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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 ADClTs 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 essence 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.



II 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 ejt aj., 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 ahd 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.



Ill 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 0(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)|e 1(^ ' where |T(f)| is the amplitude or modulus res­ 

ponse and (j>(f) the phase response of the system. If T(f) = a + ib, 

|T(f)| E [a2 + b2 ]^ and * E tan'V/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) - 

 r/f\. Equivalently the system impulse response I(t) may be obtained by 

Fourier transforming the transfer function; then the impulse response 

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 transf orm 1f( f ) of a time signal x(t) is defined to be:

= f <*,
xV)e"27rft 'dt%

where f is frequency in Hertz.

The inverse Fourier transform ̂ 1" 1 (t) is:



where S(f) = "3*[x(t)]. Writing S(f) = a + ib, the amplitude spectrum, IS(f)| , 

and the phase spectrum, <l>(f), are defined as above: 

|S(f)| = [a2 + b*]\ 

<i>(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 T.(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)/[T1 (f)-T2 (f).. -Tj^Jf )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 links, tape 

recorder, tape playback unit, discriminator, filters, and digitizer.

Each of these components is described by a transfer function, T-(f). Wej
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., T2 (f)...T (f). The transfer 

function of the seismometer, T2 (f), is then T(f)/[T2 (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
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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 G,-I, 

where G, 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 = G, -I. The step in force

is equivalent to a step in acceleration, a = £L_, where M is the seismometer
M

r, T p. t > 0
mass. Thus, a(t) = _L_ H(t), where H(t) =<h, t = 0 , is the Heaviside step

M (p, t < 0

function. The Fourier transform of a Heaviside function is

or J_i3Tr/2for f>0 (Bracewell, 1965). Thus, the input for the mass
2irf P , .

release transient is I M.R (f) = a(f) = bL L e 1^- , for f>0.
2irfM

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 
I (f > - E/ el3"/2Vs - E/W)

C. The output 0(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 s. where s, = S(o), 

S2 = S(At), ..., Sn = S(n-l)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 = 2 At = 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
0, t < 0 or t > T

length T. The boxcar function - , t = 0 or 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 sine (fT) = sin ^ ffl . It is a fundamental theorem of

10



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 sine (fT). The spectrum of the windowed transient at frequency f 

is thus a weighted average of the "actual" spectrum at frequencies near 

f . An examination of the weighting function, sine (fT), shows that most 

of the contribution to the spectrum at frequency f comes from the band 

fQ - */T jf. f _< fQ + Vr, since |sinc (fT) | is small for fT > 1. We say 

that the resolution of the spectrum is /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 sine 

function can cause "sidelobe contamination" at frequencies f from a large 

spectral peak at f , where |f - f I < t. 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 S,, 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

11



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
N of points. The particular FFT routine used here requires 2 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
N equals 2 . 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 

2 11 = 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 

/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

12



seismometer response is the ratio of the system response to the elec­ 

tronics response. The amplitude of the seismometer response is just
amplitude

the ratio of the system and electromcsvresponses, 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 TT radians branch. The continuous phase spectrum is reconstructed 

by removing the 2-n 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 viscous. Referring 

to the schematic representation of the seismometer shown in figure 3.3, 

the equation of motion can easily be shown to be:

z + 2j>nz + n2 z = -x,

where  £ = B/2/Kffi is the damping factor and n = /K/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:

$2 Z(s) - sz(o) - z(o) + 25nsZ(s) -2jaz(o) + fi2 Z(s) =

-s~X(s) - sx(o) - x(o) 

Rewriting, we have:

Z(s) =*jts).X(s) -*3l|l [z (o) - x(o)] - ^ [z(o) - x(o) + ZJte(o)] 

whereas) = -s 2/(s 2 + 2fns + fi2 ). For a steady state input, Z(s) =*j1s)-X(s)

13



Converting the Laplace transform to a Fourier transform in the usual 

way by letting s = iw, we have:

Since the voltage out of a coil -magnet transducer is v = Gz where G is 

the generator constant, we have

T(o») = GiV/fo2 + 2jniu -0,2)^

T(u)) 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 j = 1 (critical damping) and *f - .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 TACCE|_^ = T(o))/(io))2 

Normalizing the angular frequency w to the angular resonant frequency JV, 

we can write the seismometer amplitude response to ground acceleration as

and the seismometer phase response to ground acceleration as:

where u ' = w/ft.

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 | TArrF|U')| indicates that the accelera­ 

tion sensitivity is symmetric about and maximum at the seismometer resonant 

frequency. The response at low frequency (u> « ft) and high frequency 

U » ft) are proportional to & and aT 1 respectively. 

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

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

and low- frequency response asymptotes.
14



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 IUB and 111C, the inputs have the form of steps or Heaviside 

functions with Fourier transforms proportional to JLisTr/z- The system
0)

noise is "pseudo-white." (By pseudo-white, we mean 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 

l/o) 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).

15



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 (T=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.

16



IV CALIBRATION DATA

The series of computer programs described in this report are designed 

for interactive graphical 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 provide 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 V or 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 bit. 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 single event, it makes more difficult the digitization 

and reduction of calibration 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 j^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, little 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 1508 CPU should be 

allowed for each channel (i.e., seismograph!c station) to be analyzed.)

3. +LOAD, CALIB, JDRAT

4. +RUN

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, slightly 

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, at 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).
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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 calculated 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?

1 = CONTINUE 2 = REPLOT WITH Y MAX" 

or "WHAT NEXT?

1 = CONTINUE 2 = PLOT PHASE RESPONSE"

or

"OUTPUT 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. All 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 

coincidence 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 a "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 II1C 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 HIE 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 HIE 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 HID, 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 seismograph!c 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 >6 Hz).

The system amplitude and phase response for station SWB is shown in 

figures 6.36 and 6.37 respectively. Note 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 for this noisy signal.) Although the calibration signal is severely 

contaminated by noise, it is clear that a reliable 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 very 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 the "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 written on 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, 0(f), by using the definition 

of the response function T(f): i.e., I(f) = 0(f)/T(f). Letting

T(f) = |T(f)|e^ (f) , I(f) = |I(f)|e 1e(f) , and 0(f) = |0(f)|e^ (f) . 
|I(f)| = |0(f)|/|T(f)|, and e(f) = <j,(f) - 4>(f). I.E., I(f) =

|0(f)|/|T(f)|e1[* (f) " * (f)]. The ground motion I(t) is the^" 1 [I(f)] 
where &l 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 low 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 functions (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 library 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 t 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 local 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
II H

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 limit 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
i 

seismometer, proportional to u> , 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 smooth 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 response 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)) $ENDFILE81

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. Fl(NSUMA) = 36.43 Hz and 

Fl(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 HID); the voltage at the input to the preamplifier 

for gound acceleration is:

where G ff = G.R^/R ff is the effective generator constant, G, is the 

generator constant of the seismometer coil-magnet transducer, ft is the 

resonant frequency of the seismometer, u' = u/fl, and J* is the damping 

factor. Rn = SRA/(RA + S), Rgff = T + RC + R^ and S = s*Q + GL / 2MfiReff> 

where RA is the preamplifier input impedance, R~ is the coil resistance, 

T and S are the resistances in series and in parallel with the coil

respectively, $ is the open circuit damping, and M is the seismometer
G R mass (see Dratler, 1975). The maximum response, Ggff/2^= L 1V(2fi$o Reff

G 2 
+ L /M) occurs at u> = n.

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 fi = /R7M", 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
G 2 

seismometer constant. The term L /M in the denominator represents 3i so

that it is usually about 2+ times larger than the term 2a$ R ff . Thus, 

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

some 50%. Thereafter, the peak height decreases proportionately to 

decreases in G. . Decrease in G, with time is a measure of the degradation 

of the seismometer magnet.

43



APPENDIX fl. PROGRAM C

PROGRAM RAWDATCTAPETTY,TAPEi=TAPETTY,CONTROL,TAPE7»CGNTRCU
COMMON/JPLOT/XPLTU),IPLT(15»
COMMON/GET/NEJJ
DIMENSION R(8),IFETm
IPLT(15>=1
CALL FET(5LTAPEl,IFET,8)
IFET(2>=IFET(2>.OK*OUOO 0010 OUOO 0000 00008
IFET(8)sIFET(8).OR.<*OQO UOOO OUOO 0000 OOOQB
CALL FET(5LTAPEl,IFET,-8)
WRITE(1,10> $ CALL ENDfiEC(l)
FORMAT(*ENTER NAME OF CALIBRATION DATA COMMON FILE (FORMAT A7)»)
READ (1,11) IIIA
FORMAT(A7)
REWIND 7
WRITE (7,13)IIIA,IIIA 

13 FORMAT (*RETU*N,*,A7,*.*/*COMMGN,*,A7,*.M)
WRITE<7,15UIIA 

15 FORMAT(*FIN.*/*DELETE,LGGB.*/
MM i r ><i» i-iioifrt c - e.m r- n it *. J

10

11

**SFL(100000>*/*LGOS,*,A7,».*)
WRITE(7,18) 

18 FORMAT(*LlNK,F=PKLGOtF=NPLGO,F=TXLGO,BsPlKR.*/
**SFL(105000)*/*PIKk,TAP£TTY,TAPETTY,*/
*»LINK,F=SCLGO,F=TXLGO,8=SPLGO.*/
**SPLGOfTAPETTY,TAPETTY.*/
*«LINK,F-CFLGO,F=NPLGO,F=TXLGO,a=CTLGO.*/
**CTLGO, TAPETTY,TAPETTY..»)

WRITE(7,20> 
20 FORMAT(*CXIT.*/*TEXT,TAPETTY,[CXIT ERROR).«/*PTSS(E)*/

*»EXIT.*/*TEXT,TAPcTTY,tEXIT ERROR1.»/*PTSS(EM/*FIN.*/»PTSS(t)«/
**=XIT.*/*TEXT,TAPETTY,CCU LIMIT LIKELYJ.*/«PTS3<£)»/»ENO.») 

REWINU 7 
STOP 
END
SUBROUTINE GET(R) 
COMMON/JPLOT/XPLT(^*),IPLT(i51 
COMMON/GET/NE 
DIMENSION R(l) fL(8Q) 
LU=IPLF(l5) 

12 READ(LJ,9)L $

$ 1=1*1 $ IFCI 
IF(D.EQ.33)K=2 
IF(D.EQ.<»7)K=3

I=J=Nh=0 
»=0 $ M=F=1 
,GT.30)RETURN $ 0=L(I) $

IF(O.GE.27.A.O.LE.36IKsl
$ K=K*S

1
2 
3

9 
10 
11

N=N*lO*0-27

IF(P.NE.O>GOTO 10 $ 
IF(P.NE.O>F = 1Q .*»(!- 
FORMATC8QRD 
WRITE(LU,il)J $ GO 
FORMAT(*TWO OECIhAL 
END

i 
$ 
S

' = 1 $

GO TO (1,2,3,5,1,<»,3,4)K 
$ GO

S = <* 
k(J)  N/F»M

GO
GO
i

TO 5> 
TO 5 
TO 5 

GO TC

TO 12 
POINTS IN ENTRY*,15,*--RE-tNTER LINE»I



PKOG*A1 JNPACKC TAPE!»4fUPETTr .TAPE IsT A'Emr.TAPEb,
JAT? t 3AT6»UA JAT1 9 

6t 
rAPtL9=JAT9,TA :>t^=JATiU,?A5S,TAPt2i-PASS)

10

12

15

IS

20

30

COMMJ^/JPLOT/XPLTU)
COMMJ.M/ic.T/Nh
U1MENS1GN lFtT<a),ICHArt(li),NCHANUG),*(lultIARC 12000)
UAL. F£Tl5LTAPtl,IF£r,i)
IFtr(llsiFfcT(2)«0<.uuui) Q010 bOGO OOuU uj308
IFcF (8) =IFET (d) .Oi.^u&u uulO buUO 3Juu UJJG3
CALL F£U5LTAPtl,IF£r,-<i)
CALL Fcr(5LTAP£b,iF£T,d)

) =iFtT (2) .0<.u«uu JulU OuwC 30UU 
a) =IFtT(d) .0^.!»i)UU uUOU OudU OUuu
iT (5LrAPLb,IF£f,-a)

£MuR£C(l)
Or CHANNELS JI&ITiZ£3»)

MKIT£(1,1U) $ 
FORMAT (*tNTfc.K

Or S^ANi 10 
UALL itTk(t<J 
WKIT£(l,l5) * 
Fuk1<U{*t.Nr£,< CHANNEL vJUMdEKS OF SELECTED CHANNtLSt IN 
CALL .»£T*U) i, >i:> = N£

Do id 1=1, 1U 
NCHMM(I)=j 
UJ 1UO i = l

uu

\JQ

KLhlMJ i+(+ 
UALL RJTAPt

MLU 
3_< 
NLU

tNBEG ,

CALL

100 

I2u

CONTI>IJE 
21

(>4UHAM«) ,<=ltlO) CAL.

cl
STOP

12 KLAJ(LJ,9)L » 1=J=^£=0 
& J = J*1- » N = P = t>=U > MsFsi 
5 1=1^-1 £ lF(i.GT.t*u)RETJ*N £ (. < = <*

GO TJ
1 NsN*lO*J-27 $ GO TO 5
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2 Ms-1
3 IF(P. GOTO 10 $ -Ss<»

$ CO TO 5
$ GO TO 5

N£sNt»l | GO TD 6

10 HKlTK.JtlDJ
11 FUkMAFt'TWO u

10

SJ TJ l£
L JOINTS IN

NAsNST
IXd)

kc^lNO LJ

NA=Md*-l $ 1F(NM. L£. NiNU) GO TU 10
kEwI^J .J i
END
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PROGRAM PICK(TAPETTYr201,FILMs201«TAPEl=TAPETTY f OATl,UAT2«OAT3«
*OAT<»,OAT5,OAT6,OAT7 f UAT8,DAT9,DATiO«
*TAPE3i=DATl,TAPE32=OAT2,TAPE33=OAT3f
*TAPE3*»=DAT<*,TAP£35=OAT5,TAPE3e>=OATS,TAPt37rOAT7.TAPt3«*OATdf
*TAPE39=OAr9,TA?E<*0=OATlOf
*NOI,RLS,STP, PASS, TAPE 11= *OI,T APE 12=RLSt TAPE 13*STP« TAPE 20sPASSt
*PASSA,TAPE21=PASSA) 

COMMON/TVPOOL/TVPUL (8) 
COMMON/TVTUNL/ITUNt (30* 
COMMON/JPLOT/XLT,XRT,YLO,YUP,MAJX,MAJY,KX(2),KY(2) »LTITL (81 ,LU,

*LTF,LNLGX,LNLGY,NCLX,NCLY,LTITL2(»)
COMMON/PLS/PPPC8)
COMMON/GET/NE
DIMENSION IFET(8)tNCHAN(lU) ,R(8) ,X dOflUO) « IX (10000 > tMY ( 1000)
EQUIVALENCE(X(1) ,IX(iM
CALL F£T(5LTAPLi,IFET,8)
IFET(2)=IF£T(2) .OR. QOOQ 0010 OUOO 0000 OOOQB
IFET(8)=IFET(8) .OR.4000 0000 OOUO 0000 00008
CALL F£T(5LTAPEi,IFET,-8)
LU = 1 ( KFMT=bH(lbI5) $ LTITL2(i>=l
REWIND 20
REAOUJ ,103) (NCHAN(I),I=l,lO) 

103 FORMAT(1QI7)
REWIND 20

1 WkITE(i,3) S CALL ENOREC(l)
3 FORMAT (»ENT£R DIGITIZER CHANNEL FOR TRACE TO 8t DISPLAYED*) 
*» CALL GET (R) $ NCHL=IF1X (R(i ) )

LUDAT=NCHL+30
00 5 J=ltlO

5 IFCNCHAN(J) .EQ.NChDGO TC 7
WRITE (1,6) S CALL LNOREC(1> $ 30 TO <»

6 FORMAT(*CHANNEL NOT AMONG THOSE UNPACKED  PICK ANOTHER*)
7 WRITE(i,8) « CALL ENOREC(l)
8 FORMAT(*ENT£R DIGITIZER RATE IN SA1P/SLC*) 

CALLGET(R) $ Ni)IG=IFI X (Rd ) )
NDPPS-50 £ NTH=NOIG/NOFPS $ NTPT=lOOOO*NTH-lC 
MARLS=NOPP5/12 S MARAM=NOPPS/l7 
CALL BLKRD(LUUAT,IX,l,NTH,NTPT,5UQ) 
REWIND LUDAT $ NPL=NTPT/NTH 
DO 100 I=ltNPL 

100 X(I)=IX(I)
£NCODE(80,9,LTITL)NCHL

9 FORMAT {'RECORD OF DATA FROM DIGITIZER CHANNEL* , !3t<*5X)
MS=1000/NOPPS
ENCODE(20f 11,KX)MS 

11 FORMAT (*SAMPL£S AT*,I^,» MSEC *)
£NCOD£(l6,l,j,KY) 

13 FORMAT ('DIGITIZER OUTPUT*)
XLT=1 $ XRT=NPL i YLO=-20QU $ YUP=2000
MAJX=1Q $ MAJY=8 $ LNLGX=3 $ LNLGY=1

CALL PLOTStX.OUM.l.NPL) 
21 WRIT£(l,2J) S CALL ENDREC(l) 
23 FORMAT(/,l5X,» IS ID CODE PRESENT?* ,2X, * l*YESt 2=NO*)

CALL GET(R) $ JID = IFIX (R ( 1 ) )
IF( JIO.EQ.l) GO tO 25
WRlTEd,^^) $ CALL ENDKEC(l) 

2«t FORMAT(/15X,*ENTER STATION ID NUMBER*)
CALL G£T(R) $ IDP^IFIX (R (1 ) ) $ GO TO 29 

25 WRITE(1,27) $ CALL ENOfrLC(l)



Z7 FORMAT (/15X,*P1CK START CF 10 CODE*)
LOOK=3HX,Y
CALL TVFARE<LOOK,EX,WHY,Ki,K2)
NID = IFIXCEX)

29 HRITEli, 3D $ CALL ENCREC(l) 
31 FORMAT<l5X,*PICK START OF SYSTLM NOISE*)

CALL TVFARE(LOOK,LX,WHY,KliK2)
NOI=IFIX(EX)
IF(JIU.NE.l) GO TO 33
CALL IDCOOE(NDPPS,X,NID,10P)
WRITE (1,35) IDP £ CALL ENOREC(l) 

35 FORMAT U5X,*TRACE 10 IS *,I5)
WRITE<i,32> S CALL ENOREC(l)

32 FORMAT(15X,*ENTER. ANY CHAR TO CONTINUE*) 
CALL GET <R>

33 NSTA=NOI+2*NDPPS $ NENA= NST A*7*NOPPS 
AVER=Q. $ NATYrQ 
00 3b IA=NUI,NSTA 
NATY=NATY*l

36 AVtK=AVER+X(IA) 
AVER=AVER/NATY 
00 37 IB^NOI.NPL

37 XU3) = X(IB)-AVER
CALL MAXY(X,NSTA,NcNA,XMXl,NMXl)
NSKsNMXl $ NSTP=NBK-NOFPS S FX=XMXl/2
CALL FINDX(X, NBK,N3TP,FX,Xi,NXl)
NRLS=NXi-MARLS
NST8=NRLS*7*NDPPS $ N£N
CALL MftXY(X,NSTB,NENbtXMX2tNMX2>
NBK=NMX2 S NSTP=NBK-NOFPS $
CALL FINOX(X,NOK,NSTP,FX,X2,NX^>

NIN=NOI*NTH-NDIG $ NIP=NIN«-31)*NOIG 
CALL BLKRO(LUDATtIX*NIN,lfNIP«&OC)

00 335 I=1,NXXY 
335 X(I)=IX(I)

REWIND LUOAT
LN=NOIi-l $ LR=NRLS*NTH-NIN*1 $ LS=NSTEP*NTH-NIN»1
LNN=LN*NOIG+NDIG/2 $ LNR=LR*7*NOIG
LNS=LS«-l5*NDIG+NDIG/Z
ENCOOE(80»<*1.LTITL) IOP 

ki FORMAT ('RECORD OF SYSTEM NOISE FRO* STA. NO.*tI5.39X)
CALL TV/NEXT $ LTF=O
CALL WHAT(X,NUIG,LN,LHN>
ENCODE(80,^3.LTITL) IDP 

<»3 FORMAT (*RECORD OF SEISMOMETER RELEASE TEST FROM STA. NG.*,I5,27X)
CALL TVNEXT
CALL WHAT(X,NDIG,LRtLNR)
ENCOUt(80,^t5fLTITL) IDP 

<»5 FORMAT (*RECORD OF AMPLIFIER STLP TEST FROM STA. NO.*,IS.3£X)
CALL TVNEXT
CALL HHAT(X,SDIG,LS,t_NS)
NOO=LN5-LN*1
00 **7 J = 1,NDO 

k7 IX(J)=X(J)
MNOI=LNN-LN*1 $ MKLS=LNR-LR + 1 $ MSTP=LNS-LS*-1
CALL SCRlB(IX,LNtLNN,lb,KFMT,ll)
REWIND 11
CALL SCRl8<IX,LRtLNRtl6tKFMT,i*)
REWIND 12
CALL SCRIB(IX,LS,LNS,16,KFMT,U)



REWIND 13
REMIND 21
WRITfc(21,<»9)IOP,NUlG,MNOI,MRLS,MSTP 

<»9 FORMAT (1017)
CALL ENOREC(21) * REWIND 21 

50 STOP
ENO
SUBROUTINE WHAT(X,NOIG,NBG,NNO)
COMMON/ JPLOT/XLT ,X*T, YLO, YUP,MA JX, 1AJY,KX(2 > t KY (2» »LTITL(8>,LU

*,LTF,LNLGX,LNLGY,NCLX,NCLY 
DIMENSION X(D ,R(8)
WRITE(1,10)LTITL j CALL ENORtClD 

1U FORMAT(8A1Q)
11 IF(LTF.ECM)WRITE<1,12) '

WRITE(lfl3> * CALL ENUREC(l)
12 FORMAT(/////)
13 FORMATC15X, *l=PLCT ALL» 2=PLOT START, 3 aCHANGE,*

*/» 15X,*<«=CONTINUE*) 
CALL GET(R) $ N=IFIX(R(O) 
NX=lOOO/NOIG $ ENCODt(20»l5,KX)N<

11 

t GO TO U

15

20
30
kQ
<*5

<*7
<*8

FORMAT(* SAMPLES AT *,I3»* MSEC*) 
LNLGX=3
IF (N.EQ.D GO TO 20 $IF (N.EQ.*) GO TO 30
IF (N.EQ.3) GO TO <*0 $IF (N.EQ.n) 30 TO 50
CALL PLOTS(X,OUM,N3G,NND) $ ITF=1 $ GO
NN=NBG+100 $ CALL PLOTS (X ,DUM   NQG,NN) $
WRITE(1,<*?) i CALL ENDfiEC(l)
FORMAT (15X,*NEW START POINT*)
CALL PJTIN(NBG)
HRITtd,H3) $ CALL ENUfiEC(l)
FORMAT(l5X,*NEk END POINT*)
CALL PJTIN(NNO)
LTF=Q I GO TO 11

$GO TO
TO 11

LTF = l

50 LTF=Q $ RETURN
ENO
SUBROUTINE PUTIN(N)
DIMENSION R(10>

5 WRITE(1,10) $ CALL ENDREC(l) 
10 FORMAr(l5X,*CHOOSE- 1=CURSOR, 2=ENTER 3=NO CHANGE*)

CALL GET(R) J M=IFIX(Rll»
IF (M.fcQ.l) GO TO 20 $IF (M.tQ.2) 30 TO 30
IF (M.EQ.3) RETURN iGO TO 5 

20 LOOK=3nX,Y $ CALL T VFA Fu (LOOK , X f Y , K1,K2)
N=IFIX(X) $ RETURN

30 HRITL(1,<*0) $ CALL ENU^EC(l) * CALL GET(K) 
t»0 FORMAT (*ENT£R SUBSCRIPT NUMBER*)

N=IFIX(R(D) ,$ RETURN
ENO
SUBROUTINE MAXY (A, NST ,NEN, A MX, N MX)
DIMENSION A(l)
AHX=ABS(A(NST ))
00 50 I=NST,NEN
IF(ABS(A(I) ) .Lt.ABS (AMXI) GO TO 5Q
AMX=A(I) $ NMX=I 

50 CONTINUE
RETURN
tNO
SUBROUTINE FINOX (A, NST, NEN,X, AX ,NX)
DIMENSION A(l)
OX=AUS(A(NST)-X) $ L=l $ IF(NEN. LT.NST) L=-l * I=NST*1 

1U I-IH. $ IF(I.EQ.NEN) GC TO 5U
OOX=ABS(A(I)-X)



IF(OOX.GT.DX) GO TO 10 
OX=ObX $ AX=A(I) { NX=I 
GO TO 10 

50 RETURN 
END
SUBROUTINE IDCOOE(NDlG»X,N8EG,10) 
COMMON/PLS/NLHtKLOtNLO t NHL,KHI,NHIfLTHRtMAR 
DIMENSION X(i),R(d) ,IDO( 12)
LTHR=i50 $ NSEP=500 $ MAR=NOIG/20 * NPLS=10 
NSTsNBiG $ NLN=NST+3*NDIG/2 
NWMlN=NOIG/5 $ NMMAX-NCIG/J 
DO 100 I=liNPLS 
CALL PJLSEtNST,NEN,X,LERR) 
IF<NLO.LT.MAR)LERR=i 
IF(NHI.LT.MAR)LERK=1 
NW=NHL-NLH
IF(NW.LT.NWMiN)LERRM 
IF<NW.ST.NWMAX)L£RR=1 
IF(LtLRR.EQ.Q) GO TO 30

21 WRITE(l,22)I $ CALL ENGREC(l) I CALL GET(R) 
NF=IFIX(R(D) SIF (NF.EQ.l) GO TO £<* 
IF (NF.EQ.2) GO TO 31 JGO TO 21

22 FORMAT(l5X,*IO CODE BAD AT PULSE *tl2«/* WHAT NOW?
* l^STOP, 2=CONTINUE») 

2k STOP
30 KD=KHI-KLO $ IOO(I)=0

IF(KO.aT.NSEP)IOO{I)=l
NST=NHL+2*MAR $ N£N=NST+NDIG/2 

100 NWMlN=NOIG/7
10=0
00 110 J=1,NPLS 

110 ID=IO+IDO(J)*2**(J-D
RETURN

31 WRITE (1,32) SCALL ENDREC(l)
32 FORMAT!* ENTER IU COUE NO. OBTAINED BY INSPLCT10N*)

CALL GET(R) $IO=IFIX(R(1))
RtTURN
ENU
SUBROUTINE PULSE(NST,NENC,X,LERR)
COMMON/PLS/NLH,KuO,NLO,NHL«KHl.NHI«LTHR,MAR
DIMENSION X(l)
NB=NST*1 $ N=l $ MB=IFIX(X(NST))
LERR=MAV=NC=0
00 100 I=NBtN£NO
IF(LERR.EQ.DRETURN
MA=M8 $ MBsIFIXX(I)) $ MO=MB-1A $ MAD=IABS(MQ)
GO TO (<«0, 50, 60t ?0t 8{)) »N 

M IF(MAO.GT.LTHR) GO TO <»$
MAV/sMAV*MB $ NC=NC*-1 S GO TO 100 

<*5 IF(NC.cT.MAR)LERR=l
IFCMS..T.MA)GO TO <»7
N=2 $ NLH=I $ KLO=MAV/NC i NLO=NC $ MAV=NC=0
GO TO lOO

k7 MAV=NC=0 $ GO TO 100 
50 IF(MAO.LT.LTHR) GU TO 55

MAtf=NC=0 $ GO TO 1UO 
'55 MA\/=MA\/*-MB i NC=NC*1

IF(NC.GE.MAR)N=3 J GO TO 100 
60 IF(MAU.GT.LTHR) GO TO 65

MAV=MAV+MB $ NC=NC+1
GO TO 100 

65 IF(MB..LT.MA)GO TO 67



LERR=1 
67 N=<» $ NHL = I $ KHI=MAV/NC $ NHl=NC $ MAV=NC=0

GO TO i 00 
70 IF(MAQ.GT.LTHR)GO TO 100

MAV=MAV+M3 $ NC=NC+1 $IF (NC.GE.HAR) N=5 $ GO TO 100 
80 IF( IKHI-MAV/NC) .LT. LTHR) LERRs l

RETURN 
100 CONTINUE

LERR=1 $ RETURN
END
SUBROUTINE DECRO (A, LUNIT ,K FMT , NST, NTH , NEN, NPPR)
DIMENSION A(1)»KFMT(1),IOUM(20)
NRECsl $ N=Q
REMIND LUNIT
00 ICO I=MST,NEN,NTH
IREC=(i-D/NPPR*l $ NSKP=IREC-NREC $ N = N+l
IF(NSKP)30»20,10 

10 DO 12 J=1,NSKP 
18 READ(LJNIT,KFMT)

IF(EOF, LUNIT) I5flfl5 
15 NREC=IkEC 

<20 REAO(LJNIT,KFMT) (lOUM(L) iL=liNPPR)
IF(EOF, LUNIT) I50f25 

85 NREC=NREC*l 
30 K=I-(1REC-D*NPPR 

100 A(N)=IDUM(K) 
125 REWIND LUNIT i RETURN 
150 NEN=I-NTH 2 GO TO 125

END
SUBROUTINE SCRiB (IA ,NST tNEN, NPPR,KFMT ,LU>
DIMENSION IA(D ,KFMT(D
NA=NST $ Nr (NEN-NST)XNPPR $ NEX=Ufc.N-NST+l-N*NPPK
DO 10 1=1, N
NB=NA+NPPR-l
WRITE (.U.KFMr ) (IA(L) ,L=NA,MB) $ CALL ENDRLC(LU) 

10 NA=NA+NPPR

WRITE (.LU, KFMT) (IA(M), M=NA,NB) $ CALL ENDRtC (LU)
END FILE LU $ RETURN
END
SUBROUTINE BLKRO (LU tlX , NST.NTH, NEN, NBLK)
DIMENSION IX(1) ,IX3LK(5QQ)
KBLK=1 $ N=0
REWIND LU
DO 100 I^NST,NEN,NTH
IBLKsCI-D/NBLK + i $ NSKP=IBLK-KBL< $
IF(NSKP) J0,2fl»10 

10 DO 12 JJ=1»NSKP 
12 REAO(LJ )(IXBL< (L)»L = 1,NBLK)

IF(EOF,LU) 150,15 
15 KOLK^IflLK 
2G READ(LJ) (I X8LK (L ) ,L= 1 ,NBLK)

IF (EOF,LU)l5fl,25 
25 KULK=K3LK*1 
30 K = I-(IBLK-D*N8LK 

100 IX(N)=IXBLK(K) 
1^5 REWIND LU $ RETURN 
150 NEN=I-NTH $ GO TO 125

END
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PROGRAM SEISCCN(TAPETTY=201,FILM=201,TAPE1=TAPETTY,PASSA, 
MAPE3=PASSA f PASSB,TAPE5sPASSB,COhSTS,TAPE6=CONSTS)

COMMON/GET/NE,LU
DIMENSION IFET(8),CS£IS(10),CPASS(10),NA(8)
LU-1
CALL FET<5LTAPEi,IFET,d)
IFET{2)=IFET(2).CR.OQOO 0010 0000 0000 OOOOB
IFET(6) = IFET(8) ,CR.**000 0000 0000 0000 00008
CALL FET(5LTAPEl,IFET,-8)
REWIND 3
READ(3,10)10, NOIG,N1,N2,N3 

10 FORMAT(10I7)
REMIND 3
CALL OSKCON(1C,CSEIS,KD,NA,1)
LA=0
CALL TVNEXT
CALL PRINTC{CSEIS,IO,KO,NA)
CALL CHGC(CSEIS,KD,NA,LA)
IF(LA.EQ.O)GC TO 20
CALL TVNEXT $ CALL PRINTC(CSEIS,IO,KO»NAI 

20 CALL CALC(CSEIS,CPASS)
CALL PRINTO(CFASS,IO,KO,NA)
REWIND 5
WRITE(5,60)(CPASS(I),1=1,10),(NA(I),1=1,2),KO 

60 FORMAT(5F1Q.5,/,5F10.5,/,3A10)
CALL ENOREC(5)
CALL DSKCON(IC,CSEIS,KO,NA,2>
REMIND 5
CALL TVNEXT
STOP
END
SUBROUTINE PRINTC(CSEIS,ID,KO,NA)
DIMENSION CSEIS(l),NA(1),K(3)
K(1) = 3HC<* $ K(2) = 3HC<*8 $ K(3) = 3HC5
MRITE(1,30) CNA(I),I=1,2) ,ID,NA(^*) $ CALL ENOREC(l) 

30 FORMAT(*NfcTWCRK STA.*,2X,2A10,2X ,*ID NO.*,I5,2X
*»IKSTALLEO *,A10)
HRITE(1,^0)KO $ CALL ENOREC(l) 

t*Q FORMATCSEISHCMETER CONSTANTS LAST UPDATED* ,2X ,AID)
M=IFIX(CSEIS) $ KKsK(M)
WRITE (1,50) $ CALL ENORECU) 

50 FORMAT(/*NO.*,3X,*PARAMETER*,12X,*SYMBOL*,7X,*VALUE*,
*10X,*UNITS»)
WRITE(l,oO)KK,(CSEIS(I),1=1,10),NA(3) 

60 FORMAT(/*1 TYPE OF CALIBRATOR*,8X , A3,7X,F8. *»,7X, *   */
**2 MASS*,22X,*M*,9X,F8.<t,7X,*KG*/*3 SEIS. MOTOR CONSTANT*,
*6X,*GL*,8X,F8.'*,7X,*NT/AMP*/*<» FREE PERIOD* , 15X ,*TO* f 8X,F8.«» f
*7X,*SEC*/*5 OPEN-CIRCUIT DAMPING* ,6X,*BETAO *, 5X ,F8 .<», 7X,
**NO UNlTS*/*6 SEIS. COIL RESISTANCE*,5X,*RC* ,8X ,F8 .<»,7X,
**KILOHM*/*7 SERIES PAD RESISTANCE* ,5X , *T* ,9X ,Ffl. <», 7X,*KILOHM*/
**8 SHUNT PAD RESISTANCE*,6X,*S*,9X,F8.4,7X,*KILGHM*/
**9 ATTENUATOR SETTING*,8X,»A*,9X,F8 .k ,7X,*DB*/
**10 NOMINAL PREAMP GAIN*,7X, *G*,9X ,F8«**,7X , *D3*/
**11 SEISMOMETER SERIAL NO.*,«»X , *SNO* ,10X,I5, 7X, *    )
HR1TE(1,70) S CALL ENDREC(l) 

70 FORMAT(/*ENTER ANY CHAR TO CONTINUE*)
REAU(1,35)KX 

35 FORMAT(A10)
RETURN
END
SUBROUTINE CHGC (CSEIS,KD,NA,LA)
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DIMENSION CSEIS(l) ,NA(1) .R(10)
LA=0

1 MRITE(ltlO-) $ CALL ENOREC(l) 
10 FORMAT (*ALTER TABLE OF SEISMOMETER CONSTANTS? 1=YES. 2=NO»)

CALL GETR(R) $ L=IFIX(R(1M
IF(L.EQ.2)RETURN

15 WRITE(1,20) 2 CALL ENDREC(l) 
20 FORMAT (*TO CHANGE STATION NAME OR INSTALLATION DATE* ENTER 12*/

  TO CHANGE TYPE OF CALIBRATOR, ENTER I*/
»*TO CHANGE OTHER PARAMETER* ENTER NUMBER OF PARAMETER,*/
  FOLLOWED BY VALUE, IN UNITS SHOWN IN TABLE*/ 
»*TO END CHANGES, ENTER 0*) 

30 IF(LA.EQ.O)GO TO <*0 
33 WRITE (1,35) $ CALL ENQRECtl)
35 FORMAT (*ElsTEfi NUfBER, THEN VALUE, OF PARAMETER, OR 0 TO STOP*) 
<*0 CALL GETR(R) $ M=IFIX(R(1M

IF(M.NE.G) GC TO <»3 $ IF (LA.NE.O ) WHEN=OATE (KD) $ RETURN 
<»3 IF(M.GE.O.A.M.LE.12)GO TO 50

WRITE (1,45) $ CALL ENOREC(l) $ 60 TO 33 
<»5 FORMAT (*NUM8ER TCO LARGE   TRY AGAIN*) 
50 IF(M.NE.12)GC TO 60

WRIT£(1, 55) (NA(I), 1=1,2) ,NA(<») $ CALL ENOREC(l) 
55 FORMAT(*STATICN*,2X,2A10,*INSTALLED*,2X,A10/» ENTER NEW NAME, 20

  CHAR OR LESS*) 
READ(1,57) (NA(I), 1=1,2)

57 FORMAT (2A10)
WRITE (1,58) SCALL ENDREC(l)

58 FORMAT (* ENTER NEW INSTALLATION DATE*) 
READ (1,*><3) NA«t) $LA=LA+1 SGO TO 33

59 FORMAT (A10)
60 IF(M.NE.1)GO TO 70

WRITE(1,65) $ CALL ENDREC(l)
CALL GtTR(R) $ CSEIS ( 1 )=R (1 ) $ LA=LA*1 $ GO TO 33 

65 FOkMAT(*ENTEF NEK TYPE OF CALIBRATOR, 1=C<*, 2=C<*B, 3*C5»)
70 IF (M.NE.ll) GO TO 71

NA(3)=R(2) $LA=LA+1 SGO TO 33
71 CSEIS(M)=R(2) $ LA=LA>1 $ GO TO 33

ENU
SUBROUTINE CALC (CSEIS,CPASS )
DIMENSION CSEIS(l) ,CPASS(1) ,R(7) ,R^» C 7) ,R<»B C 7) ,R5 <7) ,A (9)
DIMENSION A4 (9) ,A<*B(9) ,A5(9)
DATA (KUI) ,I-1,7)/S.6,180.,5.6,«15,3*0./
DATA (R4B(I) ,I=l,7)/1.21,91.,5.6,.15,9*0,l.l,.86e/
DATA (R5(I) ,I=i,7)/. 598,20. ,5.36,0. 075,9. 31 ,. 665 ,. 562/
DATA (A<*(I),I-1,9)/0.,0.,Q.,180.,56Q.,131)0.,3000.,5600.,10000./
DATA (A<»B(I) ,I = l,9)/0.,0.,0.,91.3,2dQ.,b49. ,1^13. ,3000., 5900. /
DATA (A5(I) , Is 1,9) /O.,0.,0., 22. 6,68. 1,158., 340., 705.,1«*30./
XM=CSEIS(2) $ G=CSEIS(3) $ TO=CSEISCt)
RC=CSEIS(6) $ UCSEISm $ S=CSE1S(8)
NAs9-IFlX(CSEIS(9))/6 $ RA=10.0 $ V-l. 3<»
M = IFIX(CSEIS(D)
2S=S*(T*RC)/(S+T+RC)
GEFF=G*S*RA/(RA*S+<RA*S)*(T*RC>)
GO TO (10, 50, 100), M 

10 DO 12 1=1,7
12 RCI)=R<»(I) 

DO 13 1=1,9
13 A(I) = A<+(I) 

ARLS=0.1 
ZSN=S*(R(1)+T)/(S+R(1)+T)

 *RC*(R(2)*R(3)+R(<»)))
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RPsRA*(S+T)+S*T

E=E*1000.
GO TO 200

50 00 52 1=1,7
52 R(I)sRJ»B(I) 

00 53 1=1,9
53 A(I)=A<»B(I)

GO TO 150 
100 DO 102 1=1,7
102 R(I)=R5U)

00 103 1=1,9
103 A(I)-A5(I)
150 ARLS=RA*R(6)/(RA*R(6)+R(5)*(RA+RC6)))

ZSN=S*M1)/(S+R<1))
XI-VMR(3)+R(<»))/(RCMR(3)+RUM*(RC*R(3)+R«»»*(A(NA)+R(2M>
XI=XI*1000.
EsV»RA*R(<»)/({RA4R(7)+R«»»MA(NA)+RC2)+R{3))+R(<i)MRA«RC7M)
E=E*10QO. 

200 ARLS=20.*ALOG10(ARLS)
CPASS(1)=XM $ CPASS(2)=G $ CPASSJ3)=TO S CPASSCt)=ZS
CPASS(5)-ZSN $ CFASS(6)=ARLS $ GRASS ( 7) =CSE IS (9 )
CPASS<6)-XI $ CPASSC9J-E $ CPASS I 10 )=GEFF
RETURN
END
SUBROUTINE PfilNTC (CPASS , IO*KD ,NA )
DIMENSION CPflSS(l) ,NA(1>
HRIT£(i,30) (NMI),I=1,2),IO SCALL ENOREC(l) 

30 FORMAT (/*NETUORK STATION*, 2X,2A10,» ID NUMBER*, 15)
NRITE(1,<*0)KD $ CALL ENOREC(l) 

kQ FORMAT (//'PARAMETERS CALCULATED FROM CONSTANTS OF*,2X,A10)
HRITE(1,50)CFASS(10),CPASS<6),CPASS(9),CPASS(9) % CALL ENOREC(l) 

50 FORMAT </&X,*FARAf,ET£K*,12X, SYMBOL*, 8X, *VALUE»,10X,
**UNITS*//*£FF£CTIVE MOTOR CONSTANT*, 6X, »o£* ,7X,F9»<* , 7X,
**VOLT/M/SEC*/*RELEASE TEST ATTENUATION* ,6X, »ARLS», 5X ,F9,U, 7X ,
**OB*/*SEISMOFETEfi TEST CURRENT*, 6X, *I», 8X,F9.<», 7X,*MICROAMP»/
**AMPLIFIER STEP VOLTAGE* ,«X , *E»,8X, F9.<» ,7X , *MILL I VCLT*/ )
WRITE(1,60) $ CALL ENDSEC(l) 

60 FORMAT (»ENTER ANY CHAR TO CONTINUE*)
REAO(1,70)NXYP 

70 FORMAT (AID)
RETURN
END
SUBROUTINE GETR(R)
COMMON/GtT/NE,LU
DIMENSION R(1),L(80) 

12 READ(LU,9)L t I=J=N£=0 
6 J=J*1 I N=P=S=0 $ M=F=1 
5 1=1 + 1 $ IF(I.GT.80)RETURN $ 0=L(I) % K=<f

IF(D.EQ.38)K=2 t IF ( Q. GE. 27.A. 0. LE. 36 )K= 1
IF(O.EU.47)K=3 $ K=K+S $ GO TO (1,2,3,5,1 ,*»,3, *») K

1 N=N*10+D-27 $ S=k t GO TO 5
2 M=~l . $ S=<» S GO TO 5
3 IF(P.NE.O)GOTO 10 $ P= I $ S=4 $ GO TO 5
<» IF(P.NE.O)F=10.**(I-P-1) $ R(J)=N/F*M $ NE=NE*1 $ GO TO 6
9 FORMAT (80R1)

10 NRITE(LU,11)J $ GO TO 12
11 FORMAT (»TWO DECIMAL POINTS IN ENTRY*, 15,*   RE-ENTER LINE*) 

END
SUBROUTINE DSKCOh (ID,C,KO,NA,NREKRI ) 
DIMENSION C(l),NA(l),X<<t,10),NX(<»,5) 
NSEC=(ID-l)/<i $ K=ID-<»*NSEC $ KSEC^NSEO^OOOOOB
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CALL RNOMIO(6,KSEC)
IF(NREHRI.EQ.1)GC TO 50
NX(K,1)=KO $ NX(K,2)=NA(1) $ NX <K,3)=NA (2>
NX(K,<+)=NA(3) $NX(K,5) = NA(^>
00 10 1=1,10 

10 X(K,I)=C(I)
WRITE(6)((X(I,J),J=1,10), <NX(I,L),L=i,5),I = l,<«
CALL RECALL (6) $ GO TO 200 

50 READ(6) «X (I,J),J=1,10>, <NXtI,L) ,L=1,5) ,!=!,<»)
00 60 1=1,10 

60 C(I)=X(K,I)
KO=NX(K,1) $ NA(1)=NX(K,2) $ NA(2)=NX(K,3)
NA(3) = NX(K,^*) $NA(^) = MX (K,5) 

200 CALL RNOMIO(6,0) $ REMIND 6 $ RETURN
END
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PROGRA1 CALT£M(TAP£TTY=201»FILM=2Q1«
*TAPEls:TAPEm,RLS,$TP,PASSA f NOi,TAP£d = NGI,
*TAPE7:=TAPETTr ,TAR£5sRLS,TAPE2G = PASSA t
*TAP£6 = STP,CONTROL,.f APE77sCON.T.ROLYPASSB»
*TAPE78=PASSB»RESP, T AP£ 7 9= RE S P , N RE SP.t T AP £8 0 = N RE S P ) 

COMMON 0(211301 
COMMON/TVPOOL/TVPUL (8) 
COMMON/TVTUNE/ITUNt (3Ql 
COMMON /JPLOT/ XLT, XRT , YLO, YUP» MAjX , MAjY ,KX (2) ,KY ( 2> t

*LTITL(8) ,LU,LTF,LNLGX,LNLGY,NCLX,NCLY,LTITL2(8) 
DIMENSION AMP (2100) » PHASE (2100) » TEMP (2 100) »TZ ( 2100) » TY ( 21UO ) 
DIMENSION R(lO) |M-(i600) ,CONS<lO) ,IF£T ( 8 ) ,ST OK 200 ) » ST02( 20U) 
EQUIVALENCE (D(D,M(1)) 
COMMON /TITLE/ IO(d),PI 
CALL F£T (5LTAPEltIFET,8) 
IF£T(2) =IFET(2> .OR. OQOO QQ1Q 
IFET(8) = IFET(8 ). OK. i*000 0000 
CALL FiT(5LTAP£i,IFET,-8) 
CALL F£T(5LTAPE7,IFETta> 
IFET(2) = IFET(2 ) .OR. QOOO 0010 0000

0000

QUOO 
OUUQ

0000
0000

ODUOB 
OOOUB

0000
0000

00000
00006

8 iREWlNO 78

IFET(8)=IFET(8) .OK.^000 0000
CALL FiT(5LTAPE7,lFLT,-8)
REWIND 5 $ REWIND 0 $ REWIND 20 5REWINU
READ (20 tl) ICODE,NUlGtNNOISt,NMF.ELtNSTEP
REWIND 20 

i FORMAT (1017)
READ (78,106) (CONS (I ) ,1= 1, 10 ) , ( ID( IU) , IU = i , 2) , II T T 

106 FORMAT(5Fi0.5,/,5Fio.5,/ f<5Alo)
REWIND 78

CONS(1>=SEISMOMETER MASS IN KGM
CONS(2)=SEISMOMETER MOTOR CONSTANT G ( VOL TS/M/SEC ) 
CONS(3»=SEISMCMETER FREC PERIOD (SEC)
CONS(<«) = AMPLIFIER EQUIVALENT SOURCE 1MPE3 ANCt (K-CHMS) DURING 
CONS(5)=AMPLIFIER EQUIVALtNT SOURCE IMPtUANCE CUKING NOISE S 
CON3(6)=ATTENUATION RATIO (OB) DURING PASS RELLASL 
CONS(7)=ACTUAL ATTENUATOR SETTING ( DB ) 
CONS(8)=CURR£NT (MICRO AMPS) FCR MASS RELEASE 
CONS(9UAMPLIFI£R STEP VOLTAGE (MILLIVOLTS) 
CONS (10>=

CONS (6) =10 .**(CONS(6)/2Q.)
READ (80,923) JQEO
IF (tOF,80) 66t67

66 JQEO=0
67 LU=l

OIGFACT=2- 5/20^7.
C.. 2.5 VOLTS =20^*7 COUNTS ON DIGITIZER 

PI=3. 1^*15920535898 
TWOPI=?.*PI 
FREQl=G.l

OPcR

LTITLd )=ID(D 
LTITL(2)-IO(2)

86

ENCODE(i*0,2,LTITL2( D ) NUIG»
FORMAT(I3»* SAMP/SEC I0=*,l3»*
SAMPiNT=l./NDIG
FR£Q2=.5/SAMPINT
WRITE (1»6) $CALL ENDREC(l)
WRITE (l»2b) $CALL ENDRECd)
WRITE (1,27) $CALL ENOK£C(D

,<0 
PLOT OATE=*,A1Q)



6
26 
2?
28
29
31
32
33

30

WRITE (1,28) $CALL ENCREC(l)
WRITE (1,29) SCALL ENDREC(l)
WRITE (1,31) SCALL ENDREC(l)
WRITE (1,32) SCALL ENOKLC(l)
WRITE (1,33) SCALL ENOREC(l)
FORMAT(* WHAT NEXT?*)
FORMAT(* . J = l NOISE*)
FORMAT(* J=2 SYSTEM RESPONSE ONLY*)
FORMAT(* J=3 ELECTRONICS RESPONSE ONLY*)
FORMAT(* J=<» SEISMOMETER RESPONSE ONLY*)
FORMAT (* J=5 SYSTEM, ELECTRONIC.S ANO SEISMOMETER RESPONSE*)
FORMAT(* J=6 PICK NEW DATA TRACE*)
FORMAT(* J=7 TERMINATE*)

35
36
37
38
39

<*2

CALL G£T(R) 
JJPl=l

$JJP = IFlX(k(D)

IF (JJ 3 .EQ.D GO TO kQ $IF ( JJP. EQ.? ) GO TO 20
IF (JJ'.EQ.S) GO TO 10 *IF( JJP.EQ.4) GO TO 20
IF (JJP.EU.5) GO TO 20 $IF ( JJP.EQ.o) GO TO 599
IF (JJ^.EQ.f) GO TO 600 *GO TO 66 

i+0 IF (NNOISE.LT.KOATA) MOA1A = NNOISE
READ (dt2^) (M(I),I=i,MOATA)
REWIND 8
XINPUT=CCNS(6)
KRAISE=0
GO TO 23 

10 MOATA=£Q<»8
IF (NSTEP.LT.MOATA) MOATA=NSTEP
READ (b,2<«) (M(I),I = l,MDATA)
REWIND 6
XINPUT=CONS(9)/1UOO.
KRAISE=1
GO TO 23 

20 IF (NMk'EL.LT.MDATA) MDATA = NMREL
READ (5,2<*) (M(I)tI = l,MOATA)
REWIND 5

23

XINPUT=CONS(2)*CONS(8)/CONS(D*CONS(&)
FORMAT(16I5)
CONTINJE
KKRAISEsKRAISE
WINDS=(MDATA-1 )*SAMP1NT
ENCODE ( 30, <*»LT IT L2(S» WINUS.I1TT
FORMAT(* LcN=*,F5.2,*S UPOATE=* , AlU , 1 X)
DO 30 I=ltMOATA

(1,27)

CALL TVNEXT
WRITE (ltl<*> (ID(IU) ,IU=1,2)
FORMAT(lX,8AiO)
GO TO (3**,35,36,37t38) JJP

(1,26) SCALL LNOREC(l) 
$CALL 
$CALL 
$CALL 
SCALL 
) WRITE 

WRITE
SPECTRUM OF 
SPECTRUM OF

SCALL ENDREC(l)

(1,29) 
(1,31)

WRITE
WRITE
WKITL
WRITt
WRITE
IF
IF (JJ31.EQ.2)
FORMAT (»
FORMAT(*
Al=0(l)
IF (JJP.NE.D
JJG=MOATA/10

$GO

$00

TO 
TO 
T3 
TO 39

ENOREC(l)
ENORLC(l)
ENOREC(l)
ENOREC(l) 

(lt<»l)
(1,<»2) $CALL ENOREC(l) 
MASS RELEASE TRANSIENT*) 
STEP TO ELECTRONICS TRANSIENT*)

GO TO



CALL W3WI(1,MDATA,JJG,JJC) 
CALL WBAV(1,MDATA,AD

45 CALL WBSA(1,MOATA,AD
IF (MOATA.EQ.256) tiO TO 47 
00 46 I31=1»MDATA

46 TEMP(I31)=D(I31)
47 CONTINUE 

NsMOATA 
NO I Ms ifl
CALL ENLARGE(NOIM,N, EXPAND) 
IF (EXPAND. GT.O .) N=LXPAKD*N 
ISIGN=-1 
IPRINT=-1
CALL FFT(N,SAMPINT,FREQi,FREQ2» OF, T,KltK2» AMP, PHASE tISIGN.IPRINTI 
IF (MDATA.EQ.256) GO TO 52 
00 51 132=1. MOATA

51 0(I32>=TEMP(I32)
52 CONTINJE

XFACT=i.
IF (KRAISE.NE.JI XFACT=OIGFACT
AMP(D = AMP(1>*T*XFACT
00 300 J=2«N3U«
AMP(J)=AMP(J)*T*XFACT 

300 TEMP<J)=T£MP<J-l)+OF
C.. FFT AMPLITUDES MULTIPLIED BY WINDOW ttNGTH T TO CORRLSPONO TO 
C.. DEFN OF FOURIER TRANSFORM (UNITS OF VOLT-Sc.C> AND uV OIGFACT 
C.. VOLTS/COJNT FACTOR)

IF (JJP.EQ. 1.0ft. MOATA.EQ.256) GO TO <*Q1
DO ^00 IL=1,NSUM

DO <»02 ILri,NSUH
AMP(IL)=AMP(IL)/XINPUT*(TEMP(IL)«PI*2.
IF UJP.EQ.i) GO TO 509
CALL F4SELIN(PHASE,NSUM,NY,NSUM)
IF (KRAISE.NE. j) GO TO
DO

439 CONTINUE
IF (MDATA.EQ..256) GO TO 
WRITE (lfV»l) JCALL tNDREC(l)
FORMAT (1X,*USE TRANSIENT DERIVATIVE FOR HIGH FREU RESPONSE?* 
,/t* ENTER 1=YES 2=NO») 
CALL G£T(R) $IF (R(l).EQ.2.) uO TO 466 
WRITE lii«*<*2) JCALL END*EC(D
FORMAT (IX, *ENTER MINIMUM FkEQ(HZ) FOR RESPONSE FROM DERIVATIVE* 

*t/,» (5 HZ IS THE NORMAL MINIMUM)*) 
CALL G£T<R)
NJOIN = R(D/OF $IF (NJOIN.GT.200) NJOIN=200 
00 i*Y(i IjJ = l,NJOIN 
STOKI33)=AMP(I33>

MOATA=a57
CALL NJMOERV (MOATA, SAMPINT) 
KKKAIS£=KRAISE-1
RES=1./(FLOAT(MDATA-1)*SAMPINT) 
WRITE <lt<»75) T£KP(NJOIN),RES SCALL ENCREC(l) 
FORMAT (IX, *RESPONSt FOR FREQ >*,F3. 1»* FROM DERIVATIVE* 

**. RESOLUTIONS*, F5.2»*HZ»)
GO TO 43 

481 CONTINJE



IF (PHASL(3).LE.TWOHI) GO TO 484 
DO 482 IY=1,NSUM 

482 PHASE (IY) = PHASE(IY)-TWOPI
484 CONTINUE

00 485 134=1,NJOIN 
AMP(I34)=STOKI34)

485 PHASEU34)=ST02<I34)
I341=NJOIN+1
PHA SEOI = A8 S (PHASE (134D -PHASE (N JOIN))
IF (PHASEOI.LT.PI) GO TO 487
00 488 JQ=I341,NSUM 

488 PHASE(JQ) = PHAS£(JQ) +TWOPI 
487 CONTINUE 
486 CONTINJE

IF <JJ=>.EQ.2.0K.JJP.EQ.,J) GO TO $09
IF (JJP1.EQ.2) GO TO 502
00 501 IL=ltNSUM
TY(IL)=PHAS£{IL)

501 TZ(IL)=AMP(IL)
502 CONTINJE

IF (JJPl.EQ.D GO TO 50<» 
00 503 IL=1,NSUM 
TY(IL)=TY(IL)-PHASE(1L)

503 T2(IL)=T2(IL)/AMP(IL) 
5fl<» CONTINJE 
509 CONTINJE

WRITE (1,15) SCALL ENOKEC(l)
15 FORMAT(* ENTER ANY CHAR TO CONTINUE*) 

READ (1,16) KJZX
16 FORMAT(Alfl)

IF (JJP.EQ.4) GO TO 58fl
CALL PLOTIT(AMP,PHAS£,TEMP,NSUMtJJPtJjPltJQ£0) 
CALL TVNtXT
IF (JJP.EQ.l.OK.JJP.t.Q.2*OK.JJP.EQ.3) GO TO 86 

580 CONTINJE
JJPlrJJPl+1
IF (JJPi.EQ.2) GO TO 10
00 582 I=ltNSUM

582 TZ(I)=TZ(I)*DIGFACT
CALL PLOTIT(TZtTY,TEHP,NSUM»ll,JJPltJQtO)
CALL TVNEXT
WRITE (1*533) SCALL ENORECd)

583 FORMAT(////,* RESPONSE TC GROUND ACCELERATION? l=YES
CALL GiT(R) {NFLAG=IFIX(R(i))
IF CNFLAG.EQ.2) GO TO 8b
CALL ACCRESP(TEMP,rZ,TY,NSUM)
CALL PLOTIT(TZ,TY,TEMP,NSUM,12.JJPltJQED)
CALL TVNEXT
GO TO 66 

599 REWIND 77
REWIND 80
WRITt(t)0,923) JQEO
REWIND 80
WRITEC/7,901)

901 FORMA T(*PIKR,TAPtTrY,TAPt.TTY.V 
**SPLGO, TAPtTTY, FAPtTTY.V 
»*CTLGO,TAPETTY,TAP£TTY .»)

GO TO 930 
6UO REWIND 77

IF(JJP.EQ.7)WRITE(i,9lO) S CALL ENOREC(l) 
910 FORMAT(*END OF PROGRAM*)

WkIT£(l,920)JQED $ CALL ENDR£C(D



920 FORMAT(IX,I3t* FILES CREATED ON DISK FILE >RESP>*/
** FILE >RESP> MADE COMMON*) 

923 FORMATU3)
911 IF (JJ3 .EQ.7) WRITE (i*92<») $CALL ENDREC(l) 
92<» FORMAT(* STORE CHANGES TO SEISM. CONSTS. TABLE? 1«YES

CALL G£T(R) $IF(R(i).EQ.1.) GO TO 925
IF (R(1).EQ.2.» GO TO 930 *GO TO 9ll

925 CONTINJE
WRITE(77,926)

926 FORMAT(*LIBRITE,JORAT,CO^STS/RBfCONSTS,5 C,WsORATLfeR.*)
930 WRITE(77,905)
905 FORMAT<*CXIT.*/*TEXT,TAPETTY,ICXIT ERRORJ,*/*PTSS(t)*/

**EXIT.*/*TEXT,TAPtTTY,(EXlT ERROR] .*/*PTSS(E)*/*FIN.V*PTSS(E)*/
**EXIT.*/*TEXT,TAP£TTY,£CU LIMIT LIKELY],*/*PTSS(t)*/*ENO .*! 
REWIND 77 
STOP 
END
SUBROUTINE NUMOEM/(N,DT) 
COMMON 0(2100) 
Nl*N-l 
00 l 1=1,Nl

RETURN
END
SUBROUTINE FFT(N ,OT,FREQi,FREQ£,CF,T,Kl,K2»AMP,PHASE,ISI3N,IPKlNT)
COMMON D (2500)
COMMON /TITLE/ 10(8),PI
COMPLEX 8(1)
DIMENSION AMP(l)
DIMENSION PHASE(1)
EQUIVALENCE(3(1),U(1>) 

C 
C
C IPR1NT = K-D FOR PRINT(NO PRINT)
C *****ISIGN=-l(4-l) FOR FOkWARC (INVERSE) TRANSFORM ***** 
C
C ** FOR FORWARD TRANSFORM ISIGN=-i
C THIS PRCGKAM COMPUTES THE FOURIER INTEGRAL OF A FUNCTION U(T) ACCORDING TC 
C THE FORMULA F*D( T) ] =INTtGRAL OF *li (T)*EXP (I*2*Pi*F*T ) ] DT USING THE 
C FAST FOURIER TRANSFORM ALGORYTHM . 
C THE FOLLOW IN3 VARIABLE S MUST BE GI \/EN 
C N = NUMBER OF POINTS OF THE C ARRAY 
CD = 0 ARRAY, WHERE D IS KEAL. 
C OT = TIME INTERVAL 
C FREQl= FIRST FREQUENCY 
C FR£Q2= LAST FREQUENCY
C THE FOLLOWING PARAMETERS ARE COMPUTED 
C Kl = INDEX CORRESPONDING 10 FREQl 
C K2 = INDEX CORRESPONDING 10 FREQ2 
C OF = DELTA FREQUENCE 
C T=WINOOW LENGTH IN SECONDS 
C AMP= ARRAY OF SPECTRAL MODULI 
C PHASt= ARRAY OF SPECTRAL PHASES IN RADIANS 
C CHECKS NUMBER OF POINTS TO BE 2 TO THE N. 
C 
C 
C
C ** FCR INVERSE TRANSFORM ISIGN=«-i
C N=NUMB£* OF POINTS IN RLAL ARRAY D(TWO POINTS FOR EACH FREQUENCY) 
C D(2N) AND D(2N+D ARE THE REAL ANU IMAG PARTS OF THE COMPLEX FOUfcitR 
C TRANSFORM FOR THE NTH FREQUENCY



C FOR OT,FRtQl,FREQ2 READ FREQUENCY INCREMENT ,TlMEi, AND TIME2 RESPECTIVELY
C Kit K2, AND OF (TIME INCREMENT) ARE COMPUTED
C R£AL(IMAG) TIME SERIES RETURNED IN AMP(PHASE) ARRAY.
C
C

IF (ISIGN.EQ.-D WRITE (l»D
IF USIGN.EQ. + l) WRITE (1,2)
CALL ENDSEC(l)

1 FORMAT (* FORWARD TRANSFORM* )
2 FORMAT (* INVERSE TRANSFORM* ) 

IF (ISIGN.EQ.-D GO TO 6l 
N2=N 
N=N/2 
N1=N-1
DO 112 1=1, Nl 
J=N2-I

112 B(J) = CONJG(B(IM 
B(NUREAL(B(N)) 
N=N2-2 

61 CONTINJE 
N0?=d 
1=2

IF(N.Li.8) GO TO 66 
LL=N/LI
IF (LL.EQ.D ^,3 

<* NOP=2**I
IF (NOP.EQ.N) GO TO 5 
I = IU 
NOP=2*NOP 

66 NP=NOP-N

DO 6 K=NI«NOP
6 0(K)=0*

WRITE (1,77) NP i CALL ENOREC(l) 
77 FORMAT (* NUMBER OF POINTS NOT -2 TO TH£ N»

It/tlXrl'*,* POINTS =0 APPENDED*) 
5 NE=I-1 

NN=NOP/2 
FNN=NN 
FNOP=NOP 
DF=l./(FNOP*DT) 
FNYQ=Q.5/DT 
T=FLOAT(NOP)*OT
WRITE (1,13) NOP,FNYQ,DF $ CALL ENDREC(l) 

13 FORMAT(* NUMBER OF POINTS = *I6,/t 
2* NYQUIST FREQUENCY - *F8«3»* HZ*,/, 
3* FRtQJENCY INTERVAL = *F7.<*,* HZ*) 
IF (ISIGN.EQ.-D GO TO 63 
NE=Nt+l
CALL COCL(NE, 8,^-1.) 
GO TO o2 

63 CONTINJE
CALL R£COOL(NE,0,DT) 

62 CONTINJE 
  Kl=FKEUl/OF+l

FR=(FKl-2.)*DF
IF (FREQ2.LT.FNYQ) GO TO 55
FREQ2=FNYQ



CONTINUE

CXsl./FNCP/OT 
IF(ISIiN.EQ.l) GO TO fc><* 
00 7 I=KitK2

J=JJ-1
R = CX* SQRT(0(J)*0(J)+0<JJ)*0<JJ))
P = ATAN2(OUJ>,0<J))
0<J)=R
0(JJ)=P 

7 CONTINJE 
6<* CONTINJE

IF(ISI3N.EGM.AN£.IPRINT.EQ.1) WRITE <ltl<»)
IFdSIGN.EQ.l.ANC.IPRINT.EQ.DOALL ENOREC(i) 

1^» FORMAT (* INJEX*9X*TIME*9X*R£AL*9X*IMAGINARY*///)
KPP=0
Kl=2*Kl-i

00 8 K-Kl,K2,2
KA=K*1
FR=FR+OF

IF(IPRINT.EQ.l) WRITEd, 11) KPPt FR, 0(K) ,0<KA) 
IF(IPRINT.EQ.l) CALL ENi)FEC(l) 

11 FORMAT (I7,Fi3.*»tFi6.<»,Fi<».3) 
AMP(KPP)=D(K) 
PHASE«PF)=0(KA) 

6 CONTINJE 
RETURN 
END
SUBROUTINE COOL(N,X ,SIGNI) 
COMPLEX X,Q,W,HOLO 
DIMENSION X(D ,INT(16),G(2) 
EQUIVALENCE (G,W)

FLX=LX 
IL=LX
FLXPI2=SIGNI*6.2841853/FLX 
DO 10 I=1«N 
!L=lL/2 

10 INTCDrlL 
NBLOKK=1 
00 ^*li uAYER = l,N 
NBLOCK=NBLOK< 
NBLOKK=NBLOKK*NBLOKK 
LBLOCK=LX/N8LOCK 
LBHALF=LBLOC</2 
NW=0
DO UO I8LOCK=1,NBLOCK 
LSTART=LBLOCK*(IBLOCK-l) 
FNW=NW
ARG=FNW*FLXPI2 
G(D = CJS(ARG> 
G(2)=SIN(ARG) 
00 20 I=liLBHALF 
J=I«-LSTART 
K=J«-LBHALF 
Q=X(K)*W

20 X(J)=X(J)fQ



00 32 1=2. N
LL = (NW.ANO.INT(D)
IF(LL) 32.<*0.32

32 NH=NW-INT(I)
<fO NWsNW + lNTm

NW*0
UO 8u <=ltLX

IF(NWl-K)55t55,6G
6G HOLO=X(NWi)

X(K)=HOLO 
55 DO 7u I=i»N

LL=(NW.ANJ. INT(D)

70 NW=NW-INT(I) 
80 NW=NW*INT(I)

KLTURN
END
SUBROUTINE R£COOL(N,X,DT)
DIMENSION X(l) ,G(2>
COMPLEX X,A,0,'^
EQUIVALENCES, rt)
02=0. 5*OT

CALL COCL(N,X,-1.) 
FL = L

G(2)=SIN(ARG) 
B=CONJG (X(D)

X(Lfl)=(A*B-(0.,i.)*(B-A))*02
LL=L/2*1
DO 1U 1=2. LL
J=L-I*2
B^CONJS <X(IM
A=B*X(J)
B=(X(J)-B) *W**(I-!)

10 X(I)=(GONJG(A)*(0.»1.)*CONJG(B) ) *02
RETURN
END
SUBROUTINE FASELIN( Y,N,N I,NF)

C.. SUBR FAScLlN DELETES 2 PI JUMPS iN PHASE SPECTRUM (ARRAY Y). PH*SE 
C.. IS MADE ft CONTINUOUS FCN OF FREQUENCY. 
C.. N=NUMUER OF POINTS IN ARRAY Y 
C.. NI(NF) IS FIRST (LAST) PHASE POINT MADE CONTINUOUS

DIMENSION Y(l) ,NPLUS(50Q)

C.. MMM - DIMENSION OF ARRAY NPLUS 
NI = 2
IF(NI.EQ.l) NI=2 
IN=0

DO 100 I=NI,NF
IF(Y(I) ,LE.Y<I-1))GO TO 1UO
IF ((Y(D)-Y(I-l) .LT.0.5) GO TO 100
Y(I)=Y(I)-PI2
IF Cl.tQ.NI GO TO 130



IF (CYd+D-Y (I) I.LT.Q.5) GO TO i30

DO 120 J=IM,N 
120 Y<J)=Y(J)-PI2

IN=IN*1
IF (IN. EQ.MMM) GO TO 230
NPLUS( 1N)=I
GO TO 100 

130 CONTINJE 
100 CONTINJE

00 200 I=NI,NF
IF( (Y(I)-Y(I-D) .GT.-U.) GO TO 210
00 220 J=I,NF 

220 Y(J)=Y(J)+PI2 
210 CONTINJE 
200 CONTINUE

WRITE (1,1) $ CALL ENDREC(l)
1 FORMAT (* PHASE SPECTRUM MADE CONTIGUOUS*, / )

RETURN 
233 CONTINJE

2 FORMAT(* EXIT FROM SUBR FASELIN EARLY. PHASE AT HI FRLQ NOT CCNTI 
ANUOUS. NO OF 2PI JUMPS EXCEEDS DIMENSION OF NPLUS AKkAY*, /)
RETURN
END
SUBROUTINE WB SA (NI,NF, AVE)
COMMON D (2500)
COMMON /TITLE/ 10(8), PI
00 100 I=NI,NF 

100 0(I)=D(I)-AVE
RETURN
ENO
SUBROUTINE KB WI (NI,Nf ,NIT,NF T)
COMMON 0 (2500)
COMMON /TITLE/ IO<6),PI
N = 0
DO 12U I=NIflMF
N = N*l 

120 0<N) = 0(1)
IF (NIT .LE. 0) GO TO 1?Q
DUM = Q.5*PI/FLOAT(NIT)
DO 160 1=1, NIT

160 0(1) = (1.0-COS(OU;1*FLOAT (I) ) )*i)(I) 
170 IF (NFT .LE. Q) GO TO 19(J

DUM = 0.5*PI/FLOAT(NFT)
NOEL=N-NFT
IF (NOEL.GT.O) GO TU 201
WRITE(1,D NFT,N $ CALL ENDREC(l) 

1 FORMAT(* NFT .GE. (NF-NI) NFT=*,I5",* NF-NI=*,I5)
NOEL=1 

2ul CONTINJE
DO 18Q I=NOEL,N

160 0(1) = Ci.O-COS(DUM»FLOAT(N-im*Om 
190 CONTINJE

RtTURN
END
SUBROUTINE ACCRESP( T£MP, TZ, TY ,N3UM)
DIMENSION TEMP(1),TZ(1) ,TY(l)
PI = 3. 1^+15926535
DO 111 IIU-ltNSUh
TY(IIU)=TY(IIU)-PI 

111 TZ(IIU)=TZ(IIU)/(TEMP(IIU)*2.*PI)**2
RtTURN



END
SUBROUTINE ENLARGE (N01M.JJJ , EXPAND)
COMMON 0 (2500)
COMMON /TITLE/ 10(8), PI
LNOP=8

773 LLI=LLI+LLI

IFUJJ.LE.8) GO TO 77b6 
LLL=JJJ/LLI 
IF(LLL.EQ.l) 77W73 

77<» LNOPr2**LI
IF(LNOP.EQ.JJJ) GO TO 775 
LI=LI+1 

775 CONTINJE 
7766 CONTINJE

EXPAND=2**<NDIM-LI+1)
JArJJJfl

Jb=EXPANC*JJJ 
DO 701 J^JA.JB 

7Q1 D(J)=Q.
WRITE (1,21) EXPAND

21 FORMAT</,» TIME SERIES EXPANDED BY FACTOR *,F5.Q,/) 
RETURN 
END
SUBROUTINE PLOT IT (AMP, PHASE , TEMP ,NSUM,JJP, J JPj., JCltO) 
COMMON /JPLOT/XLT,XRT,YLGt YUP v HAjX,NAJY«KX(2)t*Y(2> ,LTIfL(8) , 

*LU,LTF, LNLGX,LNLGY,NCLX,NCLY,LTITL2(8) 
DIMENSION R(10> ,AM? ( l ) , PHASE ( D , TEMP ( 1 )

NSUM=N3UK/2 
C.. PLCT ONLY TO NYQUIST FREQ/2

LTITL(5)=LTITL(6)=LTlTL(7)=LTirL(8)riQH 
XLT=-2.

MAJX=XRT-XLT
YUP=7.
IF (JJP.GT.lO) YUP=-2.
IF (JJ=>.EGU3.0R.JJP1.EQ.2) YUP=6.
MAJY=2.*MAJX
IF (JJP.EQ.D YUP=0 .
IF (JJ 3 ,EQ.1.0R.JJP.LQ.12> MAJY=MAJX
IF (JJP.EQ.3.0R.JJPl.EQ.i) MAJY=MAJX
YLO=YU J -MAJY 
LNLGX=LNLGY=NCLX=NCLY=2
KX(l)=iOHFREQUENCY
KX(2>=10H IN HERTZ
KY(D=10HCOUNTS/MIC
KY(2)=lOHRON DIS^L.
IF (JJ?1.EQ.3> KY(1)-1QHV/MIC OF G
IF (JJP1.EU.3) KY(a)=lQHNO OISPL.
IF (JJP.EQ.3.0R.JJP1.EQ.2) KY(D = HjH GAIN
IF (JJ 3 .EQ.3.0R.JJPl.EQ.2) KY(2>=1QH
LTITL(j)=10H SYSTEM
IF(JJP.EQ.3.0R.JJPl.EQ.2> LTITL ( 3> = IQHtLECTRONIC
IF (JJPl.EQ.3) LTITL(3>=10HSEISMOMETE
LTITLC*)=1QH AMPLITUO
IF <JJP.EQ.3.0K.JJPi.La.2> LTITL (*») = 1QHS AMPLITUD
IF (JJP1.ZQ.3) LTiTL<*») = iOHR AMPLITUO
LTITL(5)=1QHE RESPONSE
LTITLtb)=lOH TO GROUND



LTITL(7)=iOH DISPL.
IF UJP.EQ..3.0R.JJP1.EQ.2) LTITL (6) sLT ITU7 ) = 1QH 
IF (JJP.NE. 12) GO TO <» 
LTITL(7)=10H ACCEL. 
KY(D=10HV/MIC/S£C/ 
KY(2)=lOHSEC 

k CONTINUE
IF (JJP.NE.l) GO TO 5
KY(D-iOH V SEC
KY(2)=10H
LTITL(3)=1QH NCISE
LTITLU) = lQHSPECTRUM
LTITL(5)=LTITL(6)-LTITL(7)=LTITL(8)=10H

5 CONTINUE
6 CALL PLCTS(AMP,TEMP,1,NSUM)

WRITE (1,31) $CALL ENOREC(l) 
31 FORMAT(/////,i5X,*WHAT NEXT?* ,/ , 15X , *l=CONT INUE *

*,* 2=R£PLOT WITH NEW YMAX*) 
CALL GET(R) JNFLAG= IFIX (R (l )) 
IF (NFLAG.EGUD GO TO 36 
WRITE <lt33) SCALL ENOREC(l) 

33 FORMAT(15X,*NEW POWER OF 10 FOR YMAX?*) 
CALL GET(R) $YUP=R(l>
YLO=YU?-«AJY
GO TO 5 

38 CONTINUE
IF(JJP.EQ.I) GO TO 101 
IF (JJP.NE.12) GO TO 95 
WRITE (1,91) SCALL LNOREC(l)

91 FORMAT(/,l5X,*PICK PEAK ON SMOOTH PA*T OF RESPONSE'S
*/,l5X,*ANO TYPE ANY CHAR TO COwT INJE (HO RETURN)*) 

LOOK=,*HX,Y {CALL T VFARE (LOOK,X, Y f<l f K2) 
TO=1./10.**X $WRITE (1,92) TQ »CALL ENOREC(l)

92 FORMAT(l5X,*S£ISMOM£TEF FREE Pt_RIOD = * ,FS>.3< *StG* ) 
GFIND=X + ALOGiO (AMP( D ) -ALOGlO (TEMP(D )-Y 
GAMMA=lQ.**(ABS(GFlNG))/2. 
WRITE (1,93) GAMMA iCALL ENOKEC(l)

93 FORMAT(15X,*SEISMOMETER DAMPING FACTOR= »,Fb.^)
GFIND=X*ALOG10 (AM?( 2) ) -ALOG 10 (T£MP(2) >-Y
GAMMA=lQ.**(Al3S(GFINO))/2.
WRITE (1,93) GAMMA iCALL ENUREC(l)
GAINS = 10. **Y $WRITE (l,9<t) GAINS »CALL ENOREU(l) 

9<* FORMAT(15X,*RESPONSE AT THE FREE PERIOD-*, E 15. 5,* VOLTS/*
*,/,30X,*MlCRON/SEC/SEC*,/,l5X f * ENTER ANY CHARACTER TO CONTINUL*)

READ (1,15) <JZX 
16^FORMAT(AD 
95 CGNTINJE

CALL TtfNEXT
WRITE (1*97) SCALL ENOREC(l) 

97 FORMATU//,* WHAT NEXT? IsCONTlNUE 2 = PLOT PHASt RESPONSE*)
CALL G£T (R) $NFLAG= IF IX (ft (l ) )
IF (NFLAG.ECUD GO TO
DO 100 I=1,N5UM 

100 PHASc(l)=PHASE(I)/PI

IF (JJP.EQ.1Z) YUP=1. 
YLO=-2.

LNLGY=1
IF(JJP.EU.12) MAJY=J. 
KY(D = 10H PHASE(?I 
KY(2)-10H RADIANS)



LTITLU)=10H PHASE
IF CJJP.EQ.S.OR.JJPi.Ea.a* LTITLUU1QHS PHASE 
IF <JJ?1.EQ.3> LTITL(U5lQHR PHASE 
LTITL(5)=10H RESPONSE 
CALL PLOTS(PHASE,TEMP,1,NSUM) 
00 99 I=1,NSUM .... 

99 PHAS£(I)=PHASE<I)*PI
101 CONTINJE

CALL TtfNEXT
WRITE (ItlOZ) *CALL ENOREC(l)

102 FORMAT (////, 15X,* OUTPUT TO A UISC FILE? 1=YES 2=NO*) 
CALL G£T(R) $Nr LAG=IF IX (R(l ) ) 
IF (NFLAG.EQ.2) GO TO 10<»

103 CONTINJE
LTITL(3)=10H SYSTEM 
LTITL(V)=lOH RESPONSE 
LTITL(5)=10H AMP IN 
LTITL(5)=10HCOUNT3/MIC 
LTITLC7)=lOH PHASt IN 
LTITL(8)=10HRAUIANS 
IF (JJP.NE.DGO TO 106 
LTITLC3»=lOH NCISE 
LTITL<6)=i(|H VCLT-SEC 
GO TO HI

106 IF (JJP.NE.3.AND.JJP1.NE.2) GO TO 10? 
LTITL(3)=10HELECTRONIC 
LTITL(6)=1UH GAIN 
GO TO 111

107 IF (JJP.LT.ii)) GO TO 111
LTITL(3>=10H SEIS.
LTI TL (o) =10 HV/ MICRON
IF (JJP.EQ.12) LTITLC6U10H V/MIC/S/S 

111 CONTINJE

WRITE (79) (UTITL(I) » 1 = 1 .8 ) , ( LTITL? ( J) ,J=1, d) , NSUM, (TEMP«) , 
*AMP(K),PHAS£(K) ,K=1,NSUM)» $ENO FIuE79

WRITE (ItlOS) (LTITL(I) ,1=1,8), JQED iCALL ENDREC(l) 
105 FORMAT(lX,8AiO»/.* OUTPUT TO FILE*, 15,* ON DISC FILE >RE:P>», 

*/,* ENTER ANY CHAR TO CONTINUE*)
READ (1,16) 

10<» CONTINJE
RETURN
END
SUBROUTINE WBA V(NI, NF,AV )
COMMON 0 (1)

, 00 100 I=NI,NF 
100 SUM=SUM*D(I)

AV=SUM/FLOAT(NF-NH-l)
RETURN
ENO



APPENDIX B - CAL5MO

PROGRAM CALFIX(TAPETTY=201,FILM=201,RESP,SYSRESP,
*TAP£1=TAPETTY,TAPE7=TAPETTY,TAPE79=RESP,TAPE81=SYSRESP) 
COMMON/TVPOOL/TtfPUL(8) 
COMMON /TEND/ NSUMA,NSUMP,NSUMPE 
COMMCN/TVTUNE/ITUNE(30) 
COMMON /JPLOT/ XLT,XRT,YLO,YUP,MAJX,MAJY,KX(2)»KY (2) ,

*LTITL(8),LU,LTF,LNLGX,LNLGY,NCLX,NCLY,LTITL2(8) 
DIMENSION R(10),IFET(8),109(8) 
DIMENSION Fl(i025),SYSAMP(1025),SYSPH(1025) 
DIMENSION ELECAMP(1025),ELECPH(1025) 
COMMON /TITLE/ 10(8),PI 
CALL F£T(5LTAPE1,IFET,8)
IFET(2)-IFET(2).OR.OCGO OC10 CGOO 0000 OOOOB 
IFET(8) = IFET(8) .OR.^000 0000 OCOO 0000 00008 
CALL FET(5LTAPEl,IFET,-8) 
CALL FET(5LTAPE7,IFET,8)
IFET(2)=IFET(2).OR.OOOO 0010 0000 0000 OOOOB 
IFET(8) = IFET (8) .OR.ifCCO OCOO OCOC 0000 OOCOB 
CALL FET(5LTAPE7,IFET,-8) 
ISYS=0 
REWIND 81 
LU=1
WRITE (1,2) SCALL ENDREC(l)
FORMAT(///,* ENTER FILE NO OF SYSTEM RESPONSE*) 
CALL READ1(LTITL,LTITL2,NSUM,F1,SYSAMP,SYSPH,R) 
00 3 10=1,8 
I09(IO>=LTITL(IO) 
IFCR(l).EQ.777) GO TO 1 
NSUMA=NSUMPE=NSUMP=NSUM 
CALL PLS(F1,SYSAMP,SYSPH,NSUM,1) 
WRITE (1,102) SCALL ENDfEC(l)
FORMAT(///,* ENTER FILE NO OF ELECTRONICS RESPONSE*) 
CALL READ1(LTITL,LTITL2,KSUM,F1,ELECAMP,ELECPH,R) 
IF (R(l).Ea.777) GO TO 101 
CALL PLS(F1,ELECAMP,ELECPH,KSUM,2)

GO TO 181

101
102

DO 180 I=1,NSUM 
IF (F1HZ.LE.FKD)

180 CONTINJE
181 CONTINUE 

NNSTAR=I 
00 2GO J-NNSTAR,NSUM

200 SYS AMP ( J)=SYSAMP(J)*ELECAMP(J)/ELECAMP(NNSTAR) 
XTIE=SYSPH (NSUMP)/ELECPH(NSUMP) 
DO 201 J=NSUMP,NSUMP£

201 SYSPH(J)=ELECPH(J)*XTIE 
NSUMPsN.SUMPE 
WRITE (1,202) SCALL ENDREC(l)

202 FORMAT(* WHAT NEXT? I^CCNTINUE
DO 205 KL=1,8 

205 LTITL«L) = I09«L)
CALL GET(R) $IF (R(l) .EQ.2. ) CALL PLS ( F1,SYSAMP,SYSPH, NSUM ,3)
ISYSsISYS+1
WRITE (81) ((LTITL(I),I=lt8),NSUM,NSUMA,NSUMP, (Fl ( K) ,SYSAMP(K) ,

*SYSPH(IO ,K = l,NSUh)) SENCFILE 81
WRITE (1,301) (LTITL(I),I=1,8),ISYS,F1(NSJMA),F1(NSUMP) 
CALL EMDREC(l)

301 FORMAT(1X,8A10,/,* OUTPUT TO FILE *,I5,* ON DISC FILE >SYSRESP>* 
*»,/,lX,*MAX FREa OF AMPLITUDE (PHASE) RESPONSE** ,F5. !,*(*, F5,l,
  ) HZ») 

WRITE (1,302) SCALL ENDREC(l)

2=PLOT SMOOTHED RESPONSES*)
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302 FORMAT (IX, 'WHAT NEXT? 1=STOP 2=FIX ANOTHER SYSTEM RESPONSE*) 
CALL GET (R) $IF <R(1).EQ.2.) GO TO 1 . 
STOP 
END
SUBROUTINE REA01 (ID1, I02,NSUM,F,A,P, R) 
DIMENSION ID1(1),I02(1).F(1),A(1),P(1) ,R(1) 
CALL GET(R) BIFF=R(1)-1 
REWIND 79
CALL SKIPFIL(79,IFF) 
READ (79) ((101(1) ,1=1,8), (I02(J), J=l,8) ,NSUM, CF(K),

*A(K) ,P(K),K=1,NSUM) )
REWIND 79
WRITE (!,<*> CIDKI) ,1 = 1,8) $CALL ENOREC(l)
WRITE (!,<*) (102(1) ,1=1,8) SCALL ENDREC(l) 

^ FORMAT(1X,8A10)
WRITE (1,7) $"ALL ENOREC(l) 

7 FORMAT(//,» ENTER 777 IF WRONG FILE ANY OTHER CHAR IF OK*)
CALL GET(R)
RETURN
EN0
SUBROUTINE PLS(F,A,P,NSUhSKKKK)
COMMON /TEND/N$UMA,NSUMP,NSUMPE
COMMON/ JPLOT/XLT,XRT,YLO,YUP,MAJX,MAJY,KX( 2 ),KYC2) ,LTITL(8) t

*LU.LTF»LNLGX,LNLGY,NCLX,NCLY,LTITL2(8I 
DIMENSION R(10) ,A(1),P(1),F(1) 
LTITL2C 1)>1
LTITL(5)=LTlTL(6)=LTITL(7)sLTITL(8)slOH 
Pls3.1Ul5926535 
NNFLAS=1 
XLT=-2. 
XRT=2.
MAJX=XRT-XLT 
YUP=7.
MAJY=2.*MAJX 
LNLGX=LNLGY=NCLX=NCLY=2 
KX(1)=10HFREQUENCY 
KX(2)=10H IN HERTZ 
KY<1)-10HCOUNTS/KIC 
KYC2) = 10HRON D ISPL. 
IF (KKKK.NE.2) GO TO 5 
YUP=6. $MAJY=MAJX 
KYCDalOH GAIN $KY(2) = 10H

5 CONTINJE
YLO=YUP-KAJY

6 CALL PLOTS(A,F,1,NSUMA)
WRITE (1,31) $CALL ENOREC(l) 

31 FORMAT(////,15X,» WHAT NEXT?* ,/ , 15X, *1=CONT INUE *
*,* 2=REPLOT WITH NEW YMA>»).

CALL GET(R) {NFLAGr IFIX (R(l ) )
IF (NFLAG.EQ.l) GO TO 38
WRITE (1,33) SCALL ENDREC(l) 

33 FORMAT(15X,» NEW POWER OF 10 FOR YMAX?*)
CALL GET(R) $YUP=R(1)
YLO=YUt>-KAJY
GO TO b 

36 CONTINJE
IF (KKKK.EQ.3) GO TO 99
WRITE (1*51) JCALL ENOREC(l) 

51 FORMAT(15X,*PICK HIGH FREQ LIMIT OF SMOOTH RESPONSE*,
*/.15X,*AND TYPE ANY CHAR (NO RETURN)*)

CALL TVFARE(LOOK,X,Y,K1,K2)
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GXOsiO.**X $XO = X SYO*Y
WRITE (1,52) GXO SCALL ENOREC(l)

52 FORMAT(15X,*FREQ SELECTED**,F5.2,* HZ*J 
IF (KKKK.EQ.l) GO TO 9<t

53 WRITE (i,6<») SCALL ENOREC(l)
6<» FORMAT(15X,»PICK HIGH FREQ EXTRAPOLATION POINT*, 

»/,15X,*ANO TYPE ANY CHAR (NO RETURN)*)
LOOK=3HX,Y SCALL TVFARE (LOOK,X,Y,«1,K2)
GXi*10.**X SX1=X SYi=Y
WRITE (1,52) GX1 SCALL ENDREC(l)
XM=(Y1-YO)/(X1-XO)
CALL POI (F,1,NSUM,GXC,NNSTAR)
XJI=ALOG10(F(NhSTAR)J
CALL POI(F,NNSTAR,NSUM,GX1,NNEND)
00 69 J=NNSTAR,NNENO
POW=ALOG10(A(NNSTAR))+XM*(ALOG10(F(J))-XJI)

69 A<J)=10.**POW
IF(NNFLAS.EQ.2) GO TO 71 
WRITE (1,70) SCALL ENOREC(l)

70 FORMAT(15X,*EXTRAP TO Is INTERMEDIATE FREQ*,/, 
* 25X,*2=MAX FREQ OF RELIABLE RESPONSE*) 

XO=X1 $YO=Y1 SGXO=GX1 
CALL GET(R) $NNFLAS=IFIX (R(l)) $GO TO 53

71 NSUMA=NNENO
WRITE (1,15) SCALL ENORECU)
READ (1,16) <JGH
CALL PLOTS(A,F,1,NSUMA)
GO TO 96 

9<» CONTINJE
WRITE (1,15) SCALL ENOREC(l)
READ (1,16) KJGH
CALL POI (F»1,NSUM,GXO,NNSTAR)
DO 97 J=NNSTAR,NSUM 

97 A(J)=A(NNSTAR)*F(J)/F(NNSTAR)
CALL PLOTS(A,F t l,NSUHA) 

96 NNFLAS=1 
99 00 100 I=1,NSUM

100 P(I)=P(I»/PI
YUP=2. SYLO=-1. SMAJY*3. SLNLGYsl 
KY(1)=10H PHASE(PI $KY<2)=10H RADIANS)

101 NPLOG=NSUM $IF(KKKK.EQ.3) NPLOGsNSUMPE 
CALL PLOTS(P,F,1,NPLOG) 
WRITE (1,31) SCALL ENOREC(l) 
CALL G£T(R) $MFLAGsIFIX«R(H»   
IF (NFLAG.EQ.l) GO TO 10<» 
WRITE (1,102) SCALL ENOREC(l)

102 FORMAT(15X,*ENTER NEW YMAX*)
CALL GET(R) SYUP=R(1)
YLO=YUP-f.AJY
GO TO 101 

10<» CONTINUE
IF (KKKK.EQ.3) GO TO 151
WRITE (1,105) SCALL ENOREC(l)

105 FORMAT(///)
WRITE (1,51) SCALL ENOREC(l) 
LOO<=-3HX,Y $CALL TVFARE (LOOK,X, Y,K1,K2) 
GXO=10.**X SXO=X SYO=Y 
WRITE (1,52) GXO SCALL ENOREC(l)

106 WRITE (l,6t») {CALL ENOREC(l)
LOOK=3HX,Y SCALL TVFARE(LOOK,X,Y,K1,K2)
GX1=10.**X SX1=X SY1=Y
WRITE (1,52) GX1 SCALL ENDREC(l)
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XM*CY1-YO)/CX1-XO)
CALL POI (F,1,NSUM,GXO,NNSTAR)
XJI=AL3G10(F(NKSTAR))
CALL POI(F,NNSTAR,NSUM,GX1,NNENO)
00 107 J=NNSTAR,NNENO

107 P(JI=P(NNSTAR)*XM*(ALOG10(F(JJI-XJII 
IF (NNFLAS.EQ.2) GO TO 108 
WRITE (1*70) SCALL ENDREC(l) 
XOsXl $YO=Y1 $GXO=GX1
CALL GET(R) $NNFLAS = IFIX (Rtl)) SGO TO 106 
GO TO IDE

108 CONTINJE
WRITE (1,15) SCALL ENOREC(l)
READ (1,16) KJGH
CALL PLOTS(P,F,1,NNEMD)
00 140 IT-1,NSUM 

140 P(IT) = P( IT)*PI
IF(KKKK.EQ.l) NSUMPsNNEND
IFCKKKK.EQ.2) NSUMPE=NNENO 

151 CONTINJE
CALL TVNEXT

15 FORMAT(15X,*ENTER ANY CHAR TO CONTINUE*)
16 FORMAT(AIO) 

RETURN 
END
SUBROUTINE POI(F,NI,NF,A,N1)

C.. SUBR POI RETURNS Nl= THE NC. OF THE SMALLEST F(I) 
C«. SUCH THAT F(I) > A AND NI<N1<NF. 

DIMENSION F(l) 
00 1 I=NI,NF 
IF (A.LE.F(D) GO TO 2 

1 CONTINUE 
Z CONTINJE 

N1*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 Cl. 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 10 digitizer units / micron ground displacement for stations 

OHON, OTAB, and ORAT and is 1.9 x 10 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 stations 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*2 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 of 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 

quency domain 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 Hill (OCAM) 

for the M=l 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% Manning 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 interchangeable; 

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 CIO, Cll, and C12 respectively. (Note 

that the signals shown in figures CIO, Cll, 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 'S- 0.7 and 1.0. The 
ordinate and abscissa are normalized to the seismometer generator 
constant 6 and the.seismometer resonant frequency respectively.
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1. 26. 51. 77. 182. 128. 193. 178. 284 229

Figure 3.8 10 June 75 differentiated mass release transient 
station BGG. AT = .005 sec so that window length =1.28 sec.



26. 51 77. 102. 126. 153. 178. 2*4. 229. 255

Figure 3.9. 10 June 75 differentiated electronics step transient 
station BGG. AT = 0.005 sec so that window length = 1.28 sec.
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LOGIN CP-12 TTY-174 O5.33.9G
INIT080 LOGGED IN. SESAME 24
OK - SESAME
REQUEST, TAPE48, 1(5963; D5*m . !
OK - SB^ie
COPY   TRPE40, IPS, IF, RWlft*-::;? . !
IK - SESAME

CF NOT IN

OK - SESAME 
>CF,RW10963! 
CF IN 600»3C

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



>LOG.*C, BILL. 7,300.6000«. 803657, 
LOGIN CP-10 1TV-174 03.43 ^ 
BTLL002 LOGGED IN SESAME 2.4 
OK - SESAME

" LORD, CALIB, JURAT !
LOAU COMPLETE/ ENTERING -EDIT
OK - ^EDIi
- RUN!
ENTER NAME OF CALIBRATION DATA COMMON FILE < FORMAT A7)

ENTER NUMBER OF CHANNELS DIGITIZED
4!
EHTER ^M«ER OF SCAt«i TO BE SKIFTCD
6833!
ENTER CNANNEL NUMBERS OF SE1.ECTF.CJ CtWtCLS, IN OROEt

4!
DIGITIZER CHANNEL FOR TR(¥:F. TO BE O/ SPLAYED

ENTER DIGITIZER RATE IN
200

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 tRUN, and interactively entering the input 
information described in section VIA.



A!
RECORD OF DATA FROM DIGITIZER CNANNEL Z

IS ID CODE PRESENT? 1»YES,
1!

2880

1580

D
I
G
I
T
I 7

E
R

0
U
T
P
U
T

1888

500

0

-580

-1088

-1500  

    W   Ifl I I 1 I I 1 l|lll||fll*|

PICK STAPT f> fD COOC ' 
PICK START OF SYSTEH NOISE

  TRACE ID IS
ENTER ANY r;HAfi: TO CONTINUE

1. 30ft. 600.

SAMPLES AT 28 MSEC

1500. 1799. ^099. 2399. 2699. 2999

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



1!
RECORD OF SYSTEM NOISE: FROM 3TA. NO

4 D 
I 
G 
I
T 
I 
Z 
E 
R

1500

1000

500

e

-see
0 
U
T 
P
T -1000

-1500

_1«PLOT ftLL, ?-H.OT START, 3»CMrtNGE, 
4-CONTINUE

, , , ,

199. 229 2-59. ^89. 319. 349. 3?9. 4«9. 439. 4». 4»

8«fi.ES AT S MSTC
Figure 6.3. System noise signal for station with ID code #2.



1 RECORD OF SEISMOMETER RELEASE TEST FROM STA. NO. 2

20ee

1586

2?
G
I
T
1
2 
E 
R

588

8

-588
0 
U
T

V -1888

-1588

-2888

"-1-PLOT ALL, 2«PLOT START, 3-CHAMGE, 
4«CONTINUE

I I I I I I I

773. 913. 1053. 1193. 1333. 1473. 1613. 1753. 1893. 2933. 2173 

SAMPLES AT 5 MSEC

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



1! 
RECORD OF SEISMOMETER RELEASE TEST FROM 3TA. NO

4 D

C
I
T 
I 
Z 
E 
R

0 
U 
T 
P 
U

2000

1000

see

-580

-1000

-1508

-2000

I I I I

L. 1«PLOT ALL, 2=Ft.OT START* 3-CHAMGE, 
4<ONTINUE

I I I I I

773. 783 793. 803. 813. 823 

SAMPLES AT 5 MSEC

833. 843. 853. 863. 873

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



L!
RECORD OF AMPLIFIER STEP TEST FROM STA. NO

2000

1500 
3' D

G I*** 
3! I 

T 
I 500

1! 2
E
R 01 
o 
u

-2060

I I I I I I

.1-PLOT ALL, 2«PLOT START, 3-CHANGE, 
4»CONTINUE

NEW START POINT
"CHOOSE- 1«CURSGR, CENTER >NO CHANGE

3-NO CHANGE 

.OT ALL, ;>FtUT START, 3«CNAMGE,

-300. -

-1000. -

-1509 -

END ponn
SE- 1«CURSC)R,

2173. 2463. 2793. 3183 3413. 3723. 4033. 4343. 4«3. 4963. 5273 

SAMPLES AT 5 MSEC

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



I!
RECORD OF AMPLIFIER STEP TEST FROM STA. NO

G 
1
T 
I
Z 
E 
P

0
u
T 
P
U

2000

1580

500

e

-500

-1800

-1508

-2000

T T T T T

  1«PLOT ALL, 2«PLOT START, 3-CHAMQE, 
4-CONTINUE

I

2173 2469. 2766. :?0£3. 3368. 3657. 3954. 4231. 4548. 4845. 5142

SAMPLES AT !3 I1SEC

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



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

D 
I 
G 
I
T 
I 
Z 
E 
R

0 
U
T 
P 
U

2888

1568

1838

588

8

-508

-1000

-1588

-2888

 1«PLOT ALL, 2»PLOT START, 3-CHAMGE, 
4«CONTINUE

1 I I I I I I I

2173. 2183. 2193 2283. 2213 2223. 2233. 2243. 2253. 22S3. 2273 

SAMPLES AT 5 MSEC

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



NETWORK STA BGG BOGGS MTN ID NO. 2 INSTALLED 29 MAY 75 
SEISMOMETER CONSTANTS LAST UPDATED 12 SEP 75

NO PARAMETER SYMBOL UALUE

1 TYPE OF CALIBRATOR C5 3.0000
2 MASS M 1.0000
3 SEIS MOTOR CONSTANT GL 285.0000
4 FREE PERIOD TO 9580
5 OPEN-CIRCUIT DAMPING BETAO .2600
6 SEIS. COIL RESISTANCE RC 5.3500
7 SERIES PAD RESISTANCE T 2.1180
8 SHUNT PAD RESISTANCE S 6 7490
9 ATTENUATOR SETTING A 12.0000
10 NOMINAL PREAMP GAIN G 78.0000
11 SEISMOMETER SERIAL NO. SNO 2184

UNITS

KG
NT/AMP
SEC
NO UNITS
KILOHM
KILOHM
KILOHM
DB
OB

ENTER ANY CHAR TO CONTINUE
D!
ALTER TABLE OF SEISMOMETER CONSTANTS? 1*YE8,
2!

2-NO

NETWORK STATION BGG BOGGS MTN ID NUMBER

PARAMETERS CALCULATED FROM CONSTANTS OF 12 SEP 75 

PARAMETER SYMBOL UALUE

EFFECTIVE MOTOR CONSTANT GE 99.6031
RELEASE TEST ATTENUATION ARL8 -24.0449
SEISMOMETER TEST CURRENT I 1.861!
AMPLIFIER STEP UOLTAGE E

ENTER ANY CHAR TO CONTINUE

UNITS 

UOLT/rVSEC

MIC*OAMP 
MILLIUOLT

Figure 6.9. (top) Seismometer constants, etc. for BGG, the 
seismographic station with ID code #2. (bottom) Seismograph 
parameters calculated from the constants (top) and the C3 
calibrator unit circuitry.



6GG BOGGS MTN 
J=l NOISE

TIf1E SERIES EXPANDED BY FACTOR

FORWARD TRANSFORM 
NUMBER OF POINTS NOT =2 TO THE N

844 POINTS *0 APPENDED 
NUMBER OF POINTS = 2048 
NYQUI3T FREQUENCY « 180.008 HZ 
FREQUENCY INTERVAL = .0977 H2 
ENTER ANY CHAR TO CONTINUE

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



BGG BOGGS MTN NOISE SPECTRUM
200 SAMP -SEC I0« 2 PLOT OATE« 16 OCT 75 LEN- 1 588 UPDATE- 12 SEP 75
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Figure 6.11. Noise amplitude spectrum for station BGG
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60GG3 MTN
J=5 SYSTEM. ELECTRONICS AND Sf ISMOMETER RESPONSE 
SPECTRUM OF MASS RELEASE TRANSIENT

TIME SERIES EXPANDED BY FACTOR 1

FijRWARD TRANSFORM
OF POINTS NOT =2 Tu THE N 

JOINTS =<? APPENDED 
ER OF POINTS = 2048 

NYWUIST FREQUENCY = 160.888 H2 
FREQUENCY INTERUAL = .8977 H2 
PHnSE SPECTRUM MADE CONTINUOUS

JJt-E TRANSIENT DERIMATU.^E FOR HIGH FREC? RESPONSE?
ENTER i=YE3 2=NO
»
ENTER MINIMUM FREG<HZ> PUP RESPONSE FROM DERIUATIUE
«:5 HZ IS THE NORMAL MINIMUM)
»
RESPONSE FOR FREft >5 O FROM DERIWTIUE. RESOLUTION* .78HZ

TIME SERIES EXPANDED BY FACTOR 8

FORWARD TRANSFORM 
NUMBER OF POINTS = 2Q4ft 
NYQUIST FREQUENCY = 100.088 HZ 
FREQUENCY INTERUAL = .0977 HZ 
PHHSE SPECTRUM MADE CONTIN»IOUS

ENTER HNY CHAR TO CONTINUE

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



F! 
BGG 
266

BOGCS MTN SYSTEH AMPLITUDE RESPONSE TO GROUND DISPL. 
SAMP/SEC I0» 2 PLOT DATE* 16 OCT 73 LEN- 7 00S UPDATE- 12 SEP 73

C 
0
u
N 
T 
S 
/
M 
I 
C 
R 
0 
N

D 
I
S 
P
L

ie

10

10

10

10

10

10 0

10
-1

I M

WHAT NEXT? 
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FREQUENCY IN NERTZ

Figure 6.14. Amplitude response for seismographic station BGG.
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BGG BOGGS MTN 
208 SOMP.'SEC 10=

SYSTEM PHASE RESPONSE TO GROUND OISPL. 
2 PLOT DATE* 04 MAR 76 LEN= 7.09S UPDATE* 12 SEP 75
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Figure 6.16. Phase response for seismographic station BGG
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BOGGS MTN
J=5 SYSTEM, ELECTRONICS AND SEISMOMETER RESPONSE 
SPECTRUM OF STEP TO ELECTRONICS TRANSIENT

TIME SERIES EXPANDED BY FACTOR 1

FORWARD TRANSFORM 
NUMBER OF POINTS = 2048 
NYQUIST FREQUENCY * 100 000 NZ 
FREQUENCY INTERUAL « .0977 HZ 
PHASE SPECTRUM MADE CONTINUOUS

USE TRANSIENT DERIUATIUE FOR NIGH FREQ RESPONSE?
ENTER 1=YES 2«NO 

1«
ENTER MINIMUM FREQCNZ) FOR RESPONSE FROM DERIUATIUE
<5 HZ IS THE NORMAL MINIMUM) 

7!
RESPONSE FOR FREQ >6.9 FROM DERIUATIUE. RESOLUTION* .78HZ

TIME SERIES EXPANDED BY FACTOR 8

FORWARD TRANSFORM 
NUMBER OF POINTS - 2048 
NYQUIST FREQUENCY = 100 860 HZ 
FREQUENCY INTERUAL « .0977 HZ 
PHASE SPECTRUM MADE CONTINUOUS

ENTER ANY CHAR TO CONTINUE

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



Qf
BGG BOGGS MTN ELECTRONICS AMPLITUDE RESPONSE 
200 SAMP/SEC ID* 2 PLOT DATE" 16 OCT 7? L£M-18 23S UPDATE- 12 9EP 79
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WHAT NEXT?
1-CONTINUE 2*REPLOT MITM HEM YHftX

18
"2

18 18
FREQUENCY IN HERTZ

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



BGG BOGGS MTN ELECTRONICS PHASE RESPONSE
200 SAMP/SEC 10= 2 PLOT DATE= 16 XT 73 LEN=10.23S UPDATE* 12 SEP 75
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Figure 6,20. Phase response for the electronics for seismo- 
graphic station BGG.
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F!
BGG 
200

BOGGS MTN SEISMOMETER AMPLITUDE RESPONSE TO GROUND DISPL. 
SAMP/SEC 10= 2 PLOT DATE= 16 OCT 75 LEN»10.23S UPDATE- 12 SEP 75
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Figure 6.22. Amplitude response of the seismometer at station BGG.
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BOGCS MTN SEISMOMETER AMPLITUDE RESPONSE TO GROUND OISPL.
ID- 2 PLOT DATE- 16 OCT 75 LEN-10 23S UPDATE- 12 SEP 75
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Figure 6.23. Amplitude response of the seismometer at BGG 
(replotted with new YMAX).



BGG BOGGS MTN 
206 SAMP/SEC ID=

SEISMOMETER PHASE RESPONSE TO GROUND DISPL. 
2 PLOT DATE-- 04 MAR 76 LEN«10.23S UPDATE" 12 SEP 75
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Figure 6.24 Phase response of the seismometer at station BGG.
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BGG BOGGS MTN SEISMOMETER AMPLITUDE RESPONSE TO GROUND flCCEL. 
200 SAMP/SEC ID= 2 PLOT DATE- 16 OCT 75 LEN-10.23S UPDATE- 12 SEP 75
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- AND TYPE ANY CHAR TO CONTINUE <NO RETURN)
SEISMOMETER FREE PERIOD* 928SEC 

f SEISMOMETER DAMPING FACTOR- .631
SEISMOMETER DAMPING FACTOR- .760 

r RESPONSE AT THE FREE PERIOD- 9 5268IE-36 UOLTS/
MICRONx'SEC/SEC 

CT ENTER ANY CHARACTER TO CONTINUE

10 10 * 

FREQUENCY IN HERTZ
10

0 16

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



BGG BOGGS MTN 
200 SAMP/SEC 10=

SEISMOMETER PHASE RESPONSE TO GROUND ACCEL. 
2 PLOT DATE= 04 MAR 76 LEN*10.23S UPDATE" 12 SEP 75
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Figure 6.27. Phase response of the seismometer to ground acceleration
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0! 
RECORD OF D«TA FROM DIGITIZER CHANNEL 3

IS ID CODE PRESENT? 1«YES, 
2! 2000.

2-f*0

D 
I 
G 
I 
T 
1 
Z 
E 
R

0 
U
T 
P 
U

1560

1000

500

0

-500

-1000  

-1500.  

I ENTER STATION ID NUMKR

  PICK START OF SYSTEM NOISE

1. 300. 6913 906 1206. 1580. 1799. 2099. 2399. 2699 

SAMPLES NT 20 MSEC

Figure 6.29. Sequence of calibration siqnals for channel #3



EI
RECORD OF SYSTEM NOISE FROM STA. NO.

2800

1500

4D

G 1000 
I
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-1500

-2000

i i i i i i i i i i i t i i prrrt-ji i i i i i i *p I I I | I I T I \ I I   I |     i »,

1=PLOT ALL. 2-PLGT STOfcT, 
4=CONTINUE

500  

i.itii111 i i 1 i . . .I . . , . I     . »

199 229 259 289. 319 349 379. 409. 439. 469. 499

*T 5 MSEC

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



OF SEISMOMETER RELEASE TEST FROM STA. NO. 25

I
T 
I 
Z 
£ 
R

U
T 
P

2000

1500

-2000

1*PLOT ALL, 2«PLOT STflRT, 3-CHftNGE, 
4-CONTINUE

500

8

-509

-1000

-1500  

1045 1185 1325. 14£!V 1665. 1745 1885. 2825 2165 2305. 2445

SAMPLES AT 5 MSEC

Fiqure b.31. Seismometer mass release transient tor station 
with ID code #25.



:CORD OF STEP TEST FROM STfl. NO 25

-2800

  1«PLOT HLL, 2«PLOT 
4-CONT1NUE

3-CHftNGE

POINT 
1-CURSOR, 2-ENTER 3-HO CHANGE

2501. 2811. 3121 3431 3741 4051. 4361. 4671. 4961. 5291. 5661

AT 5 MSEC

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



CORD OF AJ*>LIFIEP STEP TEST FROM STA. NO. 23
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1«PLOT ALL, 2=PLOT START, 3-CHANGE, 
4*CQNTINUE

I I I I I I

3007. 3266 3525 373*5 4044. 4304. 4563. 4822 3882. 3341. 3681

SAMPLES AT 5 MSKC

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



NETWORK STA. 8MB SWANSONS BLUFF 10 NO. 25 
SEISMOMETER CONSTANTS LAST UPDATED 12 SEP 75

INSTALLED 12 JUNE 75

SYMBOLNO PARAMETER

1 TYPE OF CALIBRATOR
2 MASS
3 SEIS. MOTOR CONSTANT
4 FREE PERIOD
5 OPEN-CIRCUIT DAMPING
6 SEIS. COIL RESISTANCE
7 SERIES PAD RESISTANCE
8 SHUNT PAD RESISTANCE
9 ATTENUATOR SETTING
10 NOMINAL PREAMP GAIN
11 SEISMOMETER SERIAL NO

ENTER ANY CHAR TO CONTINUE
D!
ALTER TABLE OF SEISMOMETER CONSTANTS?
2!

UALUE

C5
M
GL
T0
BETA0
RC
T
S
A
G
SNO

3 . 00001.0000
283 .  1000

.9660

.2890
5.3100
2.4880
7.4240
12.0000
78.0800

2197

UNITS

KG
NT/AMP
SEC
HO UNITS
KILOHH
KILOHM
KILOHH
OB
OB

1-YES, 2-NO

NETWORK STATION SUB SWANSONS BLUFF ID NUMBER 25

PARAMETERS CALCULATED FROM CONSTANTS OF 12 SEP 75 

PARAMETER SYMBOL UALUE

EFFECTIUE MOTOR CONSTANT GE 99.9937
RELEASE TEST ATTENUATION ARLS -24.0449
SEISMOMETER TEST CURRENT I 1.8688
AMPLIFIER STEP UOLTAGE E .2585

ENTER ANY CHAR TO CONTINUE

UNITS

MOLT/tt'SEC 
DB
MICROAMP 
MILLIVOLT

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.



SWB SWHNSOHS BLUFF NOISE SPECTRUM
288 SAMP/SEC ID- 25 PLOT D£TE= 16 OCT 75 L£N« 1 90S UPDATE- 12 SEP 79
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Figure 6.35. System noise amplitude spectrum for station SMB.



8MB SMANSONS BLUFF SYSTEM AMPLITUDE RESPONSE TO GROUND DI9PL. 
200 SAMP/SEC ID« 25 PLOT DftTE* 16 OCT 75 L£N« 7.008 UPDATE- 12 9EP 75
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Figure 6.36. Amplitude response for seismographic station SWB.
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SUB SNANSONS BLUFF SYSTEM PHASE RESPONSE TO GROUND DISPL. 
206 SAMP."SEC ID= 25 PLOT DATE= 64 MAR 76 LEN* 7.80S UPDATE- 12 SEP 75
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Figure 6.37. Phase response of the seismographic station SWB.



SMB SWANSONS BLUFF ELECTRONICS AMPLITUDE RESPONSE
200 SAMP/SEC ID* 25 PLOT DATE* 16 OCT 75 LEN-10 238 UPDATE* 12 SEP 75
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Figure 6.38. Amplitude response for the electronics at station SWB.



8MB SUANSONS BLUFF ELECTRONICS PHASE RESPONSE
268 SAMP/SEC 10= 25 PLOT DATE* 16 OCT 75 L£N»i0.23S UPDATE- 12 SEP 75

2.

P
H
A
S
E
<
P
I

R 
A 
0 
I
A 
N
S

1.  

e.  

-i.  

-2.
10 fc 10 *

FREQUENCY IN HERTZ

0 110 ~ 10   ie

Figure 6.39. Phase response for the electronics at station SWB.



SWB SWANSONS BLUFF SEISMOMETER AMPLITUDE RESPONSE TO GROUND OISPL. 
209 SAMP/-SEC ID« 25 PLOT DATE- 16 OCT 75 LEN-10.238 UPDATE- 12 SEP 75
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Figure 6.40. Amplitude response of the seismometer at station SWB.



SWB SWANSONS BLUFF SEISMOMETER PHASE RESPONSE TO GROUND DISPL. 
209 SAMP/SEC 10= 25 PLOT DATE* 04 MAR 76 LEN-10.23S UPDATE* 12 SEP 75
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Figure 6.41. Phase response of the seismometer at station SWB.



D!
SWB SMANSONS BLUFF SEISMOMETER AMPLITUDE RESPONSE TO GROUND ACCEL. 
200 SAMP/SEC ID- 25 PLOT DATE- 16 OCT 75 LEN-16.23S UPDATE- 12 8EP 75
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MNAT NEXT? 
* 1-CONTINUE 2-KEPLOT HITH NEW YMAX

PICK PEAK ON SMOOTH PART OF RESPONSE 
"AND TYPE ANY CHAR TO CONTINUE <NO RETURN) 
SEISMOMETER FREE PERIOD- 896SEC 
SEISMOMETER DAMPING FACTOR- .584 
SEISMOMETER DAMPING FACTOR- .665 
RESPONSE AT THE FREE PERIOD- I 81629E-05 VOLTS'

MICRON/SECxSEC 
  ENTER ANY CHARACTER TO CONTINUE

10~"2 10" l 10 
FREQUENCY IN HERTZ

0
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Figure 6.42. Amplitude response of the seismometer at station 
SWB to ground acceleration.



SWB SWANSONS BLUFF SEISMOMETER PHASE RESPONSE TO GROUND
280 SAMP, SEC ID= 25 PLOT BATE= 04 MAR 76 LEN«10.23S UPDATE- 12 SEP 75
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Figure b.43. Phase response of the seismometer at station SWB 
to ground acceleration.



WHAT NEXT? 
J»l NOISE
J=>2 SYSTEM RESPONSE ONLY 
J«3 ELECTRONICS RESPONSE ONLY 
J*4 SEISMOMETER RESPONSE ONLY
J»5 SYSTEM, ELECTRONICS *» SEISMOMETER RESPONSE 
J"  PICK MEM DATA TRACE 
J-7 TERMINATE 

7« 
END OF PROGRAM

4 FILES CREATED ON DISK FILE NRESPN 
FILE MRE3PM MWE COMMON
STORE CHANGES TO SEISM. CONSTS TABLE? I*YCS 

2! 
BEGIN EDIT

Figure 6.44. Program terminated normally



>LOG, *C, BILL, ?> 106, 59000 . 883637, BflKUN!
LOGIN CP-11 TTY-102 08.53 55.**flKY6lJ*C*ll/15/'75
BILL020 LOGGED IN. SESAME 23

-LOAD , CALSMO , WB30URCE t
LOAD COMPLETE, ENTERING -EDIT
OK - ^EDIT
L!

1 . DELETE , CXLGO , L UKLST .

3 LIBCOPY , JORflT , TXLGO/RR, TXLGO .
4 LIBCOPY, I^SaiRCEjRESP/RR.fcESP.
b LIBC:QPY, W630URCE, SMLGO-1?R» SMLGO 
6. LINK,tH.Hf<L&T,F'^HtG
7 ^FL< 35000 >
8 CXLGO, TOPETTY, TAPETTY . 

OK - -EDIT

Figure 7.1. Initial sequence of commands: logging onto the C machine, loading 
program CALSMO from data call library WBSOURCE, listing CALSMO and executing via 
tRUN.



ENTER FILE NO OF SYSTEM RESPONSE
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s

208 SAMPxfiEC ID- 2 PLOT DATE- 03 OCT 75 LEN- 7.088 UPDATE- 12 SEP 75 

777 IF WRONG FILE ANY OTHER CNftR IF OK

Figure 7.2. Interactively entering file number on local file RESP of system 
response and verifying the errtry after examining the identification text (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 seismograph!c 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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BGG BOGCS «TN ELECTRONIC RESPONSE AHP IN GAIN PHASE IN MC 
IANS __
209 9AMP/3EC ID- 2 PLOT DATE- 83 OCT 73 LEN*18.23S UPDATE- 12 9EP 73

777 IF WRONG FILE ANY OTHER CHAR IF OK

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 by 
which the user selects points on the response for interpolation.
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Figure 7.9. Smooth electronics amplitude response obtained by 
interpolation through the high frequency jitter of the empirical 
electronics amplitude response (see figure 7.8).
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Figure 7.10. Empirical phase response of the electronics at 
station BGG. Superimposed textis the interactive dialogue by 
which the user selects points on the response for interpolation.
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Figure 7.11. Smooth electronics phase response obtained by 
interpolation through the high frequency jitter on the empirical 
electronics phase response (see figure 7.10).
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Figure 7.12. Smooth system $mplitude response 
for seismographic station BGG.
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Figure 7.13. Smooth system phase response 
for seismographic station BGG.



BGG BOGGS MTN SYSTEM RESPONSE
OUTPUT TO FILfc 1 ON DISC FILE "SYSRESP"
MAX FREQ OF AMPLITUDE<PHftSE> RESPONSE* 36.4< 30.7) HZ
WHHT NEXT? 1*STQP 2=FIX ANOTHER SYSTEM RESPONSE

1! 
OK -

Figure 7.14. Smooth system responses written to disc file SYSRESP. Option to 
terminate execution or smooth another empirical system response on 
file RESP.
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Figure C2. System amplitude response functions for stations in the 
Oroville net.
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Figure C4. Seismograph constants from 
the seismometer constants table for 
stations in the Oroville net.



FKEBUEHTY IN
ncouocv IN >f>iz

C ! '

fKEOUEHCY IN tCRTZ
FKEOIOCY IN tCRTZ

i»-tf '.« ; :ci- c^ PLOT iMit- ,?- O(.T r-j LEM-H> ss', tjrt>«iE« 20 oci rs

ff'.l««l> ,' III MltT"

Figure C5. Electronics response functions for stations 
in the Oroville net. " T



P WfcUE ftT

2048

D 
I
G
I
T 
I 
Z 
E 
R

1638

1228

819

469

0

-409C 
0 
U 
H 
T 
S -1228

-819

-1638

-2048

19 SEPT 75 1216GMT
DIM. MI NOOK LEN-19 995SEC

1

0. 2. 4. 6 

TIME<SECONDS>

8 10 12. 14 16 18. 28

Figure C6. OCAM seismogram (Z) for the M-1 10 Sept. 75 
OT = 1216 GMT Oroville aftershock.



10 SEPT 75 1216Q1T rtT STft. OCAM

2048.

1638

D 
I 
G 
I
T
1
2
E 
R

UINDOH L£H- 4.439SEC

1228

819

469

e
-409c

0
u
N 
T 
S -1228

-819

-1638

-2048

I I I

0. 88. 177. 266. 354 

.443SEC/MAJOR DIM.

443 532 626. 769. 796. 887

Figure C7. A 4.435 second segment of the OCAM seismogram (Z) 
for the 10 Sept. 75 OT = 1216 GMT Oroville aftershock. A 10% 
Manning 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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the 10 Sept. 75 1216 GMT Oroville aftershock.
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