is relatively easy
to design simple circuits to create step inputs for automatic transient

calibration of remote seismographic stations.

Such electronic circuits have been designed and built for the
short-period seismographic stations in the Central California Seismo-
graphic Network operated by the U. S. Geological Survey. Collectively
called the automatic daily calibration system (ADCS), the circuits are
designed for reliable and continuous low-power operation in the field.
One automatic daily calibration unit (ADCU) is to be installed at each
seismometer site along with the J302 preamplifier-VCO unit and the seis-
mometer itself. At present, about 1/4 of the central California stations
have ADCU's installed. Detailed descriptions of the design and operation
of the ACDS are available in internally published reports by Jerry Eaton
and John Van Schaak.

In the present report, we describe theoretical techniques and a



collection of interactive graphical computer programs for viewing

and analyzing the numerous output signals produced by the ADCS in a
large network. The esﬁence of our technique is the use of fast-Fourier
transform (FFT) to calculate for each station the response of (1) the
entire seismographic system, from ground to digitizer output, (2) the
electronic systems, from preamplifier input to digitizer output, and
(3) the seismometer alone. With this technique, an empirical response
function for each of a large number of stations over nearly the entire
band width of seismological interest is obtained from transient signals

of short duration.



IT  TECHNIQUES FOR ANALYSIS OF TRANSIENT CALIBRATION SIGNALS

Methods for calculating response functions from transient signals
may be divided into two categories: Fourier-transform techniques or
least-squares techniques. The Fourier-transform technique is an em-
pirical approach, which considers the system as a "black-box", with a
response equal to the Fourier transform of its output signal divided
by the Fourier transform of its known input signal. For example, the
transient resulting from the release of a seismometer mass from rest in
a displaced position corresponds to the integral of impulse response of
the system to acceleration (Espinosa et al, 1962). A similar empirical
approach, which uses a pseudo-random binary sequence generator as input
to the system, has been employed for routine calibration of the LASA
(Wood and Guillette, 1966; Ziolkowski, 1972). In the least-squares ap-
proach an analytical form of the response function is assumed, and the
values of parameters in this assumed form are calculated by making a
least-squares fit of the theoretical output to the actual transient signal
(Mitchell and Landisman, 1969; Jorasch and Curtis, 1973).

Both approaches to calibration using transients have advantages and
deficiencies. The least-squares approach is flexible enough to permit
preferential weighting of the fit at times when the transient signal has
a good signal-to-noise ratio. In contrast, the Fourier transform
approach is restricted to equal weighting over the duration of the tran-
sient output. Since additive noise is presumably time-invariant and the
signal strength is concentrated near the beginning of the transient,
the Fourier transform technique is thus more prone to signal-to-noise
problems than is the least-squares technique. In fact, the spectral

content of a step input is inversely proportional to frequency while



that of the system noise is pseudo-white, i.e., having amplitude
approximately constant with frequency. Thus, the Fourier transform
in practice tends to become noisy at higher frequencies. The Fourier
transform calibration procedures described in this report, which are
designed for use with the ADCS of Eaton and Van Schaack, have signi-
ficant noise at frequencies greater than about 15 Hz. The least-
squares approach, on the other hand, may be used to estimate system
parameters from which the system response at all frequencies (for which
the assumed analytical response function is valid) can be calculated.
The disadvantage of the least-squares approach is that it requires
an assumption of the analytical form of the system response. For par-
ticular elements in the system, such as the seismometer, specification
of the analytical form of the response presents little problem. However,
what is desired is the total system response, including the amplifiers,
the voltage controlled oscillator (VCO), the transmission link (which
often includes commercial telephone lines), the tape recording unit,
the tape playback unit, the discriminator and its filters, and the digi-
tizer. If, as is often the case (Dratler, 1975), the theoretical response
of any of these elements is unknown or loosely approximated, the least-
squares approach will fit the transient with an incorrect function.
The resultant system response will have the assumed form, but will not
correctly described the system behavior. In contrast, the Fourier trans-
form approach assumes nothing about the seismographic system except that
it is linear, causal, and time-invariant. The system is a "black-box"
with an unspecified response, and the Fourier transform technique produces
a set of numbers that describes the system response - whatever it might be.
For simple systems known to be operating correctly, the least-squares
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approach has clear advantages. For more complicated systems with
elements poorly controlled and/or subject to malfunction, the Fourier
transform approach is more reliable. For many systems, the two approaches
are complementary. A reconnaissance using the Fourier transform
approach can check to see that the system is operating in the expected
fashion and produce corrections to remove the system response from the
data; the least-squares approach may then be used if an analytical res-
ponse function is required and/or the response in a frequency band not
available using the Fourier transform technique is desired. Thus, the
two approaches have different roles. The Fourier transform technique
can detect and pinpoint malfunctions in the system - for example, an
unknown tape recorder resonance or an overdriven (non-linear) amplifier,
while the least-squares approach can identify the particular system
parameter to change in order to achieve a desired system response shape.
However, it should be emphasized that the Fourier transform technique

is a truly empirical method of calibration, which requires no assumption

about the form or level of the system response.



ITI THEORETICAL CONSIDERATIONS

A. Linear systems analysis

The transfer function or response T(f) of a linear system is
defined as the complex ratio of the output O(f) in response to a
steady-state harmonic input I(f). The terms "transfer function" and
"response” are used interchangeably in this report. The definition is
shown schematically in figure 3.1. As long as the system is linear,
causal, and time invariant, the transfer function completely describes
its properties (e.g., see Papoulis, 1962, p. 81-83). T(f) is conveniently
expressed as |T(f)|ei¢(f) where |T(f)| is the amplitude or modulus res-
ponse and ¢ (f) the phase response of the system. If T(f) = a + ib,
[T(F)] = (a2 + bZ]% and ¢ = tan'](b/a).

Once the transfer function or system response is known, it can be

removed from the system output to obtain the desired input using I(f) =

o(f
T(f)"

Fourier transforming the transfer function; then the impulse response

Equivalently the system impulse response I(t) may be obtained by

may be removed from the data by convolution in the time domain. The
time domain and frequency domain computations are mathematically equiv-
alent. However, use of the Fast Fourier Transform (FFT) algorithm
results in a significantly faster (and hence less expensive) computation

in the frequency domain.

The Fourier transform'akf) of a time signal x(t) is defined to be:
o .
Pix(t)) = IX(t')e'z"ft dt-,
s o]
where f is frequency in Hertz.

The inverse Fourier transform Al (t) is:

7YS(F)] = f *S()eZrftye
)
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where S(f) =1¥[x(t)lwriting S(f) = a + ib, the amplitude spectrum, IS(f),
and the phase spectrum, ¢(f), are defined as above:

IS(£)] = [a2 + b2)%,

¢(f) = tan™1 (b/a).

The system shown in figure 3.1 may represent a cascade of linear,
causal, time invariant systems (see figure 3.2). The transfer function
of the total system is the product of the transfer functions of the com-
ponent systems. If one can construct the transfer function appropriate
for each of the N components in the system, then the total transfer
function is easily obtained by multiplication. Alternatively, if means
are available to determine the overall transfer function T(f) and also
the transfer functions Ti(f) of J of the system components, then the
product of the transfer functions of the remaining N-J components can be
calculated as T(f)/[Il(f)-Tz(f)...TJ_I(f)TJ(f)].

For example, in the Central California Seismographic Network, the
mass-release calibration signal provides a means of estimating the transfer
function of the total system, T(f), between the motion of a seismometer
frame, and the digitized seismogram. The total system thus
includes the seismometer, amplifiers, VCO, transmission 1inks, tape
recorder, tape playback unit, discriminator, filters, and digitizer.

Each of these components is described by a transfer function, Tj(f). We
also have a means, in the calibration signal resulting from the voltage
step to the first stage of the amplifier, of estimating the product of

the entire system less the seismometer; i.e., Tz(f)...Tn(f). The transfer
function of the seismometer, T,(f), is then T(f)/[Tz(f)...Tn(f)]. This

is an important result since we have a good idea of what the seismometer

response should be and no means of computing that response directly from



the calibration signals available. Agreement between the expected
response and the response obtained using the ratio scheme outlined
above provides assurance that our calibration results are reliable.
B. The input I(f) for the calibration transients

1. The mass release calibration transient

In the ADCS used for calibration of the Central California
Seismographic Network, a system calibration is obtained from the so-called
"mass-release" transient. To produce this transient, the sensing coil
of the seismometer is used as a motor to displace the seismometer mass
and hold it at rest for the mass release. During this displacement, the
seismometer is disconnected from the preamplifier. The sensing coil is
driven with a known constant current I, so the coil exerts a force GL'I,
where GL is the seismometer motor constant, against the restoring spring.
When the current I is switched off, and the seismometer reconnected to the

preamplifier, the spring exerts a step in force = GL-I. The step in force

is equivalent to a step in acceleration, a = E&;E) where M is the seismometer
M
G’I ]gt>0
mass. Thus, a(t) = _E__H(t), where H(t) =¢%, t = 0 , is the Heaviside step
M 0, t<0

function. The Fourier transform of a Heaviside function is %{(f) - i/(2nf),

or 1 _isn/ofor f>0 (Bracewell, 1965). Thus, the input for the mass
2nf .
release transient is IM_R(f) = a(f) = G-I e 3, for £50.
2mfM

2. The electronics step calibration transient

In order to measure the response of the system electronics, ex-
cluding the seismometer, a voltage step is applied directly to the pre-
amplifier input, producing a second transient. The voltage step E(t) to

the amplifier can be expressed as E-H(t), where H(t) is again the Heaviside



function. From the preceding section, it follows that the input for

the electronics step transient is

(f) _ e'i 311'/2
lees " = Hlonp)

C. The output O(f) from the calibration transients

The spectra of the calibration transients are computed using a
fast Fourier transform (FFT) algorithm. Before transforming via the
FFT, several preliminary operations are necessary. If the sampling rate
during digitization is x samples per second (sps), then the sample
interval is At = 1/x. Letting t = 0 at the onset of the calibration
transient, the transient signal can be written as S5 where Sy = S(o),
Sy = S(at), ..., Sy = S(n-1)at = S(T). T is called the signal length
or window length.

In practice, the sampling rate for seismic signals digitized at
NCER is a minimum of 100 sps. We recommend digitization rates of 200 sps
so that the Nyquist or folding frequency ='§ﬁTE = 100 Hz. Since all
discriminators used with the Central California Seismic Network have
multipole lowpass output filters with a real time cutoff frequency of
30 Hz, there is little danger of contamination from aliasing across the
100 Hz Nyquist frequency.

Terminating a time signal after T seconds is mathematically equi-

valent to multiplying the signal by a rectangular or "boxcar" window of

) O, t<Qorts>T
length T. The boxcar function ={%, t=0or t=T
1,0<t< T.

The boxcar window is sometimes referred to as the "do nothing window"
since truncating a transient after T seconds superficially appears to
do nothing to the signal. The Fourier transform of a boxcar window of

length T is sinc (fT) = S'" 1%‘;%1,' It is a fundamental theorem of
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Fourier transform theory that multiplication of two functions is equi-
valent to convolution of their transforms. Thus, the Fourier transform
of a truncated transient is the transform of the transient convolved

with sinc (fT). The spectrum of the windowed transient at frequency fo
is thus a weighted average of the "actual" spectrum at frequencies near
fo. An examination of the weighting function, sinc (fT), shows that most

of the contribution to the spectrum at frequency fo comes from the band
1

fo - /Tf<f + 1/T, since |sinc (fT)| is small for fT > 1. We say
that the resolution of the spectrum is 1/T. For a sampling frequency of

100 Hz, the window length T is of order 10 seconds for both the mass
release transient and the electronics step transient, so the resolution

is about 0.1 Hz. It is important to note that the sidelobes in the sinc
function can cause "sidelobe contamination" at frequencies f from a large
spectral peak at fo’ where |f - fol < %; To avoid "sidelobe contamination",
it is a common practice to "prewhiten" or to remove spectral peaks prior

to spectral analysis. One serious problem for sidelobe contamination

in the spectral analyses of the calibration transients is the presence

of a large dc (= zero frequency) component. Since velocity transducers
have zero dc response, the presence of any dc component is due to drift

in the VCO or discriminator center frequency. In the absence of additive
noise, the average amplitude or dc component equals the signal amplitude
preceding the transient onset. Thus, the dc component has no meaning for
calibration, and it is therefore removed by subtracting Sl’ the amplitude
of the transient at t = o, from the entire calibration signal. Any sig-
nificant remaining dc component indicates too short a window length T

(i.e., we have not considered a window length long enough to encompass

the response of the system to the input). Truncating the calibration
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too soon (i.e., T too small) results in degradation of the spectrum
and should be avoided.

FFT algorithms require input signals with certain specified numbers
of points. The particular FFT routine used here requires 2N points,

where N is a positive integer. In practice, we select the window

length T for seismological reasons so that the number of points rarely
equals 2N. The FFT routines used here automatically append a number of
samples with zero value to the end of the time series (i.e., pads out
the series with zeroes) so that the total number of points is equal to
211 = 2048 points. (If the number of points is already larger than 2048,
the series is truncated to 2048 points.) Since the sample rate is the
same for the mass release transient and the electronics step transient,
this insures that the window lengths of the padded out transients are
the same. For 200 samples/sec, T = (2047) (.005) = 10.24 seconds.
(Window lengths of 10.24 seconds are sufficient to encompass the cali-
bration transients satisfactorily so that the dc component in the spectrum
of the transient is small.) FFT routines calculate the Fourier series
of the time signal; i.e., spectral points are computed at harmonics of
1/T, up to and including the Nyquist frequency. Note that "padding out
the time series with zeroes" artificially increases the resolution in the
sense that the resolution is really the reciprocal of the window length
of the unpadded series, while spectral values are calculated for frequency
intervals less than the resolution.

By insuring that the frequencies for which spectra are calculated

are the same for the two calibration transients, the computation of the

response of the seismometer alone is greatly facilitated, since the
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seismometer response is the ratio of the system response to the elec- .
tronics response. The amplﬁtude of the seismometer response is just
the ratio of the system and e1ectr;g¥gg&?g§;onses, while its phase is
the difference between the system phase response and the electronics
phase response. Since all components in seismographic systems are
causal, the phase responses are continuous. The FFT algorithm calculates
the phase by taking an inverse tangent. Since the inverse tangent is a
multiple-valued function, the calculated phase angles are for the -n
to = radians branch. The continuous phase spectrum is reconstructed
by removing the 2 phase discontinuities in the calculated phase spectrum.
The phase response of the seismometer is then the difference between
the reconstructed continuous phase responses.
D. Response of the seismometer
The seismometer used in the central California net is essentially

a mass suspended by a spring. The magnetic damping is viscoﬁs. Referring
to the schematic representation of the seismometer shown in figure 3.3,
the equation of motion can easily be shown to be:

z+ gfgé +Q2z = -x,
where j§== B/2/KM is the damping factor and @ = vK/M is the angular resonant
frequency. -x is the forcing acceleration. Letting Z(s) = L[z] and X(s) =
L[x] where L represents the Laplace transform, the equation of motion for
the seismometer is:

52Z(s) - sz(o) - z(o) + 25952(5)-—2532(0) + Q27(s) =

-s"X(s) - sx(o) - x(o)
Rewriting, we have:

Z(s) =*F(s)-X(s) -T%l [z(0) - x(0)] -r%zsl [2(0) - x(o) + 2§az(0)1,
wheref}(s) = -s2/(s2 + %Sns + @2). For a steady state input, Z(s) =??fs)-x(s)
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Converting the Laplace transform to a Fourier transform in the usual
way by letting s = iy, we have:

Flw) = w?/ (22 + ij'w - w?)
Since the voltage out of a coil-magnet transducer is v = Gz where G is
the generator constant, we have

T(w) = Giwd3/(e2 + 210 - w?).

T(w) is the complex transfer function or response of the velocity trans-
ducer seismometer in units of volts/ground displacement. The amplitude
and phase response of the seismometer (displacement sensitivity) are
plotted for damping factors of o 1 (critical damping) andf = .7 in
figures 3.4 and 3.5.

The seismometer response expressed in terms of input ground accelera-
tion (i.e., the acceleration sensitivity) is TACCEL(w) = Tw)/(iw)?
Normalizing the angular frequency » to the angular resonant frequencyfi,
we can write the seismometer amplitude response to ground acceleration as:
lTaccel(wJ) = g'[(w' - 53)2 * (%S)zi%
and the seismometer phase response to ground acceleration as:

$(w”) = tan'l(llgéi}iﬁi)
where * = w/Q.

The seismometer amplitude and phase response to ground acceleration
for a range of damping factors are plotted in figures 3.6 and 3.7. An
examination of the expression for ITACCEL(“')l indicates that the accelera-
tion sensitivity is symmetric about and maximum at the seismometer resonant
frequency. The response at low frequency (w << @) and high frequency
(w >> @) are proportional to o and » ! respectively.

On a log-log plot, the damping factor-j?can be easily determined; it is

the distance from the maximum response to the intersection of the high-

and Tow- frequency response asymptotes.
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E. Response at high frequency

At frequencies greater than about 10 Hz, the empirical response
functions for "normal" calibration signals are jittery. As noted in
sections IIIB and IIIC, the inputs have the form of steps or Heaviside
functions with Fourier transforms proportional to leign/z. The system
noise is "pseudo-white." (By pseudo-white, we meaﬁ the amplitude of the
noise spectrum is nearly constant over the passband of the system.) Some
of the noise is non-white in the sense that the character of the noise
spectrum is repeatable; i.e., certain peaks in the noise spectrum are
reproducible from noise sample to noise sample and often can be identified
with specific physically identifiable non-ideal system responses (e.g.,
tape drive resonances). However, the general level of the noise is flat
with frequency. Since the signal amplitude spectrum is proportional to
1/w and the noise amplitude spectrum is flat, the signal-to-noise (S/N)
ratio decreases with increasing frequency. The character of the response
functions begins to be jittery at the frequency for which the S/N ratio
approaches unity.

The response functions obtained using the Fourier transform techniques
described in this report are valid only in the frequency band for which
the signal is not seriously contaminated by system noise. The breakdown
of the Fourier transform calibration procedures at the high frequencies
is fundamental and is the result of using an input signal with sparse
high-frequency content. The band of valid response can be extended to
higher frequencies by differentiating the calibration transient and
reducing the window length. Since the high rate of change is concentrated
at the transients' onsets, a 1.56 second window length is sufficient to

encompass the differentiated transients (see figures 3.8 and 3.9).
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Differentiating and transforming the transient with a shorter window
length conserves the signal yet reduces the amplitude of the contaminating
noise spectrum. Tests with a typical calibration signal (see figure 6.2)
indicate that differentiating and using a reduced window length extends
the range of valid high frequency response about one octave. Of course,
the response at low frequency cannot be obtained accurately from signals
of 1 to 2 seconds length. For this reason, the low frequency response is
obtained from the transient (T=10.24 seconds) and the high frequency
response from the differentiated transient (7=1.56 seconds). The two parts
of the response are automatically patched together at an intermediate
frequency which is selected interactively by the user (e.g., see figure
6.13).

For typical calibration signals, selection of an intermediate
frequency = 5 Hz is satisfactory. Tests with very noisy calibration
signals (e.g., figure 6.29) indicate that only marginal improvement in the
high frequency response can be obtained from the differentiated transients.

It should be pointed out that use of a 1.56 sec window implies a
resolution = 0.78 Hz. Although it appears possible to reduce the window
length to 0.1 sec for the differentiated electronics step transient (see
figure 3.9), the resultant poor resolution = 10 Hz would effectively mask
real - and unpredicted - response charactertics, such as tape resonances,
etc.

Additional programs (CALFIX in appendix B) to obtain smooth response
functions at high frequency from the jittery empirical responses are

described in detail in section VIIA.
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v CALIBRATION DATA

The series of computer programs described in this report are desianed
for interactive graphicé] analysis of data produced by the automatic
daily calibration system (ADCS) developed for the California Seismographic
Network by John Van Schaack and Wayne Jackson. Once each day, the ADCS
interrupts the stream of seismic data from a given seismometer and generates
a sequence of identification and calibration signals. These signals are:
a slow-speed digital pulse code for identification of the station, a
record of system electronics noise, a mass-release signal for calibration
of the seismometer system, and an electronic step signal for calibration
of the station, telemetry and recording electronics. Once they are
recorded at Menlo Park along with seismic data, these signals providé a
permanent and timely record of the identity, quality of data, and overall
response of a given station.

Several models of the calibrator circuitry exist at present, and
detailed descriptions of the systems are available in internally published
notes by Jerry Eaton and John Van Schaack. We limit our description here
to those points necessary to understand the methods and problems in the
present analysis schemes.

Figure 6.2 shows a typical sequence of calibration signals, tele-
metered to Menlo Park from the ADCS at network station BGG. Seismic noise

from the seismometer is interrupted by a quiet section of 1 sec duration,
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followed by a series of 12 clear pulses constituting the ID code.

Except for the first, which is 250 msec wide, the positive-going

pulses are each 200 msec wide; and all are separated by 200 msec.
Measured from the level of the quiet section, each ID pulse is either
0.4 Vor 0.7 V in amplitude, depending on whether it represents a

zero bit or a unity bit in the Station ID. The ID itself is the

decimal equivalent of the binary number represented by the pulse train,
with the first pulse representing the least significant bft. Figure 4.1_
shows a typical structure of the ID code.

After the ID code is completed, the input of the seismic amplifier
is terminated with an impedance equivalent to that of the seismometer
and L-pad. The result is a record of system noise lasting about 2.7
seconds. This record includes noise from all electronic circuits from
the preamplifier to the computer, At the end of this period the seismo-
meter coil is released, producing a calibration signal for the seismo-
graphic station. During this "mass-release" calibration, the seismometer
output is attenuated by an amount dependent on the calibrator model to
keep the transients on scale. This signal is allowed to die away for
about 8 sec; then a voltage step is applied to the input of the seismic
preamplifier (J302). After the resulting transient is allowed to die
away for 16 sec, the ADCS returns the station to its normal operating
condition.

Certain features of the ADCS design present problems in data analysis.
The start time of the calibration sequence and the timing of the ID code
and system noise test are determined by a CMOS crystal oscillator with
a specified drift rate of about 10” 5/day. If several stations are ini-

tially set to undergo automatic calibration at the same time of day,
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usually 2300 GMT, their calibration times will drift apart about 0.86
sec per day. Over a period of a year, the onset times may drift apart
by as much as 5 minutes. Although this scatter makes it unlikely that
a significant portion of the Central California Seismic Network will

be down during a sing]e‘event, it makes more difficult the digitization
and reduction of calfbration data from several stations simultaneously.

While the overall start time and ID code timing are determined by
a crystal oscillator, the timing of the mass-release calibration and the
amplifier step test is determined by RC time constants. Both the onset
time (relative to the ID code) and the duration of the calibration signals
are therefore subject to as much as 15% variation from station to station.
In the present analysis scheme, this uncertainty is handled with a com-
bination of generous tolerances, pulse-locating subroutines, and human
interaction.

Calibration data telemetered from field stations to the Menlo Park
facility are recorded and reproduced by the same techniques used in the
analysis of seismic data. Data are stored on magnetic tape as bundles
of 8 multiplexed FM tones, one bundle per tape track. For computer
analysis, the data must be played back, discriminated, and digitized.
Fortunately, the NCER Data Processing Center has well-established pro-
cedures for digitizing seismic data on 7-track computer-compatible
magnetic tape. Up to 10 channels, i.e., ten station calibrations, may
be digitized and multiplexed at rates up to 40K total samples per second.
Normally, a sampling rate of 200 Hz per channel is sufficient for analysis
of the calibration data, so any number of stations from 1 to 10 can be
digitized simultaneously. Digitized data are multiplexed and recorded

on tape with 12 bit resolution (including sign), i.e., as integers with
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a range of + 2048 counts, in blocks of 1000 points. The digitizer
sensitivity is normally set so that + 2.5 V at a discriminator output
corresponds to + 2048 counts.

To analyze calibration data from a given set of stations, the
following steps are necessary. First, library or data tapes of the
desired instruments for the desired day are searched for the desired
calibration records and the records are digitized onto 7-track tape.

The digital tape is then sent to the Lawrence Berkeley Laboratory com-
puter center for inclusion in the LBL operating library. Finally, the
data are called up and reduced interactively via the Tektronix 4010 CRT
terminal at Menlo Park. Through interactive control in the analysis
program, the user can: unpack and demultiplex the data; plot and view
the calibration sequences and their various parts; decode the ID code;
view and modify the tables of station constants; and calculate and plot
the noise spectrum, system response, electronics response, and seismometer
response. In addition, the program provides estimates of the free period
and damping for each station from the calibration data; and the response
functions may be written to a common disk file for use by other programs
at LBL.

The present set of calibration analysis programs provides a stream-
lined procedure for obtaining the response functions for a particular
instrument on a particular day with a minimum of trouble. For a given
set of 10 stations, location and digitization of the calibration data
requires about 1 afternoon. (The calibration transients often will be
digitized at the same time as the seismic data for which the calibration
is needed.) If the digitized tape is sent to LBL overnight, reduction

of data via the interactive programs may take place the next afternoon.
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Thus, we anticipate that experimental calibration of 10 instruments,
with plots of system and seismometer response in practical units, will
require typically less than two days using the present program,
v USING THE CALIBRATION PROGRAMS

The present programs have been designed for the user unacquainted
with the LBL computer systems. In fact, 1ittle knowledge of computers
in general is required to operate the programs successfully. However,
before the user can analyze calibration data, he must supply the LBL
system with a tape of digitized data. The standard procedures of the USGS
Data Processing Center will suffice to produce this tape, but there are
a few caveats. The maximum number of points per channel which the unpacking
program can accept if 12,000. Although it may be possible to use lower
digitization rates, we recommend a sample rate per channel of 200 Hz. At
this sample rate, the longest time series which can be accommodated is
60 sec. Since the calibration sequence is about 30 sec long, stations
whose calibration onset times differ by more than 30 sec should not be
digitized together. If they are digitized together, the sequence of
programs may have to be rerun for each channel. In general, we recommend
making hard copies of the calibration data before digitizing and choosing
the digitizer start time as close as possible to the onsets of the cali-
bration sequences. If onset times for different stations differ by more
than 30 sec, those stations should be digitized separately.

When a digitized tape is sent to LBL, its paper tag is returned with
an "assigned LBL number." Once the user has this number, he may run

the calibration programs by following five simple steps:
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1. Create a common file of calibration data from the digital
tape (eg., see Figure 6.0). Note that this step does not require a
Tektronix CRT terminal and may be run at any time prior to the execu-

tion of the calibration program (steps 2 through 5).
2. Log onto the LBL system, on the same machine, B or C, used

in step 1. (Our experience is that a minimum of 150g CPU should be
allowed for each channel (i.e., seismographic station) to be analyzed.)

3. +LOAD, CALIB, JDRAT

4. 4RUN

5. Enter data requested by programs.

Figure 6.1 shows the sequence for logging on, and running the programs
as well as the initial interaction. Most of the data entry requests are
self-explanatory. The "common file" referred to is the file created in
step 1.

The entry of the NUMBER OF SCANS TO BE SKIPPED allows for those
cases in which digitization is begun well before the start of the
calibration sequence. A "scan" is simply a digitizer sequence of one
sample per channel. Thus, if 1000 scans are skipped, unpacking of data
will begin 1000 samples (on each channel) after the start of digitizing.
Hard copy records of calibration data made during digitization are useful
for calculating this entry when necessary.

The next entry, of CHANNEL NUMBERS OF SELECTED CHANNELS, IN ORDER
determines which channels are unpacked from the copy on disk of the

digitized tape. If calibration data for more than one instrument are to
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be analyzed at a given sitting, the corresponding digitizer channels
should be entered in order. If only one digitizer channel is of interest,
the single channel number may be entered.At the end of the spectral
analysis program, reduction of data from a new instrument can be begun

by choosing the option "J=6 PICK NEW DATA TRACE" (see below). In order
to use this option, however, the digitizer channel number corresponding

to the desired trace must have been included in the list of SELECTED
CHANNELS.

With the next entry of DIGITIZER CHANNEL FOR TRACE TO BE DISPLAYED,"
the program which decodes the ID code and separates the calibration record
into its components begins. The user enters the number of the digitizer
channel corresponding to desired calibration. If the trace selected was
not included in the "SELECTED CHANNELS", a diagnostic is sent to the ter-
minal and the user is forced to pick another channel.

After the digitizer rate is entered, graphical interaction begins.
First, the entire calibration record is plotted on the screen as shown in
Figure 6.2 and the user is asked whether the ID code is present. (As is

true of all plots in this series of programs, the user must enter any char-

aracter (followed by a carriage return) to return from the plotting routines.

This pause allows the CRT screen to be copied. A plot is complete if a

line of identifying text is at the top and the light pointer is in the

upper left corner of the CRT screen.) If the user indicates that the ID

code is present, he is asked to pick the start of the code. Using the dials
at the right of the terminal, he places the vertical cursor somewhere in
the quiet interval before the ID code and types any character, without a
carriage return. This puts the X-position of the cursor in memory; the

Y-position, determined by the horizontal cursor, is not used.
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If the code is not present, or if it is too noisy to be inter-
preted, the user indicates by entering a 2. The program then asks
the user to enter the station ID. The proper ID number is crucial,
as it is used to find the proper instrument parameters in the constant
table (see below). After entering the ID, or picking the start of
the ID code, the user is asked to pick the start of the system noise
record. He does this by using.the vertical cursor as described above.
For best results, the beginning of the noise record should be chosen
close to the end of the ID code. With the noise onset chosen, the
program reports the station ID obtained either by decoding the ID code
or from the user entry. The line "ENTER ANY CHAR TO CONTINUE" is then
printed, allowing the CRT screen to be copied. Entry of any.character,

followed by a carriage return, causes the program to continue.

Now begins separation of the data record into three time series:
the system noise record, the seismometer release test, and the amplifier
step test. Each of these records is selected by computer algorithms,
and the user has the option of viewing, editing, and/or writing on a
disk file, each individually. The start of the noise series is determined
by the cursor entry discussed above, and its original length is 1.5 sec.
The beginnings of the seismometer release test and amplifier step test
are selected by computer algorithms which pick the peak of each transient,
find a point on the initial rise with half the absolute value of the peak,
and space backward a predetermined amount to the beginning of the transient.
These algorithms are thus simplified routines to find the point of maximum
slope of the transient, which is the most easily identified point in time.
The point half-way up the peak is an approximation to the point of maximum

slope, and the initial point is determined by subtracting a given time
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interval from this half-way point. Of course, if the shape of the tran-

. . (ie. standard Central California)
sients are grossly different from normay, these algorithms will not work,
and the starting points for the transients must be picked by the user
(see below). To insure that DC drift in the telemetry does not affect
the selection of the starting points, an average of 100 values from the
system noise series is subtracted from the decimated calibration series
used to pick the transients. The seismometer release signal and electronics

step signal chosen by the computer routines are 7.0 and 15.5 sec long,

respectively.

Beginning with the system noise record, the user is offered the
following options for each time series: "1=PLOT ALL", "2=PLOT START",
"3=CHANGE", and "4=CONTINUE." The first option creates a plot of the
entire series as it exists at the time the option is entered. The
ordinate of the plot is digitizer counts from -2000 to 2000, stightly
less than the full scale of + 2048, while the abscissa is the sample
step. Unlike the plot of the entire calibration sequence (Figure 6.2),
which is decimated to a sample interval of 20 msec, plots of the indi-
vidual time series are undecimated; so the sample interval is the reci-
procal of the digitizer rate. The initial sample (number 1) is the sample
1 sec prior to the beginning of the noise record, allowing the noise
record to be extended backward if necessary. The option "2=PLOT START"
creates a similar graph to that of "PLOT ALL", but only the first 100
points of the data series are plotted. This allows the onset of the
calibration signals to be inspected carefully.

If the plots of the entire time series and of its beginning are
satisfactory, the option "4=CONTINUE" is used to write the time series
to a disk file read by the spectral analysis program. Otherwise, the

option "CHANGE" may be used to change the start and/or end points. New
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points are selected by entering the sample number, using the abscissa
labels on the previous plot as a guide, or by using the cursor, af user
option. After new start and/or end points(s) are chosen, the user may
write the series to a disk with option 4 or may check the changes with
options 1 or 2. Option 4 may be used at any time, even before the first
plot of a given time series is viewed. However, it is usually wise to
inspect all three time series before continuing to the seismometer

constant program.

After option 4 is used for the last time series (the electronics
step test), a new program is loaded and executed. Using the station ID
as an index, this program finds the necessary mechanical and electronic
parameters for the seismometer station in a table of constants stored
in the Program Storage System (data cell) at Berkeley. The constants are
written to the CRT screen in the format shown in figure 6.9, and a dummy
entry is required to allow the screen to be copied. Next, the user is
given the option of altering the table of constants, including the name
of the station.

Alterations to the constant table are necessary to reflect the intro-
duction of new stations and modifications in old stations, or to permit
reduction of calibration data using constants from prior modifications.
Whenever the option to alter is exercised, the date ("update") at the top
of the constant table is automatically set to the current date. The new
constants may be written on the data cell upon normal termination of the

final program in the sequence (eg., see Figure 6.44),

26



Alterations in the station name and/or constants are made as
indicated in figure 6.9. When alteration is discontinued by entering
a zero, the screen is cleared and the new lists of constants is printed.
At this point, or after the option to alter is declined, certain station
parameters are ca]cu]ate& from the list of constants according to formulas
obtained from circuit analysis of the calibrator unit. These parameters
are calculated exactly, using the specified values of circuit and
attenuator resistance determined by the particular model of the calibrator
and the attenuator setting recorded in the station log. The parameter
values are printed on the CRT screen, as shown in figure 6.9, after a
dummy entry for copying. After the calculated parameters are listed,
there is another dummy entry for copying, following which the altered
constants and calculated parameters are written to disk files and the
constants program is terminated. At this point, all the required time
series and instrumental parameters are stored on disc files, and the
final program "CALTEM" is loaded and executed.

This program computes the Fourier transforms of the calibration
transients and the response functions of the total seismograph system,
the electronics, and the seismometer alone. The program is logically
organized so that the user selects one of seven possible options (e.g.,
see figure 6.28). At the completion of option 1, 2, 3, 4, or 5, the
program requests the selection of another of the 7 options. Options may
be repeated. Option 6, "J = 6 PICK NEW DATA TRACE", allows the user to
examine the calibration transients for other selected channels. Option
7, "J = 7 TERMINATE" is the only way to terminate the program normally.

During execution of options 1, 2, 3, 4, or 5, the user can view

additional plots by selecting options listed on the CRT screen; e.g.,
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"WHAT NEXT?
REPLOT WITH Y MAX"

1 = CONTINUE 2
or "WHAT NEXT?

1 = CONTINUE 2 = PLOT PHASE RESPONSE"

or
"QUTPUT TO A DISC FILE?
1 = YES 2 = NO"

Inadvertently entering a character other than 1 or 2 does not
terminate the program. The program also pauses to display the results
of the series of calculations necessary to obtain the response functions
from the calibration transients (e.g., see section IIIC and figures
6.10 and 6.13). To continue, the user responds to the message

"ENTER ANY CHAR TO CONTINUE.™"
by typing any character and a carriage return.

Normal program termination is via option 7,

"J = 7 TERMINATE"

Non-normal termination is known to occur in two instances:

1. The allotted CPU time has been exceeded. To check the remaining
time, enter ">CU." If the result is 15 CUS remaining, the user is out
of time. The system automatically doles out a few more CUS so that files
created by the job can be made common, copied to the data cell, etc.

2. The user has manually selected window lengths that are of

insufficient length. The response functions already written to the
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system common file "RESP" are not affected by non-normal program termina-
tion. Updates to the seismometer constants table (residing on the disc
file "CONSTS") may be written to the seismometer constants table on the data
cell only after normal program termination. To rewrite the data cell
seismometer constants table after non-normal program termination, execute

the following control card

"LIBRITE,JDRAT,CONSTS/RB,CONSTS,50,W=DRATLER."
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VI EXAMPLES
A. Preparation for program CALIB

For demonstration purposes the calibration program was run on the
calibration transients generated 10 June 75 at stations BGG (Boggs
Mountain) and SWB (Swansons Bluff) in the Central California Seismic
Network. For this particular test, unshielded coaxial cable was used
to transmit the multiplexed signals the 50-odd feet from the output
jacks of the phone line terminal to the input of the discriminators.
This was done for the purpose of eliminating the system noise introduced
by the magnetic tape recorder and playback machines. (Recent progress
in increasing the dynamic range of the tape units to 48 db by using
both capstan servo control and subtractive tape speed compensation suggests
that bypassing the present "noisy" tape unit configuration presents a more
realistic picture of the signal-to-noise ratio achievable at NCER in the
near future.) The calibration transients for BGG and SWB were digitized
at 200 sps with 2 other channels - an IRIG time code and the calibration
transient for station PNP (Pinion Peaks). (The results for PNP are com-
parable to those for BGG and will not be discussed further in this report.
The multiplexed (4 channels) digitized signals were placed on the second
file (file 1 = dummy file) of the digital tape. An examination of the
paper plots made during digitization indicated that 6000 scans (1 scan =
1 sample per channel) were digitized preceding the beginning of the
digitized calibration sequence. The multiplexed digital tape was trans-
ported via courier to LBL and logged into the LBL tape library. The LBL
tape library number assigned was #10963. The above underlined information
(i.e., 200 sps, file 2 of LBL tape #10963, 4 multiplexed channels, 6000

scans) are necessary input to the calibration programs.
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B. A typical case

In this section, a step-by-step example of a "typical" successful
execution of the calibration programs is presented. Figures referred
to are hard copies of the CRT screen at the various stages of execution.
Note that the symbol "!" is a carriage return and follows those char-
acters entered by the user. Figure 6.0 shows the preliminary commands
necessary to create a common file from the digital tape. (Note that
common files usually exist for several days.)

Figure 6.1 shows the initial commands and interactive entries. The
initial interactive entries are discussed in general in Section III and
for this example in particular in Section VI-A. Note that the user has
verified the existence of the common file "RW10963" created before
beginning of execution program CALIB. A1l 4 multiplexed channels have
been selected for access; channel 2 was selected for display. (Channel
3 will be displayed later in Section VI-C, "a noisy calibration
sequence.")

After digitization rate of 200 sps is entered, the entire cali-
bration record for channel 2 is displayed on the CRT screen (see figure
6.2). The sequence of calibration signals in the calibration record
is described in detail in Section IV. After entering a character to
continue, the user enters a "1" to indicate the presence of the ID code.
The start of the ID code and the start of the system noise are selected

by cursor. (Interactive entry via the cursor is described
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in section V). The algorithm for decoding the ID code indicates
that multiplexed channel 2 is seismographic station #2. It is strictly
coingidence that the channel # is the same as the station ID number.

At this point the system noise signal, the seismometer mass re-
lease transient and the amplifier (or electronics) step transient are
serially displayed so that the user can check and, if desired, alter the
time windowing automatically selected by the algorithms contained in
program "PICK." The options for viewing and modifying the time windowing
are described in section V. Figure 6.3 is the system noise signal; the
user has approved the time window by entering a "4." The entire seismo-
meter mass release transient is shown in figure 6.4. By entering a "2",
the user has exercised the "PLOT START" option. The resulting display
shown in figure 6.5 indicates the picking algorithm has selected the
initial break 2 samples or 10 msec early. The user approves the window
for the seismometer mass release transient by entering a "4." The
entire amplifier or step test transient is shown in figure 6.6. Noting
that the picking algorithm has erred in including a portion of the
transient resulting from the return of the station to normal operation,
the user has elected to modify the time window by entering a "3." The
start point is left unaltered by entering g "3".

The new end point is selected by cursor as
described in section V. By entering a "1", the user replots the entire
"rewindowed" amplifier step test transient (see figure 6.7). By entering
a "2", a "blowup" of the start is obtained (see figure 6.8). By next
entering a "4", the user approves the "rewindowed” amplifier step test

transient.
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At this point, the 3 calibration signals, with approved time
windows, have been written onto local disc files. The seismometer
constants table that resides permanently in the LBL system has been
accessed and searched for the entry corresponding to ID code #2; the
results of the search are then displayed (see figure 6.9). Figure 6.9
indicates that the name of the seismographic station with ID code #2 is
"BGG, Boggs Mountain." Also listed are seismometer constants and the
amplifier attenuation setting. The data of the last previous alteration
of the BGG entry in the seismometer constants table - 12 Sept 75 - is
also shown. By entering a "2", the user chooses to use the displayed
tabulated constants. Certain parameters, e.g., the seismometer test
current, calculated from the seismometer constants and the circuitry
appropriate for the C5 calibrator unit at BGG are also listed.

The user is next presented the 7 options shown in figure 6.28. The
user entered a "1" to examine the system noise spectrum. The results of
the several operations discussed in section IIIC are shown in figure 6.10
and the system noise amplitude spectrum in figure 6.11. Since the ordi-
nate scale is satisfactory, the user enters a "1" to continue. (Note
that the noise spectrum shown in figure 6.11 is seriously contaminated by
the transient due to the termination of the ID code.) The user next opted
to not save the noise spectrum by entering a "2" (see figure 6.12).

The user is again presented the options shown in figure 6.28. Noting
that the programs are more efficient for option 5 than for options 2, 3,
and 4 selected serially and wanting to see all, the user entered a "5".
The results of the operations described in sections IIIC and IIIE for the
seismometer mass release transient are displayed in figure 6.13. Note that
the user has elected to use the derivative of the transient to obtain

the response at frequencies greater than 5 Hz. The system amplitude
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response is then displayed (see figure 6.14). (N.B., for conversion
of the system response to units of volts/micron ground displacement,
2047 digitizer counts=2.5 volts at the output of the discriminator.)
Noting that the response is on scale, the user opts to display the system
phase response by entering a "2" (see figures 6.15 and 6.16). The system
response functions are saved by writing them to the common disc file
"RESP" (see figure 6.17).

After displaying the results of the operations discussed in sections
IIIC and IIIE for the electronics step test transient (see figure 6.18),
the amplitude response of the electronics is displayed (see figure 6.19).
Note that the response for frequencies greater than 7 Hz is from the
transient derivative. The phase response of the electronics is also
displayed (see figure 6.20). The response functions for the electronics

are saved by writing them to the common disc file "RESP" (see figure 6.21).

The amplitude response of the seismometer to ground displacement is
next displayed (see figure 6.22). Noting that the ordinate scale is
unsatisfactory, the user has entered a "2" and then a "1" to replot the
amplitude response with the new power for YMAX = 1 (see figure 6.23).
The phase response of the seismometer to ground displacement is shown in
figure 6.24. Note that at low frequencies, where the signal-to-noise
ratio is large for both the seismometer mass release transient and the
electronics step test transient, the experimental and theoretical seismo-
meter response functions are in good agreement (compare figures 3.4 and
6.23 and figures 3.5 and 6.24). This suggests that the calibration is
reliable and that the entire seismographic system at BGG is functioning
in the anticipated manner.

The option to display the response of the seismometer to ground

acceleration has been exercised (see figure 6.25). (As described in
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section II1ID, the seismometer response to ground acceleration is par-
ticularly useful for estimating the seismometer free period and
damping.) The amplitude response of the seismometer to ground accelera-
tion is shown in figure 6.26. After entering a "1" to continue, the
user has placed the cursor crosshairs on the point of maximum response.
The seismometer free period, two estimates of the damping factor and
the response to acceleration at the free period are then displayed. Two
estimates of the damping are given to indicate the imprecision of the
algorithm used here to obtain the damping factor estimate. (The al-
gorithm used obtains the intersection of the low- and high-frequency
asymptotes as the response at the free period on the straight line with
slope 1 through the lowest frequency available (0.1 Hz). The second
damping estimate is determined in an analogous manner using the second-
lowest frequency available.) The phase response of the seismometer to
ground acceleration is shown in figure 6.27.
C. A noisy calibration sequence

With the analysis of the calibration signals for seismographic
station BBG satisfactorily completed, the user elects to display another
of the multiplexed calibration signals by selecting option 6 (see figure
6.28). The calibration record for digitized channel 3 was selected for
display to demonstrate the results that can be obtained from very noisy
calibration records (see figure 6.29). Since the signal-to-noise ratio
during the ID code is poor, the user has indicated that the ID code is
not present by entering a "2." The user has entered the ID code #25
after decoding the ID code by inspection and has also selected the start
of the system noise using the cursor. The system noise signal, the seis-

mometer mass release transient, and the amplifier step test transient

35



for channel #3 selected by the algorithm in program "“PICK" are shown

in figures 6.30, 6.31, and 6.32, respectively. It is obvious that the
picking algorithm failed in selecting the window for the amplifier step
test transient. The “rewindowed" amplifier step test transient is shown
in figure 6.33.

Figure 6.34 shows the constants from the seismometer constants
table for the station with ID code #25. The seismogréphic station name
is SWB, Swanson's Bluff." The system noise amplitude spectrum is shown
in figure 6.35. Note that the system noise at SWB is primarily at the
higher frequencies (f 56 Hz).

The system amplitude and phase response for station SWB is shown in
figures 6.36 and 6.37 respectively. ﬁote that the "high-frequency break-
down" occurs at a lower frequency (~7 Hz) for the noisy system at SWB
than for the "“typical" system at BGG (compare with figure 6.14). (Use of
the transient derivative does not significantly improve the high frequency
response forthis noisy signal.) Although the calibration signal is severely
contaminated by noise, it is clear that a relijable estimate of the ampli-
tude response for frequencies less than about 5 Hz can be obtained. Seismic
information at frequencies greater than about 5 Hz would probably also be
seriously contaminated by the system noise so that the results of the
calibration are probably sufficient for any seismic data obtainable at SWB.
The electronics amplitude and phase response for station SWB are shown in
figures 6.38 and 6.39, respectively. Again the "high-frequency breakdown"
of the response functions occurs at a lower frequency for the noisy SWB
system than for station BGG. As for the system response, the transient
derivative is not used to obtain the high frequency response of the

electronics. The SWB seismometer amplitude and phase response for
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displacement and for acceleration are shown in figures 6.40, 6.41, 6.42,
and 6.43, respectively. The similarity of the empirical response functions
for the seismometer at SWB with the theoretical response functions shown
in figures 3.4 and 3.7 suggeststhat the system is basically operating
satisfactorily, albeit Qery noisily.

The calibration for station SWB satisfactorily completed, the program
was terminated by selecting option 7 (see figure 6.44). Since the system
and the electronics responses for station SWB as well as for‘station BBG
were written on the common file "RESP", a total of 4 files exist on
"RESP." Upon normal termination, the user is returned to fhe "SESAME"
system at LBL. Note that for permanent retention, the common file "RESP"
must now be disposed or copied to a tape, a data cell, etc. since common

‘files can reasonably be expected to exist. for only about one or two days.
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VII USING THE RESPONSE FUNCTIONS
A. Obtaining the input ground motion_

The response functions are writtén oﬁ the COMMON FILE “RESP" via
the fortran binary write statement:
WRITE(79) ((LTITL(I),I=1,8),(LTITL2(J),J=1,8),NSUM,(TEMP(K),AMP(K),
PHASE(K) ,K=1,NSUM)) $ENDFILE79
79 is the logical unit assigned to file RESP in program CALTEM. Note
that successive response functions are.separated by file marks. Perti-
nent information such as identification and units are stored in the
alphanumeric arrays LTITL(8) and LTITL2(8). -NSUM is the integer number
of frequencies for which the response is stored. TEMP(K), AMP(K), AND
PHASE(K) are the frequency, the amplitude response, and the phase
response respectively.

The Fourier spectrum of ground motion I(f), can be obtained from
the Fourier spectrum of seismometer output, O(f), by using the definition
of the response function T(f): i.e., I(f) = O(f)/T(f). Letting

1(6) = (1)), 1¢6) = 11( 1181, and o(r) = Jo(r)[eTH(F),
[I(A)] = [o(A)/|T(F) ], and o(f) = w(f) - ¢(f). I.E., I(f) =

|0(f)l/lT(f)le1[w(f) - ¢(f)]. The ground motion I(t) is the F ! [I(f)]
where ! is the inverse Fourier transform defined in section IIIA.

The input spectrum can be obtained only at those frequencies for
which the response is defined or non-zero. The low-frequency limit of
known response is 1/T = 0.1 Hz. (T is the window length of the mass
release calibration signal). The response is limited at high frequencies
by a Tow signal-to-noise ratio (jittery response.) In the following

section, a program to obtain a smooth response function is demonstrated.
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B. Obtaining a smooth system response from the empirical response
functions.

The system response functions obtained in section VI B are "jittery"
for frequencies greater than about 5 Hz; the jitter increases with fre-
quency (see figures 6.14 and 6.16). In the 5 to 20 Hz band, the trend
through the jittery responses approximates the expected system response.
At frequencies greater than about 20 Hz, the jitter, or noise, dominates
the signal so that the calibration is not valid in this band. For the
corresponding electronics response fdnctions (see figures 6.19 and 6.20),
a similar pattern with frequency occurs. For the electronics response,
the trend through the jitter approximates the expected response for
frequencies up to about 30 Hz. In this section, we demonstrate an inter-
active program (CALSMO on Tibrary WBSOURCE) which operates on the empiri-
cal response functions (e.g., figures 6.14, 6.16, 6.19 and 6.20) to
produce a smooth system response. The smooth response functions are
generated by interpolation along the trend through the jitter of the
empirical response functions. (The system response and electronics
response for station BGG, written onto common file RESP during execution
of program CALIB - see section VI B. were subsequently stored on subset
RESP of library WBSOURCE. It is assumed that the user can access analo-
gous appropriate system and electronics responses that were generated
during a prior execution of program CALIB.)

The initial commands and interactive entries are shown in figure 7.1.
Program- CALSMO is loaded from library WBSOURCE and executed via an + RUN
command from the SESAME system at LBL. Line 4 of CALSMO (see listing in
figure 7.1) loads subset RESP from data cell library WBSOURCE onto a
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local file named RESP. (The user must alter line 4 to load appropriate
response functions onto local file RESP.) A listing of the fortran
program, CALFIX, (load module SMLGO) which is executed by CALSMO is
given in APPENDIX B.

The user indicates that the appropriate system response resides
on the first file of Tocal file RESP. (see figure 7.2). After exam-
ining the displayed contents of ARRAYS LTITL and LTITL2 from the first
file, the user verifies that the desired system response has been
selected by entering an"S"(any char other than 777).°

The system amplitude response is then displayed (see figure 7.3).
After entering a "1" to indicate that the ordinate scale is satisfactory,
the user places the cursor crosshairs on the response curve at the highest
frequency with a non-jittery response. The frequency selected was
3.26 Hz. The program assumes that the high frequency 1imit of smooth
response selected is greater by at least an octave than the natural
frequency of the seismometer (~1 Hz for the seismometers in the USGS
central California network). The theoretical amplitude response of the
seismometer, proportional to wl, is "patched" onto the empirical system
response for frequencies greater than 3.26 Hz. The result is displayed

in figure 7.4.

The empirical system phase response is next displayed (see figure
7.5). (It is necessary to obtain a émooth phase response if ground
motion is to be computed; a smooth amplitude response is sufficient only
for computing the amplitude spectrum of ground motion.) The smooth phase
response is obtained by a sequence of linear interpolations on the linear
ordinate - log abscissa scale. The user controls the interpolation by

interactively selecting, via the cursor, a sequence of points on the
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response curve for interpolation. In figure 7.5, the user has selected

via the cursor a high frequency limit of smooth response equal to 3.05 Hz.

and higher frequency points for interpolation at 4.95 Hz, 7.76 Hz and
11.49 Hz. By entering "2" prior to selecting the 11.49 Hz point, the user
has indicated that 11.49 Hz is the maximum frequency of reliable response.

After verifying that the appropriate electronics response was on the
second file of RESP as entered by the user (see figure 7.7), the empirical
electronics amplitude response is displayed in figure 7.8. Proceeding as
with the system phase response, the user selects via the cursor crosshairs
points on the response curve for linear interpolation on the log-log
scale. The maximum frequency of reliable electronics amplitude response
is 36.43 Hz. The results of the electronics amplitude response inter-
polations are displayed in figure 7.9. The electronics phase response
is next displayed (see figure 7.10). Proceeding as before, the user
selects points on.the‘rgsponse curve for linear interpolation on the
linear ordinate-log abscissa scale. The maximum frequency of reliable
electronics phase response is 30.63 Hz. The results of the electronics
phase response interpolations is shown in figure 7.11.

The "pseudo" system amplitude response (figure 7.4) is multiplied
by the smooth electronics amplitude response for frequencies greater
than 1 Hz. Since the "pseudo" system amplitude response is the theoretical
amplitude response of the velocity-transducer seismometer at higher
frequency, multiplication by the smooth electronics amplitude response
results in a smooth system amplitude response (see figure 7.12) over the
entire band (i.e., 10 seconds to 36.43 Hz). The smooth electronics phase

response (see figure 7.11) is patched onto the smooth system phase response
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(see figure 7.6) for frequencies greater than the maximum frequency of
reliable system phase response (11.49 Hz in this example). Since the
phase response of the seismometer is nearly constant for frequencies
>> seismometer resonant frequency (see figure 3.5), the result is a
smooth system phase response (see figure 7.13) over the entire band
(i.e., 10 seconds to 30.63 Hz). The smooth amplitude (array SYSAMP)
and phase (array SYSPH) system responses are then written onto disc
file SYSRESP (see figure 7.14) via the fortran statement:
WRITE(81)((LTITL(I),I=1,8),NSUM,NSUMA ,NSUMP,(F1(K),

SYAMP(K) ,SYSPH(K) ,K=1,NSUM)) $ENDFILES8]

81 is the logical unit for disc file SYSRESP. NSUM, NSUMA, and NSUMP
are total number of system responses written to SYSRESP, the number of
reliable system amplitude response samples and the number of reliable
system phase response samples respectively. F1(NSUMA) = 36.43 Hz and
F1(NSUMP) = 30.63 Hz in this example.
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C. Monitoring temporal variations in the system
From the amplitude response of the seismometer to ground accelera-
tion (see section IIID); the voltage at the input to the preamplifier

for gound acceleration is:

T cceq @) = ge_g[(w'-lmz +(20)°17/2

acce
where Geff = GLRll/Reff is the effective generator constant, GL is the
generator constant of the seismometer coil-magnet transducer, @ is the
resonant frequency of the seismometer, w* = w/Q, and § is the damping

2
factor. Ryy = SRy/(Ry +S), Rycc = T+ R +Ry; and F=5, + G /2MR ¢,
where RA is the preamplifier input impedance, RC is the coil resistance,
T and S are the resistances in series and in parallel with the coil
respectively, Bo is the open circuit damping, and M is the seismometer

G R

mass (see Dratler, 1975). The maximum response, Geff/zfgz L H/(ZQBOReff

+ GLZ/M) occurs at w = Q.

The maximum response and the seismometer resonant frequency are
easily obtained from the amplitude response to acceleration (e.g., see
figures 6.26 and 6.42). Since @ = /K/M, variations in the resonant
frequency reflect variations in /K, i.e., relaxation of the spring.
Variations in the maximum response are not as easily ascribed to a single
seismometer constant. The term GL2/M in the denominator represents B, so
that it is usually about 2+ times larger than the term 208 R Thus,

o eff’

the peak value is relatively insensitive to G, until GL decreases by

L

some 50%. Thereafter, the peak height decreases proportionately to
decreases in GL' Decrease in GL with time is a measure of the degradation

of the seismometer magnet.
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APPENDIX A. PROGRAM CALIB

PROGRAM RAWDATITAPZTTY TAPEL=TRPETTY,CONTROL,TAPE7=CONTRCL)
COMMUN/ZJPLOT/XPLT () IPLT(15)

COMMON/GET/NEJJ

DIMENSION R(3),IFET(I)

IPLT(35)=1

CALL FZTUISLTAPEL IFET,8)

IFET(2)=IFET(2).0R. 0000 0010 DUGO 0000 00008
IFET(B)SIFET(8).0R.&4000 UDOO OUDO 0000 00008

CALL FIT(SLTAPELIFET,4-8)

WRITE(14940) $ CALL ENDKEC(1)

FORMAT (*ENTER NAME UF CALIBRATION DATA COMMON FILE (FOKMAT A7)*%)
READ (31411) IIIA

FORMAT (A7)

REWIND 7

WRITE (7,13)IIIA.IIIA ,

FORMAT (*RETURIN9*9A7 y ¥ */*COMMOUN 9y %927 4%. %))

WRITE(7,15)I1I1IA

15 FORMAT (*FIN.*/*DELETELGCB, */

¥PLINKyF=UPLGO4F=ROLGOyB. ¥/
S¥SFL(100000)*/7%LG03 ¢*4A7,4%.%)
WRITE(7418)

18 FORMAT(*LINK,F=PKLGO,)F=NPLGOyF=TXLGO, B.PIKR.‘/

¥¥SFLU105000) */*PIKRyTAPETTY s TAPETTY ¥/
$¥LINK9F=SCLGOy F=TXLGOB8=SPLGQ*/
J"’SPLGD;'I'APEI’TY TAPETTY.‘/

$ELINKy F=CFLGOyF=NPLGOy F=TXLGO U= CTLGO.‘/
#ECTLGO, TAPETTY TAPETTY..*)

WRITe (7 420)

20 FORMAT(*CXIT.*/*TEXTyTAPETTY, (CXIT ERROUR].*/*PTSS(E)*/

[
Mo N

-

- OOEWN

BUEXIT o */7%TEXT yTAPCTTYZLEXIT ERRORI«*/7%PTSS(EI*/*FINJ*/*PTSS(LI®Y
SREXITF/7*TEXTZTAPETTY (CU LIMIT LIKELY)*/*PTSS(C)®*/®*END.*)
REWIND 7

sStToP

END

SUSROUTINE GET(R)

COMMON/JPLOT/ZXPLT(4) s IPLT(15)

COMMON/ GET/NEC

DIMENSION R (1) L (80)

LU=IPLT (15)

READ(LJIsIL ¢ I=J=NE=Q

J=J+i $ N=P=S=p % M=F=1

I=I¢1 & IF(I.GT.8QIRETURN & O=L(I) $ K=4
IF(D.EQe38)K=2 3 IF(D0.,GEe27eAe0sLEC30IK=]

IF(D.EQe47IK=3 $ K=KtS 3 GO TO (1929305010693 04)K

N=N*10¢D-27 . $ S=z=4 $ GO 7O 5
M==1 $ S=z4 $ GO VO 5
IF(PWNE.Q)GOTO 10 3 P=I § S=4 $§ 6O 70 5

IF(PJNZ D)IF=10.%*(I-P-1) $ Kk(JI=N/F*M 3 NE=NiL¢ti1 § GO TC ©
FORMAT (8gR1) -
WRITE(LU»11)9 8 GO TO 312 ’

FORMAT(*TAO ODECIPMAL POINTS IN LNTRY'.I5,'°-R£-:NTER LINE®)

END
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PROGRAYM UNPACK(TAPC 4+ oTAPZTTYTAPZL=TA2ZITY TAPEG,
PUATLy AT DATSoUATLY JATH 4 JATOUATZ 9 UATS4JATI,0AT1ULTARPELL1=UATY,
¥TAPEL23JATCsTAPELS=UAT3,TARPELL=DATH s TA2EL15=0ATS,TAPZ10sDAT6,
PTAPLL7=JAT7 9 TAPca8=DA4T3,T4Pc13=UATIZTA2E2J=UAT10,PASS,TAPE21=PASS)

CUMMON/JPLOT/XPLT(G) yIPLT(15)

COMMINZS2T/NE

ULMENSLIUON LFET(8)4ICHAN(L1L) yNCHAN(L1G) 4R(2u)»IAR(22000)

CAL. FiT(SLTAPti;IFi[odi

IFeT(2)=LFET(2)V0Rebuud 3010 LGOD 00W0 UILB

IFcT(8)=IFET(8)e0Rebuly vyt LUUO dUGU u;JGB

CaLL FITU(SLTAPELIFZT,=d)

CALL FeT(SLTALPEDWLFZIT43)

IFeT(2)=iFeT(2)e0Reuwui UulU Cudl JUOUU LeJdOB

IFET(Y)=LFET(8).0Re%00U vUOD Oudl DUuU uwiddB

CALL. F:oT(S TAPLOyILFZTs=3)

IPLT(15)=1L &  NF.=1

WKITZ(1e1U) 3 CAL. ZNURIC(1)

10 FUKNQT(‘CNTEK NUMBER OF CHANNELS JIGITLIZZ2%)

CaLi oZIR(R) v NI=IFLX(R(1))

WRATZ(1914) 3 CAL. ENUKEIC(L)

12 FUKMAT(®*CNTER NUM3ZX OF S2ANS TO 3I SKI[222)%)

CALL SETR(R) & NBZO=IFIX{(R(1))+1

WKITZ(L1443) & CAL. ENUREC(1)

15 FUKMAT(*eNTER CHANNZIL NUMHERS OF SZicCTed CHANNELSy IN ORJEK®)D

CALL SZTR(XR) 3 NZ3=NZ

ICHANC(NO+1)=9 3 N>T=12000

Ou 13 I=1,10

18 NCHaN(1I)=¢

DO 41d0 QI=14NuS

NCAAN(L)=2L3=aFlA(RCL)) § NLU=LS+LY

DU 2u J=14NU ’

20 IChAN(J) =0
- ICHAN(LS) =1
U0 3v <=1412u00
30 Iax()=U

REwiNd 44

CALL RITAPE (L oNFL9IZHANG NPT oNBEG,IAR,IZRRI

REWIND +%

REWIND NLU

CALL AR3_K(NLUsLAR919120009500)

REAIND NLU ’

40 FUKMAT(101I5)
100 COUNTINuJL

REWIND 21 .

WRITZ(215120) (NCHAN(S) 9K=1+10) 3§ CAL. tNIREC(2W)

12uv FURMAT (L1uI?)

RtwiNO ¢l

STOUP .

ENU

SUBRJIJTINE SETRI(R)

COMMIN/ZJUPLUT/ZXPLT(w) 4I3LT(15)

CUMMIN/GET /N

DIM=NSIUN R(1)sL(30)

LU=I2_T(15)

12 ReAD(LJL9)L s [I=J=NZ=0

& J=Jtl. & N=P=5zU 3 M=F=t1

5 I=zl+l § IF(i.GT.BUIRITUIN 3 O=.(I) 5 K=4
IF(0e2Ue38)K=2 b IF(UeGE270AsDelEa33)Ks1
IF(UeZdeu7)K=3 3§ K=Ke3 3 GI TI (142439901049 3s9)K

1 N=N¥Ly+I-27 3 S=4 $ 63 T0 S5
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O Wwe Wi

-

10

=-1 3 S=b& e $ GO T0 5
IF(PeNEeu)GUTO 10 3 2= 3 -S=4 $ GO TO0S

IF(2eNZeudF=1ye*®([~-2~L) 8 R(JI=N/F*M § NEz=Nee*lL § GO TJ 6

FURMAT (BUR1)

WRITZI(LJe21)d 3 30 T 12

FUKMAT (*TWO UECIMAL POINTS IN ENTRY®*,I5,%-=RE-ENTZR LINE®)
END

SUBRJIJIINE WRBLK(LU9IX9NSTyNEND9eN3_K)
OIMSNSLION IX(1)

NA=NST & KeWIND LJ

NB=NA+NLLK=1

WRITZ(LU) (LX(L)91=NAyNI)

NA=Nd+*l 3 IF(Na.LENEINDIGO TU 10
REWIND .J 3 RETJIRWMN

END
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PROGRAM PICK(TAPETTY=201+sFILM=201+TAPEL=TAPETTY,DAT1,0AT 2,0AT3s
*DAT4sDATS,0ATH40AT7? yUAT8yDAT9,DAT1D
®*TAPE31=DAT1,TAPE3S2=0AT2,TAPE33=0AT3,
®*TAPE34=DAT4L,TAPESS 0AT5'TAPE36~OAT:gT“P:S?-DAT7.T“P£38:D“73'
*TAPE39=0DATITAPELO=DAT 10,
®NOI+RLSsSTP,PASS,TAPEL1=P0l,TAPE12= RLS,TAPE&JSS‘P TAPE 20=PASS,
¥*PASSA.TAPE24=PASSA)

COMMON/TVPOOUL/TVPUL (8)

COMMON/TVTUNE/ZITUNE (30)

COMMON/ZJPLOT/ZXLT o XRT o YLO s YUP s MAUXSMAJY s KX(2), KY(Z’QLTITL(B,'LUv
BLTFoLNLGXy LNLGY s NCLXyNCLY(LTITL2(8)

COMMON/PLS/PPP(8)

COMMON/GET/NE

DIMENSION IFcT(8), NCHAN(iU).R(B’gX(iDOUﬂ),IX(lUOﬂD’gHV(lOOD)

EQUIVALENCE (X (1) oIX (1))

CALL FZT(SLTAPE1,IFET,8)

IFET(2)=IFZT(2).0R. 0000 0010 0uOO 000U 000ODB

IFET(B8)=IFET(8).0R. 4000 0000 00VO 0000 00008

CALL FIT(SLTAPELIFET,,~8)

LU=1 § KFMT=bH(16I5) 3§ LTITL2(1)=1

REWIND 20

READ(23+9103) (NCHAN(I) sI=1,10)

FORMAT(101I7)

REWINO 20

WKITE(1,3) % CALL ENDREC(1)

FORMAT (*ENTER DIGITIZER CHANNEL FOR TRACE TO B8u OISPLAYECH)

CALL GETI(R) & NCHL=IF1X(R(1))

LUDAT=NCHL +30

D0 5 JU=1,10

IF(NCHAN(J) cEQ.NCHL)GO TC 7

WRITE(1+6) $ CALL ENODREC(L) $ 50 TO &

FORMAT(*CHANNEL NOT AMONG 1HOSE UNPACKED=-PICK ANOTHik*)

WKITE(1+8) & CALL ENOREC(1)

FORMAT(*ENTER ODIGITIZLR RATE IW SAvMP/SLC®*)

CALL GET(R) $ NIOIG=IFIX(R(1)) -

NOPPS=50 % NTH=NOIG/NDFPS § NTPT= 10050‘NTH 10

MARLS=NOPPS/12 3 MARAM=NOPPS/17

CALL BLKRD(LUDATIX+»19NTHyNTPT,5(0)

REWIND LUDAT 3 NPL=NTPT/NTH

00 100 I=14NPL

X(I)=Ix(I)

ENCODE(B0+s93sLTITLINCHL

FORMAT (*RECORD OF OATA FROM DIGITIZER CHANNEL®,I3,45X)

MS=40007/NDPPS

ENCODE(204+11+KXIMS

FORMAT(¥SAMPLES AT¥,I4,* MSEC *)

ENCODE(16413+KY)

FORMAT(*DIGITIZER OUTPUTH*)

XLT=1 § XRT=NPL § YLO==2000 $ VYUP=2000

MAJX=10 $§ MAJY=8 § LNLGX=3 $ LNLOY=1

NCLX=NZCLY=2

CALL PLOTS(X,.DUM,1yNPL)

WRITE(1+23) $ CALL ENDEREC(1)

FORMAT(/,415X,* . IS ID CODZ PRESENT?2%,2X,* 1=YESy 2=N0O*)

CALL GZT(R) ¢ JID=IFIXRI(1))

IF(JID.EQ.1) GO TO 25

WRITE(1424) $ CALL ENDREC(1)

FORMAT(/15X s *ENTER STATICN ID NUMBER®*)

CALL GZT(R) $ I0P=IFIXI(K(L)) g GO TO 29

WRITE(1427) § CALL ENDREC(1)
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27

29
31

35
32

33

36

37

335

L3 Y

43

LS

47

FORMAT(/15X+*PICK START C(F 1D CODE®*)
LOOK=3HX,Y

CALL TVFARE(LOOK EXoWHY gK19K2)
NID=IFIX(EX)

WRITE(1s 31) § CALL ENCREC(1)

FORMAT (15X, #*PICK START OF SYSTLM NOISE®)
CALL TVFARE(LOOKsEX yWHY 4K19K2)
NOI=IFIX(EX)

IF(JID.NE«1) GO TO 33

CALL IDCODE (NDPPS.XNIDy 10P)

WRITe (1+35)I0P § CALL ENDREC(1)
FORMAT (1 SX,*TRACE I0 IS *,1I%5)

WRITE (14 32) $ CALL ENDREC(1)

FORMAT(15X, *ENTER ANY CHAR TO CONTINUE®*)
CALL GZT (R)

NSTA=NOI+2*NDPPS $ NENA=NSTA+7*NDPPS
AVER=Q0. 3§ NATY=Q

D0 3b IA=NUI4.NSTA

NATY=NATY+1

AVER=AVER+X(IA)

AVER=AVER/NATY

00 37 IB=NOI,NPL

X(I3)=X(IB)=-AVER

CALL MAXY(XgNSTASNENA+XMXLyNMX1)

NBK=NMX1 & NSTP=NBK-NDFPS $ FX=XMX1/2.
CALL FINDX(X NBK NSTPFXyX19NXt)
NRLS=NX1-MARLS

NSTB=NRLS+7*NDPPS $ NENB=NSTH+2¥N0OPPS
CALL MAXY(XoNSTBINCNBE e XMX2+NMX2)

NBK=NMX2 3 NSTP=NBK=NODFPS $ FX=XHX2/2.
CALL FINDX(X NBKyNSTPoFXeX2,NX2)
NSTEP=NX2-MARAM

NIN=NOI*NTH-NDIG & NIP=NIN+30*NDIG

CALL BLKRD(LUDATIXsNIN,19)NIP,53C)
NXXY=NIP-NIN¢1

DO $35 I=1,NXXY

X(IH)=IX{I)

REWINO LUOAT

LN=NDIG=-1 ¢ LR=NRLS*NTH-NIN+#1 $ LS=NSTEP*NTH=-NINe¢y
LNN=LN¢+NDIG+NDIG/2 $ ULNR=LR+7¥*NDIG
LNS=LS+15*NDIG+NDIG/2
ENCODE(B80y41,LTITL) IDP

FORMAT (*RECORD QF SYSTEM NOISE FROM STA. NO*4I15,39X)
CALL TVNEXT 3 LTIF=p

CALL WHAT(XsNDIGLNsLNN)
ENCOCE(BO,43,LTITL) IDP

FORMAT (*RECOURD OF SEISMOMETER RELEASE TEST FROM STA. NGe*9i5,27X)
CALL TVNEXT

CALL WHAT(X,NDIG,LRsiLNR)
ENCOUE(B80s45,LTITL) IDP

FORMAT (*RECORD OF AMPLIFIER STLP TEST FRQﬂ STae. NOS*,19, 32X)
CALL TVNEXT

CALL WHAT(X4NDIG,LSeLNS)

NOO=ULNS~-(N¢+{

D0 «7 J=1,NDO

IX(J)=x(J)

MNOI=LNN=-LN+1 @& MKLS=LNR-LR+1 3 MSTP=LNS-LS+y
CALL SCRIB{IXsLNIJLNNy16sKFMT,11)

REWIND 11 '

CALL SCRIBU(IX4LRyLNRy16sKFMT 912)

REWIND {2

CALL SCRIBUIXsLS)LNSy169KFMT,13)
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50

49

REWIND 13

REWIND 21

WRITE (24 +49)I0PyNOIGyMNGIyMRLSy MSTP
FORMAT (1017)

- CALL ENDREC(21) 3 REWIND 21

50

10
11

12
13

15

20
30
4o
45

47

50

20

30
40

b 81

stopP
ENO
SUBROUTINE WHAT(X,NOIGsNB8G,NNO)

COHHONIJPLOT/XLT.XRT,YLO,YUP,MAJX.!AJY.KX(Z)9KY(Z)'LTITL(B)oLU

®oLTFy LNLGXsLNLGYsNCLX4NCLY

DIMENSICN X (1) 4R(8)

WRITE(1,10)LTITL 3 CALL ENDRECI(D)
FORMAT (8A10) .
IF(LTF.EQe 1 IWRITE(1412)

WRITE(1,13) 3 CALL ENURECI(1)

FORMAT (/7//77/)

FORMAT (15X, *1=PL (T ALL, &=PLOT START, 3=CHAN
*/915X+*4=CONT INUE")

CALL GET(R) $ N=IFIX(R(L))

NX=1003/NOIG -3 ENCODE(204+15+sKXINK
FORMAT (* SAMPLES AT *,I34+* MSEC*)

LNLGX=3

IF (N.EQ.1) GO YO 20 BIF (N.EQ.2) GO TO 30

GE,*

IF (N.EQe3) GO TGO 40 $IF (N.EQew) 50 TG 50 $G6GO TO 11

CALL PLOTS(XsDUMINBGsNND) $ LTF=1 $ GO 7T
NN=NBG+100 3 CALL PLOTS (X sDUMyNBGsHN) 3
WRITE(1+45) $ CALL ENDAREC(1)
FORMAT (15X +*NEW START POINT*)

CALL PUTIN(NBG)

HRITE (14 48) $ CALL ENUREC(1).
FORMAT(15Xs*NEW END PO INT*)

CALL PJUTININND)

LTF=g 3 GO TO 11

LTF=0 ¢ RETURN

ENO

SUBROUTINE PUTIN(N)

DIMENSION R(10)

WRITE(1410) $ CALL ENDREC(1)

011
LTF=1

$ 6O TO {3

FORMAT (415X *CHOOSE~ 1=CURSOR,y 2=tENTER 3=NO Cﬂ&NGE’)

CALL GET(RI) 3 M=IFIX(RHUM

IF (MsEQe1) GO TO 26 $IF (M.EQ.2) 30 TO 30
IF (M.EQ.3) RETURN GO TO 5

LOOK=3rXyY $ CALL TVFARC(LOUK XY 9K1sK2)
N=IFIX(X) § RETURN

WRITE (1s40) $ CALL ENUREC(1) p CALL GET(
FORMAT (¥*ENTER SUBSCKIPT NUMBER®*)
N=IFIX(R(1)) .3 RETURN

ENO

SUBRUUTINE MAXY(A,NST.NEN,AMX'NHX)
DIMENSION A1)

AMX=ABS (A(NST))

DO 5p I=NST,NEN

IF(ABS(A{I)).LELABS (AMX)) GO TO S0
AMX=A(I) § NMX=I

CONTINUE

RETURN

END

SUBROUTINE FINDX(AgNSTyNEN,XsAXyNX)
DIMENSION AL(})

K)

DX=AUSC(A(NST)=X) § UL=s1 $ IF(NENJLT.NST)L=-1

I=I+«L ¢ IF(I.EQeNEN) GC TO 5¢
00X=ABS (A(I)-X)

$ IsNST+y1



IF(ODX.6GT.O0X) GO TO 10
DX=0LUX $ AX=A{(1) $ Nx=I
60 TO 10
50 RETURN
ENO
SUBROUTINE IDCODE(NDIG+XsNBEG,ID)
COMMON/PLS/NLHyKLOy NLOJNHL o KHI o NHI) LTHRyMAR
DIMENSION X(1),R(8),1D0(32)
LTHR=150 3§ NSEP=500 % MAR=NDIG/20 $ NPLS=1p
NST=NBzG § NEN=NST+3*NDIG/2
NWMIN=NDIG/5 3 NWMAX=NCIG/3
DO 160 I=1,NPLS
CALL PJULSE(NSTyNENy X9 LERR)
IF(NLO.LT«MAR)LERR=
IF(NHI.LT.MARILERR=1
NHW=NHL~-NLH
IF(NW.LTNWMIN)LERR=]
IF(NWSTNWMAX)LERR=1
IF(LLRRCEQ.Q) GO TO 30
21 WRITE(1,22)I $ CALL ENCREC(1) & CALL GET(R)
NF=IFIX(R{1)) SBIF (NF.EQ.1) 60 TO 24
IF (NF.EQ.2) GO TO 31 §6GO TO 21
22 FORMAT(1SX,*ID COOE BAD AT PULSE *4I24/7% WHAT NOW?
¥ 1=STOP, 2=CONTINUE®*)
24 STOP
30 KD=KHI-KLO ¢ IDD(I)=gp
IF(KD«STWNSEP)IDD(I )=
NST=NHL+2¥MAR $ NEN=NST#NDIG/2
100 NWMIN=NDIG/7
I10=0
DO 110 J=1,NPLS
110 ID=ID+ICD(U)*2%*(Uu-1)
RETURN
31 WRITE (1,32) $CALL ENCREC(1)
32 FORMAT(* ENTER ID COULE NO. OBTAINED BY INSPLCTION®)
CALL GZT(R) BID=IFIX(R(1))
RETURN
ENU
SUBROUTINE PULSE(NSToNENC,X,LERR)
COMMON/PLS/NLHyKLOy NLOgNHL 9 KHIo NHIo LTHRyMAR
DIMENSION X(1)
NB=NST+#1 $ N=1 $ MB=IFIX(X(NST))
LERR=MAV=NC=D
DO 100 I=NB+NEND
IF(LERR.EWQ«1) RETURN
Ma=M8 $ MB=IFIX(X{(I)) § MD=MB-MA § MAD=IABS(M()
GO TO (40+50+60070+80) 4N
40 IF{MADLGT.LTHR) GU TO 45
MAV=MAVe¢M3 ¢ NC=NC+1 3 GO T0 100
45 IF(NC..T.MARILERR=1
IF(MG..T«MAIGO TO 47
N=2 ¢ NLH=I $ KLO=MAV/NC & NLO=SNC $ MAV=NC=g0
GO 10 100
47 MAV=NC=0 p GO TO 4100
50 IF(MADLT.LTHR) GU TC 55
) MAV=NC=0 $ GO TO 1uo
55 MAV=MAV¢HMB 3 NC=NCH+i
IF(NC.GE.MARIN=3 3 6O 1O tug
60 IF{MAU«GT.LTHR} GO TO ©5
MAV=MAV¢MB $ NC=NC+}
60 T0 100
65 IF(MB«LT.MA)GO TO o7
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70
80

100

10

15
Azu

25
30
100

125
150

10

10
12

15

25
30
100
125
150

LERR=1
N=&4 § NHL
GO TO 100

IF{MAU.GT.LTHR)GO TO 100

MAV=MAV+M3

IFCIKHI-MAV/NC) «LToLTHRILERR=1

RETURN
CONTINUE

=1

3

$ KHI=MAV/NC 8

NC=NC+1

LERR=1 $ RETURN

ENOD

NHI=NC § MAV=NC=0

$IF(NC.GE.MAR) N=5 $ GO TO 100

SUBROUTINE DECRD(Ay LUNIT KFMTyNSToNTH9NENsNPPR)

DIMENSION A(1)4KFMT(1)sIDUM(20)

NREC=1 §
REWIND LUNI

N=¢
T

00 160 I=NST4NEN,NTH
IREC=(i-1)/NPPR¢1 § NSKP=IREC-MRIC 3§
IF(NSKP) 30420410

D0 12 J=14NSKP

READ(LUNIT +KFMT)
IF(EOF,LUNIT) 150415

NREC=1IKEC

READ(LJUNIT +KFMT) (IDUMIL) 4L=1 +NPPR)
IF(EOF,LUNIT) 15025

NREC=NKEC+]

K=I-(1REC-1)*NPPR

A(N)=IJUM(K

REWIND LUNI
NEN=I-NTH
END

SUBROUTINE SCRIB (TA¢NSTyNENyNPPRyKFMT,LU)

)
T
3

3 RETURN
60 10 125

DIMENSION IA(1) KFMT(1)

NA=NST 3
D0 16 1=1,N
NB=NA+NPPR-

WRITE (.U WKFMT)I(IA(L) yL=NA,NB)

NA=NA+ NPPR
NB=NA+NEX-1

WRITE(LULKFMT) (IA(M)y M=NA,NB)

END FILE LU
END
SUBROUTINEZ

N= (NEN-NST)/NPPR  §

1

BLKRO(LUSIXsNSToaNTHyNENy NBLK)

$ RETURN

DIMENSION IX(1)4IX3LK(500)

KBLK=g 3 N=0

REZWIND LU

DO 100 I=NST,NENyNTH
IBLK=(I-1)/NBLK+) ¢ NSKP=IBLK-KBLK ¢
IF(NSKP) 30420910
DO 12 JJ=1+NSKP
READ(LJ)(IXBLK (L)sL=14NBLK)
IF(EOF,LU) 150415

KBLK=IBLK

READ(LJI (IXBLK(L)4L=1,NBLK)
IF (EOF4LU)150425

KULK=K3LK+1

K=I-(IBLK~1)*NBLK

IX{N)=IXBLK
REWIND LU
NEN=I-NTH
END

(<)
$
3

RETURN
GO0 TO0 125
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$

N=N#g

NEX=NEN=NST+1N*NPPK

CALL ENDREC(LUY)

$ CALL ENDREC(LU)

N=N¢y



PROGRAM SEISCCN(TAPETTY=201,FILN=201,TAPEL1=TAPETTY PASSA,

STAPE3=PASSAGPASSEy TAPES=PASSB ¢COMSTS s TAPE6=CONSTS)

COMMON/GET/NE,LL )

DIMENSION IFET(8),CSEIS(10),CPASS(10),NAL(8)

Lu=1

CALL FET(SLTAPEL,IFET,38)

IFET(2)=IFET(2).CR.0000 0010 0000 000C DOGOB

IFET(8)=IFET(8).CR.4000 0000 0000 0000 00008

CALL FET(SLTAPEL,IFET,=-8)

REWINDO 3 -

READ(3420)I0NOIGeN1ysN24N3
10 FORMAT(1017)

RENWIND 3

CALL DSKCON(IC,CSEISyKDysNAH1)

LA=0

CALL TVNEXT

CALL PRINTCU{(CSEIS,ID+KDoNA)

CALL CHGC(CSEIS,KDeNA,LA)

IF(LA.EQ.0)GO TO 20

CALL TVNEXT § CALL PRINTC(CSEIS,IDsKDeNA)
20 CALL CALCICSEIS,CPASS)

CALL PRINTO(CFASS,IDsKO,NA)

RENWIND S

WRITE(S5,60) (CPASS(I) 1=1,10),(NAC(I),I=1,2),KD
60 FORMAT(5F 1054/ +5F10.5+/,3A10)

CALL ENDREC(5)

CALL DSKCON(ICLCSEISsKOsNA,2)

REMWIND S

CALL TVNEXT

STOP

END

SUBROUTINE PRINTC{(CSEIS,ID+KO,sNA}Y

DIMENSION CSEIS(1)NA(1),K(3)

K(1)=3HC4 $ K(2)=3HC48 3 K(3)=3HCS

WRITE(1,30) (NA(I) I=1,2),JD4NAC4) $ CALL ENOREC(1)

30 FORMAT(*NETWCRK STA* 32X 42A1042Xs%ID NO+*,15,2X

3 INSTALLED *,A10)
WRITE(1,40)K0 ¢ CALL ENODREC(1)
40 FOKMAT(®*SEISMCMETER CONSTANTS LAST UPDATED*+2XsA10)
M=IFIX(CSEIS) $ KK=K(M)
WRITE(1,50) § CALL ENORECI(1)

S0 FORMAT(/7*NGCe* ¢3Xs*PARAMETER* 412X 4¥SYMBOL®,7X,,*VALUE®*,

10Xy *UNITS*)
HRITE(1:060) KKy (CSEIS(I)»I=1,10),NAC(3)

60 FORMAT (/%1 TYPE OF CALIBRATORZ? 48X yA3 37X sFBebyTXy¥mmmmt®y
%2 MASS* 422Xy ¥M¥* 39X yF Boalty 7X o ¥KG¥/ *3 SEISs MOTOR CONSTANT®,
FOX o GL¥y8XaFB8als 47X *NT/ZAMP ¥/ ¥y FREE PERIOD* 415X 4¥TO0®8XoFBalsy
*7 X *SEC*/¥5 OPEN-CIRCUIT DAMPING* 40Xy *BETAO* 45X 4sFBalss7X,
®ENO UNITS*/*6 SEISes COIL RESISTANCE®*3sS5Xs*RC*98XsF8als7Xs

2K ILOHM¥/*7 SERIES PAD RESISTANCE* 45X s *T¥ 39X sF8ale7Xy*KILOHM®/

%8 "SHUNT PAD RESISTANCE*,6X ,¥S¥*,9X 4FB8elk 97X *KILCHM®*/
#¥g  ATTENUATCR SETTING®,8Xs%A%,9X,FBalss7X,*DB*/
%10 NOMINAL PREAMP GAIN* 7 X9*G* 99X 4FBelo7X¥03%/
*811 SEISMOMETER SERIAL NO«®44Xy *SNO* 410Xy 157Xy *=mm=¥)
WRITE(1,70) § CALL ENDREC (1)
70 FORMAT(/¥ENTER ANY CHAR TO CONTINUE*)
READ(1,35)KX
35 FORMAT (A10)
RETURN
_END
SUBROUTINE CHGC(CSELS +KDeNAsLA)

53



1
10

15
20

45
50

55

57
58
59
60
65
70

71

10
12

13

DIMENSION CSEIS(1)sNA(L1)R(10)

LA=0

WRITE(1,10) ¢ CALL ENDREC(i)

FORMAT (*ALTER TAELE OF SEISMOMETER CONSTANTS? 1=YES, 2=NO¥)
CALL GETR(R) $ L=IFIX(R(1)])

IF (Lo EQe2)IRETURN

WRITE(1,20) ¢ CALL ENDREC(1)

FORMAT(*TO CHANGE STATION NAME OR INSTALLATION DATEe. ENTER 12%/
#%T0 CHANGE TYPE OF CALIBRATORs ENTER 1%/

*%70 CHANGE OTHEK PARAMETER, ENTER NUMBER OF PARAMETER,%*/
**FOLLOWED BY VALUE, IN UNITS SHOWN IN TABLE®/
*2T0 END CHANGESy ENTER 0¥}

IF(LA.EQ.0)GO TO 40

WRITE(1,35) $ UCALL ENDREC(l)

FORMAT (*ENTER NUMBER, THEN VALUE, OF PARAMETER, OR 0 TO STOP*)
CALL GETR(R) ¢ M=IFIX(R(1))

IF(MeNE.0U) GC TO 43 $ IF(LAJNESO)WHEN=DATE(KD) $ RETURN
IF(MeGEe0AMeLEL12)G0 TO SO

WRITE(1,45) § CALL ENDREC(1) $ 60 TO 33

FORMAT (*NUMBEKR TGO LARGE == TRY AGAIN®)

IF (MeNE.12)GC TO 60

WRITE(1455) (NA(I)oI=4,2),NA(4) & CALL ENDREC(1)

FORMAT (*STATICN®*,2X92A10,*INSTALLED®42X+A10/% ENTER NEW NAME, 20
% CHAR OR LESS*)

READ(1,57) (NA(I),I=1,2)

FORMATY (2A10)

WRITE (1,58) $CALL ENDREC(1)

FORMAT (* ENTER NEW INSTALLATION DATE®)

READ (1,59) NA(4) $LA=LA#1 $GO TO 33

FORMAT(A10) '

IF(MeNE.1)GO TO 70

WRITE(1,65) § CALL ENDREC(1)

CALL GETR(R) $ CSEIS{1)=R(1) $ LA=LA+1 §$ GO TO 33
FOKMAT(®*ENTER NEh TYPE OF CALIBRATOR, 1=C4, 2=C4B, 3=C5%)
IF (MeNEe«11) GO 10 71

NA(3)=R({2) $LA=LA+1 §GO TO 33

CSEIS(M)=R(2) $ LA=LA+1 $ GO TO 33

ENUD

SUBROUTINE CALCI(CSEIS,CPASS)

DIKENSION CSEIS(1)CPASS(1)4R(7)4R4(T7)4RUBLT7)R5(T7),A(9)
DIMENSION A4 (9),84B(9),4,A5(9)

OATA (R‘O(I).I=1;7)/5.6’1800'5.6'-15'3‘0o/

DATA (R4B(I)3I1=147)/1e21991¢35¢69e1599091e19.8EE/

DATA (RS(I) 91=147)/¢598920e15e3630407593e319.66544562/

DATA (A4(I)sI=149)/0090030e918049560041300¢930004+5600e4+120000./
DATA (AUB(I)sI=199)/0e90e90e991039280095%49¢+914134+3000.95900.7/
DATA (AS(I)’1:1'9)/0..0.‘0.'22.6‘68.1’158.’3"0.'705.’1“30./
XM=CSEIS(2) & G=CSEIS(3) & TO0=CSEIS(4)

RC=C3SEIStb6) ¢ T=CSEIS(7) & S=CSEIS(8)
NA=9-IFIX(CSEIS(S))/6 § RA=10.0 § V=1.34

M=IFIX(CSEIS(1))

ZS=S*(T+RC) /7 (S+T+RC)

GEFF=G*S*RA/ (RA¥S+(RA#S) *(T +RC))

60 TO (10+505100)+M

0O 12 I=1,7

RII)=R4(I)

DO 13 I=1,9

AlI)=AL(I)

ARLS:O.i

IZSN=S¥* (R{1) +T)/7(S+R(1)+T)
‘XIz1000.*VHIR(3)+R () )/ (A(NA) *(RC+RIII+R(4)I+R(2) *(R(3)+R(4))
*+RC*(R(2)+R(3I+R (W)
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RP=RA® (S+T) +5%7 o
ExzV¥S*RA®R (4) / (R(4)I*RP+{R(3)+RI2)+A (NA) )*(RP+R (&) *(S+RA)))
E=E*1000.
GO TO 200
50 00 52 I=1,7
52 R(I)=R48(I)
00 53 I=1,9
53 A(I)=A4B(I)
GO TO 150
100 DO 102 I=1,7
102 R(I)=RS5(I)
00 103 1I=1,9
103 A(I)=AS(I)
150 ARLS=RA®R(6)/ (RA®R(6)+R(5)*(RA+R(6)))
ZSN=S*K(1)/(S+R(1))
XI=V*(RE3)+R(4) )/ (RC*(R(3)+R{4II+(RC+RIII+R (LI I * (A(NA) +R(2)))
XI=XI*1000.
ESV*RA*R(4) 7 ((RAR(ZI+R (L)) * (A(NA) +R(2)+R(3))+R (L) *(RA+R(7)))
E=E*1000.
200 ARLS=20.*ALOG10(ARLS)
CPASS(1)=XM § CPASS(2)=6 § CPASS{3)=T0 § CPASS(4)=2ZS
CPAS5(5)=2ZSN §$ CPASS{6)=ARLS § CPASS(7)=CSEIS(9)
CPASS(8)=XI § CPASS(9)=E $ CPASS(10)=GEFF
RETURN
END
SUBROUTINE PRINTG(CPASS¢IDsKD¢NA)
DIMENSION CPASS(1) 4NA(1)
WRITE(L1430) (NACI),I=1,2)4ID0 $ CALL ENDREC(1)
30 FORMAT(/*NETHhORK STATION®*42X,24104% ID NUMBER®,15)
WRITE(1,40)KC $ CALL ENDREC(1)
40 FORMAT (//*PARAMETERS CALCULATED FROM CONSTANTS OF®,2X,A10)
WRITE(1450)CFASS(16) ¢CPASS(6) 4CPASS(8),CPASS(9) $ CALL ENDREC(1)
S0 FORMAT (/6Xs *FARAMETER® 312X *SYMBOL® 48X o *VALUE® 4 10Xy
SSUNITS*//%EFFECTIVE MOTOR CONSTANT® 46X *GE® 37 X9 FQalty7X,
$¥yOLT/M/SEC*/*RELEASE TEST ATTENUATION® ,6X,*ARLS * 45X oF Qaley 7X s
#8DB*/¥*SEISMOMETER TEST CURRENT*,6X o *I%38XeF el 7Xy*MICROAMP*/
$*AMPLIFIER STEP VOLTAGE* 48X ¢ *E*4BXoF el 97X *MILLIVCLT*/)
WRITE(1,60) $ CALL ENDREC(1)
60 FORMAT(*ENTER ANY CHAR TO CONTINUE®)
READ(1,70)NXYP
70 FORMAT(A10)
RETURN
END
SUBROUTINE GETR(R)
COMMON/GET/NE 4LU
DIMENSION R(1)4L(30)
12 READ(LU,9)L $§ I=J=NE=0

6 J=J+¥1 3 N=P=S=0 $ M=F=1
S I=I+1 $ IF(J.GTBO0IRETURN $ D=L(I) $ K=4
IF(DeEQe38)K=2 ¢ IF(DeGEe27eAeDelLELIBIK=1
IF(DeEQe47)K=3 $ K=K+S § GO '10 (15239591 449344)K
1 N=N*¥10+¢0-27 $ S=b $§ GO TO0 S
2 M=-1 . % S=4 $ GO TO 5
3 IF(P.NE.0)GOTO 10 3 P=I § S=u4 $ GO T0 S
4 IF(P.NEDIF=10.%*(I-P=-1) $ R{J)=N/F*M § NE=NE+1 §$ GO TO 6
9 FORMAT(80R1) ‘
10 WRITE(LU,11)J $ GO TO 12
11 FORMAT(*TWO CECIMAL POINTS IN ENTRY®,I5,*==-RE~-ENTER LINE¥*)

END

SUBROUTINE DSKCOAM(ID+CosKOsNAJNREKRI)

"OIMENSION CU1)oNACL) o X(4510) 4NX(4,y5)

NSEC=(ID-1)/4 $ K=ID=-4®NSEC $ KSEC=NSEC+400000B

55



10

50

60

200

CALL RNOMIO(64KSEC) _

IF(NREWRI.EQ.1)GC TO S50

NX(Kyd1)=KO § NKX(Ky2)=NA(1) $ NX(K,3)=NA(2)
NX(Koe&4)=NA(3) SNX(Ks5)=NA(L)

00 10 I=1,10 .

XU{KeI)=C(I) :
WRITELS) ( (X (I9ed) od=1910) yINX(IZL)gL=1,5),I=1,4)
CALL RECALL(6) & GO TO 200
READIS) {(X (LsJd)sJ=1e10)9 INX(IsL) gl=1,5),Iz1,4)
D0 60 I=1,10 \

C(I)SX(KeI)

KD=NX(Ke1) $& NA(L)=NX(Ks2) $ NA(2)=NX(K,3)
NA(I)I=NX{K &) SNA(LI=NXIK45)

CALL RNDMIO(6,0) $ REWIND 6 $ RETURN

END
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" PROGRAY CALTEM(TAPETTY=201,FILM=201y - -
$TAPEL =TAPETTY RLS,STPyPASSA,NOI, TAPE8=NG I,
STAPE7=TAPETTY ,TAPES=RKLS,TAPE20=PASSA,
®TAPE6=STP,CONTROLTAPE7?7=CONTRUL sPASSB, -
®TAPE78= PASSByRESP.TAPE?Q—RESP NRESP.TAP;GO NRE&P)
COMMON D (210019
COMMON/TVPOOL/TVPUL (8) -
COMMON/TVTUNE/ITUN;(JO)
COMMON /JPLOT/ XLTyXRT2YLODsYUP, nAJx.HAJY.KX(z).Kv(z).
SLTITL(B) sLUGLTF o LNLGXoLNLGY ¢NCLX ¢NCLY LTITL2(8) '
DIMENSION AMP(ZiOO).PHASE(ZiOO)sTcMP(Ziﬁo)yTZ(Zlﬂo)oTY(zin)
DIMENSION RU10) yM(1600) sCONS(10) 4IFET(8) 45T01€200)+5T021200)
EQUIVALENCE (DU1)sM(1))
COMMON /TITLE/ Ii(d),PI
CALL FIT(SLTAPE1,1FET,8)
IFET(2)=IFET(2).0R. 0000 0010 0U00 0000 0DUOB
IFET(B)=IFET(8).0R. 4000 0000 OUUOD 00DO BODUB
CALL FZT(SLTAPEL,IFET,-8)
CALL FITU(SLTAPE7,IFET8)
IFET(2)=IFET(2).0R. 0000 0010 0000 0000 00008
IFET(8)=IFET(8).0R.4G00 0060 0p0O 0000 00008
CALL FiT(SLTAPE7,IFET,=8)
REWIND 5 § REWIND &€ $ REWIND 20 SREWINU B sREWIND 78
READ (20,1) ICODE'NUIGsNNOISE JNMFEL W NSTEP
REWIND 20
1 FORMAT (1017)
READ (78,106) (CONS(CI)sI=1410)s (IDCIU) 4IU=1,2),I1T7T
106 FORMAT(S5F10e¢54/¢5F 10547/ 93A410)
REWIND 78
CONS(1)=SEISMOMETER MASS IN KGM
CONS(2)=SZISMOMETER MOTOR CONSTANT G (VOLTS/M/SEC)
CONS(3)=SEISMCMETER FREEL PERIOC (SEC)
CONS(&4)=AMPLIFIER EQUIVALENT SCURCE LMPEJANCE(K-CHM3) OURING NCRMKL OPER
CONS(5)=AMPLIFIER ZQUIVALENT SOURCE IMPEUANCE CURING NOISE SAMPLE
CON3S(6)=ATTENUAT ION RATIO (DB) DURING MASS RELEASE
CONS(7)=ACTUAL ATTENUATOR SETTING (D8&)
. CONS(8)=CURRENT (MICRO AMPS) FCR MASS RELEASE
CONS(3)=AMPLIFIER STEP VOLTAGE (MILLIVOLTS)
CONS{10)=
CONS(6)=10.** (CONS(6) /20 )
READ (884,923) JQED
IF (EUF,80) 66,67
66 JQED=0
67 LU=1
DIGFACT=245/2047.
Cee 2 5 VOLT5 =2p47 COUNTS ON ODIGITIZER
PI=3.14159265358¢8
THOPI=2.*P1
FREQ1=0.1
I0(3)=10(4)=1D(5)=1D(6)=I0(7)=ID(8)=LTITL2(8)=10H
LTITL(1)=ID(1)
LTITL(2)=ID(2)
WHEN=DATE{(KD)
ENCODE(40+s2+LTITL2(1)) NUIG,IEUUE,LKD
2 FORMAT(I3,* SAMP/SEC I0=%*,13.,* PLOT DATE=%*,A1(}
SAMPINT=1./NDIG
FREQ2=45/SAMPINT
86 WRITE (1+6) $CALL ENDREC(1)
WRITE (1,26) $CALL ENDREC{1)
WRITE (1,27) $CALL ENDREC(1)
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ARITE (1,28) 3$CALL ENCREC(1)

WRITE (1+23) SCALL ENDREC(1)

WRITE (14310 $CALL ENDREC!(1)

WRITE (1+32) SCALL ENODREC(1)

WRITE (1+33) BCALL ENDREC(1)
& FORMAT (* WHAT NEXT2?2™®)

26 FORMAT(* .J=1 NOISE*)
27 FORMAT(* J=z2 SYSTEM RESPONSE ONLY*)
28 FORMAT(* J=3 ELECTRONICS RESPONSE ONLY®)
29 FORMAT(* J=4 SEISMOMETER RESPONSE ONLY*)
31 FORMAT(* J=5 SYSTEM, ELECTRONICS AND SEISMOMETER RESPONSC*)
32 FORMAT(* J=5 PICK NEW DATA TRACE®*)
33 FORMAT(* J=7 TERMINATE*)
CALL GZT(R) $JIP=IFIX(K(L))
JJPL=1
MOATA=2043

IF (JJ2.EQe1) GO TO 40 $IF(JJIP.EQ.2) GO TO 20
IF (JJ?+EQ.3) GO TO 10 SIF(JJUP.EQ.4) GO TO 20
IF (UJP.EQ.5) GO TO0 20 $IF(JUP.cQsd) GO TO 599
IF (JJ?.EQe7) GO TO 600 $GO TG 86
40 IF (NNOISE.LT.MDATA) MOATA=NNOISE
READ (3s24) (M{I)sI=1MDATA)
REWIND 8
XINPUT=CCONS(®)
KRAISE=0
G0 10 23
10 MDATA=2048
IF (NSTEP.LT.MDATA) MDATA=NSTEP
READ (Ee24) (M(I)yI=1,MDATA)
REWIND 6
XINPUT=CONS (9) /10600 »
KRAISE=1
GO TO 23
20 IF (NMREL.LT.MDATA) MDATA=NMREL
READ (5424) (M(I)sI=1yMDATA)
REWIND 5
KRAISE=3
XINPUT=CONS (2)*CONS (8)/CONS(1)*CONS (B
24 FORMAT(1615)
23 CONTINJE
’ KKRAISE=KRAISE
WINDS=(MOATA=~1)*SAMPLINT
ENCODE(30s4oLTITL2(5)) WINDS,ILTT
4 FORMATU{® LiNz=¥,F5.2+*S UPDATE=*yA1ys1X)
DO 30 I=1,MDATA
30 O(I)=M(I)
CALL TVNEXT
WRITE (1+14) (ID(IU),IU=4,2) SCALL ENDREC(1)
14 FORMAT{1Xs8A10)
GO TO (34935,36,37,38) JJP
34 WRITE (1,26) BCALL CNOREC(1) 30 TO 43
35 WKITE (1927) $CALL ENOREC(L) 36O TJ 43
36 WRITE (1,428) $CALL ENDRLC(1) 360 T) &3
37 WRITE (1,29) $CALL ENOREC(1) 3GO TO 39
38 WRITE (1,31) SCALL ENOREC(1)
39 IF (Ju21.EQet) WRITE (gs&1)
IF (JUP1+EQe2) HRITE (1,42) B3CALL ENDRECI(}1)
41 FORMAT(* SPECTRUM OF MASS RELEASE TRANSIENT*)
42 FORMAT(* SPECTRUM OF STEP TO ELECTRONICS TRANSIENT®)
43 A1=0(1)
JJG=MDATA/1p
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45

46
47

51
52

306

CALL W3WI(1sMDATA,JJIGeJJC)
CALL WBAV(1,MDATA,AYL)

CALL WBSA(L1sMOATALAYL)

IF (MDATA.EQ.256) 60 TO &7

DO 46 [31=1,MDATA
TEMP(I31)=0(I31)

CONTINUE

N=MDATA

NOIM=10

CALL ENLARGE (NJIMyN,EXPAND)

IF (EXPAND.GTW0.) N=LXPAND*N
ISIGN=-1

IPRINT=-1 .
CALL FFT(NsSAMPINT ,FREQL+FREQZsOF oT K 19K 29 AMP yPHASE o ISIGNyIPRINT)
IF (MDATA.EQ.256) GO TO 52

DO 51 I32=1+MDATA
D(I32)=TEMP(I32)

CONTINJE

NSUM=(K2-K1)/2+1
TEMP(1)=(K1/2)*DF

XFAQT=1.

IF (KRAISE.NE.3) XFACT=DIGFACT
AMP (1 )=AMP (1) *T*XFACT

00 300 J=2)NSUM

AMP (J)=AMP LJ) *T*XFACT
TEMP(J)=TEMP(J=1)4DF

Cee FFT AMPLITUDES MULTIPLIED BY WINUUW LENGTH T TO CORRELSPOND TO
Ces DEFN OF FOURIER TRANSFORM (UNITS OF VOLT-ScC) AND UY DIGFACY(GIGIVIZER
Cee VOLTS/COJUNT FACTOR)

460
Lo1
ho2

L30

IF (JJUPeEQe1s OReMOATALEQ.256) oo TO 401

DO 400 IL=1,NSUM

PHASC (IL)=PHASE (IL) +P1/2

DO 402 IL=1,NSUH

AMP CIL) =AMP (IL) /XINPUT*(TEMP (IL ) *PI %2, ) **KKRAISE
IF (JUP.EQ.1) GO TO 509

CALL FASELIN(PHASE,NSUMyNY,NSUM)

IF (KRAISEJNE.3) GO TO 439

00 430 IL=41sNSUM

PHASE (IL)=PHASE (IL) +2.D%p]

439 CONTINUE

g

442

470

475

481

IF (MDATA.EQ.256) GO TO 481
WRITE (4.441) $CALL ENDREC(1)
FORMAT (1 X, *USE TRANSLIENT DERIVATIVE FOR HIGH FREW RESPONSE?*

¥9/y* ENTER 1=YES 2=N0O¥)

CALL GET(R) $IF (R(1)+EQ+24) LO TO 486
WRITE (1,442) $CALL ENDREC(1}
FORMAT (1 X, *ENTER MINIMUM FREQ(HZ) FOR RESPONSE FROM DERIVATIVE*

¥4/+% (5 HZ IS THE NORMAL MINIMUM)®)

CALL GIT(R)

NJOIN=R(1)/0F $IF (NJOINJ.GT.200) NJOIN=2030
DO &7p I33=14NJOIN

STO1(I33)=AMP(133)

STO2(I1353)=PHASE(I33)

MDATA=257

CALL NJUMODERV (MDATA,SAMPINT)

KKRAISE=KRAISE-}

RES=1+/(FLOAT (MDATA-1)*SAMPINT)

WRITE (414+475) TEMPINJOIN)ILRES $CALL ENCRECZ(1)
FORMAT (1 X9y *RESPONStc FOR FREQ >*,F3.1+* FROM DERIVATIVE®*

%%, RESOLUTION=*yF5.2y*HZ¥)

GO TO &3
CONTINJE



482
484

485

488
487
486

501
502

503
504
509

15

16

580

582

583

599

901

600
910

IF (PHASE(3).LE.TWOPI) GC TO &84

DO 482 IY=1,NSUM
PHASE(IY)=PHASE(IY) -TWOPI

CONTINUE

DO 485 I34=1yNJOIN

AMP(I34)=STO1 (I3}
PHASE(I34)=ST02(I34)

I34)1=NJOIN+1
PHASEDI=ABS{PHASE(I341)-PHASE (NJGIN))
IF (PHASEDI.LT.PI1) GO TO 487

00 488 JQ=I341sNSUM
PHASE(JQ)=PHASE(JQ) +TWOPT

CONTINUE

CONTINJE

IF (JJ2EQe2.0KeJIPEQe3) GO TO 509
IF (JUP1.EQ.2) GO TO 502

00 5G1 IL=1+NSUM

TYCIL)=PHASE(IL)

TZ(IL)=AMP(IL)

CONTINJE

IF (JJ?1.EQe1) GO TO S94&

00 503 IL=14+NSUM
TYCIL)=TY(IL) -PHASE (1L)

TZOILY=T2(IL) ZAMP(IL)

CONTINJE

CONTINJE

WRITE (1415) BCALL ENDFREC(1)

FORMAT (* ENTER ANY CNAR TO CONTINUZ*)
READ (1416) KJZX

FORMAT (A10)

IF (JUJPEQe4) GO TO S8¢

CALL PLOTIT(AMP PHASt'TEHPvNSUMvJJP'JdpioJQED’
CALL TVNEXT

IF (JIP s EQe1eORJIP £ Qe2.0RJUPLEQG.3) GO TO 80
CONTINJVE

JJP1=JJPL+1

IF (JUP1.EQ.2) GO TO 10

DO 582 I=1,NSUM

TZ(I)=TZ(I)*DICFACT

CALL PLOTIT(TZsTYSTEMPSNSUMy11+JIPL,JQED)
CALL TVNEXT

WRITE (1+583) SCALL ENDREC(}1)
FORMAT(////,% RESPONSE TC GRGUND ACCELERATION?
CALL G=T(R) SNFLAG=IFIX(R(1))

IF (NFLAG.EQ.2) GO TO 86

CALL ACCRESP(TEMP+TZ+TY»iiSUM)

CALL PLOTIT(TZ,TYLTEMPsNSUM,124JUPL,sJAED)
CALL TVUNEXT

GU TO &6

REWIND 77

REWIND 8¢

WRITE (80+923)JQRED

REWIND 8¢

WRITE(774+301)

FORMAT(*PIKRyTAPETIY TAPETTY,. ¥/

¥ESPLOU, TAPETTY,  TAPETTY, ¥/
$*CTLGO, TAPETTY,LTAPETTY .*)

GO 17O 330

REWIND 77

IF(JJIP.EQ.7IWRITE(1,910) $ CALL ENOREC(1)
FORMAT{*END OF PROGRAM*)

WRITE(1,920)JQED $ CALL ENDREC(1)

6O

1=YES

2=N0¥ )



OCOOOO0ODOOOOO00ODOOO0OOO0OODOO0O0O0

920 FORMAT(1X,I3,* FILES CREATED ON DISK FILE >RESP>*‘/
*% FILE 2RESP2 MADE COMMON®)

923 FORMAT(I3)

911 IF (JJ.EQ.7) WRITE (41+924) SCALL ENDRECI(Y1)

924 FORMAT(* STGRE CHANGES TO SEISM. CONSTS. TABLE? 1=YES 2=NO¥®)

CALL GZTIR) $IF(R(1).EQe1s) GO TO 325

IF (R{1).EQe2e) GO TO 930 $60 TO 3913
325 CONTINUE

WRITE(774+926)

926 FORMAT(*LIBRITEsJORATHCOMSTS/RBs CONSTS 5 (yW=DRATLER.*)

930 WRITE(77,985)

905 FORMAT(*CXIT.*/*TEXT,TAPETTY,ICXIT ERRGR].*/*PTSS(E)*/
PREXIT o /¥TEXT g TAPETTYZ(EXIT ERRKOR)«*/¥FTSS(E)*¥/*FIN.*/*PTISS(E)*/
SEEXITo*/*TEXTZ TAPETTY S ICU LIMIT LIKELY)o*/¥PTSS(E)*/%END.*)

REWIND 77
SToP
END
SUBROUTINE NUMDERVI(N,DT)
COMMON D (2100}
Ni=N-§
DO 1 I=1.N1

1 O(I)=(D(I+1)-0(1))/DT
N=N1
RETURN
END
SUBROUTINE FFT(NOT +FREQLsFREQZICF ¢y T9K19K29AMPPHASE  ISISHsIPKINT)
COMMON D (25¢0)
COMMON /TITLE/Z 10(8),PI1
COMPLEX B(1)
DIMENSION AMP(1)
DIMENSION PHASE (1)
EQUIVALENCE(8(1),0(1))

IPRINT =1(=1) FOR PRINT(NO PRINT)
#3238 ISIGN=-1(+1) FOR FORWARC C(INVERSE) TRKANSFORM #¥v¥s

#* FOR FOURWARD TRANSFGRM ISIGN=-g
THIS PRLGKAM COMPUTES THE FOURIER INTEGRAL OF A FUNCTICN 0U(T) ACCURDING TC
THE FORMULA F2O(T))=INTEGRAL OF 2L(TI*EXP(I®*2*PI*¥F*T))OT USING THE
FAST FOURIER TRANSFCRM ALGORYTHM .
THE FOLLOA IN5 VARIABLZS  MUST BE GIVEN
NUMBER OF POINTs OF THE C ARRAY

D = D ARRAY, WHERE D IS REAL.

orv = TIME INTERVAL

FREQ1= FIRST FREQUENCY

FREQZ2= LAST FREQUENCY

THE FOLLOAING PARAMETERS ARE COMPUTED
K1 = INDEX CORRESPONDING 10 FKEU1
K2 = INDEX CORRESPONDING 10 FREQZ
OF = DELTA FREQUENCY

T=WINDOW LENGTH IN SECONGS

AMP= ARRAY UF SPECTRAL MODULI

PHASE= ARRAY OF SPECTRAL PHASES InN RADIANS
CHECKS NUMBER OF POINIS TO 8t 2 TO THE N.

¥*% FCR INVEZRSE TRANSFORM ISIGN=+¢g
N=NUMBEK OF POINTS IN REAL ARRAY D(TWD POINTS FOR EACH FREQUENCY)
DI2N) AND D(2N+1) ARE THE REAL ANU IMAG PARTS OF THE COUMPLEX FUUKLIER
TRANSFORM FOR THE NTH FREQUENCY

Gl
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FOR OT,FREQ1,FREQ2 READ FREQUENCY INCREMENT,TIMEL, AND TIME2 RESPECTIVELY
Kis K2y AND DF (TIME INCREMENT) ARE COMPUTED
REAL(IMAG) TIME SERIES RETURNED IN AMP(PHASE) ARRAY,

IfF (ISIGN.EQe=1) WRITE (1+1)
IF (ISIGN.EQ.+1) WRITE (1,2)
CALL ENDKREC (1)
1 FORMAT(* FORWARD TRANSFGRM®* )
2 FORMAT(* INVERSE TRANSFORM®* )
IF (ISIGN.EQ.-1) GO TO 61
N2=N
N=N/2
Ni=N-%
DO 112 I=1,N}
J=N2-1
112 B(JI=CONJG(B(I))
BIN)=REAL(BIN))
N=N2-2 -
64 CONTINJE
NOP =8
I=2
LI=4
3 LI=LI+ I
I=I¢1
IF(N.LZ48) GO TO 66
LL=N/LI
IF (LL.EQ.1) 4y 3
4 NOP=2%+¢]
IF (NOPJ.EQe.N) GO T0 5
I=I¢1
NOP=2*NOP
66 NP=NOP=N
N1=N+y
D0 B K=N1sNOP
6 D(K)=0.
WRITE (41+77) NP § CALL ENDREC(1)
77 FORMAT(* NUMBER OF POINTS NOT =2 T) THC N*
19/7+1X ¢l 4s* POINYS =p APPENDED¥)
5 NE=I-i
NN=NOP/ 2
FNN=NN
FNOP=NOP
DF=1./(FNOP*DT)
FNYQ=0.572T
T=FLOAT (NOP)*DT
WRITE (1+413) NOP.FNYQ,DF ¢ CALL ENDREC(31)
13 FORMAT(* NUMBER OF POINTS = %164/
2% NYQUIST FREQUENCY = *FB843,.% HZ%,/,
3% FREGJENCY INTERVAL = *F7.4o* HZ%)
IF (1SIGN.EQs=-1) GO TO 63
NE=NE +1
CALL COCL(NEsBy+14)
GO0 T0 o2
63 CONTINUE
CALL RZCOOL(NE,D,0T)
62 CONTINJE A
. Ki1=FrREWL/DF+1
FK1=K1
FR=(FK1=2.)*DF
IF (FREQ2.LT.FNYQ) GO TO 55
FREQ2=FNYQ

62



A
7t

14

11

10

20

CONTINJE

K2sFREW2/0F +1

CX=21+/FNGCP/DT

IFCISIGN.EQe1) GO TO b4

DO 7 I=K1,.K2

Ju=2*1

J=Jdd=-1

R=CX* SQRTDWII*D(N)+DCUII*D WU
P =ATAN2(D(JJ),D(J)) . .
D(JI=R

0(JJ) =P

CONTINJE

CONTINJE

IF(ISISNGEQel ANL.IPRINTSEQs1) WRITE (1414)
FORMAT(* INOUEX¥IX*TIME*9X*REAL*IX*IMAGINARY®*///)
KPP =g .
K1=2¥K1~-1

K2=2%K2

IF(ISIGN.EQ.1) K2=K2%*2~&

DO 8 K=K14K292

KAz=K+1

FR=FR+DF

KPP=KPP +1

IF(IPRINT.EQs1) WRITE(L+11)KPPyFRyDI(K)D(KA)
IF(IPRINT.EQs1) CALL ENDFECI(1) '
FORMAT (I74F13.4sF10s4eF 1443)
AMP (KPP) =D (K)
PHASE(KPF)=D(KA)

CONTINJE

RETURN

END

SUBROUTINE COOL(N+X+sSIGNI)
COMPLEX XsQoWoeHOLOD

DIMENSION X{1) 4INT(16),G1(2)
EQUIVALENCE (GyNW)

LX=2%%\

FLX=LX

IL=LX
FUXPI2=SIGNI*6.28351853/FLX
00 10 I=1sN

IL=IL/2

INT(D) =1L

NBLOKK=1

DO 40 LAYER=14N

NBLOCK=NBLOKK
NBLOKK=NBLOKK+NBLOKK
LBLOCK=LX/NBLOCK
LBHALF=LBLOCK/?2

NW=Q

DO 40 IBLOCK=14+NBLOCK
LSTART=LBLOCK*(IBLICK=1)
FNW=NW

ARG=FNA*FLXPIL2

G(1)=CIS (ARG)

G(2)=SIN(ARG)

DO 20 I=j1yLBHALF

J=I+LSTART

K=J+LBHALF

Q=X(K)*HW

XK =X(J)=-Q

XtJl=x(J)+Q

63



Cl.
Cll
CII
Ceo

Ces

32
&0

55

70
80

10

SUBR FASZLIN DELETES 2 PI JUMPS 1N PHASE SPECTRUM

DO 32 I=24N °
IF(LL) 324408952
NW=NW=INT(I)
NR=NW+INT(I)

NW=0

U0 8u K=1.,LX
NRi=NKk¢1
IF(NWL=K)5545546(
HOLD= X (NW1)
X(NWE) =X {K)
X{KI=HILD

DO 70 I=1,4N
LL=(NW,ANDL INT(I))
IF(LL)7 0480s70
NH=NW-INT(I)
NW=NW+INT(I)
RETURN

END

SUBROUTINE RICOOL(NsX,DT)

ODIMENSION X (1) 4G(2}
COMPLEX XyA 4894
EQUIVALENCE(GoW)
D2=0.5%0T

L=2%*N

CALL COCL(NyXy=14)
FL=L
ARG=3+14159265 /FL
G(1)=CIS (ARG)
G(2)=SIN{ARG)
B=CONJG (X(1))

AzX (1)

X{1)=(A+B+(0er1 ) ¥(B-A))*D2

X(L+1)=(A+B=(0er1.)¥(B-R))*D2

LL=L/2+1

DO 1u I=2.LL
J=L=-I+2

B=zCONJS (X(I))
A=8+¢X(J)

B=(X(J)=-B) *W**(I-1)

X(J)=(A+(0.y14)%B)*D2

X(I)=(CONJG(A) +(0.+1+)*¥CONJG(B) ) *D2

RETURN
END

SUBROUTINE FASELIN(YyNyNIsNF)

IS MADE A CONTINUOUS FUN OF FREQUENCY.

N=NUMBER OF POINTS IN wRRAY Y

NI(NF) IS FIRST (LAST) PHASE POINT MADE CONTINUOUS

UIMENSION Y (1) NPLUS(500)

MMM =500

MMM = DIMENSION OF ARRAY NPLUS

NI=2

IF(NI.EQet) NI=2
IN=0

PI=3.14159
PIZ2=6.28318

DO 100 I=NI,NF

IF(Y(I)eLEY(I~1))GO0 TO 100
IF ((Y{I))-Y(I=1) «LT40:5)

Y{I)=Y(I)-PI?2

IF (l.£QeN) GO TO 130

x

GO TO 100

(ARPAY Y).

PHASE



IF W(Y(I41)-Y(I) )aLT.0.5) GO TO 130
IM=1I+1
DO 120 J=IMyN
120 YJ)=YLJ)-PI2
IN=IN¢3
IF {(IN.EQ.MMM) GO TO 230
NPLUS(1IN)=I
GO TO 108
130 CONTINJE
100 CONTINJE
DO 200 I=NIsNF
IF((Y(I)=-Y(I-1))eGTe-bts) GO TO 210
00 220 J=I.NF
220 Y(J)=Y(J)I+PI2
210 CONTINUE
200 COUNTINUE .
WRITE (1+1) $ CALL ENDREC(}1)
1 FORMAT(* PHASE SPECTKUM MADZ CONTINUOUS*,/)
RETURN
233 CONTINJE
2 FORMAT(* EXIT FROM SUBR FASELIN EARLY. PHASE AT HI FREQ NOT CONTI
ANUOUS. NO OF 2PI JUMPS EXCEEDS ODIMENSION OF NPLUS ARKAY¥*, /)
RETURN
END
SUBROUTINE WB SA(NIJNF,AVE)
COMMON D (2500)
COMMON /TITLZ/ 1ID(8),P
00 100 I=NI.NF .
106 D(IN=D(I)-AVE
RETURN . ,
END :
SUBROUTINE WB WICNISNFyNIT¢NFT)
COMMON D (2500)
COMMON /TITLE/ I0(8),PI

N =20
N = N+t

120 D(N) = O(I)
IF (NIT .LE. 0) GO TO 17¢
OUM = Q0+5*PI/FLOATI(NIT)
DO 160 I=1.NIT
160 D(I) = (1.0-COS(DUM*FLOAT (I )¥D(I)
170 IF (NFT +LEs 0) GU 10 19y
DUM = J.5¥PI/FLOAT(NFT)
NOEL=N=-NFT
IF (NOZL.GT.0) GO TU 201
WRITE(1+4) NFTeN 3§ CALL ENDREC(1)
1 FORMAT(* NFT LGE« (NF=-NI) NFT=¥,I5,*% NF-NI=¥,I5)
NOEL=1
201 CONTINJE
DO 180 I=NOELsN
180 D(I) = (1.0-COS(OUM¥FLOATIN-I)))*D(I)
190 CONTINJVE
RETURN
END
SUBROUTINE ACCRESP(TEMP+T1Z+TY ¢N3UM)
DIMENS ION TEMP(1),TZ(1),4TY(})
PI=3.1415326535 '
DO 111 IIU=1+NSU}
TY(IIUY=TY(IIU)=-PI )
111 TZ(IIWY=TZ(IIUDI/(TEMPLIIUI*2. %P 1) *¥2
RETURN

65



END
SUBROUT INE ENLARGE(NU1IMsJJJU»EXPAND)
COMMON 0 (2500)
COMMON /TITLZ/ ID(8)4PI1
LNOP=8
LI=2
LLI=G
773 LLI=LLI+LLI
LI=LI+y
IF(JJJ.LE.B) GO TO 7706
Lil=dJJ/iLl
774 LNOP=2**LI '
IF(LNOP.EQeJJJ) GO TO 775
LizLI¢g
775 CONTINJE
. 7766 CONTINUVE
EXPAND=2%*(NDIM=~LI+1)
JA=JJIJt1
JB=EXPANC*JJJ
DO 701 J=JA,JB
WRITE (1+21) EXPAND
21 FORMAT (/% TIME SERIES EXPANDED BY FACTOR *,F5.047)
RETURN
END
SUBROUTINE PLOTIT{(AMPsPHASE »TEMP yNSUMeJJP1JJPLeJUED)
COMMON /JPLOT/XLT o XRT s YLCoYUP yMAUXsMAJY oKX (2DonY(2)4LTITL(8),
FLUPLTFy LNLGOXy LALGYy NCLX o NCLY W LTITLZ2(8)
OIMENSION R(10) +AMP (1) +PHASE (1) ,TEMP (1)
PI=3¢1415926535
NSUM=NSUM/2
Ces PLCT ONLY TO NYQUIST FREQ/2
LTITL(S)=LTITL(B)=LTLITL(Z)=LTITL(8)=10H
XLI=-2-
XRT'.-ZQ
MAJX=XRT=XLT
YupP=7.
IF ‘JJPQGT.IO, YUP:‘ZQ
IF (JJDQEQJ3-0RQJJP1.EQ.Z) YUP=6.
MAJY=2. ¥MAJUX
IF (JJUP.EQ1) YUP=D.
IF (JU2eEQe1e0ReJUPtQe12) MAJY=MAJX
IF (JUPWEQe3¢O0ReJUPLEQe ) MAJY=MAUX
YLO=YU2=-MAJY
LNLGX=LNLGY=NCLX=NCLY=2
KX {(1)=10HFREQUENCY
KX(2)=10H IN HERTZ
KY (1) =10HCOUNTS/MIC
KY{(2)=10HRON DISPL.
IF (JJ?1.EQe3) KY(1)=10HV/MIC OF G
IF (JJP1.EQ.3) KY(2)=10HND ODISPL.
IF (JJPJEQe3s0RsJUPL1ER2) KY(3)=gyH GAIN
IF (JJ2eEQe3e0RsJIPL1,EQe2) KY(2)=10H
LTITL(3)=10H  SYSTEM ,
IF(JUP.EQe3+0ReJUPL1eEQe2) LTITL(3)=40HELECTRONIC
IF (JUP1.EQe3) LTITL(3)=10HSEISMOMETE
LTITLC(L)=10H AMPLITUD
IF (UJP1e2Qe3) LTiTL(L)=)0HR AMPLITUD
LTITL{(5)=10HE RESPONSE
LTITL(B)=10H TO GROUND

6o



LTITL(7)=10H DISPL.
IF (JUPeEQe3.0ReJUPL4EQ.2) LTITL(O)=LTITL(7)=10H
IF (JJPeNEe 12) GO TO &
LTITL(7)=10H ACCEL.
KY(1)=10HV/MIC/SEC/
KY(2)=1 GHSEC
& CONTINUE
IF (JJUPeNE.1) GO TO 5
KY{1)=10H v SEC
KV(2)=10H
LTITL(3)=10H NCISE
LTITL(4)=40HSPECTRUM . .
LTITLG) =L TITL(O)=LTITL(?)=LTITL(8)=10H
5 CONTINUE
6 CALL PLCTS{AMP,TEMP 1 +NSUM)
WRITE (1+31) $CALL ENDREC(1)
31 FORMATU(/ /777 4315X+*HHAT NEXT?%,/4+ 15X ¥1=CONT INUL *
#4% 2=RIPLOT WITH NEW YMAX¥)
CALL GZT(R) SNFLAG=IFIX(R(1))
IF (NFLAG.EQ.1) GO TO 38
WRITE (1,33) $CALL ENDREC(}1)

33 FORMAT (15X *¥NEW PONER OF 10 FOR YMAX?*)

CALL GEZT(R) 3YUP=R(1}
YLO=YUP - MAJY
GO T0 5

38 CONTINJVE
IFtJUP.EQ.1) GO TO 101
IF tJJPNE.12) GO TO 95
WRITE (1,91) 3SCALL ENDREC(1)}

91 FORMAT(/,15X,*PICK PEAK OGN SMOOTH PART OF RESPOUNSE?®,

%/415X *AND TYPE ANY CHAR TO CONTINJUE (WO RETURN)*)
LOOK=3HX,Y $CALL TVFAREC(LOOK X, Y9K1,K2)
TO=1+/710**X SARITE (1+492) TQ 3CALL ENUREC(1)

92 FORMAT (15X, *ScISMOMETER FREE PLRIVI=¥*,F5.39%Sc(*)
GF IND=X+ALUG10 (AMP(1))-ALOG10 (TEMP{1))~Y
GAMMA=10+** (ABS{GFING)) /2.

WRITE (1+33) GAMMA $CALL ENDKEC (1)

93 FORMAT (15X, *SEISMOMETER DAMPING FACTOR= *,Fb.s)
GFIND=X+ALO0G10 (AMP{2))-ALOG10(TEMP(2))~Y
GAMMA=10.** (ABS(GFINUD}) /72, i
WRITE (1,93) GAMMA $CALL ENDREC(1)

GAINS=10.%*Y SWRITE (1,94) GAINS sCALL ENDREC(})

94 FORMAT(15Xs*RESPONSE AT THE FREE PEIRIOD=%y£15.59* VOLTS/*

*9/+30Xs *MICRON/SEC/SEC®*,/ 415X s* ENTER ANY CHARACTER TO CONTINUL¥)
READ (1+15) KJZX

16 FORMAT (A1)

95 COUNTINJE
CALL TVNEXT
WRITE (1+97) 3CALL ENOREC(1)

97 FORMAT(///+% WHAT NEXT? 1=CONTINUE 2=PLOT PHASt RESPUNSE*)
CALL GZT (R) SNFLAG=IFIX(Kk(1))

IF (NFLAGJEQ.41) GO TO 101
DO 100 I=1,N5UM

100 PHASL(1)=PHASE(I)/PI
Yur=2,
IF (JJPQ&Q.iZ) YUP=1.
YLO==2.
"AJY=‘0'
LNLGY =4
IF(JJP.EQ.lZ, HﬂJY=3.
KY(1)=10H PHASE(P]
KY(2)=10H RADIANS)
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LTITL 4 )=10H PHASE
IF (JUPWEQe3.0ReJJIP1+EQe2) LTITL(W)=1Q0HS ~ PHASE.
IF (JJUP1.EQe3) LTITL(&4)=10HR PHASE
LTITL(5)=10H - RESPONSE
CALL PLOTS(PHASE.TEHP,i.NSUM)
DO 99 I=1.NSUM
99 PHASE(I)=PHASE(I)*PI]
101 CONTINJE
CALL TVNEXT
WRITE (1,102) 3CALL ENDREC(1)
102 FORMAT(/7///915X+* OUTPUT TO A UISC FILE? 1=YES 2=N0O¥)
CALL GZIT(R) SNFLAG=IFIX(R(1))
IF (NFLAG.EQ«2) GO TO 104
103 CONTINJE ’
LTITL(3)=10H SYSTEM
LTITL(4)=10H RESPONSE
LTITL(5)=10H AMP IN
LTITL(5)=10HCOUNTS/ MIC
LTITL(7)=10H PHASE IN
LTITL(B8)=10HRALIANS
IF (JUP.NEL1)GO TO 106
LTITL(3)=10H NC(ISE
LTITL(5)=40H VCLT-SEC
GO TO 111
LTITL(3)=10HELECTRONIC
LTITLtB)=10H GAIN
GO TO 111
107 IF (UJUPLT.10) bO TO 111
LYITL{3)=10H SEIS.
LTITL(BY=40HV/ MICRON
IF (JJP.EQ.12) LTITL(G)=10H V/MIC/S/S
111 CONTINJE
NSUM=NSUNM*2
WRITE (79 {{LTITL(I),I= 1.8),(LTITL>(JI.J-i,a).NaUM,(T:MP(K).
¥AMP(K) y PHASE(K) 9Kzt s NSUM) ) SEND FILE7S
JQED=JQED+1
WRITE (1+4105) (LTITL(I) I=1+8)y JQAED $CALL ENUREC(})
105 FORMAT (1Xs8A10+79* OQUTPUY TO FILE*,I5,% ON DISC FILE 2REZP2*,
#/,* ENTER AMY CHAR TOU CONTINUL®*)
READ (1,16}

" 104 CONTINUE

RETURN
END
SUBROUTINE W3AVINIsNFeAV)
COMMON D (1)
SUH-:OC
, 00 100 I=NIsNF

100 SUM=SuM+D(I)
AV=SUM/FLOAT(NF~NI+1)
RETURN
END

Y



APPENDIX B - PROGRAM CALSMO

PROGRAM CALFIX (TAPETTY=201,FILM=201,RESP,SYSRESP,
*TAPEL1=TAPETTY,TAPE7=TAPETTY,TAPE79=RESP,TAPE81=SYSRESP)
COMMON/TVPOOL/TVPUL (8)
COMMON /TEND/ NSUMA,NSUMP,NSUMPE
COMMCN/ TVTUNE/ITUNE (30)
COMMON /JPLOT/ XLTyXRTyYLOsYUP4MAJUX s MAJY $KX(2)4KY (2],
SLTITL(B) LU LTFoLNLGX yLNLGY 4y NCLX,NCLY,LTITL2(8)
DIMENSION R(10) IFET(81),1D9(8)
ODIMENSION F1(3025) 9SYSAMP(1025) +SYSPH(1025)
OIMENSION ELECAMP(1025),ELECPH{1025)
COMMON /TITLE/ ID(8),PI
CALL FZT(SLTAPE1,IFET,8)
IFET(2)=IFET(2).0R.0CG0C 0C10 0800 0000 oo000B
IFET(8)=IFET(8) .0OR.4000 0000 0000 0000 d00COB
CALL FET(SLTAPEL1,IFET,-8)
CALL FET(SLTAPE74IFET,8)
IFET(2)=IFET(2).0R.0000 0010 0000 0000 g0GOB
IFET(8)=IFET(8).0R. 4000 0CO0 O0C3C 0000 QoGO8
CALL FET(SLTAPE?.IFET.-&)
ISyYs=0
REWIND 81
Lu=1
1 WRITE (1,2) $CALL ENDREC(1)
2 FORMAT(///+* ENTER FILE NO OF SYSTEM RESPONSE®*)
CALL READI(LTITLSLTITL2yNSUMyF1,SYSAMP4SYSPH,4R)
DO 3 IC=1,8
3 IDOULION=LTITL(IO)
IF(R(1).EQ.777) GO TO 1
NSUMA=NSUMPE=NSUMP=NSUM
CALL PLS(F1,SYSAMP4SYSPHNSUMs1)
101 WRITE (14102) 3$CALL ENDFEC(1)
102 FORMAT(///,* ENTER FILE NC OF ELECTRONICS RESPONSE*)
CALL READI(LTITLLLTITL2yKSUMyF1,ELECAMPyELECPH,R)
IF (R{1).EQ.777) GO TO 131
CALL PLS(F1,ELECAMP,ELECPHKSUM,2)
FiHZ=1.
.00 180 I=1,NSUM
IF (FIHZ.LEL.FL(I)) GO TO 181
180 CONTINUE
181 CONTINUE
NNSTAR=1
DO 2060 J=NNSTAR,NSUM
200 SYSAMP(J)=SYSAMP(JI*ELECAMP{J)/ELECAMP(NNSTAR)
XTIE=SYSPH (NSUMP)/ELECPH (NSUMP)
DO 201 J=NSUMP,NSUMPE
201 SYSPH(J)=ELECPH(J)I*XTIE
NSUMP=NSUMPE
WRITE (1,202) $CALL ENDREC(1)
202 FORMAT(* WHAT NEXT? 1=CONTINUE 2=PLOT SMOOTHED RESPONSES*)
DO 205 KL=1,8
205 LTITL(KL)=IDI(KL)
CALL GET(R) SIF(R(1).EQs24) CALL PLS(F1,SYSAMP,SYSPH,NSUM,3)
ISYS=ISYS+1
WRITE (81) ((LTITLCI) I=148)4NSUMyNSUMAJNSUMP, (F1(K),SYSAMP(K),
¥SYSPH(KY yK=1,NSUM)) SENCFILE 81
HRITE (1,304) (LTITL(I)}»I=1,48)4ISYSsFLINSJIMA),FL(NSUMP)
CALL ENDREC (1)
301 FORMAT(1X,8A10,4/4* OUTPUT TO FILE *,I5,*% ON DISC FILE 2SYSRESP2¢
*¥9/y1Xy*MAX FREQ OF AMPLITUDE (PHASE) RESPONSE".FS.ly’l'vFBoio
%) HZ®)
WRITE (1,302) -$CALL ENDREC(1)
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302 FORMAT (1Xys*WHAT NEXT? 1=STOP 2=FIX ANOTHER SYSTEM RESPONSE*)
CALL GET (R) S$IF (R(1).EQ.2.) GO TO 1
sTopP
END
SUBROUT INE READ1(ID1,ID2sNSUMsF4A4P4R)
DIMENSION I01(1),ID2(1)+F(1)4A(1),4P(1),4R(1)
CALL GZT(R) 3$PIFF=R(1)=1
REWIND 79
CALL SKIPFIL(79,IFF)

READ (79) ((IDL1(I),I=1+8),(ID2{JVsJd=1+8) NSUM, (F(K),
BA(K) sP(K) o K=14NSUM))
REWIND 79 _ . :
WRITE (1+4%) (I31(I),I=1,8) $CALL ENDREC(1)
WRITE (1,4) (ID2(I),I=1,8) $CALL ENDREC(1)
4 FORMAT(1X,8A10)
WRITE (1,7) $TALL ENDREC(1)
7 FORMAT(//+* ENTER 777 IF WRONG FILE ANY OTHER CHAK IF OK*)
CALL GET(R)
RETURN
END
SUBROUTINE PLS(F 4A4P4NSUNM,KKKK)
COMMON /TEND/NSUMA, NSUMP4NSUMPE
COMMON/JPLOT/XLT o XRT s YLO» YUPyMAUX s MAJY 4 KX(2) oKY (2) 5L TITL(B)
‘LUQLTFOLNLGXyLNLGY.NCLX:NCLY’LTITLZ(B’
DIMENSION R{10) ,A(1)4P(1),F (1)
LTITL2(1)=1
LTITL(S)I=LTITL(O)=LTITL(?)=LTITL(8)=10H
PI=3,1415926535
NNF LAS=1
XLT==2.
XR' =2.
MAJX=XRT=XLT
YUP=7. .
MAJY=2,%MAUX
LNLGX=LNLGY=NCLX=NCLY=2
KX(1)=10HFREQUENCY
KX{2)=10H IN HERTZ
KY{1)=10HCOUNTS/NMIC
KY(2)=10HRON D ISPL.
IF (KKKK.NEs2) GO TO S5
YUP =6, SMAJY =M AIX
KY(1)=10H GAIN $KY(2)=10H
S CONTINJE '
YLO=YUP-VMAJY
6 CALL PLOTS(A,F.1,NSUMA)
WRITE (1,31) $CALL ENOREC(1)
31 FORMAT (/777 +15X o ® WHAT NEXT?%4/4,15Xs *1=CONTINUE *
% 2-REPLOT WITH NEW YMAX*).
CALL GET(R) BINFLAG=IFIX(R(1))
IF (NFLAG.EQ.1) GO TO 38
WRITE (1,33) $CALL ENDREC(1)
33 FORMAT(15X,* NZW POWER OF 10 FOR YMAX?Z¥*)
CALL GET(R) $YUP=R(1)
YLO=YUP=-MAJY
GO TO 5
38 CONTINUE
IF (KKKK.EQ.3) GO TO 99
WRITE (1,51) $CALL ENDREC(1) )
51 FORMAT(15X,*PICK HIGH FREQ LIMIT OF SMOOTH RESPONSE*,
%/7,15X,*AND TYPE ANY CHAR (NO RETURN)®*)
LOOK=34X,Y
CALL TVFARE(LOOKsXeYeK1sK2)
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6X0=10.,%%X $X0 X $YO=Y
WRITE (1,52) GX0 $CALL ENUREC(i,
52 FORMAT(15X,*FREQ SELECTED=*4FS5.24* HZ¥)
IF (KKKK.EQe1) GO TO 94
$3 WRITE (1,64) $CALL ENDREC(1)
64 FORMAT(15X,*PICK HIGH FREQ EXTRAPOLATION POINT*,
$/,15Xe*AND TYPE ANY CHAR (NO RETURN)*)
LOOK=34XsY $CALL TVFARE (LOOK4XoYeK1,K2)
GX1=10.%*%*X $X1=X 3Yi=Y
WRITE (1,52) GX1 SCALL ENDREC(1)
XM= (Y¥1-Y0) /7(X1-X0)
CALL POI (F,i, NSUH,GXU'NNSTAR)
XJI=ALOG10 (F(NMNSTAR))
CALL POI(FyNNSTAR\NSUMyGX1,NNEND)
DO 69 J=NNSTAR, NNEND
POW=ALOG10 (A(NNSTAR) ) ¢XM*(ALOG10(F(J))=-XJI)
69 A(J)=10.%**POM
IF(NNFLAS.EQe2) GO TO 71
WRITE (1,70) $CALL ENDREC(1)
70 FORMAT(1SX,*EXTRAP TO 1= INTERMEDIATE FREQ¥*,./
$ 25X.*2=MAX FREQ OF RELIABLE RESPONSE*)
X0=X1 3Y0=Y1 $6X0=Gx1
CALL GET(R) SNNFLAS=zIFIX(R(1)) $GO YO 53
71 NSUMA=NNEND
WRITE (1,15) $CALL ENDREC{(1)
READ (1,16) KJGH
CALL PLOTS(A,Fs1,NSUMA)
GO TO 96
94 CONTINJE
WRITE (1,15) @$CALL ENODREC(1) -
READ (1,16) KJGH
CALL POI(FplsNSUMsGX09 NNSTAR)
D0 97 J=NNSTAR, NSUM
97 A(J)=A(NNSTAR) *F (J) /F (NNSTAR)
) CALL PLOTS(AsF,1,NSUMA)
96 NNFLAS=1
99 DO 100 I=1,NSUM
100 P(IN=P(I)/PI
YUP=2. 3YLO=-41. $MAJY=3, SLNLGY=1
KY(1)=10H PHASE(PI $KY(2)=10H RADIANS)
1401 NPLOG=NSUM S$IF(KKKKeEQe3) NPLUG:NSUMPE
CALL PLOTS(P,Fs14NPLOG)
WRITE (1,31) $CALL ENDREC(1)
CALL GZT(R) SNFLAG=IFIX(R(1))
IF (NFLAG.EQ.1) GO TO 104
WRITE (1,1062) $CALL ENDREC(1)
102 FORMAT (15X, *ENTER NEW YMAX®)
CALL GET(R) s$YUP=R(1)
YLO=YUP=-VMAJY
GO TO 101%
104 CONTINUE .
IF (KKKK.EQ«3) GO TO 151
WRITE (1,105) $CALL ENDREC(1)
105 FORMAT(//7/)
WRITE (1,51) $CALL ENDREC(1)
LOOK=3HX,Y $CALL TVFARE(LOOK X,YeK1,K2)
GX0=10+%*X $X0=X 3YG=Y
WRITE (1,52) GX0 $CALL ENDREC(1)
106 - HRITE (1,64) B$CALL ENDREC(1) '
LOOK=3HXoY BCALL TVFARE(LOOK.X,Y,K1i9K2)
6X1=10.*%X $Xi=X s$Y1=Y
WRITE (1,52) GX1 $CALL ENDREC(1)
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XM=2{Yi-Y0) /(X1-X0)
CALL POI (Fy19NSUM,GX0 s NNSTAR)
XJI=ALIG10 (F(NNSTAR))
CALL POI(FyNNSTAR,NSUM,GX1,NNEND)
00 107 J=NNSTAR,NNEND :
107 P‘J"P(NNSYAQ)*XM'(ALOGlO(F(JJ)’XJI)
IF (NNFLAS.EQ.2) GO TO 108
WRITE (1,70) S$SCALL ENDREC(1)
X0=X1 $Y0=Y1 gGX0=6X1
CALL GETIR) SNNFLAS=IFIX{R(1)) $GO TO 106
GO TO 10¢€
108 CONTINJE .
WRITE (1,15) $CALL ENOREC(1)
READ (1,16) KJGH
CALL PLOTS(P,Fo¢14NNEND)
DO 140 IT=1,NSUM
140 PUIT)=P(IT)*P]
IF(KKKKe EQel1) NSUMP=NNEND
IF(KKKK.EQe2) NSUMPE=NNEND
151 CONTINJE
CALL TVNEXT
15 FORMAT (15X, *ENTER ANY CHAR TO CONTINUE®)
16 FORMAT(A10)
RETURN
END
SUBROUTINE POI(F NIoJNFysA4N1)
Cee SUBR POI RETURNS Ni= THE NCe OF THE SMALLEST F(I)
Ces SUCH THAT F(I) > A AND NI<Ni<NFe.
DIMENSION F (1)
DO 1 I=NI,NF
IF (AJLE.F(I)) GO TO 2
41 CONTINUE
2 CONTINJE
Ni=I
RETURN
END
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APPENDIX C. Further results from the Oroville net

Calibration signals generated on 10 Sept. 75 and 16 Sept. 75 by the
automatic daily calibration system (ADCS) were digitized (200 samples/sec;
10 channels multiplexed) from telemetered data recorded on the "B" tape
recorder (i.e., non-dub). Digitized calibration signals for some of the
stations are attached as figure Cl1. Abrupt termination of a calibration
is due to error in the specification of the digitization start and stop
time rather than ADCS malfunction. Error in start/stop time specification
was due, at least in part, to the somewhat random time of occurrence of
the calibration signals. Efficient analysis of the calibration signals
depends on the suite of calibration signals being nearly simultaneous,
(i.e., start times within a 30 sec interval).

System amplitude and phase response functions for stations OTAB,
OKAT, ORAT, OLON, OCAM and OHON obtained from the mass release transients
are shown in figures C2 and C3. The "system" includes all components
from the seismometer through the digitizer.

The jittery character of the system amplitude response at high
frequency is due to a poor signal-to-noise ratio for the calibration
signal (see discussion in section). The system amplitude responses
have nearly identical shapes at low frequencies. The response at 1 Hz
is 8 x 161 digitizer units / micron ground displacement for stations
OHON, OTAB, and ORAT and is 1.9 x 10a digitizer units/micron for stations
OLON, OCAM, and OKAT. These values depend upon measured parameters of
the particular seismometer and the amplifier attenuator setting (see
figure C4 for the entries from the seismometer constants table). Note -

that the attenuator setting for stations OHON, OTAB and ORAT is 18 db and
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12 db for stations OLON, OCAM, and OKAT. It thus appears feasible to
assume that, as designed, the system amplitude response for any one of
the six sfations can be obtained from a single reference amplitude
response function if the reference response is scaled according to the
nominal electronics gain implied by the amplifier attenuator setting
noted in the field installation log for the station. Each of the system
amplitude and phase response functions shows a "glitch" at 7% to 8 Hz.
The glitch in the response reflects a real "non-ideal" behavior of a
component common to the six systems. A likely culprit is the tape
recorder or the tape playback drive. There is a 7% to 8 Hz flutter in
the tape systems, the effect df which will be minimized via the soon-to-
be-operational tape speed compensation (J; Eaton, oral communication).

Phase response for the six systems (see figure C3) are not as
easily compared. Differences in the automatic picking of the mass
release transient onset would generate significant differences in the
phase response functions. (A time delay At is transformed in the fre-
quengydomain to an increment in phase linearly proportional to frequency.

The electronics voltage step transient was also analyzed for
stations OCAM, OTAB and ORAT to obtain the electronics transfer functions
(see figure C5). As for the system transfer functions, there is a
"glitch" in the responses near 7% to 8 Hz.

The digitized seismogram recorded at station Campbell Hi1l (OCAM)
for the M=1 10 Sept. 75 1216 GMT Oroville aftershock (hypocentral coords:
39°29.5'N, 121°30.0' W, h = 5.6 km) is shown in figure C6. The great
circle azimuth to OCAM, = 11 km, lies ~12° off the P-wave fault plane

solution nodal plane obtained from the sense of first motion (C.B. Raleigh,
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oral communication). A 10% Hanning window was applied to 4.385 seconds
of the OCAM seismogram to obtain the signal shown in figure C7. The
amplitude spectrum of the signal shown in C7 is displayed in C8.

The OCAM ground displacement spectrum were computed using the Boggs
Mountain (BGG) system response functions shown in figures 7.12 and 7.13.
System response functions for stations OCAM and BGG are interchangeaﬁ]e;
the BGG phase response is reliably determined for the 10 second to 30+ Hz
band). The ground displacement amplitude spectrum is shown in figure C9.

Ground displacement, velocity, and acceleration for the signal shown
in figure C7 were computed by transforming back into the time domain.

The results are shown in figures C10, C11, and C12 respectively. (Note
that the signals shown in figures C10, C11, and C12 are band limited
(.29 Hz to 30.7 Hz)).
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Figure 3.4. Amplitude response of a velocity-transducer seis-
mometer to displacement for damping factors J'= 0.7 and 1.0. The
ordinate and abscissa are normalized to the seismometer generator
constant G and the.seismometer resonant frequency respectively.
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Figure 3.5. Phase response of a velocity-transducer seis-
mometer to displacement for damping factors 5' = 0.7 and 1.0.
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Figure 3¢6. Amplitude response of a velocity~transducer
seismometer to acceleration for a range of damping factors 4.
The ordinate and abscissa are normalized to the seismometer
generator constant and the seismometer resonant freguency

respectively.
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1. 26. 51. 77. 1862. 128. 133. 178. 204. 229. 239.

Figure 3.8 10 June 75 differentiated mass release transient at
station BGG. At = .005 sec so that window length = 1.28 sec.
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Figure 3.9. 10 June 75 differentiated electronics step transient w«-
station BGG. At = 0.005 sec so that window length = 1.28 sec.



mecrpc <D>OXD

1.

SUBSCRIPT

Figure 4.1.

111. 221.

331. 442. 552. 662. 773. 883. 993. 1104.
NUMBER

Structure of the ID code for station #2.



0G, XC, INIT. 7,200, 60000 . 883637 , BAKUN! ‘
LOGIN CP-12 TTV-174 035.33.90 £+BKYS2D0CA02-13/76.
INITOOO LOGGED IN. SESAME 2.4

Or, - SESAME

FEQUEST ., TAPE49D, 16133, D5.MT !

0K, —~ SESAINE

CuPY . TAPE4D, 1F5, 1F . RULIN3 1

¥ - SESAME

MF RUH1D963H

CF HOT IN 6008s

COMMON ., R1LG9EZ 1

O — SESAME

>CF L. RULE363!

CF IN 680

Figure 6.0. Logging onto the C machine, and
creating a common file "RW 10963" from the
second file on LBL tape #10963.



OG- XC,BILL, 7, 308 . 6PN . SA3AST , HakUN!

LOSIN  CP=18  TTY-174 835,43 29 £2vezUs £02-13.7°76 .

BTLLOBZ2 LOGGED TN SESAME 2.4

0 - SE3AME

LR R @963

UF N SAad

~L0AD, CALTIE ., JIRAT!

Lol COMPLETE.: ENTERING -CDJY

s = ~EDIV

EﬁTgﬁsN?ff OF CALIBPATION DRTA COMMON FILE CFORMAY A7)
189530

ENTER NUMBER OF CHAtMNELS DIGITIZED

4!
ENTER NUMBER OF SCANS TO BE SEIFFLD
6930 ! .

ENTER CHANNEL MUMEERS OF SEI ECTE) CHAGMELS. TN ORDER
,2,3,4)
ENTER DIGITIZER CHAMEL FOR TRACE Tis EE OISPLAVED

ggsa DIGITIZER RATE IN SaM. SKC

Figure 6.1. Initial sequence of commands: Logging onto the
C machine, verifying that common file RW 10963 exists on the
C machine, loading the program "CALIB" from library "JDRAT",
executing via #RUN, and interactively entering the input
information described in section VIA.



Al

RECORD OF DATA F!;gﬂlgIGITIFJER CHrNMEL 2

1!

SO VAT VMY raya YD

20006 .

1568 .

1060 .

-16060 .

-150@ .

1.

CODE PRESENT?  1sYES, 2wND

PICK STaFT (% 1D €

PICK START OF "";TEM f{'ISE
TRACE ID 1%

ENTER AN’ CHRF: TO CONTINUE

saatossaliss
300. 66h. Y. 1200, 1500, 1799. 2099. 2399. 2699. 2999.

SAMPLES AT 28 MSEC

Figure 6.2. Sequence of calibration signals for channel #2.



1! _
RECORD OF SYSTEM NOISE FROM STR. NO. e

2000 .
1500 1=PL 0T Al 2=PLOT START. 3=CHANGE.
4 D 4=sCONTINUE
(I; 1009 .
I
T
1 5006 .
2
E N
R 6. ——
0
Y -see.
P N
¥ -1660 .
~1500 .
~2000 salass

199, 22A. 259 289, 319. 349. 379. 409. 439. 469. 499
SUMFLES AT S MSEC

Figure 6.3. System noise signal for station with ID code #2.



TRECORD OF SEISMOMETEP PELEASE TEST FROM STA. NO. 2

2000
15006 1=2PLOT Ald.. 2=P10T7 START, 3IsCHANGE,
, D 4=CONT INUE
é 1000 .
1
1
1 See
z
E
R e
g
T 50
f
7 —1000.
~-1500 .
-2000 . | FUTTYE FURTS FUU T

773. 913, 1053, 1193, 1331, 1473, 1613. 1753, 1893. 2033. 2173.
SAMPLES AT 5 MSEC

Figure 6.4. Seismometer mass release transient for station with
ID code #2.



1!
RECORD OF SEISMOMETER RELEASE TEST FRUM 3TA. NO. 2

2000 . vy
) 4=CONT INVE
‘7
c 1000.
I
T
I S00 .
4
E
R o
U
T =509 .
P
Y _1000.
-15600 .
-2000

773, 783 793. 803, 812, 823, 633. 643. 853. ©63. ©73.
SAPLES AT 5 MSEC

Figure 6.5. "Blowup" of the beginning of the seismometer mass
release transient for station with ID code #2.



Lt

RECORD OF AMPLIFIER STEP TEST FROM STh. HO. 2

31

1t

=CTOVAHCQ VMN—~=O~D

2800 .

1509 .

10002

TIT)

C1=PLOT ALL, 2=PLOT START, 3aCHANGE,
- 4=CONT INUE

F NEW START POINT
CHOOSE- 1=CURSOR.  2eENTER  3=NO CHANGE

»

P\NEW END POINT
DOSE-  1=CURGOR,  2=FNTER  3eND CHANGE

RLOT ALL . 2=FLUT “TART. 3=CHANGE .
T 1HUE

2173, 2483, 2793, 3103, 2413. 3723. 4033. 4343. 4653. 4963. 3273.
SAMPLES AT % MSEC

Figure 6.6. Amplifier step test transient for station with
ID code #2.



L
RECORD OF AMPLIFIER STEP TEST FROM STA. NO. 2

2000 .
1590 . 1=P1.0T ALL. 2=PLOT START, 3=CHANGE,
o 4=CONT INUE
f; 1000 .
l .
T
I 500.
2
E
4 9.
Q
u
7 990
b
{ -1060 .
-1500 .
-2000

2173 2469. £766. 1063, 3360. 3657. 39%4. 4251 . 4548, 4845. S5142.
SAMFLES AT % MSEC

Figure 6.7. "Rewindowed" amplifier step test transient for
station with ID code #2.



1 RECORD OF AMPLIFIER STEP TEST FROM STA. MO, 2

20008 .

1500 . 1=PLOT ALL, 2=PLOT STAFT, 3=CHANGE,

. 4=CONT INUE
L 1e0a.
I ~— ~
T ~
1 See.
Z
E
R 0. b
0
U
U -sop
P
Y 1000,
1560
-2000

2173. 2183. 2193 2793, 7213, 2223, 2233, 2243, 2293 2263. 2273.
SAMPLES AT 5 MSEC

Figure 6.8. "Blowup" of the beginning of the "rewindowed"
amplifier step test transient.



NETWORK STR. BGG BOGGS MTN 10 NO.
SEISMOMETER COUNSTANTS LAST UPDARTED 12 SEP 73

NO . PARAMETER SYMBOL UALUE UNITS
1 TYPE OF CALIBRATOR CcS 3.0000 ———

< MASS M 1 . 0000 KG

3  SEIS. MOTOR CONSTANT Gl 283 . 0000 NT/AMP
4 FREE PERIOD To . 9380 SEC

S OPEN-CIRCUIT DAMPING BETAO . 2600 NO UNITS
6 SEIS. COIL RESISTANCE RC 9.3500 KILOHM
7  SERIES PAD RESISTANCE T 2.1180 KILOHM
8 SHUNT PAD RESISTANCE S 6.7490 KILOHM
9  ATTENUARTOR SETTING A 12 .0000 08

186 NOMINAL PREAMP GRIN G 78 . 0800 o8

11 SEISMOMETER SERIAL NO. SNO 2184 —
ngER ANY CHAR TO CONTINUE

ALTER TRELE OF SEISMOMETER CONSTANTS? 1sVES, 20
NETWORK STATION BGG BOGGS MTN ID NOMBER 2

PARAMETERS CALCULATED FROM CONSTANTS OF 12 SEP 7S

PARAMETER SYMBOL UALUE UNITS
EFFECTIVE MOTOR CONSTANT GE 99.8031 UOLT/M/SEC
RELEASE TEST ATTENUATION ARLS -24.0445 08
SEISMOMETER TEST CURRENT 1 1 .8613 MICROAMP
AMPLIFIER STEP VOLTAGE E . MILLIVOLT

ENTER ANY CHAR TO CONTINUE

Figure 6.9. - (top) Seismometer constants, etc. for §GG, the
seismographic station with ID code #2. (bottom) Seismograph
parameters calculated from the constants (top) and the C3
calibrator unit circuitry.
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5GG BOGGS MTN
4=1 NOISE

TIME SERIES EXPANDED BY FACTOR 4
FORWARD TRANSFORM

HUMBER OF PGINTS NOT =2 TO THE N
844 POINTS =8 APPENDED

NUMBER OF POIHTS = 2048
HVAUIST FREQUENCY = 100.000 HZ
FREQUEMCY INTERUAL = 8977 H2

ENTER ANY CHAR TO CONTINUE

Figure 6.10. Results of operations on system noise signal for
station BGG.



PCG BOGGS MTN NOISE . SPECTRUM
200 SAMP.-SEC ID= 2 PLOT DATE= 16 OCT 75 LEN= 1.508S UPDATE= 12 SEP 7S

tmen

19 e v Y LA { Y LA | 2 v rr ) Zman ':
e -
! =7
= -
1072 | -
o -
o -
107 | —
‘L s sl s s s al 2 32 221 A A A

16‘.4 2 1 %) 1

10 18 10 10 10

FREQUENCY IN HERTZ

Figure 6.11. Noise amplitude spectrum for station BGG.
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P BO "GS MTH
J=3 SYSTEM. ELECTROMICT aHD SE TTMOMETER RESPONSE
SFECTRUM OF MASS PELEASE TEANSTENT

TINME SERIES EXFANDED BY FAUTOR 1

FiolsRD  TRAHSFGRM
HiMBER OF POINTS HOT =2 TU THE H
237 FOINTS =@ APPENDED
HUMBER OF POINTS
RO TST FREGUENCY 1683 B8 HZ
FREJENC Y INTERUAL 377 H2
FHASE SPECTEUNM MROE COMWT INUOUS

20433

wnn

- TRaHSIENT DERD: 1HTIUE FOR HIGH FREG RESPONSE?
EHTERF i=YES 2=HJ
it
EHTER MIMIMIM FREDCHZ 3 FURP FPESFOHSE FROM DERIUATIVE
£S5 HZ IS5 THE HORMAL MINIMLM
51

FESFONSE FOR FREG S5 8 FRPOM DERJUATIVE . RESOLUTION= . 78HZ
TIME SERIES EX¥PARHDED BV FrOCTOR 8

FORWARD TRAMSFORM

HUNBER OF POINTS = ps B E

HyJIST FREQUEHCY = 1600 ol HZ

FREDMIEHCY INTEPUHL = BTV H2

FHHSE SPECTRUM MRDE 'HNTIM'OU‘-.
ENTEFR fHY CHAR TO COHTIHUE

Figure 6.13. Results of operations on the seismometer mass
release transient for station BGG.



Fi

BGG BOGGS MTN SYGTEM AMPLITUDE RESPONSE TO GROUND DISPL.
208 SAMP/SEC ID= 2 PLOT DATE= 16 OCT 73 LEN= 7.805 UPDATE= 12 SEP 73
7
10 4 L 3 4 v' | L2 h v—" T 4 g ‘T v v \d
WHAT NEXT?
18 1=CONTINUE 2=REPLOT WITH NEN YMAX
¥
u 18 >
';
s 104
Ve
" 3
¢ 10
R
S 18 <
D
1 1e!
:
L 18°
bt . A J A ‘ 8 2 ;A Al A _a _A A_l s A a2
10 -2 ~1 -] 1
10 1@ 10 10 10

FREQUENCY IM HERTZ

Figure 6.14. Amplitude response for seismographic station BGG.
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m

GG BOGGS MTN SYSTEM  PHARSE PESPONSE TO GROUND DISPL.
268 SAMP-SEC ID= 2 PLOT DATE= 04 MAR 7€ LEN= 7.08S UPDATE= 12 SEP 75

2. L 3 L] LR v v LA r L2 ¥ AR l v v L 2R
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B -
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F 1. —
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g = n
E g .
' o o
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18 “ 1! 10 ° 10! 10
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Figure 6.16. Phase response for seismographic station BGG.
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PLG BOGGS MTN

J=5 SYSTEM. ELECTRONICS AND SEISMOMETER RESPONSE
SPECTRIUM OF STEP TO ELECTRONICS TRANSIENT

TIME SERIES EXPRNDED BY FACTOR 1

FORWARD TRANSFORM

HUMBER OF POINTS = 20648
HYQUIST FREQUENCY = 100.000 HZ
FREQUENCY INTERUAL = .897? HZ

PHARSE SPECTRUM MADE CONTINUOUS

USE TRANSIENT DERIVATIVE FOR HIGH FREQ RESPONSE?
ENTER 1=YES 2=NO

1!

ENTER MINIMUM FREGCHZ) FOR RESPONSE FROM DERIUATIUVE
725 HZ IS THE NORMAL MINIMUM >

.RESPCNSE FOR FREG >6.9 FROM DERIUATIUE. RESOLUTION=
TIME SERIES EXPANDED BY FACTOR 8
FORMWARD TRANSFORM
HUMBER OF POINTS = 2048
NYQUIST FREQUEHCY = 100 600 HS
FREQUENCY INTERUAL = B377 HZ
PHARSE SPECTRUM MADE CONTINUOUS

ENTER ANY CHAR TO CONTINUE

Figure 6.18. Results of operations on the amplifier step
test transient for station BGG.



Q!

BGG BOGGS MTN "~ ELECTRONICS AMPLITUDE RESPONSE
208 SAMP/SEC ID= 2 PLOT DATE= 16 OCT 75 LEN=10.238 UPDATE= 12 SEP 73
196 - v v ‘7"4 4 LA | v LA AR | - L4 '_'1
[ WHAT NEXT?
) 1=CONT INUE Z'RETHJTT WITH NEM YMAX
- -t
¢ 18> | -
A o -
I o -
N
= o
10 ¢ o
10 % |
A IR l“ 'y ‘_lll A 2 ‘ll A 2 .‘
o ® 3 -1 ° 1
16 10 10 10 10

FREQUENCY IN HERTZ

Figure 6.19. Amplitude response for the electronics for sgeismo-
graphic station BGG.



BGG BOGGS MTN ELECTRONICS PHASE  RESPONSE
208 SAMP/SEC ID= 2 PLOT DATE= 16 OCT 75 LEN=10.23S UPDATE= 12 SEP 73

2. v v v 'l v v Y—"' v Ld v 'l v v v '-
L .
F 1. P -
H = -
n - -
g - :
'Y o -y
e 8. - —
I L
K -
<] P~ -
5 :
- - o

A 1.
H - -
S = -
i 8 i
™ -

-2 . y 1 2l A M | 3 — ll A la_ A

16~ 157! 10 ? 10! 10

FREQUENCY IN HERTZ

Figure 6.29. Phase response for the electronics for seismo-
graphic station BGG.
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Fi
BGG BOGGS MTN SEISMUMETER AMPLITUDE RESPONSE TO GROUND DISPL.
288 SAMP-SEC ID= 2 PLOT DATE= 16 OCT 75 LEN=18.23S UPDATE= 12 SEP 73

18_2 § L4 v T vl T T 17 T ) 4

WHAT NEXT?
1=CONTINUE 2=REPLOT WITH NEW

(N

10
21
. Y NEW POWER OF 10 FOR YMAX?
m 19}
¢
_5
. 19
F -6
c 1o
N
D g7
T
S 192
F:
L
1072
1618 J & T | A s a2l g a2l A Ad |
1672 1671 10 @ 10 ! 10 2

FREGUENHCY IH HERTZ2

Figure 6.22. Amplitude response of the seismometer at station BGG.
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BGG BOGGS MTN

SEISMOMETER AMPLITUDE RESPONSE TO GROUND DISPL.

298 SAMP-SEC ID= 2 PLOT DATE= 16 OCT 75 LEN=108.23S UPDATE= 12 SEP 73

- FBO=D OZHO MO O=3INC

18 1

10 @

182

v L 4 ""] " BJ "' LR

WHAT NEXT?
1=CONT INUE

v VT_I v R4 L4

2=REPLOT WITH NEW YMAX

§ 1 A4 l a4 y A i l A 'y J 1 a2 l a | - a2
197! 10 @ 10 !
FREQUENCY IN HERTZ

Figure 6.23. Amplitude response of the seismometer at BGG
(replotted with new YMAX).
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BGG BOGGS MTH SEISMOMETER  PHASE  RESPONSE TO GROUND DISPL
200 SAMP/SEC ID= 2 PLOT DATE= 04 MAR 76 LEN=10.23S UPDATE= 12 SEP 75

2. L R J R J 'l 1 4 1 J R 7! R 2 R 2 LA 11 1 J R | Il J
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Fiqure 6.24 Phase response of the seismometer at station BGG.
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Ci

” BGG BOGGS MTN SEISMOMETER AMPLITUDE RESPONSE TO GROUND ACCEL .
209 SAMP-SEC. ID= 2 PLOT DATE= 16 OCT 75 LEN=10.235 UPDATE= 12 SEP 73
-2

16 - v v v T v LI BB | v v v vy ¥ LA

1 4

[ WHAT NEXT? | - :
L 1=CONTINUE 2=REPLOT WITH NEW YMAX

'

-

163 |_PICK PEAK ON SMOOTH PART OF RESPONSE
- AND TYPE AHY CHAR TO CONTINUE (NO RETURN)

SEISMOMETER FREE PERIOD= .928SEC

- SEISMOMETER DAMPING FACTOR= 631

SEISMOMETER DAMPING FACTOR= 760

- RESPONSE AT THE FREE PERIOD= 9 .52681E-06 UOLTS/
-4 MICRON-"SECSEC

10 © | ENTER ANY UHARACTER TO CONTINUE

1 Jlll

LLIJ

-

OMONOMONO=INC

'

®
L lIl

L |

10 190 19 10
FREQUENCY IN HERTZ

Figure 6.26. Amplitude response of the seismbmeter to ground
acceleration.



BGG BOGGE MTN
268 SAMP-SEC ID=

SEISMOMETER  PHASE  RESPONSE TO GROUND ACCEL .
2 PLOT DATE= 84 MAR 76 LEN=108.23S UPDATE= 12 SEP 73
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Figure 6.27.

Phase response of the seismometer to ground acceleration.
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]
RECORD OF DRTA FROM DIGITIZER CHAMNMEL 3
IS ID CODE PRESENTY? 1=YES, 2=NO

2t 2000 .
ENTER STATION 1D NUMB
25!
1560 . PICK START OF SYSTEM NOISE
D
I
G 18608 .
1
}
1 590,
2
€
3 o
0
7 —5es.
i
Y 1000
~1500 .
-2000

1. 3ge. €00. 990, 1706, 1500. 1799. 2099. 2399. 2699. 2999.
SAMPLES AT 28 MSEC

Figure 6.29. Sequence of calibration siqgnals for channel #3.



E!

RECORD OF SVSTEM NOISE FPOM STA. NO. 2%

~“CTTVTHCO DM~ —=—~D

: B

T =2P00 .

2000 .

1566 .

1006 .

500 .

't

.
¢n
3

r"']"'T'T'TT"Yj’Tr]TT'I‘TTT“I""I'77‘[""1"7"7

1=PLOT @ll.. 2=PLOT START, 3=CHANGE.
4=CONT INUE

199. 229, 295%. 283, 219, 34% 379, 4@9. 439. 469 499.

SAMPLES AT 5 MSED

Figure 6.30. System noise signal for‘station with ID code #25.



sﬁECORD OF SEISMOMETER RELEASE TEST FROM STR. NO. 23

2000 .
1509 . 1=PLOT ALL, 2=PLOT START, 3=CHANGE,
N 4=CONT INLE
,‘; 1000 .
I
T
1 500
2
E
R 9.
o
Y -see.
P
Y -1e00.
-1500 .
-2000

1045 1185 1325. 1465 1605, 1745 1665. 2025. 2165. 2305. 2445 .
SAMPLES AT S MSEC

Figure 6,31, Seismometer mass release transient tor station
with ID code #25.



1
chECOP.D OF AMPLIFIER STEP TEST FROM STR. NO. 28

2008 .
1596 . 1%011';4&, 2<PLOT START, 3=CHANGE,
D
3
i
1808 ‘
» .‘g 1=0URSOR, 2=ENTER  3wND CHANGE
1.I
2
21
0
1‘;’ -5a0
P
Y -1000.

2501 . 2811. 3121 3431 3741 4051. 4361. 4671. 4981 . 5291. 3601 .
SAMPLES 4T 5 MSEC

Figure 6.32. Amplifier step test transient for station with
ID code #25.



|
SRECORD OF AMPLIFIEP STEP TEST FROM STR. NO. 23

2900 .

1506 . 1=PLOT ALL. 2=PLOT STAKT., 3=CHANGE,
4=CONT INUE

10006 .

=CTV~-HCO TUMNE === D

-1060

-15048

3007 3266 3525. I7RS 4044, 4304. 4563. 4622 S062. 3341 5601 .
SAMPLES AT 5 MSEC

Figure 6.33. "“Rewindowed" amplifier step test transient for
station with ID code #25.



NETHWORK STA. SWB SWANSOHS BLUFF I0 NO. 25 INSTALLED 12 JUNE 73
SEISMOMETER COMSTANTS LAST UPDATED 12 SEP 75

NO PARAMETER SYMBOL Ual.UE UNITS
1 TYPE OF CALIBRATOR CS 3.0000 ——

2 MRSS M 1 .0000 KG

3 SEIS. MOTOR CONSTAHT GL 283 . 0000 NT/AMP
4 FREE PERIOD T0 .9660 SEC

S OPEN-CIRCUIT DAMPING BETRO .2890 NO UNITS
6 SEIS. COIL RESISTANCE RC 9.3100 KILOHM
7  SERIES PAD RESISTRNCE T 2.4880 KILOHM
8  SHUNT PARD RESISTANCE S 7.4240 KILOHM
9  ATTENUATOR SETTING A 12.0000 D8

16 NOMINAL PREAMP GRIN G 78.0000 o8

11 SEISMOMETER SERIAL NO. SNO 2197 —

gf;ITER ANY CHOR TO CONTINUE
g;_rerz TABLE OF SEISMOMETER CONSTANTS? 1=YES, 2=NO

NETWORK STATION SWB SWANSONS BLUFF ID NUMBER 23

PARAMETERS CALCULATED FROM CONSTANTS OF 12 SEP 73

PARAMETER SYMBOL UVALUE UNITS
EFFECTIUE MOTOR CONSTANT GE 99.9937 VOLT/M/SEC
RELEASE TEST ATTENUATION ARLS ~24.0449 v )
SEISMOMETER TEST CURRENT I 1.8688 MICRORMP
AMPLIFIER STEP VOLTAGE : E .2583 MILLIVOLT

ENTER ANY CHAR TO CONTINUE

Figure 6.34. (top) Seismometer constants, etc. for SWB, the
seismographic station with ID code #25. (bottom) Seismograph
parameters calculated from the constants and the C5 calibrator
unit circuitry.



SWE SWANSONS BLUFF  NOISE SPECTRUM
288 SAMP/SEC ID= 25 PLOT DATE= 16 OCT 75 LEN= 1.50S UPDATE= 12 SEP 73
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Figure 6.35. System noise amplitude spectrum for station SHB.



SHE SWANSONS BLUFF SYSTEM AMPLITUDE RESPONSE TO GROUND DISPL .
200 SAMP-/SEC ID= 25 PLOT DATE= 16 OCT 7S LEN= 7.008 UPDATE= 12 SEP 75

la? v v

1e &

18 9

16 4

10 3
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S TOM=D ZODVOI N N-HZCOO

- Y 2 AL[ I’y yu lLl _A 2 lll A
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FREQUENCY IN HERTZ ‘
Figure 6.36. Amplitude response for seismographic station SWB.
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SWRNSONS BLUFF

2>
- .

SHANSONS  SYSTEM PHASE_ RESPONSE TO GROUND
SAP,SEC D= 25 PLOT DATES 64 MR 76 LoNe 7065 UPORTES 10 SEP 75
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Figure 6.37.

Phase response of the

seismographic station SWB.



SWE SWANSONS BLUFF ELECTRONICS AMPLITUDE RESPONSE
200 SAMP-/SEC ID= 25 PLOT DATE= 16 OCT 75 LEN=10.238 UPODRTE= 12 SEP 73
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Figure 6.38. Amplitude response for the electronics at station SWB.



SWB SWANSONS BLUFF ELECTRONICS PHASE RESPONSE
208 SAMP/SEC 1D= 25 PLOT DATE= 16 OCT 75 LEN=10.23S UPDATE= 12 SEP 73
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Figure 6.39. Phase response for the electronics at station SWB.



SWB SWANSONS BLUFF SEISMOMETER AMPLITUDE RESPONSE TO GROUND DISPL .
209 SAMP-SEC ID= 25 PLOT DATE= 16 OCT 73 LEN=10.23S UPDATE= 12 SEP 73

o Yo B QR and

CFoe~0 0DZ6O MO

10 107} 10 10

lll A A A

A A LL[ 'y A
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FREQUENCY IN HERTZ

Figure 6.40. Amplitude response of the seismometer at station SWB.



SWB SWANSONS PLUFF  SEISMOMETER  PHASE  PESPONSE TO GROUND DISPL.
208 SAMP/SEC ID= 25 PLOT DATE= 84 MAR 76 LEN=10.23S UPDATE= 12 SEP 73
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Figure 6.41. Phase response of the seismometer at station SWB.



D!
SWB SWANSONS BLUFF SEISMOMETER AMPLITUDE RESPONSE TO GROUND ACCEL .
200 SAMP-/SEC ID= 25 PLOT DATE= 16 OCT 735 LEN=10.235 UPDATE= 12 SEP 73

_2 :

16 v vvv' v v rtl 1 rU" v '1'1
[ WHAT NEXT? ]
" 1=CONTINUE 2=REPLOT WITH NEM YMAX

1!

1

U -
—z |_PICK PEAK ON SMOOTH PART OF RESPONSE ]
M 10 ° EAND TYPE ANY CHAR TO CONTINUE (NO RETURN) -
1 [ SEISMOMETER FREE PERIOD= .B896SEC .
c | SEISMOMETER DAMPING FACTOR=  .504 -
- SEISMOMETER DAMPING FACTOR= 665
S L RESPONSE AT THE FREE PERIOD=  1.81629€-@5 UOLTS,
£ MICRON/SEC. SEC
C  1o™* | ENTER ANY CHARACTER TO CONTINUE —
S - -
E - i
c -
19>
-
10 P —— " )
10 %2 Tl 10 10 10

FREQUENCY IH HERTZ

Figure 6.42. Amplitude response of the seismometer at station
SWB to ground acceleration.



SWE SWANSONS BLUFF  SEISMOMETER  PHASE  RESPONSE TO GROUND ACCEL .
230 SAMP.-SEC ID= 25 PLOT DRTE= 04 MAR 75 LEN=10.23S UPDATE= 12 SEP 75
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Figure 6.43. Phase response of the seismometer at station SWB
to ground acceleration.



WHAT HEXT?
J=1 NOISE
J=2 SYSTEM RESPOHSE ONLY
J=3 ELECTRONICS RESPONSE OMLY
J=4 SEISPOHETFR RESPONSE ONLY
J=5 SYSTEM. ELECTROMICS AHD SEIWETER RESPONSE
J=6 PICK NEW DATA TRRCE
‘Jt?' TERMINATE

[d]
END OF PROGRAM
FleFlLES CREATED ON DISK FILE “RESP"

“RESP" MADE COMMON
STCRE CHANGES TO SEISM. CONSTS. TRBLE? 1sYES 2uNO
*GIN EDIT -

Figure 6.44. Program terminated normally.



LOG, XC,8ILL., 7,100, 59000 . 883637, BAIKUN!
LOGIH CF-11 TTIY-192 038.53 55. ¥xBKYei J¥Cx11/15/75.
EILLA2A LOGGED IN. SESAME 2.3
O — SESAME
~LORD, CALSMO . WBS0URCE
LOAD COMPLETE., ENTERING ~EDIT
E$ - ~EDIT
DELETE, CXLGO, L IMKLST.
LISCOPY, JORAT . NPLGO-RR , HPLGO .
LIBCOPY . JORAT . TXLGO-RR, TXL.GO .
LIBCOPY , WBSOURCE , RESF/RR, RESF .
LIBCOPY , NBSOURCE , SMLGO-RR, SMLGOC .
LINKL=LINKLST, FoSMLGO . FoNiLGO , FeTXLGD, BeCXLGO .
SFL{ 35804 )
CXLGO, TAFETTY. TAPETTY .
~EDIT

{ NN I

i iti s i i loading
Figure 7.1. Initial sequence of commands: logging onto the C machine, 1o g
prggram CALSMO from data call library WBSQURCE, listing CALSMO and executing via
+RUN.



1?NTER FILE NO OF SYSTEM RESPONSE

Igﬁg BOGGS MTN SYSTEM RESPONSE AMP IN COUNTSMIC PHASE IN RAl
200 SAMP/SEC ID= 2 PLOT DATE= 3 OCT 75 LEN= 7.00S UPDATE= 12 SEP 73

sENTER???IFMFILE ANY OTHER CHAR IF 0K

Figure 7.2. Interactively entering file number on local file RESP of system
response and verifying the entry after examining the identification tex (arrays
LTITL and LTITLZ) from the file.
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Figure 7.3. System amplitude response for station BGG. The user
has selected, via the cursor, the point on the response where
noticeable jitter begins.
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Figure 7.4. Pseudo-system amplitude response for station BGG.
Empirical response for frequencies less than 3.26 Hz; theoretical
seismometer response for frequencies greater than 3.26 Hz.
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Figure 7.5. System phase response for’seismographig station BGG.
Superimposed textis the interactive dialogue by which the user
selects points on the response for interpolation.
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Figure 7.6. Smooth system phase response for station BGG.
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Figure 7.7. Electronics response is the second file of local file "RESP"; after
examining the titles from the second file, an "S" is entered to proceed.
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Figure 7.8. Empirical amplitude response of the electronics at
station BGG. Superimposed text is the interactive dialogue py
which the user selects points on the response for interpolation.
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Figure 7.9. Smooth electronics amplitude response obtained py
interpolation through the high frequency jitter of the empirical
electronics amplitude response (see figure 7.8).
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terminate execution or smooth another empirical system response on
file RESP.
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Figure C4. Seismograph constants from
the seismometer constants table for
stations in the Oroville net.
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Electronics response functions for stations
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Figure C6. OCAM seismogram (Z) for the M=1 10 Sept. 75
0T = 1216 GMT Oroville aftershock.
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Figure C7. A 4.435 second segment of the OCAIf seismogram (Z)
for the 10 Sept. 75 0T = 1216 GMT Oroville aftershock. A 10%
Hanning window has been applied to the end of the segment.
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Figure C8. Fourier amplitude spectrum for the signal shown in
Figure C7.
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Figure C9. Ground displacement spectrum at station OCAM for
the 10 Sept. 75 1216 GMT Oroville aftershock.
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Ficure: C10. Displacement trace correshonding to the
signai shown in figure C7. Linear ordinate scale
(+0.2 micron) vs. Tinea-~ abscissa sceie (0 to 4.43
seconds).
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Figure C11. Velocity trace corresponding to the signal shown
in Figure C7.
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Figure C12. Acceleration trace corresponding to the signal
shown in figure C7.



