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SUMMARY

This report describes a FORTRAN computer program which deter-
mines the orientation (with confidence limits) of an assumed double couple
earthquake source, given a series of teleseismically observed relative amplitudes,
each of which relates the amplitudes of either P and pP, or P and sP, or pP and
sP on one seismogram. Appropriate upper and lower limits are assigned in
arbitrary units to the observed amplitude of each phase, with or without a
polarity specification, and from these limits the program computes the
corresponding range(s) of relative amplitudes for each pair of phases. All source
orientations which are compatible with the range(s) of relative amplitudes are
then identified, and can be displayed graphically. Those orientations which are
compatible with all pairs of phases at all stations constitute the focal mechanism
solution, with confidence limits which correspond directly to the confidence of
the initial measurements. The program can be applied to shallow or deep
earthquakes beneath land or sea. '

I. OBJECT OF THE REPORT

This report describes a FORTRAN computer program (FALT) which
finds all the orientations of an assumed double couple earthquake source which
are compatible with a given series of teleseismically observed relative
amplitudes, where each relative amplitude relates the amplitudes of either P and
pP, or P and sP, or pP and sP, measured with "100% confidence limits" on one
seismogram. Those orientations which are compatible with all pairs of phases at
all stations constitute a focal mechanism determination with appropriate
confidence limits.

Use of the program is described fully in section 2, which contains a
description and explanation of all its features and their associated input and
output options. Also of importance is discussion of the program's range of
applicability to various types of earthquake and seismogram.

Section 3 contains some brief comments on the method, particularly
as compared with the established "first motion" methods of determining fault
plane orientations.

The appendices contain additional details to support section 2, but
which are more appropriate for reference use. The schematic diagram of
appendix A gives a broad outline of the program logic, and appendices B and C
define the format of the program input. Appendix D gives computing time and
storage requirements and related details, and appendices E, F and G contain the
theory which is used in the computations. The program listing is given in
appendices H and I.

This report is meant only as a users' guide to the program. Examples
of its application to real earthquakes are published elsewhere. The program has
been applied to a wide range of earthquakes, and the reader is referred to Pearce
(1,2), Barley and Pearce (3) and Pearce (4). Without modification it has also been
applied to a micro-earthquake beneath the Mid-Atlantic Ridge observed locally
on ocean-bottom seismographs (5), but this type of application is not considered
in this report.




2. USE OF THE PROGRAM

2.1 Introduction

Use of the program FALT is most easily described by means of an
example, so in this section a set of seismograms from a real earthquake is
discussed in order to introduce all the features of the program. In this way, the
purpose of its input and output options can be more clearly demonstrated.
Explanation of these options includes reference to the relevant variables in the
program input, whose definitions and formats are stated formally in appendices B
and C.

Figure 1 shows P wave seismograms recorded teleseismically at three
short period arrays from a shallow earthquake in East Kazakhstan, whose body
wave magnitude m, was about 5.0. The seismograms are phased array sums of
about twenty seism%meters, but the only significance of using arrays here is the
consequent improvement in signal-to-noise ratio over that of a single
seismograph record.

In a previous study of these seismograms by Douglas et al. (6),
modelling and other evidence provided strong indications that the two discrete
arrivals recorded at Yellowknife (YKA) and Warramunga (WRA) are P and pP,
and that the two arrivals at Gauribidanur (GBA) are P and sP, as shown in figure
1. The relative arrival times of the supposed pP and sP phases relative to the
direct P wave agreed with this interpretation, and in order to generate matching
theoretical seismograms, Douglas et al. had to resort to a process of trial and
error to search for a double couple orientation which yielded polarities and
relative amplitudes similar to those observed for P, pP and sP at all three
stations. Their success in finding such an orientation, coupled with other
evidence, was used to conclude that the event was indeed an earthquake with the
specified source orientation and with the chosen phase identifications on each
seismogram. However, this conclusion lacked an associated estimate of its
.eliability, which would be provided by, for example, a measure of the non-
uniqueness of the compatible source orientation.

The purpose of the program FALT is to meet this requirement by
providing a formal answer to the question "What range or ranges of source
orientations, if any, are consistent with the polarities and relative amplitudes of
P, pP and sP observed on all available seismograms, assuming chosen phase
identifications on the seismograms, and assuming that the seismic source is an
earthquake double couple?" Of fundamental importance is the use of only
relative amplitudes; all reference to absolute amplitudes is entirely avoided. The
significance of this can be seen from figure 2(a), which shows schematically the
ray paths of P, pP and sP for a shallow earthquake. Attempts to contour the
source radiation pattern by comparing absolute P amplitudes at different stations
(eg, reference (7)) or by comparing phases with widely differing paths at the
same station, all rely on correct allowance being made for the grossly variable
effects of anelastic attenuation and scattering along different propagation paths
within the Earth. Such effects may dominate that of the source radiation pattern
and are difficuit to allow for adequately, thereby severely limiting the success of
such methods.




The notion of dividing orientations into those which are "acceptable"
and "unacceptable” is another major departure from other methods of determin-
ing focal mechanisms, which typically produce one "best fit" orientation. It will
be seen that the implications of this, which are summarised in section 3, are
fundamental to the relative amplitude method.

In order to obtain time-separation of the P, pP and sP phases on
shallow earthquake seismograms we must use short period records, or, alterna-
tively, for larger earthquakes use could be made of broad band observations.
From figure 2§a), we expect the amplitudes of P, pP and sP from a shallow
earthquake to suffer the same loss along the path to a given station, except near
the source, as only here do the phases traverse significantly different paths.
Hence, the sensitivity of short period amplitudes to anelastic attenuation does
not present a difficulty, since for relative amplitudes it cancels out.

The ray paths shown in figure 2(a) represent the three phases P, pP
and sP, which are supposed to be present in figure 1. The waveform of each
seismogram - and hence its interpretation - is unusually simple, so these
seismograms might be considered to be "ideal" in terms of the development of
the present method. Because few seismograms can be so easily interpreted, the
following pages include discussion of the extent to which other types of
seismogram or earthquake can be brought within the ambit of the relative
amplitude method.

We can immediately ask whether the method can be applied to deep
earthquakes, whose corresponding ray paths are shown schematically in figure
2(b). It is no longer valid to assume that the three phases traverse similar mantie
paths, but in this case time-separation of the phases is obtained on long period
seismograms, which are not so sensitive to differences in anelastic attenuation.
So it is feasible to apply the method to those deep earthquakes which are large
enough to yieid long period seismograms (ie, which have a body wave magnitude
m,, of about 54 or larger).

Before describing the method, it is noted that, by providing a
quantitative answer to the question posed earlier, we establish whether or not
any source orientations are compatible with the assumed phase identifications,
and if some are, then we know how well the source orientation is constrained,
which types of faults the solution represents, and whether it is non-unique (as
evidenced by the existence of more than one compatible range of orientations). 1f
no orientations are compatible, this might be evidence of an anomalous source
mechanism, incorrect seismogram interpretation or merely the presence of one
or more anomalous seismograms; the program includes features which assist in
the investigation of such anomalies.

2.2 Method of specifying amplitude bounds numerically

We first consider the method by which relative amplitude
measurements (with their correct confidence limits) are expressed for the phases
identified on a seismogram. The inclusion of confidence limits in amplitude
measurements means that the uncertainty in each measurement is implicit in the
input data. This is not possible for first motion readings alone - giving rise to
one of their main disadvantages, as explained in section 3.




The method of specifying amplitude bounds numerically has been
designed so that the value for each phase, with appropriate confidence limits,
can be correctly expressed in terms of actual measurements which can be made
on a real seismogram. Accordingly, the amplitude information is specified for
each phase separately, in units which are arbitrary - it being necessary only to
maintain the same units for all phases on the same seismogram. Each amplitude
can be assigned particular "100% confidence limits" having regard for the several
uncertainties discussed in section 2.3. The program then converts these
measurements into equivalent range(s) of relative amplitudes for each phase pair.
Therefore, when we speak of measuring the "amplitude" of a phase in the present
context, this is only a convenient step towards establishing relative amplitudes
and does not refer to amplitude in any absolute sense.

The amplitude information from each phase is specified using three
variables:-

(1) Lower bound on the signal amplitude, without attention to
polarity.

(2) Upper bound on the signal amplitude, without attention to
polarity.

(3) Signal polarity - either positive, negative or uncertain (ie, both
polarities included).

The corresponding three variables in the program input are either
PAZ2IN, PAIIN and SIGNP, or PPA2IN, PPAIIN and SIGNPP, as indicated in
appendix B.

Amplitude assignments for the seismograms in figure 1 are included
in the figure . We note that the specification of upper and lower bounds on an
amplitude is independent of any choice of polarity (as it is in reality), so that the
"large amplitude but uncertain polarity" situation is represented by a positive
range and an identical negative range of amplidues as for sP at GBA. A lower
amplitude phase (for example, sP at YKA) can be assigned a lower bound of zero
with unspecified polarity, which gives one amplitude range centred on zero.

We note also that even if a phase is not visible on the seismogram
(see, for example, pP at GBA), then an upper bound can still be placed on its
amplitude. This ability of the relative amplitude method to utilise even the
information which is implicit in the absence of phases is of great importance,
since this indicates that the corresponding ray left the source near a null or
"node" in the radiation pattern which provides a strong constraint on its
orientation.

2.3 The correct assignment of 100% confidence limits to observed
amplitudes

We now consider the criteria which decide the correct choice of
amplitude bounds for each phase.

il




Application of the relative amplitude method to a given set of
seismograms will yield one or more compatible regions in orientation space, or it
may yield no compatible orientations. Whatever the result, its validity, and hence
its correct interpretation, relies entirely on the specification of true 100%
confidence limits on the amplitudes of each identified phase. Several factors
contribute to the size of the uncertainty in each phase amplitude, and it is vital
to allow for all of these when specifying each upper and lower amplitude bound.
These contributory factors, which are treated below, typically lead to uncertain-
ties of up to a factor of two for pP, and possibly more for sP.

Since the aim is to specify "100% confidence limits" it is first noted
that a signal polarity must only be specified if it can be read unambiguously from
the seismogram. In all other cases it must be left as unspecified, which results in
both polarities being included for whatever amplitude range is specified for that
phase. Four factors which contribute to uncertainty in the observed amplitudes
are identified:-

2.3.1 Effect of microseismic noise

The uncertainty which the presence of seismic noise imposes on the
observed signal amplitude depends mainly on the amplitude of the noise on the
seismogram at or near the signal dominant period. Even when this is small, it can
still be responsible for ambiguity in the signal polarity, which must then be left
unspecified. Pearce and Barley (8) have introduced a method of adding synthetic
noise to theoretical seismograms in order to establish the amount of signal
distortion that is attributable to noise on any given :bserved seismogram. They
showed that a surprisingly low level of microseismic noise can lead to incorrect,
but apparently unambiguous, first motion readings on short period seismograms.
In figure 1, microseismic noise is low at YKA, but noise with a dominant period
similar to that of the signal could be substantially affecting signal amplitudes at
WRA and GBA. If the earthquake were sufficiently large to yield broad band
seismograms, the microseismic noise might still not contribute much uncertainty
at YKA, since its dominant period (about 6 s) would be well separated from that
of the signals (about 1 s).

2.3.2 Effect of seismograph response

The theoretical requirement is to measure the square root of the
energy contained in the complete pulse. This is best done on a broad band record,
where any difference in pulse length between the phases can be observed and
allowed for, by aiming to use the area beneath the broad band displacement
record. If the source emission has a finite duration, then narrow band
seismographs (particularly those at short periods as in figure 1) record the
derivative of the ground motion, which can, therefore, lead to gross discre-
pancies between the recorded amplitude and the broad band pulse energy. It is
for this reason that subsequent matching of pulse shape and waveform, as well as
amplitude, by the generation of theoretical seismograms using a source
orientation computed by this program, is of value in providing additional
interpretative evidence (as discussed in the example of figure | by Douglas et al.
(6)). In general, for short period recordings of shallow earthquakes the best
results are expected for a small source, whose duration of emission is less than
1s and therefore lies well within the pass band of the seismograph. This is
assumed to apply for the figure | example, and the ability of Douglas et al. to
reproduce closely the pulse shapes of the phases provides strong support for this
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assumption. No formal allowance is made in the program for source finiteness;
the radiation from a point double couple is used throughout (see appendix E).
However, we do not expect source finiteness to have a major effect on observed
relative amplitudes provided that the duration of the source radiation lies within
the pass band of the seismograph. Long period seismograms cannot be used for
shallow earthquakes because the phases of interest are not time-resolved. For
deep earthquakes, the use of wide band long period seismograms (such as those of
the WWSSN) allows reliable amplitude measurements to be made for larger
earthquakes, as previously explained.

2.3.3 Effect of interfering arrivals

If another phase interferes with the phase being measured, the effect
on a short period waveform is large, although the generation of theoretical
seismograms is again able to assist in putting bounds on its possible amplitude.
The example in figure 1 does not exhibit such interference, but this is unusual.
When the coda is complex, it may only be possible to place an upper bound
(without polarity) on the amplitudes of the reflected phases, but it can be shown
that even this often imposes a significant constraint on the source orientation

(4).

2.3.4 Effect of uncertainty in other parameters

Lastly, it must be remembered that other input parameters may
themselves have an uncertainty which leads to a corresponding uncertainty in
amplitude, whose effect must be included in the amplitude bounds. The effect of
amplitude loss during surface reflection of pP and sP is calculated and allowed
for in the program as described later, and there is an option to allow for other
losses of pP or sP amplitude above the source, relative to direct P. However,
these additional losses can only be estimated, as are the parameters which are
needed to calculate reflection coefficients - namely the P and S wave velocities
in the source layer and surface layer, and the surface layer density for undersea
earthquakes. Specified takeoff angles at the source are also only approximate
(see later) and represent a range of points on the focal sphere - the maximum
effect of this angle occurs when a ray emerges from near a node (ie, a null in the
radiation patterrs because it is then that the angular rate of change in radiated
energy is highest. These angles also affect reflection coefficients, in the way
described in section 2.6.1.

Specification of the parameters relevant to these uncertainties is
discussed later; here a '"check list" is given of those input variables whose
uncertainties may affect amplitudes. They are: ALPHA, GAMMA, DIST, DEPTH,
PPFCTF, SPFCTF, PPFCTI, SPFCTI!, VPSRCE, VSSRCE, VPSURF, VSSURF and
DSURF,

2.4 The possible phase pairs for earthquakes beneath land and sea

Since the present method is based on relative amplitudes, the basic
element of information is provided, not by one phase, but by a phase pair. Hence,
the fundamental unit of computation is to process a single phase pair in order to
find those source orientations which are compatible with the given phase pair on
a given seismogram. Any number of such phase pairs - from the same and other
seismograms - can then be similarly processed, and their results combined to
establish those (if any) source orientations which are compatible with all phase
pairs. Mentioned below are all the types of phase pair which are included in the

program.
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For earthquakes beneath land, as for the example in figure 1, we
expect three main phases, namely P, pP and sP as shown in figure 3(a). If both
the P and pP and the P and sP phase pairs are included from the same
seismogram, then additional orientations will, in general, be eliminated by also
including the third possible phase pair, namely the corresponding pP and sP. This
third phase pair should, therefore, be included whenever all three phases are
utilised from the same seismogram.

For undersea earthquakes (specified using ISEA) we ideally expect to
observe four rather than three main phases, as shown in figure 3(b). In this case
pP is defined as the reflection at the sea bed, while the analogous reflection
from the sea surface - denoted by pP(ssf) - can be utilised in addition to, or
instead of, pP. There are then six possible phase pairs, ie, P and pP, P and sP, pP
and sP, P and pP(ssf), pP(ssf) and sP, and pP and pP(ssf). If only three phases are
used (that is, either P, pP and sP or P, pP(ssf) and sP), there are three phase pairs
to include. If all four phases are used, there are five phase pairs to include. The
sixth phase pair, namely pP and pP(ssf), should strictly be included, but since
these two phases sample the same point on the focal sphere they should convey
similar information. This means that no additional orientations would be
eliminated, so the option to use this phase pair is not included.

In what follows, the phases pP reflected at a solid free surface, sea
surface or sea bed are sometimes referred to collectively as "pP type phases",
and sP reflected at a solid free surface or sea bed as "sP type phases".

The type of phase pair to which a set of measurements relates is
identified by codes, using the variable PHASES.

2.5 Ray path specification

Having established a method of describing the relative amplitudes of
phase pairs numerically, it is necessary to specify all the structural and ray path
parameters which enable the theoretically expected relative amplitude to be
calculated for a given source orientation and a given phase pair at a specified
station.

First, the directions in which the ray paths leave the focal sphere,
and the angles at which they are reflected at the surface, must be specified.
These depend upon the azimuth and distance of the station from the earthquake,
upon seismic velocities in the source and surface layers, and, to a lesser extent,
upon focal depth. The specification of these values is considered in this section.

Secondly, it may be necessary to apply corrections to the calculated
amplitudes of surface reflected phases to allow for loss of amplitude upon
reflection at the Earth's surface, or at other crustal discontinuities. These
corrections also depend upon seismic velocities and densities, and certain other
geophysical parameters, and are discussed in section 2.6.

The azimuth of the station from the earthquake is specified explicitly
using AZI. The takeoff angle of the direct P wave at source, and also of pP, can
also be specified explicitly, using ALPHA and GAMMA respectively, although for
all shallow earthquakes these angles are equal, so that if GAMMA is left blank, it
is set to the value of ALPHA. The takeoff angle of sP, namely BETA, is not
specified as input but is always deduced from GAMMA using the P and S wave
velocities in the source layer (see appendix E). Thus, AZl and ALPHA (and for a
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deep earthquake possibly a separate GAMMA) are sufficient to fix the takeoff
directions of P, pP and sP from the focal sphere. However, a separate
estimation of ALPHA for a large number of stations is tedious and consists
essentially of consulting tables of takeoff angles against distance anq depth, and
possibly applying a correction for source layer velocity in the case of mtracrus_tal
earthquakes. Because of this, such tables are stored in the program and provide
an alternative means of setting ALPHA, by specifying instead the epicentral
distance DIST and the focal depth DEPTH. The use of this option is controlled by
INDANG. When using DIST and DEPTH to set takeoff angles, DEPTH is left blank
for an intracrustal earthquake, and the computed P wave takeoff angles are then
automatically corrected for the specified source layer velocity (VPSRCE) using
Snell's law and assuming a sub-Moho velocity of 8.1 km/s. Where internal
computation of P wave takeoff angle is requested, ALPHA is still rgad from the
input for any phase pairs for which DIST is outside the teleseismic range (see
under INDANG in appendix B).

A further advantage of this method of specifying takeoff angles is
that adjustment of a single uncertain variable - say VPSRCE or DEPTH - can be
used to investigate the corresponding effect on the range of acceptal_)le
orientations. The value of perturbation studies of this kind is discussed in section
2.12. Separate tables of pP takeoff angles are not included in the program, so
GAMMA is still set equal to ALPHA unless it is separately specified.

Although the above options provide for most requirements, the
provision to systematically perturb P wave takeoff angles by altering the source
layer velocity or focal depth does not extend to pP, which is inconvenient when
studying deep earthquakes. Furthermore, it might be instructive to investigate
the effect of perturbing takeoff angles alone, without simultaneously altering
source layer velocity which causes refraction coefficients to change. In order to
provide for these possibilities, there is an option to perturb systematically all P
takeoff angles and pP takeoff angles, using ANGPF and ANGPPF respectively.
This perturbation is applied to ALPHA and GAMMA after GAMMA has been set
to ALPHA (if applicable) and so allows for independent perturbation of ALPHA
and GAMMA during investigation of anomalous observations. ANGPF and
ANGPPF adjust takeoff angles as if the source layer P wave velocity were
changed by a factor of ANGPF (or ANGPPF) (see under ANGPF in appendix B)
but the value of VPSRCE, as required for calculating angles in the surface layer,
is unchanged. Thus, ANGPF and ANGPPF are intended for use as experimental
perturbation factors rather than as representing any known effect of structure or
source.

2.6 Path corrections to the calculated amplitudes for shallow and deep
earthquakes

When calculating the theoretically predicted relative amplitude for a
phase pair at a given station for a specific source orientation, it is necessary to
apply corrections to allow for any change in relative amplitude between the
phases which occurs between their emergence at the source and their arrival at
the seismograph. Following the argument of section 2.1 such corrections can be
restricted to the parts of the ray paths which are close to the source. We
therefore conclude that the only corrections to be applied are to compensate for
the loss of amplitude of the surface reflected phases with respect to P which
results from interaction of the former with crustal layering above the source,
including the effect of energy loss upon reflection. In addition, a factor must be
included in sP which relates the excitation of P and S waves by the source.

It is emphasized that all these corrections are applied to the
theoretically expected amplitudes calculated in the program, which are then
compared with the range(s) of relative amplitudes deduced from the seismogram;
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thus, the numerical values corresponding to the observed amplitudes are not
altered. Hence, all effects which result in loss of amplitude of a phase during
propagation are represented by factors whose value is numerically less than
unity.

The above effects are allowed for by three multiplicative factors.
First a correction is applied by the program to any surface reflected phase to
allow for energy partitioning upon reflection at the surface. A second correction
to any surface reflected phase can be input directly, to allow for any other
estimated amplitude effect above the source. A third correction applies to sP
only; this allows for the relative excitation of S and P by the source. These
corrections are now explained.

2.6.1 Allowance for reflection coefficients for surface reflected phases

The appropriate amplitude reflection coefficient for any surface
reflected phase is normally calculated within the program, and corresponds
either to the variable PPFCT3 (for pP type reflections at a solid free surface,
seq surface or sea bed) or to SPFCT3 (for sP type reflections at a solid free
surface or sea bed). In the case of a sea surface reflections, the coefficient
includes the combined effect of upward refraction at the sea bed, reflection at
the sea surface and downward refraction at the sea bed. The quantities PPFCT3
and SPFCT3 are multiplicative factors which are applied to the surface
reflection amplitude, so that they are normally less than, or equal to, 1.0, but
may be negative to allow for a polarity change upon reflection.

The relevant mathematical expressions derived from the appropriate
Z0ppritz equations are given in appendix E, from which it will be seen that, apart
from being a function of ray angle at the surface, the coefficients depend upon
the ratio of the P and S wave velocities in the surface solid layer. Where a sea
layer is present, they also depend upon the ratio of the P wave velocities in the
sea and surface solid layers, and upon the ratio of the densities in these layers.
Hence, there are several structural variables to be specified, and they are input
in the following way.

The P and S wave velocities in the source layer are input as VPSRCE
and VSSRCE respectively, and in the surface solid layer as VPSURF and VSSURF.
The ratios of these velocities are required to calculate ray angles at the surface
given those at the source using Snell's law, and the ratio of the P and § velocities
in the surface layer also appears explicitly in the equations for the reflection
coefficients (see appendix E). (If the P wave takeoff angles at source are
calculated from epicentral distance and depth, as described in section 2.5, then
for intracrustal earthquakes VPSRCE is also used in that calculation if the
earthquake is intracrustal.)

In the presence of a sea layer the density of the surface solid layer is
input as DSURF and the velocity and density of the sea layer are set to 1.5 km/s
and 1.0 g/cm? respectively and are held as constants in the program.

With regard to the numerical values of these coefficients, it should be
noted that they tend to - 1.0 for all pP type phases as the ray approaches vertical
incidence, the minus sign indicating that reflection yields a change in signal
polarity, which always occurs for the near-vertical angles which are likely to be
of interest. This numerical behaviour of the coefficient means that its value has
little dependence upon the ray angle near normal incidence - it does not become
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numerically less than 0.9 for ray angles up to 14° from the vertical. A
consequence of this is that we do not expect uncertainty in the surface layer
velocity to introduce any significant uncertainty in the observed pP amplitude.
By contrast the reflection coefficient of sP type phases tends to zero
approaching vertical incidence, making its value highly sensitive to ray angle
near the vertical. This must be borne in mind when placing the 100% confidence
limits on the observed amplitudes of sP (see section 2.3.4).

As explained in appendix E, the reflection coefficient for the sP type
phases also includes a factor to allow for the instantaneous change in
geometrical spreading factor which the incident spherical S wavefront suffers on
being reflected as P. This factor is expressed in terms of the pP takeoff angle
alone.

Values of PPFCT3 and SPFCT3 are normally calculated as required
for each phase pair. Alternatively, there is an option (using IFCT3) to set all
values to + 1.0, so that the desired values can be incorporated into PPFCT! and
SPFCT! (see below).

2,6.2 Allowance for other relative amplitude loss for surface reflected
hases

A further multiplicative factor, whose value is input directly, can be
applied to a surface reflected phase by the use of PPFCTI (for a pP type phase)
or SPFCTI1 (for a sP type phase). The factors, which may be specified separately
for each phase pair if required, are intended to allow for estimated loss of
amplitude of the surface reflected phase relative to direct P, due to any other
cause apart from surface reflection which was treated above. The factor might
include the effect of energy partitioning at seismic discontinuities above the
source other than the free surface, or that of anelastic attenuation or scattering
above the source. Such effects do not lend themselves to the analytical
treatment of the previous section, so the values are left to be estimated and
supplied as direct input. In the example of figure 1, the absence of any other
uninterpreted arrivals in the seismograms suggests that the the structure above
the source is very "clean", and the specification of a factor under this heading
would clearly not be warranted. However, this might not be so for a more
complex seismogram if, despite its complexity, it could be modelled in terms of
crustal reflections above the source (see, for example, chapter 5 of reference
(2)). 1f, when setting PPFCT1 and SPFCTI, the Zbppritz equations are used to
calculate the composite effect on pP and sP amplitude of a complex velocity
structure above the source, then it may be more convenient to include the effect
of the free surface or sea layer in that calculation. In order to provide for this,
the user can suppress the calculations of PPFCT3 and SPFCT3 within the
program. This is done using IFCT3.

The factors PPFCT1 and SPFCTI have a further use in perturbation
studies discussed in section 2.12, as one can study what effect a systematic
change of surface reflected amplitudes to all stations has on the compatible
range of source orientations. In order to facilitate this, the option to specify
factors PPFCTF and SPFCTF is included; these can be used to apply the same
amplitude correction to all pP type phases, and to all sP type phases, in a given
set of phase pairs.
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2.6.3 Allowance for relative excitation of S and P by the source

Expressions for the P and S wave amplitude leaving the source in any
given direction are each normalised to unity in the calculations within the
program. A relative amplitude relating two phases which both leave the source as
P (ie, P and pP) is independent of all geophysical parameters. However, this is
not so for the relative amplitude of a P and an S phase (ie, P and sP or pP and
sP), as equations (E1) and (E2) in appendix E show. This factor corresponds to the
relative excitation of P and S by the source, and is numerically close to 5.2, as
shown in appendix E. This factor (SPFCT2) is applied to all sP type phases, and is
set in the program to 5.2.

2.7 The procedure for searching orientation space

For the purpose of the relative amplitude method the point double
couple source is described in terms of its equivalent far-field P and S wave
radiation patterns, as given in appendix E, and illustrated in figures 4(c) and 5(c)
respectively. With respect to the co-ordinate system of figures 4 and 5, a source
orientation is defined in terms of the three angular variables, shown in figure 6(a)
- namely the dip 6 of the fault plane, the slip angle ¥ in this plane and its strike
o from north. For a given phase pair (with corresponding station azimuth £ and
takeoff angles a, B and Yy as shown in figure 6(b)) all source orientations are
searched at an angular interval d, within the limits d< Y« 7; d < § £ wand
d £ n £2m, as described in appendix F. (Here, n is simply the azimuth of the
recording station measured from the strike, ie, £ - o). In appendix F it is
explained that these bounds effectively include all possible orientations, with
interchange of fault and auxiliary planes as separate solutions.

For each orientation in the search mesh, the theoretically expected
relative amplitude is calculated (with its path corrections as described in section
2.6) and is tested against the acceptable relative amplitude range(s) correspond-
ing to the input. The orientation is then classified as "acceptable" or
"unacceptable” according to whether or not the calculated value lies within the
acceptable range(s). Acceptable orientations are listed and displayed as described
in section 2.8. In this way a picture of the acceptable regions in orientation space
is built up as the search progresses.

The angular increment for search, d, is always the same in dip, slip
angle and strike. It corresponds to the input variable DINCIN, which is converted
to DINC within the program, after checking, and, if necessary, correcting its
value to an integer submultiple of 90.0, which fulfils the requirements set out in
appendix B. The choice of a suitable value of d is governed by several criteria. A
minimum value is imposed by the availability of computing time and storage,
since d is the major factor which determines these requirements - both of which
are approximately inversely proportional to the cube of d. There is also a
maximum number of search increments which can be usefully accommodated in
the visual display of results described below. Conversely, seismograms of a given
quality require a value of d which is small enough to exploit adequately the
information which they contain.

It is foundothat d=5° provides a satisfactory compromise for typical
data, although d = 10" is more suitable for less accurate computations, or where
a large number of stations is included. In section 2.12 the option to search over a
restricted region of orientation space is introduced; this enables greater
resolution (with d as small as 1) to be used in certain cases, with no extra
computing requirements. Further guidance on setting DINCIN is given in

appendix B.
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2.8 Method of displaying resuits - SUBROUTINE PLOTV

Although the source orientations compatible with each successive
phase pair are listed if required by controlling IPRINT1, a clear interpretation of
the acceptable regions in orientation space requires a form of three-dimensional
display on which different types of orientation can be easily recognised. This is
not provided by plotting pairs of great circles on a stereographic projection,
since only several such pairs can be plotted without confusion, and because the
arbitrary size and shape of the acceptable regions would not be discernible on
such a plot. Dillinger et al. (9) and Guinn and Long (10) have represented
arbitrarily shaped regions of orientation space by plotting on a stereographic
projection the boundaries of the acceptable directions of the compression,
tension and null axes, and Dillinger et al. contoured different degrees of
compatibility in this way. However, even this method can be confusing if the
regions for each axis are large or disconnected, or extend into both hemispheres.

Pearce (1) introduced an entirely different type of representation,
which is particularly suitable for the present application. All those orientations
(Wi, § ;0 i) which are compatible with one (or a series) of phase pairs are each
plotted as a short vector drawn at an angleo . from the Cartesian point (., § .),
using the type of three-dimensional display show in figure 7, which is referred to
as a "vectorplot". Different combinations of ¥ (the angle of slip in the fault
plane) and §(dip of the fault plane) represent the various types of fault, which
are therefore characterised by their positions on the vectorplot. These are
indicated in figure 7 by conventional lower hemi%)here stereographic projections,
which are oriented for northerly strike (0 = 360" - upward vector); other strike
directions are interpreted by equivalent rotation of the projections. The
positions of some important types of fault on the vectorplot are labelled - there
is no need to calculate the effect of interchanging fauit and auxiliary planes
because the resulting fault types are represented elsewhere on the plot.

The value of this type of display is two-fold. First, the arbitrary
shapes and sizes of any acceptable regions in orientation space are immediately
apparent, and second, a given phase pair or series of phase pairs yields an easily
interpretable pattern of vectors, whose distribution is characteristic of one or
more classes of fault. Experience with different characteristic patterns leads to
quick interpretation of results in terms of fault dynamics as for stereographic
projections, but in a deeper sense because of the inclusion of confidence
information. Because this type of vectorplot uses only a single vector length - to
denote acceptance of an orientation - it is referred to as a "fixed length
vectorplot" to distinguish it from the "variable length vectorplot" introduced in
section 2.11.

Vectorplots are routinely generated using a separate subroutine,
PLOTV, which is called by the main program, FALT. A vectorplot is then
expanded to fill the frame in both the y and § directions, so that searches over a
restricted region of orientation space - introduced in section 2.12 - permit plots
with longer vectors; this becomes valuable when the "variable length vectorplot"
is introduced in section 2.11.

The example of figure ! is now used to illustrate the use of the fixed

length vectorplot; amplitude assignments are shown in figure 1. The phase pair _P
and sP at WRA is compatible with the orientations shown in figure 8, whose main
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features are immediately apparent. We see that reverse faults with all possible
strikes are compatible (see figure 7) and that these may have a significant strike
slip component. We also see that certain orientations with up to 100% strike slip
component are compatible, but with only certain strikes. No orientations with
any component of normal faulting are compatible.

For more formal presentation of vectorplots, as required for example
in publications, the need for any artwork is avoided by using a separate program,
PUBYV, which plots fully annotated vectorplots given the machine readable output
from FALT which is described in section 2.13.2. PUBV provides for full flexibility
of presentation, including variable plot size and annotation, and options to
display more than one vectorplot on the same page. Whereas figure 8 shows a
typical routine output from FALT using PLOTV, the separate program PUBV was
used to generate figures 9, 10 and 11l. Details of PUBV are not included in this

report.

2.9 Combination of results from a series of phase pairs

All phase pairs are processed separately as described above and in
appendices E and F; each phase pair reveals an array of acceptable source
orientations which can be represented in a vectorplot if required by controlling
IPLOTI. Thus, the example of figure | would yield nine vectorplots similar to
figure 8, but each with a different number and distribution of vectors according
to the type of constraint which the corresponding phase pair imposes on the
source orientation.

If the source is a simple double couple, and if the phase identifications
are correct at all stations, then we expect at least one orientation to be
compatible with all the phase pairs, and in any case we may wish to know which
orientations remain acceptable as each new phase pair is introduced. In order to
provide this the program uses the orientation array (variable array F in the
program) which is a logical array with one element for each search point in
orientation space. Its elements are initially set to a code corresponding to
"acceptable” and as each phase pair is processed, the elements corresponding to
any unacceptable orientations are reset in accordance with the procedure
described in appendix G. In this way the orientation array retains the cumulative
status of all orientations, and by accessing it after processing each phase pair
listings or vectorplots can be generated which show those orientations which are
compatible with all phase pairs so far processed (controlled by IPRNT2 and
IPLOT2 and referred to as "cumulative acceptable orientations"). The listing and
vectorplot showing any orientations which are compatible with all phase pairs are
controlled by IPRNT4 and IPLOT4 and referred to as "orientations compatible
with all phase pairs". The method by which the results from a series of phase
pairs are combined is given in appendix G.

For the example in figure | we find that there are indeed some source
orientations remaining after inclusion of all phase pairs, though, as expected, the
number is much smaller than for a single phase pair. Fi%:re 9 shows the resulting
vectorplot, which indicates that only a range of near 45~ dip-slip reverse faults is
acceptable (see figure 7). Figure 9 emphasises the inadequency of merely quoting
the defining angles of the two nodal planes with their confidence limits - the
shape of the acceptable region in orientation space is far from rectilinear.

lé6




2.10 Measurement of the constraint imposed on the source orientation -
the use of "significance" values

It has been shown that fixed length vectorplots give a clear indication
of which type of source orientations are compatible with a given phase pair, or
series of phase pairs. Of interest is N., the corresponding number of source
orientations which is acceptable, or moréd strictly this number as a fraction of N,
the total number of orientations in the whole of orientation space. The fraction
of orientations which is incompatible with one or a series of phase pairs is
especially important, as this is a measure of the degree of constraint placed upon
the source orientation by the phase pair(s), and as such is a measure of their
information content insofar as it relates to the source orientation. This fraction
of incompatible orientations is given by the expression

N - Ni
N * ..u(l)

However, this expression is a measure of the constraint placed upon the fau_lt
plane orientation in_the co-ordinate system (¥, 8,0) and, as such, is useful.m
terms of these usual geological parameters. This is not equal to the constraint
imposed on the fault plane orientation in real space, in which rotation of a co-
ordinate system through the same angle about any pole corresponds to the same
distance moved in orientation space. This difference becomes clear for § =
(exception (F2) referred to in appendix F), where any ¢ and § with the same sum
represent the same orientation in real space.

The fraction of incompatible orientations in real space gives a
correct measure of the constraint which a given phase pair or set ot phase pairs
places on the source orientations, and will be referred to as the "significance" of
the phase pairs(s), and denoted by S. In order to obtain the significance we y
require that the volume element in orientation space represented by each search ]
point be weighted according to the range of real orientations which it represents. i
A range of real orientations is given by the allowable range of any chosen axis,
multiplied by the allowable range of rotations about that axis, and for ease of
computation the axis through the strike is chosen (see figure 6(a)). For a small
angular range in Y, § and o, the allowable range of directions of this axis is
Aox Ay sing, and its allowed rotation is A §. Thus, if the angular variables are o
continuous, the significance is given by

IS all sin § dydddo it
\ acceptable .:
g =1 - orientations . c(2) 1

f:{,.,fg.ofg,o sin § dyd§do "i

3 For the discrete variables used here this gives

I an d? sin §
acceptable

g =1 - orientations . veeo(3)
4n?

(where d in this equation is the search increment as defined earlier).




It is this quantity, S, which will be used when discussing the information content
of seismograms. The significance of different types of phase pair, and
combinations of phase pairs, is of great practical interest in the study of focal
mechanisms, and is investigated by Pearce (4).

The above quantities are calculated and printed out for each phase
pair, and for the cumulative status of orientations after processing each phase
pair.

2.11 Partially acceptable orientations - use of the variable vector length
in SUBROUTINE PLOTV

Although a vectorplot, using fixed length vectors as described earlier
in section 2.8, is ideal for displaying those orientations which are compatible
with single phase pairs, or with a well-behaved series of phase pairs, as in the
example of figure 1, its usefulness for a series of phase pairs is limited by the
fact that only one anomalous phase pair may be needed to eliminate all
compatible orientations, in which case no vectors are plotted, and all information
is lost. In such cases it is desirable to have information on the most compatible
orientations in order to identify and study anomalous phase pairs more easily. In
order to provide for this, PLOTV can alternatively generate "variable length
vectorplots" using vectors of different lengths which denote possible values of a
several-valued variable. When this is requested, any completely compatible
orientations are plotted using a full length vector as before, but, in addition, the
program retrieves from the or.entation array those orientations which are
incompatible with one or more phase pairs, and plots them as shorter vectors -
the shortness of the vector denoting the number of incompatible phase pairs; the
number of vector lengths is a variable (NVL) which is supplied by the user. Thus,
a full length vector corresponds to "all phase pairs compatible" and the shortest
length vector corresponds to "NVL-1 phase pairs are incompatible" - inter-
mediate values being represented by corresponding intermediate lengths. By
specifying the number of vector lengths (using NVL) the user controls the
threshold of compatibility below which no vector is plotted. In this way the user
is able to obtain uncluttered displays which clearly show the regions of maximum
compatibility in cases where no orientations are compatible with all phase pairs.
This can be achieved by choosing a value of NVL which eliminates the large
number of unwanted vectors corresponding to orientations which are compatible
with only a small number of phase pairs. By restricting NVL in this way, the
important areas of the plot are emphasised, and it helps to enable the different
vector lengths to be resolved visually. This is also helped by having a long full
length vector. The length of the maximum length vector depends on the number
of values of ¢ and of § in the search mesh, and the consequent visual resolution
of vector lengths sets an upper limit on the useful value of NVL. Since it is
usually desirable to have most of the plot free from vectors when all phase pairs
have been included, NVL should be set to one or two more than the minimum
number of incompatible orientations when all phase pairs have been included.

As in the case of the fixed length vectorplot, described earlier,
listings of partially acceptable orientations and corresponding variable length
vectorplots can be generated after processing each phase pair; these are referred
to as "cumulative partially acceptable orientations”, and are controlled by the
variables IPRNT3 and IPLOT3. Again, after the final phase pair, listings and plots
of "orientations partially compatible with all phase pairs" can be generated, and
are controlled by IPRNTS5 and IPLOTS.
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Storage of partially acceptable orientations requires the elements of
the logical orientation array F to contain more information than is possible using
only the two logical values "TRUE" and "FALSE". To avoid the need for
additional storage space each logical element must be used as a several-valued
variable, and the method of achieving this is described in appendix G.

As an example of a variable length vectorplot with a useful value of
NVL, the seismograms of figure | are again used. Figure 10 shows the
orientations partially compatible with all the nine phase pairs, using 4 vector
lengths (NVL = 4). As expected, the full length vectors in figure 10 correspond
egactly with those of figure 9, except that a search increment of 10~ instead of
5" is used in order to resolve more clearly the additional (shorter) vectors which
indicate those orientations that are incompatible with one, two or three of the
hine phase pairs. It is seen from figure 10 that there are no additional classes of
fault which become compatible if any one or even two phase pairs are omitted,
but the exclusion of three phase pairs permits a number of strike slip types of
fault to become compatible.

It is emphasised that the option to plot partially acceptable
orientations is in no way intended to detract from the principle that a given
orientation is either "acceptable" or "unacceptable". The option is only intended
to assist in the study of anomalous seismograms or sources, and the choice of a
"most compatible oreintation” as a "best fit" source orientation should not be
made without adequate explanation of the incompatible phase pairs.

The subroutine (PLOTV), which was written to display values in the
orientation array as described above, is quite general, providing for vectorplots
of any three-dimensional array whose elements are either logical or several-
valued - although it is most suitable for cases where at least one dimension
corresponds to an angle. There is also clearly an upper limit to the array
dimensions (ie, number of mesh points) and the number of values (ie, of discrete
vector lengths) which can be displayed on a convenient size plot. The subroutine
PLOTYV is listed in appendix L.

2.12 Searching restricted regions of orientation space

In the previous discussion it has been assumed that the user wishes to
search systematically all possible source orientations, and this is normally
necessary to ensure that no compatible type of orientation is omitted. However,
there are certain situations where it may be advantageous to search only within a
restricted region of orientation space; it enables considerable computing time to
be saved, and it enables a finer search increment to be used without increasing
program storage.

In order to provide for this, there is an option to specily any upper
and lower bounds on slip angle, dip and strike, which lie within tho%e
corr&ponditg to the "whole s%ace" defined in appendix F, namely d « y « 180",
d « b« 180 and d «0& 360 . The search is then only conducted within the
rectilinear range of orientations so defined.
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Details of the consequent saving in computing time are given in
section DI of appendix D. As for the search increment d (corresponding to
DINCIN), this can be decreased provided the specified upper and lower limits on
a slip angle, dip and strike are such that the number of search increments in each
apgle separately does not exceed the number of search increments for DINCIN =
5" over the whole space (ie, 36 for the slip angle and dip, and 72 for the strike).
If it is desired to change these overall maxima, then the program storage must be
altered, instructions for which are given in section D2 of appendix D.

When searching within a restricted region of orientation space, the
search proceeds exactly as described for a search over all orientation space, and
the corresponding vectorplots extend only over the limited range. Since the
vectorplot is then expanded to fill the plotting frame, this permits longer vector
lengths, which is particularly valuable when plotting partially acceptable
orientations on a variable length vectorplot, as explained in section 2.11. The
signficance values and other related quantities defined in section 2.10 are also
calculated in the same way, but calculation of the fraction of acceptable
orientations, and the significance, assumes that there are no additional
orientations which are compatible outside the restricted region of search.

The following describes two types of situation in which it .may be of
value to limit searches to a restricted region of orientations.

First, considerable computing time and space can be saved gsee
section DI of appendix D) by following a coarse search (say with DINCIN = 10" or
15°) by a finer search (say with DINCIN = 2° or even 1°) over the restricted
regions of orientation space which the coarse search has shown to be most nearly
compatible with the data. This is more likely to be appropriate for large deep
earthquakes, where long period seismograms from a large number of stations may
be available. It should be remembered that the tendency for a preliminary coarse
search (say, with DINCIN = 10° or 159 to completely miss compatible regions
can be overcome by plotting partially acceptable orientations as described in
section 2.11, which will still enable the regions of most compatibility §o be
defined, prior to conducting a finer search (say, with DINCIN = 2" or 1"). In
general, regions of compatible orientations will occur in pairs, corresponding to
interchange of fault and auxiliary planes, and these regions can be searched
separately. If the required range of strikes for a required region spans north (ie,
360°), it will again be necessary to divide this into two search regions - one
either side of north. If the required range of dips or slip angles borders on the
limits of orentation space, then it may be desirable to check that there are no
acceptable orientations beyond these limits. In order to do this it is necessary to
know where in the orientation space a given type of orientation "reappears" after
reaching the boundary of the space in a given direction, so that another search
region can be specified. The recurrence pattern of slip angle, dip and strike
beyond their principal values is given in appendix F, and is illustrated in figure
14,

The second use for restricted region searches is in the investigation
of the change in mutual compatibility of phase pairs when uncertain input
parameters are perturbed. For example, cases have been found where all phase
pairs are nearly consistent with a certain range of double couple orientations, but
no orientations exist which are compatible with all the phase pairs simult-
aneously (4). Remembering from section 2.3.4 that such quantities as source
layer velocities are always themselves uncertain, perturbation of such quantities
may change the orientations which are compatible with each phase pair in such a
way as to render some orientations compatible with all phase pairs.
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For studying the effect of changing takeoff angles (ALPHA and
GAMMA) their values can be altered directly if the option to specify them
directly is being used (this is controlled by INDANG, see section 2.5).
Alternatively, if takeoff angles are set within the program from focal depth
(DEPTH) and epicentral distance (DIST), then all takeoff angles can be changed
systematically by altering the source layer P velocity (VPSRCE) for shallow
earthquakes (with DEPTH = 0), or by altering DEPTH for deep earthquakes. Note
that when takeoff angles are set from DIST for the shallow earthquake case, then
because the takeoff angle is corrected for VPSRCE using Snell's law, it follows
that angles at the surface are unchanged unless VPSURF is changed. A third
method of studying the effect of changing takeoff angles is to apply a systematic
correction to all phase pairs using ANGPF and/or ANGPPF as explained in
section 2.5.

Perturbation of the surface layer velocities VPSURF and VSSURF
changes the reflection coefficients at the surface (especially that of sP) by
implicitly changing the ray angles at the surface. For undersea earthquakes an
additional second order change is obtained by altering the surface layer density
DSURF.

PPFCTF and SPFCTF (see section 2.6.2) provide for systematic
perturbation of the amplitude lost by the surface reflected phases due to
attenuation or discontinuities above the source (other than at the surface).
(PPFCTF and SPFCTF also provide a convenient means of applying the same
value) of PPFCTI or SPFCT! to all phase pairs without specifying a value on each
card.

The perturbation studies described above are most conveniently
carried out at high resolution (say with DINCIN = 1° or 2% within the restricted
range(s) of source orientations of interest. Such studies are mainly intended for
identifying and explaining the origin of anomalous phase pairs (or sets of phase
pairs), as in the case of the options to print and plot partially acceptable
orientations described earlier.

The option to search a restricted region of orientation space is
brought into effect using the variable REGION. The angular limits of search must
then be specified using the variables PSIl, PSIN, DELTA1, DELTAN, STRIK1 and
STRIKN.

As an example of a search over a restricted region in orientation
space we again refer to the example of figure 1. Figure 11 shows those
orientations which are compatible with all nine phase pairs, as deduced from a
search at an increment of 3~ over the restricted regions of search shown (thess
regions would normally have been chosen after a coarse search - say, with a 10
mesh - over all space). The regions of orientation space represented in figure 11
represent about one-eighth of all orientations, and used about half of the
computing time used to produce figure 9.

2.13 Data manipulation, and the uses of input-results and a third output
device

The previous discussion has shown how different features of the
program FALT can be applied to the study of relative amplitude data in a variety
of circumstances. Now we consider how the input information already described
is read into the program and further special features are introduced which are
aimed at minimising the demand on computing facilities, and which provide for
more convenient manipulation and alteration of the data.
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2.13.1 Organisation of standard input

It has been established that the single relative amplitude observation
is the phase pair, which is individually processed to yield those source
orientations with which it is compatible. For a given earthquake, any number of
such phase pairs can be processed, during which cumulative information on
compatible orientations is retained, providing us at the end with those
orientations which are compatible (and maybe partially compatible) with all
phase pairs. The data required to initiate the above sequence of computations
will be referred to as a data block.

The standard input of a data block begins with a title card (Card 1)
which describes the earthquake and if required identifies any special feature of
this particular data block. This is followed by a card containing all the
parameters which must remain constant within the data block (Card 2). These
include the number of phase pairs, the search increment in orientation space, the
source and surface layer velocities and other parameters for the calculation of
pP and sP reflection coefficients, and the various output options. This card also
has the provision to specify that only a restricted range of source orientations be
searched, and if so the details of the search limits are given on an additional card
(Card 2A). There then follows one card for each phase pair (Card(s) 3); a phase
pair card includes the station name, its azimuth and distance from the
earthquake, the takeoff angle of P (and pP if different), a code indicating the
type of phase pair which this card relates, the upper and lower bounds on their
amplitudes in arbitrary units (with any polarity specifications), and any path
correction factors to be applied to calculated amplitudes. All input formats are
given in appendix B.

It is noted that each phase pair corresponds to one input card, and
that the phase pairs are processed sequentially according to the order of these
cards. It follows that the order of the phase pair cards does not affect the final
result, although it does affect the way in which the cumulative results develop as
successive phase pairs are processed. It may be desirable to place all phase pair
cards for a single station together, in order to see how much each successive
station further constrains the orientation. Alternatively, it may be sensible to
place cards with doubtful or poor quality measurements at the end in order to
avoid contaminating the cumulative results at an early stage. Whatever the
requirements, phase pairs can be re-ordered, removed or added to the data block
merely by manipulating individual cards, and ensuring that the correct total
number is entered in NOP on Card 2.

Not only can the sequence of the phase pairs from a given earthquake
be changed within the data block to obtain a different cumulative status of the
orientation array, but there may also be reason to divide the phase pairs into
more than one data block. For example, the constraint imposed on the source
orientation by each seismogram may be required separately. Referring again to
the example of figure ! we might ask how the three seismograms compare in
their ability to constrain the source orientation (or how the significance value of
each seismogram compares). In this case each station, comprising three phase
pairs in this example, is run as a separate data block. However, in order to find
the total constraint imposed by all three seismograms it would then be necessary
to re-run all nine phase pairs in one data block, as was done to produce figure 9.

Other types of investigation can be envisaged where it is necessary to

re-run a data block several times with only minor changes or corrections to one
or two of its phase pairs. A common feature of such manipulations is that
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identical processing of the same phase pairs is repeated, perhaps many times,
during the course of a study. Since the searching of orientation space for a given
phase pair is the main computational burden of the program, its unnecessary
repetition would constitute a major source of inefficiency in the uses of
computing resources.

2.13.2 Qutput into a third output device

In order to overcome the above problem, the program is provided with
an option to ultilise a "third output device" (in addition to the printer and the
plotter) into which the results from a data block can be written in a standard
format, and in a machine-readable form. An additional feature enables this
standard output (then called an input-result) to be re-read and incorporated into
a subsequent data block without the need to reprocess the corresponding set of
phase pairs. Output into a third output device - which might be a disc, magnetic
tape or punched cards - and the ability to read this output subsequently as an
input-result enables data blocks containing one or more of the same phase pairs
to be re-run without the time-consuming process of conducting a search in
respect of the same phase pair more than once. When this additional output is
requested, it is obtained in addition to the usual print and plot outputs, and is in
two parts whose contents and formats are given in appendix C. The first partisa
record of the input parameters of the data block, and contains the input details
of each of its phase pairs, with the number of compatible orientations and the
significance value calculated for each. The second part contains the complete
status of the orientation array after processing of the data block is complete;
that is, it contains any orientations which are compatible with all phase pairs in
the data block, and also those orientations which are partially compatible with
all phase pairs if these were retained (ie, if NVL > 1).

The number of the device into which the above output is written is
specified using NDEV3, and the output has been designed with the view to
meeting other requirements for subsequent processing as well as that of re-
reading into this program as an input-result. IDEV3 controls the output, and there
are three options. First, no output is written into the device; secondly, only the
first section of output described above is written. This is primarily intended for
theoretical studies, such as the plotting of graphs of significance against
amplitude bounds, takeoff angle or other input variable, as studied by Pearce (4).
It could be used for any case where a summary of results for each phase pair is
needed for further processing, but where the (generally much longer) status of
the orientation array is not needed.

The third option is to write both the first and second sections of the
output as described above, and this option is used to generate an input-result, to
be re-read into this program as described below. This third option may
alternatively be required for presenting the compatible orientations in another
form, either for producing improved quality plots as in figures 9, 10 and 11 using
the program PUBV (section 2.8), or for plotting equivalent pairs of great circles
on a stereographic net. This third option also provides for the output of
compatible source orientations for possible input into a program to select those
orientations which are also compatible with given pulse durations, as interpreted
in terms of Doppler effects caused by rupture propagation (11). This is a possible
means of discriminating between fault and auxiliary plane by allowing for the
finite size pf sources, and becomes particularly viable for elongated fauits. Such
a program is in preparation.
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2.13.3 The use of input-results

In principle one can use the output feature described above to
assemble a series of input-results, each corresponding to a different data block,
relating to different observations of the same earthquake. In a further data
block, which could be in the same or a subsequent job step, or in a subsequent
program run, any of these input-results can be re-read. This is done by replacing
one or more, or indeed all, of the phase pair cards in the new data block by one
or more cards, each of which commands an input-result to be read in from a
specified input device. The program recognises such an input-result card which is
blank, except for the number of the device from which the input-result is to be
read, which is NDEV. Instead of processing a phase pair, the program reads in the
input-result from the specified device. (If the device corresponds to punched
cards, the deck must be inserted immediately after the corresponding input-
result card.) The program prints out the details of its constituent phase pairs, as
retrieved from the input-result. The orientations compatible and partially
compatible with all the phase pairs (also retrieved from the input-resuit) are
printed and plotted as required by IPRNT! and IPLOTI, and the status of the
orientation array from the input-result is combined with that of the current data
block. Cumulative acceptable orientations and cumulative partially acceptable
orientations are then printed and plotted as after a phase pair, but this
cumulative information on those orientations which are compatible or partially
compatible with all previous phase pairs now implicitly includes those phase pairs
contained in the input-result. Thus, the processing of an input-result card in a
data block is exactly equivalent to processing the set of phase pair cards to
which it corresponds, except that computing time is saved because orientation
searches in respect of these phase pairs are avoided.

For example, suppose a data block contains nine phase pair cards
which, for convenience, we number sequentially. In run 1, phase pairs | to 9 are
processed in that order. In run 2, phase pairs 4 to € are processed and an output
into a specified device is obtained. In run 3, phase pairs | to 3 are foilowed by an
input-result card commanding the input-result from run 2 to be read in. Phase
pairs 7 to 9 then follow. Runs 1 and 3 are then exactly equivalent. In this
particular example, as well as yielding identical final results, the cumulative
status of the orientation arrays is also identical for runs 1 and 3, except that
during run 3 the orientation array is "updated" by the combined effects of phase
pairs 4, 5 and 6 together - the cumulative effect of the individual phase pairs 4, 5
and 6 being unknown to run 3. The computing time required for run 3 is about 2/3
that required for run |.

It must be remembered that all manipulations using input-results
must relate to data blocks which have the same search increment, search region
in orientation space, and number of vector lengths; all input-results are tested
for such compatibility when they are read in, and any which do not satisfy these
requirements are skipped by the program. It is, however, left to the user to
ensure that other parameters, such as structural variables, factors and the
earthquake parameters, are also compatible, as is required to maintain the
"integrity" of the results. It must also be remembered that the variable NOP on
Card 2 always corresponds to the total of phase pair cards plus input-result
cards.

The principle of manipulating data using input-results which is

introduced above can be applied quite generally to satisfy many types of
processing requirement, as the following examples of its application show.
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As already suggested, we may wish to know the constraint imposed on
the source orientation by each seismogram. In this case the phase pairs
corresponding to each seismogram are brought together and run as separate data
blocks, an input-result being obtained from each. The constraint imposed on the
source orientation by all the seismograms together can then be obtained with
little additional computation by running a data block which contains all the
corresponding input-result cards. Because this data block contains no phase pair
cards at all, computation is very fast. Further, this data block can now be re-run
"economically"” with the input-results in any order as required.

In another example, a problem may arise if the number of phase pairs
to be processed is so large that it requires more computing time than is available
for a single job. This is more likely to happen for deep earthquakes where a large
number of long period seismograms may be available. Here it is not necessary to
run each seismogram as a separate data block, but instead the seismograms can
be divided into several sets of phase pairs, each of which can be processed within
the available job time. The input-result obtained from each set can then be
combined in a final data block. Alternatively, it is possible to run the program
exactly as if all the seismograms were being processed in the same data block.
The first set of phase pairs is processed as one data block. In a second job, the
data block comprises the second set of phase pairs, preceded by one input-result
card corresponding to the input-result obtained from the first set. If there is a
third set of phase pairs, it would begin with the input-result card corresponding
to the input-result derived from the second set. By repeating this process as
many times as necessary the cumulative status of acceptable orientations
develops exactly as if the several sets of phase pairs were all processed
sequentially in one data block.

In the above procedure it is seen that the second data block, which
generates the input-result for the third data block, itself contains an input-result
card as well as phase pair cards. This has no effect on the input-result generated
by the second data block since the details of each successive phase pair are
recorded in the output with no attention being paid to whether it was processed
in that data block, or was part of an input-result. Thus, the phase pairs which
correspond to a given input-result need not necessarily have been originally
processed in the data block which generated that input-result.

In yet another example each phase pair could be processed in a data
block on its own, thereby obtaining a separate input-result for each. A final data
block, containing all the corresponding input-result cards, then combines them as
if they were, instead, the phase pair cards. Because this final data block is
thereby processed rapidly it is suitable for any studies where different ordering
of the phase pairs is required (for example, to group types of phase pair,
seismograms, etc). A further use arises where the data block is to be repeated
with only minor changes to one or two of the phase pairs. The correspondin
input-result cards are then merely replaced by their corresponding (modified
phase pair cards as required for successive runs, so that orientation searches only
occur in respect of any phase pairs which have been modified. The format of an
input-result is identical to the format of output to a third device, and is given in
appendix C.
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3. CONCLUDING REMARKS

To conclude, the relative amplitude method is compared with the
traditional method of determining source orientations by first motions, and this
comparison is used to highlight advantages of the relative amplitude method.

The determination of nodal plane orientations for assumed double
couple earthquakes by traditional "first motion" methods utilises only the
observed polarity of the initial] P wave at each seismic station (occasionally
supplemented by some S wave polarisation measurements). The process of finding
an orientation which divides these readings into the four expected alternate
polarity quadrants on the focal sphere relies both upon ideal behaviour of the
source, and upon correct and unambiguous observation at all receivers. If, for
whatsoever reason, there is no source orientation which satisfies all the readings,
then polarities alone are generally insufficient to permit investigation of the
origin of the "anomalous" behaviour. Mutually incompatible polarity readings are
a common feature of solutions for smaller earthquakes, or for earthquakes which
include readings from short period seismograms. Although long period seismo-
grams are more "stable" in this respect, careful comparison between waveforms
at different stations and an accurate awareness of the instrument response are
vital if unusual types of waveform are to be interpreted correctly.

In some cases an uneven distribution of stations can result in the
chosen orientation being fixed by only a small number of readings. Alternatively,
there may be a large range of orientations compatible with the data, the
likelihood of this being increased by the fact that teleseismic P waves can, at
best, sample only a smazll annulus of the lower focal hemisphere. The situation is
further complicated if "uncertain" polarity readings are included.

These difficulties, and the problems posed by uncertain, inconsistent
or inadequate polarity readings, have fostered the development of algorithms
which calculate a "best fit" source orientation in some statistical sense, by
maximising the mutual compatibility of the available data (9,12-17). Such
algorithms typically involve the use of weighting factors which may be of two
types. First, a_priori weighting factors may be applied to the input polarity
readings in order to quantify their uncertainty. This was considered by Udias and
Baumann (15) and Keilis-Borok et al. (17). Secondly, a posteriori weighting
factors may be applied by the algorithm itself, either to suppress inconsistent
polarities, or to militate against stations which are near to one of a provisionally
calculated pair of nodal planes. Various such schemes have been used (12-14,16~
18). Such algorithms are unable to place well-founded confidence limits upon
their calculated "best fit" orientations. An algorithm by Guinn and Long (10)
delineated compatible ranges of orientations instead of maximising a criterion
function, but for non-ideal data sets they had to "allow"” one or more inconsistent
polarities to obtain any acceptable range.

It must be emphasised that, in reality, if there is a source orientation
which is compatible with a given set of polarity or relative amplitude data, then
it must form part of a range of compatible orientations, which may assume any
shape in orientation space, and which may be split into more than one region in
orientation space. Moreover, it is important to remember that, within an
acceptable range of orientations, all orientations are equally probable. If, on the
other hand, no orientations are compatible with a given set of data, then this
anomalous behaviour must be attributable to a specific cause, such as an
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anomalous source or incorrect observation, and is not in itself a justification for
adopting the "most compatible" orientation. The initial P wave polarity is but a
small fraction of the source information present in each seismogram, since the
far field double couple radiation pattern possesses angular variation in P wave
amplitude as well as polarity, and also has an S wave radiation pattern whose
amplitude and polarisation direction have angular dependence. Incorporation of
this amplitude information into focal mechanism determinations would, in
theory, do much to overcome the problems outlined above, but previous attempts
to include this extra information have had limited success because the observed
absolute amplitudes are dominated by the different effects which anelastic
attenuation and scattering have on each phase. Similar problems arise when
relating the amplitudes between any two phases observed at diffcrent stations, or
between direct P and direct S even at the same station. Such effects cannot be
allowed for adequately, and therefore conceal the true signature of the radiation
pattern.

The use of relative amplitudes as well as polarity information, and
the use of "100% confidence limits" on these amplitudes as described in this
report together overcome many of the shortcomings described above. The
following specific points may be mentioned:-

The notion of using 100% confidence limits means that the uncer-
tainty of each measurement is embodied in the program input, and it follows that
the boundaries of the resulting compatible regions in orientation space define
equivalent confidences. This direct calculation of solutions with well-founded
confidence bounds removes any need to specify weighting factors, or to maximise
a criterion function. The method exploits the much "richer" signature of the
source orientation which is present in amplitudes, using both those of P and S,
and the specification of confidence limits maximises the utilisation of informat-
ion provided by seismograms of differing qualities, enabling effective use to be
made of poor quality seismograms. Studies have shown that this increase in
available data sometimes enables well-constrained source orientations to be
computed from only a few stations, and for shallow earthquakes at magnitudes
below which first motion cannot usually be read with certainty. Alternatively,
the redundancy of information provided by a large set of stations offers a means
of testing the validity of the double couple, or indeed any other radiation
pattern. (The method can be used to compute "first motion" solutions by placing
extremely wide bounds on every amplitude.) Graphic presentation of the results
using vectorplots provides for easy recognition of the arbitrary size and shape of
acceptable regions in orientation space, and it also enables any anomalous or
conflicting measurements to be easily identified. Special features of the
program, notably the plotting of partially compatible orientations and the option
to search within restricted regions of orientation space, assist in investigation of
the origin of any such anomalous behaviour. The use of restricted region
searches, and of input-results, enables such studies to be conducted with the
minimum of computing resources.

The generation of theoretical seismograms, for example by the
method of Hudson (19,20) and Douglas et al. (21), requires the same interpreta-
tion of relative amplitudes as that described above, in order to match theoretical
and observed seismograms by correct choice of source orientation. The present
program provides a systematic means of choosing such a source orientation,
together with a quantitative measure of its non-uniqueness. Furthermore, the
generation of theoretical seismograms which reproduce additional features of
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observed recordings provides additional support for the initial identifications of
the phases upon which the validity of the orientation result depends.
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APPENDIX A
SCHEMATIC DIAGRAM OF PROGRAM

(The following gives a broad guide to the organisation of the program,
but it is not a rigorous flow diagram.)

Set default values and constants
. READ and PRINT earthquake title card for this data block
I READ card with parameters which are constant for the data block

A Test validity of this input, correct if necessary and calculate related
parameters

Is a restricted region of
search in orientation \{es
space requested?
READ card with limits of region
no
Test validity of search region limits and calculate related parameters
PRINT details of input from previous cards, and related information

Set all elements of orientation array to initial value

Set single precision parameters for the plotting routine (SUB-
ROUTINE PLOTV)

Calculate sine and cosine tables for required angle increment of
search in orientation space

> READ next card

Is it a phase pair card
or an input-result card?

input-result
READ header cards of input-

result from specified input .
B phase pair device 4

Is this input-result compatible
with the current data block?

PRINT message yes !

Skip to end PRINT details

of input-result READ input-resuit and PRINT i
details of its constituent phase :
pairs. PRINT and PLOT
orientation array as requested

Incorporate input-result into the
orientation array of this data ‘
D block i E
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Which two phases does this phase pair relate?

P and pP or P and
pP(sea surface)

PRINT title of station and
phase pair

Test validity of input and
calculate related parameters

Calculate required reflection
and refraction coefficients

Does the amplitude range of
either phase have zero width?
no

Y

Do the amplitudes of both
phases span or bound zero?

no

Calculate E’anges of
amplitude ratios (pP/P or
pP(sea surface)/P is used
unless P amplitude range
includes zero, in which case
the reciprocal is used)

PRINT input details for
this phase pair, and related
information

Set related parameters and
calculate trig expressions

Set up plotting frame if
PLOT requested

yes

yes

PRINT PRINT
message message

D

yes

PRIN

D

yes

T PRINT

message message

D
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P and sP, pP and sP or pP(sea
surface) and sP

PRINT title of station and phase
pair

Test validity of input and
calculate related parameters

Calculate required reflection and
refraction coefficients

Does the amplitude range of
either phase have zero width?

no

Do the amplitudes of hoth phases
span or bound zero?

Calculate ranges of amplitude
ratios (sP/P or sP/pP or sP/pP
(sea surface) is used unless the
amplitude range of the P phase
includes zero, in which case the
reciprocal is used)

PRINT input details for this phase
pair, and related information
Set related parameters and

calculate trig expressions

Set up plotting frame if PLOT
requested




Repeat for each required slip angle

Calculate trig expressions

Repeat for each required dip

Calculate trig expressions

Repeat for each required strike, measured

from azimuth of station*

Calculate trig expressions

Calculate takeoff angle of
each phase in co-ordinate
system of radiation pattern

Calculate expected norma-
lised amplitude of P

Calculate normalised
observed amplitude of pP
or pP(sea surface)

Does ratio of calculated
amplitudes lie within
allowable range?

yes

Transform strike to value
measured from north

PLOT orientation (CALL

PLOTV) if requested

PRINT orientation if
requested '

Reduce value of

orientation array
element by |, or

set to .FALSE.
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Repeat for each required slip angle

‘Calculate trig expressions

Repeat for each required dip

Calculate trig expressions

Calculate trig expressions

Calculate takeoff angle of
each phase in co-ordinate
system of radiation pattern

Calculate expected norma-
lised amplitude of P or pP or
pP(sea surface)

Calculate components of
normalised shear wave ampli-
tude in radiation pattern co~
ordinate system

Calculate polarisation angle
in radiation pattern co-
ordinate system

Calculate vertical component
of shear wave and hence
normalised observed sP
amplitude

from azimuth of station*

Does ratio of calculated
amplitudes lie within

Repeat for each required strike, measured

allowable range? b
yes

Transform strike to value n ! N

measured from north ° b

PLOT orientation (CALL 4

PLOTV) if requested E

PRINT orientation if
requested

Reduce value of

orientation array
element by 1, or
set to .FALSE.

S




Calculate and PRINT significance values and related information for
this phase pair or input-result

If requested, PLOT and PRINT cumulative acceptable orientations

If requested, PLOT and PRINT cumulative partially acceptable
orientations, and PRINT related information

B
yes Y
Is there angther card?

no

If requested, PLOT and PRINT orientations compatible with all phase
pairs

Calculate and PRINT corresponding significance values and related
information

If requested, PLOT orientations partially compatible with all phase
pairs and PRINT related information

If requested, WRITE status of orientation array and related informa-
tion into specified third output device

yes Y
Is there another data block? .

no

Stop

*If restricted region of search in orientation space is requested and the region of
strikes requested spans the azimuth of the observation, the search is computed
for all strikes beyond the azimuth for all required slip angles and dips, and the
procedure is repeated for the remaining strikes.
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APPENDIX B

DESCRIPTION AND FORMAT OF INPUT DATA

A concise description of the program input is given in the listing

(appendix H); more detailed description is given here. Most of the variables are
introduced and explained in section 2, and references to the text are given where
appropriate.

Card 2

NOP

DINCIN

For each data block, input is as follows:-

Title card
FORMAT 10AS8

Title of earthquake.

Columns 65 to 80 should be used to identify this data block if more
than one data block is to be processed in respect of the same
earthquake.

Card with parameters relating to the earthquake, and processing
options for this data block.

FORMAT I5,F5.0,F5.1,2F4.2,12,1011,12,13,13,12,5F 5.2,2F%.2,11,A |

Total number of phase pair cards and input-result cards in this data
block (ie, number of phase pairs plus number of input-results).
Comments on the inclusion of all relevant phase pairs are given in
section 2.4, and section 2.13 gives guidance on how to organise phase
pairs, input-results and data blocks to meet different requirements.

Angle increment for search (degrees) (see section 2.7). This is set in
the program to _DINC, which is adjusted to the nearest integer sub-
multiple of 90, provided that there is sufficient storage in the
orientation array, F, and in the sine and consine tables SINTAB and
COSTAB, which are here set to provide for a minimum search
increment of 5° if all orientation space is included. (A finer search
increment is possible for restricted region searches, see section 2.12.)
A guide to required computing times and storage is given in section
D1 of appendix D and instructions for modifying the storage are given
in section D2 of appendix D. If DINCIN < 0 or > 90, DINC is set to 30
(this is intended for test purposes only and is too coarse for
meaningful results).

Both computer time and storage are mainly determined by DINC,
which can be set to provide for any required angular resolution,
having regard to (1) available CPU time and storage, (2) quality of the
input data, and (3) the size of the region in orientation space over
which the search extends. Computer time and storage are both
approximately inversely proportional to the cube of DINC, although
this is only important when processing phase pairs - the processing of
input-results being comparatively fast. In practice DINCIN = 5°
provides adequate treatment of typical data, while yielding clear
vectorplots of compatible orientations; a higher resolution over all
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DEPTH

ANGPF

ANGPPF

INDANG

IPRNTI,

space could not be adequately plotted on a conventional size grid.
DINCIN = 10° is appropriate for a coarse search, to be followed by a
higher resolution search over restricted regions of interest, or for
theoretical studies such as the plotting 3f graphs of significance

against an input variable. DINCIN = 1° or 2° is suitable for restricted

region searches with good quality data, in particular for studies of
variations in the acceptable regions as a function of uncertain input
parameters such as surface to source layer velocity ratio or takeoff
angle.

Depth of earthquake (km). Leave blank for an intracrustal earth-
quake. Only used if INDANG £0 (see under INDANG below, and
section 2.5).

Perturbation factor for systematically adjusting all the P takeoff
angles calculated or read in for each phase pair. Each P takeoff angle
a is reset to sin”' (ANGPF x sin @), so that the adjustment of angles
is equivalent to multiplying the source layer velocity by a factor
ANGPF for this purpose only {see under INDANG below). If left blank,
is set to 1.0. The use of ANGPF is explained in section 2.5.

Perturbation factor for systematically adjusting all the pP takeoff
angles vy, as for ANGPF above (see under INDANG below). If left
blank, is set to 1.0. The use of ANGPPF is explained in section 2.5.

Indicator to specify how P and pP takeoff angles are calculated (see
section 2.5). If left blank, the P wave takeoff angle is read directly
for each phase pair (see ALPHA on Card(s) 3). If INDANG is non-zero,
the P takeoff angle is determined for each phase pair from
distance/depth tables contained within the program, using DEPTH
from this card, and DIST from Card(s) 3. In this case if DEPTH is left
blank, the earthquake is assumey to be intracrustal, and the angle is
further corrected according t> Snell's law using VPSRCE, and
assuming a sub-Moho P wave velocity of 8.1 km/s. For any phase pair
with DIST < 20 or DIST > 100 (or left blank) the P wave takeoff angle
is read in using ALPHA even ify INDANG is non-zero. The takeoff
angle of pP is read in using GAMMA on Card(s) 3, or if this is zero, it
is set to the value of ALPHA. After ALPHA and GAMMA have both
been set, each can be adjusted using ANGPF and ANGPPF respect-
ively as explained above. The takeoff angle of sP, namely BETA, is
always calculated from the final value of GAMMA, using VPSRCE and
VSSRCE.

IPRNT2, IPRNT3, IPRNT4, IPRNTS5. “Switches" for printing the
orientations compatible with each card (whether phase pair or input-
result), and for printing cumulative acceptable orientations, etc. If
switch is non-zero, the corresponding list(s) of orientations are
printed. Details of input data and a summary of the results for each
phase pair or input-result, and for the cumulative results after each,
are always printed. Note that lists of orientations, especially as
requested by IPRNTI, IPRNT2 and IPRNT3, are likely to be very long.

IPRNTI A list after each card of orientations compatible with that
phase pair or input-result. For an input-result separate lists of those
orientations incompatible with one or more phase pairs are printed.
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IPRNT2 A list after each card (other than the first and last) of
those orientations which are compatible with all the phase pairs so
far processed, including those corresponding to any input-results, and
referred to as "cumulative acceptable orientations".

IPRNT3  Separate lists after each card (other than the first and
last) of those orientations which are compatible with all or
incompatible with one or more of the phase pairs so far processed,
including those phase pairs corresponding to any input-results, and
referred to as "cumulative partially acceptable orientations".

IPRNT4 A list after the last card as for IPRNT2, and referred to
as "orientations compatible with all phase pairs".

IPRNT5  Separate lists after the last card as for IPRNT3, and
referred to as "orientations partially compatible with all phase pairs".

IPLOTI, IPLOT2, IPLOT3, IPLOT4, IPLOT5. "Switches", equivalent to IPRNTI

to IPRNTS5, to control plots of compatible and partially compatible
orientations. Each plotting frame displays a vectorplot of those
orientations which are compatible or partially compatible with one or
a series of phase pairs over the requested region of search in
orientation space. The form of the vectorplots, which are generated
using SUBROUTINE PLOTV, is described in section 2.8 (fixed length
vectorplot) and 2.11 (variable length vectorplot). If switch is non-zero
the corresponding vectorplot(s) of orientations are generated. Other-
wise the frame(s) are omitted.

IPLOTI One vectorplot after each phase pair or input-result,
showing the orientations compatible with the card. For a phase pair a
fixed length vectorplot is generated, but for an input-result a variable
length vectorplot is generated to show the compatible and partially
compatible orientations of this input-result.

IPLOT2 One fixed length vectorplot after each card (other than
the first and last) showing "cumulative acceptable orientations".

IPLOT3  One variable length vectorplot after eact ~ard (other than
the first and last) showing "cumulative partially acceptable orienta-
tions".

IPLOT4  One fixed length vectorplot after the last card showing
"orientations compatible with all phase pairs".

IPLOT5  One variable length vectorplot after the last card showing
"orientations partially compatible with all phase pairs".

Indicator for controlling output on to third output device (which is
defined by NDEV3). Leave blank for no output. If set to 1, an
annotated summary of input and results for each phase (including
those in any input-results) is provided, according to the format shown
in appendix C. If > 2, this is followed by the status of the orientation
array after completion of the last card, as required for use as an
input-result (see appendix C). Outputs on to a third device are
intended to provide results in a machine-readable form (eg, on cards,
disc or magnetic tape) for further processing in one of the ways
described in section 2.13.
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NVL

NDEV3

ISEA

VPSURF

DSURF

VPSRCE

VSSURF

VSSRCE

PPFCTF

SPFCTF

IFCT3

Number of vector lengths for variable length vectorplots. This
corresponds to the maximum number of phase pairs which must be
incompatible with an orientation before the degree of incompatibility
is no longer stored in the orientation array or displayed on the plot
(see section 2.11). If left blank or negative, it is set to 1. The
maximum possible value of NVL is governed by the dimension of
VVLR and is set to 35. If > 35, it is set to 35. Section D3 of appendix
D gives instructions for increasing this maximum to provide for a
larger number of vector lengths, up to an absolute maximum of 255.

Number of the third ouput device into which will be written results
according to IDEV3 (see section 2.13). If left blank, is set to 7 which
is normally equivalent to punched cards.

If left blank, earthquake is beneath land. Any non-zero punch
indicates that the earthquake is beneath sea. The presence or absence
of a sea layer decides what surface reflected phases are expected, as
discussed in section 2.4. The specification of structural parameters
related to a sea layer is explained in section 2.6.

P wave velocity of the surface layer (discounting any sea layer)
(km/s). If € 0.0, is set to 4.0 (see section 2.6.1).

Density of the surface layer (discounting anv sea layer) (g/cm®). If
< 0.0, is set to 2.3 (see section 2.6.1).

P wave velocity of the source layer (km/s). If < 0, is set to 8.1 (see
sections 2.5 and 2.6.1).

S wave velocity of the surface layer (km/s). If £ 0.0, is set to
VPSURF/Y 3 (see section 2.6.1).

S wave velocity of the source layer (km/s). If £ 0.0, is set to
VPSRCE/Y 3 (see section 2.6.1).

Multiplication factor for all PPFCT! values (see under PPFCT! in
Card(s) 3). If left blank or zero, is set to 1.0.

Multiplication factor for all SPFCT! values (see under SPFCT! in
Card(s) 3). If left blank or zero, is set to 1.0.

If non-zero, all surface reflection coefficients (ie, PPFCT3 and
SPFCT3) will be set to +1.0 instead of being calculated in the
program as explained in section 2.6.1. This option is useful if the
complete effect of a complex velocity structure above the source -
including the free surface or sea surface and sea bed - has been
calculated elsewhere, and can be incorporated into PPFCT! and
SPFCTI1 (or PPFCTF and SPFCTF) as explained in section 2.6.2. Note
that for sP, the change in geometrical spreading factor upon
reflection (see appendix E) must then also be included in the
calculations, and the convention used for the sign of the sP reflection
coefficient must follow that used in the program.
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REGION

Card 2A

PSIl
PSIN
DELTAI
DELTAN
STRIK1
STRIKN

Card(s) 3

1f left blank, search will include all orientation space. Any non-blank
punch indicates that a restricted region of search in orientation space
is requested; details are given on Card 2A. Some uses of the option to
search only a restricted region of orientation space are described in
section 2.12,

Card defining limits of restricted region of search in orientation
space (see section 2.12). (This card only to be included if REGION in
Card 2 not left blank.)

FORMAT 3(F8.4,8X,F8.4)

Smallest value of slip angle to be included in searches (degrees).
Largest value of slip angle to be included in searches (degrees).
Smallest value of dip to be included in searches (degrees).
Largest value of dip to be included in searches (degrees).
Smallest value of strike to be included in searches (degrees).
Largest value of strike to be included in searches (degrees).

PSIl, DELTAl and STRIK! are corrected downwards, and PSIN,
DELTAN and STRIKN are corrected upwards, to the nearest search
increment in orientation space. If PSIl, DELTA! or STRIK!1 £ DINC,
it is set to DINC; if PSIN or DELTAN > 180.0, it is set to 180; if
STRIKN > 360.0, it is set to 360.0. A required search region whose
strike spans north must be divided into two searches, one with strike
up to and including 360.0 and the other with strike beginning at DINC.
For details of recurrence of slip angle and dip see appendix F. For a
restricted region search the choice of DINC and of the search bounds
must be such that the number of search increments in each angle
separately does not exceed the number corresponding to DINC = 5.0
for a search over all space, which has DINC « slip angle < 180.0,
DINC « dip « 180.0, and DINC <« strike « 360.0. This gives a
maximum number of search increments of 36 in slip angle and dip,
and 72 in strike, see section 2.11. If these conditions are not met, the
region of search will be reduced as required. Array dimensions are
discussed in sections DI and D2 of appendix D.

NOP cards - one for each phase pair or input-result. Cards can be
placed in any order, so that any desired grouping of the phase pairs
can be achieved merely by changing the order of the cards. This will
affect the development of the cumulative acceptable orientations but
will leave the final result unchanged (see section 2.13).

If the card relates to an input-result, it must be left blank, except for
NDEV, the number of the device from which the input-result is to be
read, which is right-justified in columns 79 and 80. There is no default
value for NDEV - any non-interger characters, or blark or zero will
cause the card to be deleted. If device 5 (normally the card reader) is
used to read the input-result, then the corresponding card deck must
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be placed immediately after this input-result card. The format of an
input-result is identical to that of the output to the third output
device, so that the data can be re-read without modification. This
format is given in appendix C.

If the card relates to a new phase pair, it contains its details as
follows:-

i
]
§
} FORMAT A8, F5.0, 3F5.1, 2(A1,2F10.5), 2F4.2, A2
{
2
i
|

STANAM Station name code and seismograph type if required (eg, "ESK SPZ "
or "WOL LPZ "). This is used only as a title, but must not be left
blank as a blank station name is used to identify an input-result card.

AZl Azimuth of station from earthquake in degrees (measured positive
clockwise from north). This is converted to its principal! value (0
< AZI € 360.0) by the program so that positive or negative values will
be correctly treated. It is then approximated to the nearest value of
strike in the search mesh.

i DIST Epicentral distance from earthquake to station (degrees). Only used if
INDANG is non-zero, to calculate P takeoff angles from tables stored
é within the program (see section 2.5).

ALPHA  Takeoff angle of P from downward vertical at the source (degrees)
(see section 2.5). This is only used if INDANG = 0. This variable can
have any value (values between 90 and 180 giving a P takeoff angle in
the upper focal hemisphere, and values bstween 0 and -180
theoretically giving an azimuth change of 180"). This value (unlike
AZI1) is not approximated to a search mesh point. The P wave takeoff
angles for all phase pairs can then be systematically adjusted using
ANGPF on Card 2.

GAMMA Takeoff angle of pP from upward vertical at the source (degrees) (see
section 2.5). If left blank, is set to the value of ALPHA (hefore any
adjustment using ANGPF). This is normal for shallow earthquakes.
This variable offers a means of specifying a different takeoff angle
for pP in cases where it may be justified for deep earthquakes. The !
pP takeoff angles for all phase pairs can then be systematically ‘3
adjusted using ANGPPF on Card 2. Note that GAMMA refers to the :
takeoff angle of pP irrespective of which phase pair this card relates
to. The sP takeoff angle (BETA) is derived from the final value of $
GAMMA when required, using the ratio of the P and S wave velocities
in the source layer (VPSRCE/VSSRCE). Note that BETA is
independent of vp/vs in any other layer.

SIGNP, PA2IN, PALIN, SIGNPP, PPAZIN, PPAIIN. In the following, Phase 1
represents P for a P and pP or a P and sP phase pair, and pP for a pP
and sP phase pair. Phase 2 represents pP for a P and pP phase pair,
and sP for a P and sP or a pP and sP phase pair. The types of phase
pair are discussed in section 2.4, and this method of specifying
amplitude information is further explained in section 2.2. For the
present purpose pP includes its sea bed and sea surface analogues, and
sP includes its sea bed analogue. )
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SIGNP  Polarity of Phase 1 as observed on seismogram.

+ = positive (ie, up), - = negative (ie, down).

b e grse

Any other punch or blank corresponds to uncertain or unknown
polarity and so both polarities are included.

PA2IN, PAIIN Lower and upper bounds respectively on the possible
amplitude of Phase 1 as observed on the seismogram, measured in
arbitrary units. Amplitudes are specified by positive values - the
polarity being controlled by SIGNP.

SIGNPP, PPA2IN, PPAIIN Same for Phase 2.

The above method of expressing relative amplitudes numerically was
introduced in section 2.2; for comments on setting realistic 100%
§ confidence limits on the amplitudes see section 2.3. Note that if the
amplitude range of either phase has zero width, or if the amplitude
ranges of both phases include zero, the phase pair is deleted by the
program. (The inclusion of zero in both amplitude ranges permits all
possible relative amplitudes, so that all source orientations would be
compatible.)

- A - . A v T

enre mmater

PPFCT1 Multiplication factor applied to calculated pP amplitudes (if this
phase pair includes a pP type phase) to represent any loss of pP
amplitude during propagation with respect to that of P, other than at
the sea bed, sea surface or free surface (whose refraction and
reflection coefficients are normally allowed for in the program, see
section 2.6.1). This factor is primarily intended to allow for energy
partitioning at crustal discontinuities above the source, or anelastic
attenuation above the source, as described in section 2.6.2. If left
blank, is set to 1.0.

e S s S ¢ W o L L

SPFCT1  Multiplication factor applied to calculated sP amplitude (if this phase
pair includes an sP type phase) to represent any loss of sP amplitude
relative to that of P, for the same purpose as PPFCT! above. If left
blank, is set to 1.0.

Note that PPFCT! or SPFCT! for all phase pairs may be scaled
systematically by the use of PPFCTF and SPFCTF or Card 2. This
enables a general factor to be specified for all phase pairs, and it
enables perturbation studies to be performed easily on the loss of pP
or sP energy above the source (see section 2.6.2).

PHASES Code to identify the type of phase pair to which this card relates (see
section 2.4 for the possible types of phase pair). Punch 'PP' for a P
and pP phase pair; 'SP' for a P and sP phase pair; '**'for a pPand sP
phase pair (used only when both previous phase pairs are included f
from the same seismogram - see section 2.4). If the earthquake is
beneath the sea (ISEA non-zero), then reflection at the sea bed is
assumed for the above cases (this conforms to the standard
definitions of pP and sP). Where pP reflected from the sea surface is
used, punch 'PE' for a P and pP(ssf) phase pair or *E' for a pP(ssf) and
sP phase pair (S is not transmitted into the sea layer).

Any other punch or blank is assumed to be a P and pP phase pair.
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Further complete data blocks may follow.

For normal termination of the program the last data block must be
followed by one blank card.
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APPENDIX C

FORMAT OF MACHINE-READABLE OUTPUT AND INPUT-RESULT

The standard format output into a third output device is intended to
provide the results of processing a data block in a convenient machine-readable
form, in addition to the routine printer and graphic outputs. As explained in
section 2.13.2 it is in two sections, the first of which provides a summary of
input data and results, and the second of which contains a list of all orientations
which are compatible and partially compatible with all the phase pairs processed
in the data block or read in as input-resuits. The format is designed so that, when
both sections are requested, the output can be re-read directly as an input-result
without alteration, as described in section 2.13. The format of an input-result is
therefore essentially the same as that of the standard output. The formats have
been spaced out to provide room for hollerith annotation of key variables, which
is automatically included in the output to assist identification and interpretation
of data sets. This hollerith information, which is indicated by H format fields in
the list below, is skipped on input. The format list which follows is arranged in
"Cards" although more generally these will be card images on disc or magnetic
tape.

Section 1 of standard output from one data block.

Card 1 Header card

FORMAT 3A8,16H,A8,12H,A8,4H,A8

TCARD(I), I = 1,3 Standard heading used on input to identify this as a standard
FALT dataset. The characters are FALTb-bSTANDARDbOUTPUTbb
(where b denotes blank).

VDATE Version date of the program, in the form dd/mm/yy (where dd = day,
mm = month, yy = year).

RDATE  Date when program was run, in the form dd/mm/yy.

RTIME Time when program was run, in the form hh.mm.ss (where hh = hour,
mm = minute, ss = second).

Card 2 Title card for earthquake (as for Card 1 of device 5 input).
Card3  FORMAT 33H,I3,35H,F4.1,5H

NVL,DINC (as for device 5 input).

Card & FORMAT 16H,F4.0,4H,F4.0,12H,F4.0,4H,F4.0,16H,F4.0,4H,F4.0
PSI1, PSIN, DELTAL, DELTAN, STRIK1, STRIKN (as for device 5 input).

Card 5 Card with parameters relating to the earthquake {(as for Card 2 of
device 5 input).

Card 5A Card defining limits of restricted region of search in orientation
space. (This card is only included if REGION in Card 5 is not left
blank.) This card is the same as Card 2A of device 5 input.
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Card 6

FORMAT 31H,16,35H,I18

NCOMBR Number of orientations in the search.

NCOMB

Total number of orientations in all orientation space.

One set of three cards, namely Cards 7A, 7B and 7C, now follow in respect of

each phase pair.

Card 7A
Card 7B

NTRUE

Card 7C

SREAL

Card 8
Card 9

IOBS

Card 10
NTRUE
S

Card 11

SREAL

This card is the same as Card 3 of device 5 input.
FORMAT 26H,16,37H,F11.9

Number of orientations found which are compatible with this phase
pair.

Fraction of all orientations which is incompatible with this phase
pair.

FORMAT 69H,F11.9

Fraction of all orientations in real space which is incompatible with
this phase pair (ie, the significance).

Blank card

FORMAT 30H,I3

(=NOBS). Total number of phase pairs (either processed in this data
block or included in any input-results read in as part of this data
block).

FORMAT 26H,16,37H,F11.9

Number of orientations which are compatible with all phase pairs.
Fraction of all orientations which is incompatible with all phase pairs.

FORMAT 69H,F11.9

Fraction of all orientations in real space which is incompatible with
this phase pair (ie, the significance).

Section 2 of standard output from one data block.

Card 12

NTOT

Card 13

Card 14

Card(s)15

FORMAT 16H,17,57H

Total number of compatible and partially compatible orientations
within the region of search.

80OH
80H
List of all compatible and partially compatible orientations, with the

number of phase pairs incompatible with each (see section 2.13.2),
For each card:-

FORMAT 1X,I3,1X,13,1X,13,13,46(1H,13,1X,13,1X,13,13),15
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11K(I) Slip angle in fault plane ¢ (degrees).

J33(n Dip of fault plane § (degrees).

KKK(I)  Strike of fault plane 0 (degrees).

IVLN()  Number of phase pairs which are incompatible with this orientation.

ICARD (columns 75 to 80). Card count for Card(s) 15. When read in as an input-
result this is used to check the order of the input records.

Card 16 Card to indicate that the end of the dataset has been reached. (When
read in as an input-result the program calculates this using NTOT,
and this card only serves to confirm that the dataset is complete.)

FORMAT A4

END Standard characters which are used as an identifier. They are ENDb
(where b denotes a blank).

)

[EPSTRSIREN I A
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APPENDIX D
PROGRAM TIME AND STORAGE REQUIREMENTS AND
RELATED INFORMATION

DI. COMPUTING TIME AND PROGRAM STORAGE

Since both program storage and CPU time used are determined by the
minimum allowed search increment (ie, the minimum value of DINC), the
program can easily be modified to suit varied computing resources. The minimum
value of DINC is governed by the dimensions of the orientation array F, which
are related to the value of NDIM as described below. A suitable value of NDIM
can be estimated from the following approximate statistics, which are derived
for the present version of the program (NDIM = 18):-

(1) With NDIM = 18 the program requires 320 kb to compile.
(2) Wwith NDIM = 18 the compiled program requires 256 kb.

Table D! shows approximate CPU time requirements for different
values of DINC (see DINCIN on Card 2), expressed in arbitrary units:-

TABLE Dl
Time for One P and pP Time for One P and sP
DINC No.Po_f iearch Phase Pair or pP and sP Phase Pair
(A1l ori °:“t? S ) (All Orientation Space) | (All Orientation Space)
rientation Space (Units) (Units)
15° 3456 1.5
10° 11664 4 6
5° 93312 20 - 35 40 -~ SO
2° 1458000 300 - 400 400 -~ 500
lo 11664000 2400 - 3200 3200 -~ 4000

Times for restricted region searches can be estimated by calculating
the number of search points and estimating the equivalent number of units from
the above table.

For the IBM370 installation, on which this program has been run, 1
unit = 1 s.

D2. INSTRUCTIONS FOR CHANGING PROGRAM STORAGE

As mentioned above, the program can be tailored to available
resources simply by changing the dimensions of the arrav F (whose elements are
1 byte), and the value of NDIM (which is used only for testing the validity of
input data, and is specified in a DATA initialisation statement). Set NDIM to the
desired maximum available number of search increments in a 90~ band, exclusive
of lower limit (eg, if maximum resolution required is DINC = 5°, then NDIM =
18). Then the required dimensions of F are (NDIM*2, NDIM*2, NDIM*4),
corresponding to (slip angle, dip, strikg). Remember that DINCIN is always
corrected to an integer submultiple of 90" before being equated to DINC.
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With these changes the program logic will remain unaffected.

For higher resolution searches over restricted regions in orientation

space, the number of search increments in slip angle, dip or strike must not
exceed the corresponding dimension of F.

D3.

INSTRUCTIONS FOR CHANGING THE MAXIMUM NUMBER OF
VECTOR LENGTHS

If it should be necessary to increase the maximum number of vector

lengths, to provide for larger values of NVL, this can be increased from 35 to a
theoretical maximum of 255 as follows:-

(1) Set dimension of VVLR to (n + 1) where n is the desired
maximum number of vector lengths.

(2) Set dimension of VVL to (4,n + 1).
(3) Set dimension of NTRUES to (n).
(4)  Assign a unique code to the first byte of each new element of
VVLR, setting the remaining 3 bytes to "blank". This is most easily
achieved using hexadecimal "Z" specification in a DATA initialisation

statement (Z00404040 must be reserved for VVLR(1)). The codes used
in the orientation array are explained in appendix G.
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APPENDIX E

METHOD OF CALCULATING THE RELATIVE AMPLITUDE BETWEEN TWO
GIVEN PHASES WHICH IS EXPECTED AT A GIVEN STATION FROM A GIVEN
SOURCE ORIENTATION

) The procedure by which orientation space is searched and tested for a
given phase pair is outlined in appendix A. Here, and in appendices F and G, the
method by which the calculations are carried out is described.

At each search point in the mesh of possible source orientations the
acceptable range of relative amplitudes is tested against the theoretically
expected relative amplitude, calculated for the required phase pair at the given
station location, for the particular source orientation. The method by which the
theoretically expected relative amplitude is calculated is now given.

Let the seismic radiation from a point source be defined in spherical
polar co-ordinates (r,,4) about the source, where f = 0 is coincident with the X,
Cartesian axis and ¢ is measured in a right-handed sense from the X, axis (figure
4(a)). Then for a double couple force system acting about the X, axis, as shown in
figure 4(b), the time independent part of the far field P wave amplitude at unit
distance from the source is given by (see, for example, reference (22)).

1
A+ 2u

_K 1
A(e.¢)-—‘7-

A, i sin 29 cos ¢ E, «ees(E1)

~

where A and p are Lamé's parameters, v_ is the P wave velocity in the source
medium, K is a constant dependent upor? the magnitude of the couples, and r
denotes the unit vector. Similarly, the S wave amplitude is given by

—

K 1 A C oA
me a(cos 20 cos ¢ D - cos P sin & &), ....(E2)
s

A (8,4) =
~8
where v_ is the S wave velocity in the source medium. It is clear from equations
(E1) and (E2) that, although the ratio of P and pP amplitudes at the focus is
independent of all geophysical parameters, this is only approximately true for the
ratio of P and sP, since the relative excitation of P and S depends upon Poisson's
ratio.

Figure 4(c) is a three-dimensional polar diagrain of the P wave
radiation A _(0,4), viewed as for figures 4(a) and (b), The form of the S wave
radiation .ﬁ?(ﬁ,di) is shown similarly in figure 5, where its amplitude and
polarisation “direction are plotted on a three-dimensional representation of the
focal sphere. Here the planes XX, and X,X; are the "nodal planes" of P, which
intersect at the "null vector" Xz along which A = A_ = 0. For a point source we
note the familiar degeneracy of both P and $Pradidtions under interchange of
fault plane (arbitrarily chosen as the X,X; plane) and auxiliary plane, X, X,. The
integrated effect over an extended source has little influence on the radiation
pattern if the source is small, but large or elongated faults given rise to
significant variations of pulse length over the focal sphere, in which case the
correct quantity to estimate is the square root of the energy contained in the
(broad band) displacement pulse throughout its duration, as discussed in section
2.3.2.
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The source orientation is the orientation of the above co-ordinate
system X in space, which is defined in terms of the three angles introduced in
section 2.7, namely the dip § of the fault plane, the slip angle ¥ in this plane, and
its strike 0 from north, as shown in figure 6(a).

The position of P, pP and sP on the focal sphere is defined by the
azimuth of the station, £, and the takeoff angle of each phase - a, Y and Bbeing
used for P, pP and sP respectively (figure 6(b)). (These angles are respectively
the variables AZl, ALPHA, GAMMA and BETA introduced in section 2.5.)a =y is
assumed for all shallow earthquakes, and 8 is determined from vy using the ratio

of the P and S wave velocities in the source layer. We have
v siny
sin B = =2 «ees(E3)
vP

(Here reference to the phase "pP" includes the solid free surface, sea surface or
sea bed reflections as these all emerge from the same point on the focal sphere.)

In order to calculate the amplitude of P or S along a %lven ray for a
particular source orientation, we require the direction vector x = {x;,%;,x3} of the
ray leaving the source expressed in the X co-ordinate system. This is found by

applying a series of rotations to the direction vector along X; namely f0,0,1}.
The required direction vectors for a P, pP and sP ray respectively are given by*:-

cos § sin § O --1n a o col
—lxn 6 cou s o cos N -sin N cees(BA)
ein n cos n cos O 0 sin a
cos 8 sin § 0 -sln y 0 -cos Y
--1n § col § 0 cos n -sin N ++(E5)
sin n cos N -co8 Y 0 sin y
cos § 3in 8§ O -oxn 8 0 -col 3]
--1n 6 coa [ 0 cos n ~sin n ..(E6)
sinn cos N cos R 0 ein R

 §) 1

x2) = [0 cos V¥ -sin ¥

xy 0 sin w cos ¥
h 1

X2 = | 0 cos ¥ ~sin

x 0 sin ¢ cos
A 1

x2} = (O co- Y -sin w

x 0 sin 9 cos

AN\ \f:i/ =

where n =E - 0 is the azimuth of the recording station from the strike. The
amplitudes of the corresponding P and S rays leaving the source are then given by

K 1 1 . - -
ép = W g o sin (2 cos™! (x3)) cos (tan™' (x32/x;)) oo o (E?)
and
A =A B +a $=1(—l—l(cos (2 cos™! (x,)) (tan ' (x,/x,))8
~8 —sea- -sd).. L4 vs n X3 cos tan X2 /X, Y
+ cos (cos™! (x3)) sin (tan! (lex,))d:ﬂ. «...(ES8)

*In equation (3) of reference (1), the minus sign was omitted from the first
element of the & matrix.
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The normalised amplitude of the P phase at the station is obtained
directly from equation (E7), using equation (E4). That for a pP phase is similarly
obtained from equation (E8), using equation (E5), after which it is multiplied by a
factor F (corresponding to PPFCT3 introduced in section 2.6.1) to allow for loss
of pP amplitude due to reflection at the solid free surface, sea surface or sea
bed, according to which type of pP phase is being considered. The energy
partitioning equations for plane waves at a plane interface have been given by
many authors, eg, (23-25). The equations for a solid/fluid interface have been
given by Ergin (26). For the present purpose the matrices are expanded to obtain
a separate algebraic expression corresponding to each surface-reflected phase.

For pP reflected at a solid free surface we obtain

. 2sin 2y, sin 28, - R *(cos 4B, + 1) ....(E9)
2 sin 2Yl s1n 281 + Rlz(cos l.Bl + ‘j

F

where R, is the ratio of the P and S wave velocities in the surface layer, and
where Y, and B; are respectively the pP and sP angles of incidence in the surface
layer, which are derived from y and B8 using Snell's law, given the velocity ratio
betweeg the surface and source layers. This correction is less than 10% for
Y1 < 14",

For pP reflected at the sea bed, expansion of the matrices gives a
similar expression, but which depends also upon the ratio of the P wave velocities
in the sea and surface (solid) layers, denoted by R _, and upon the ratio of their
densities, denoted by R e We obtain P

’- 2} cos 28, (l‘l. cos v, ~ cos 28, cos X) ¢ sin 2y, (sin 28, cos X + .'!dln sin 31)' e (EI0)

sin 2y, (sin 28, cos X + LIS ein 8,) + R? coe 28, (cos 2B, cos X + l’l‘ cos vy,;)

where X = gin”? (np sin vy ).

For pP reflected at the sea surface F includes the effects of
amplitude loss due to upward and downward refraction at the sea bed; reflection
at the sea surface involves no amplitude loss but it does give a change in
polarity. The product of the three factors then gives F:-

2 cos v, cos 28, (sin 2y, sin 28, + &} cos? 28,) ]
¢ 2 sinm 2y; cos 28, (R, sin 8; cos 28, - cos Y, sin 28,) (Upward
Fe T refraction
(l’l‘ cos yy ¢ cos 28, cos X)(sin 2y, sin 28, a} cos® 28)) at ses bed)
. .’.d sin 2y, (R, ain R, cos 2R, - cos v, ein 28,)

x- 1.0 sea surface)

2
28} cos X cos 28, (Downward refrac-

tion at ees bed)

sin 2vy (2] ¢in B, + (oin 28, cos X)/R l‘)
* ot cos 2B, (cos Y, ¢ (cos 28R, cos x)/n’n‘)
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other seismic discontinuities above the source.

directly from equation (E8) as follows:-

| Al =f1a 12 +1a 12,
-8 _SG —S(b

€ = tan-l ('és I/I_és |)’
& 3]

_s-
v

A = (A
-s -8
v

9 ) T34 "%

we obtain

FL = - 2R} sin 48,
2 sin 2y, sin 28, + Rf(cos 4B, + 1)°

49

. The calculated pP amplitude may be multiplied by a second factor
(corresponding to PPFCTI) to allow for loss of pP amplitude relative to that of P
due to any other cause - for example, as a result of energy partitioning of pP at

Calculation of the normalised sP amplitude at the station requires
consideration of the mode conversion upon reflection at the free surface.
Equation (E8), using equation (E6), gives its amplitude and polarisation direction
in the X co-ordinate system. For calculation of the sP amplitude we are
concerned only with _l_\_s , the component of S amplitude in the vertical plane.

This is given by v
= |A | cos (g, + €,)
_l_\s ‘—s‘ 1 2
v
i where €, is the S polarisation direction measured relative to 5, and €, is the

angle between the vertic.l plane and §, measured perpendic~ular to the ray
direction x. Figure 12 shows the relevant geometry. Both l/_-\sl and ¢, follow

while €, is calculated by expressing the direction of § = (0,,0,,8;) in the co-
} ordinate system with its 3 axis along the takeoff ray and its | axis in the upward
' vertical plane (figure 12). This is obtained by applying a series of rotations to the
expression for & defined in the X co-ordinate system of figure 5(a). We obtain

A -sin 8 0 -cos B 1 0 (1] cos & -sin § 0 1 0 0
M, o -t o 0 cos n sinn sin & cos § O 0 cos & gin
q -cos 2 0 ain R 0 -sin n cos ] 0 1 0 -sin b cos !

Substituting for |_As|, €, and €, in equation (E12) gives the required expression for

> . vee.(E15)

Z. ész)* cos tan™! (A /_és ) + tan™' (B,/8))).

Allowance for energy conversion from incident S to reflected P at the
free surface is expressed as the product (corresponding to SPFCT3) of two scalar
factors F, and F, applied to the amplitude As - these being respectively an

expression analogous to that for pP, to allow for the partitioning of an incident
plane wave at the boundary as deduced from Zoppritz's equations, and an
additional correction (not required for pP) to convert to an incident spherical
wavefront. For the conversion of incident S to reflected P at a solid free surface
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The negative sign is necessary for compatibility with the definition of —A-s shown
in figure 12, The equivalent factor for sP reflected at the sea bed is givenvby

- - 2R, sin 2R, cos 2R, cos X (518
sin 2Y;: (ein 28, cos X + R.lpl‘ sinB;) ¢ R} cos 28, (cos 2B, cos X + AR, coa v,)° °°°°

The geometry of figure 13 serves to show the origin of F,, which
allows for the discontinuous change in geometric spreading factor caused by the
change of the spherically expanding wavefront from S to P at the free surface.
This factor depends only upon angles and velocities at the source, and can be

expressed as

cos Y
Fz = (Rz = sinrY ’ oot-(Elg)

where R is the ratio of the P and S wave velocities in the source layer.

The sP amplitude must be multiplied by a further factor (corres-
ponding to SPFCT2) to allow for the relative excitation of P and S waves at the
source, which is given by the ratio of the premultipliers in equations (E2) and
(E1). Here this ratio is set to 5.2, which is within 0.004 of its value for a Poisson

solid.

Finally, a factor to allow for loss of amplitude relative to P due to
any other cause (for example, as a result of energy partitioning at other
discontinuities above the source) can be applied to sP in the same way as for pP
discussed above; this factor corresponds to SPFCTI.
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APPENDIX F

METHOD OF SEARCHING GF'ENTATION SPACE AND OF
STORING AND DISPLAYING RESULTS FOR A GIVEN PHASE PAIR

For a given phase pair at a given station the calculation described in
appendix E is repeated for each required search point in orientation space, and
for each point the calculated relative amplitude is tested against the acceptable
range, the result being stored and displayed as required. This procedure is now
described.

To establish appropriate angular bounds for the search in orientation
space we require knowledge of the symmetry properties of the P and S wave
double couple radiation patterns, shown in figures 4 and 5. In the X co-ordinate
system of figure 4(a) we have, for the P wave radiation pattern,

= ép .o.o(Fl)
)
¢=0

A
P =20 +mm
d=d+nm

for all integer m and n. This gives a two-fold degeneracy of orientations within
the region 0 <8« m, 0 < ¢ &« 27, which represents the full radiation pattern. In
addition, for a point source, interchange of fault plane and auxiliary plane
further doulles the degeneracy:-

= A ...(F2)
p=g P
&=0

Furthermore, the existence of alternate opposite polarity quadrants adds an
antisymmetric property to the radiation pattern, which is given by

A
P 0=20+mn

$=~0+(z2n+1)n/2

=-A
6=0 ~P
=0

A
~p

= - A
A =+Q+mn ~P
d=-0+nm

. ... (F3)
0=%04mn
$=0+(2n+1)1/2

The relations (F1) to (F3) are identical for the S wave radiation pattern.

The azimuth £ of a station from the earthquake, and the corres-
ponding P wave takeoff angle at source, a, (and possibly a different pP takeoff
angle Y for a deep earthquake) are specified; these are defined in figure 6. For
each phase pair all orientations are systematically searched using an angle
increment d, within the following bounds:-

dgvgm,
dgd <, ...(F4)
d<n< 2n,

these bounds representing the search limits when all orientation space is to be
included.

This choice of bounds takes advantage of the two-fold symmetry of
equation (F1), so that it includes only one of the two degenerate orientations of
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the X.;X; plane, thereby avoiding duplication of equivalent orientations. How-
ever, the additional two-fold degeneracy provided by interchange of fault and
auxiliary planes (equation (F2)) is not exploited, so that both the alternatives
appear as separate solutions within the bounds specified in relations (F4).

The vectorplot, illustrated in figure 7, was introduced in section 2.8
as a means of representing this three-dimensional "orientation space" in terms of
the three angles ¥, 8§ and o, within the limits defined by the relations (F4).
Although the source orientation corresponding to any vector on the vectorplot
can be easily interpreted using figure 7, we may also wish to interpret angles
outside the bounds of relations (F4). This information is'required if a region of
acceptable orientations borders the edge of the region in slip angle or dip, and we
wish to know whereabouts on the edge of the region it "reappears" (perhaps in

order to specify bounds for a restricted region search as described in section
2.12).

Figure 14 shows a plot with the slip angle and dip extended beyond
the search limits defined in relations (F4). Any orientation whose angles lie
outside these limits can be translated into an identical orientation whose angles
lie within the limits, and which correspond to "principal values" of the angles.
Additional vectorplots similar to that of figure 7 are superimposed on figure 14
to show correspondence between orientations outside the search region, and the
equivalent orientations within it. From this it can be seen whereabouts a region
of orientations which reaches the edge of a vectorplot immediately reappears at
another part of its boundary.

Examination of figures 7 and 14 shows that the boundaries of the
search region as defined by relations (F4) do not rigorously fulfil the requirement
of covering the complete range of orientations. Along the boundaries of the
orientation space, a small number of orientations appear twice at the expense of
a small number of others, which do not appear at all. This can be seen by the
inexact fitting together of adjacent vectorplots in figure 14, and only arises
through the use of a finite search increment. In this connection we note the two
parts of the space where behaviour is anomalous. These are:-

(1) (w, /2, n) for all n - vertical strike slip. Here the two
degenerate solutions included in the bounds do not involve inter-
change of nodal planes.

(2) (b, m,n) for all ¥ and n - horizontal slip. Here all solutions with
equal (U + n) represent the same orientation in real space.

It must be emphasised that the size of the search increment d
imposes a fundamental limit on the accuracy of results, and the non-rigorous
behaviour described above is generally inside this limit. The bounds defined by
relations (F4) are therefore used to keep the search limits simple for
computation.

At each search point in orientation space the normalised amplitudes
of the relevant two phases are calculated as described in appendix E, and their
ratio (with attention to polarities) is tested against the acceptable range(s) of
relative amplitudes corresponding to the input. The orientation is then accepted
or rejected, according to whether or not the calculated value lies within the
acceptable range(s) (section 2.7). The orientation is transformed, simply by an
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angular change in the strike, into the fixed co-ordinate system (¥, §,0) and then
displayed and printed as required if it has been accepted, or the value of the
corresponding element of the orientation array is reduced if it has been rejected
(see appendix G). Printing and plotting of the acceptable orientations is done as
the search progresses, while the orientation array stores a cumulative record of
orientations compatible or partially compatible with all completed phase pairs as
described in appendix G.
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APPENDIX G

METHOD OF COMBINING RESULTS FROM A SERIES OF PHASE PAIRS

The method by which the program combines the results from a series
of phase pairs is now described.

The results from a series of phase pairs are combined by means of a
logical array F, called the orientation array, each of whose elements corresponds
to one orientation in the search mesh. (A given element of F will only correspond
to the same orientation in other data blocks if these data blocks search all
orientation space, or if they search identical restricted regions in orientation
space (section 2.12).) The orientation array contains the "status" of each
orientation and is updated during the processing of each new phase pair or input-
result, so that it always contains the combined result of all the phase pairs so far
processed. Note that any phase pairs which are contained in input-results are
included implicitly (section 2.13.3).

If the retention of partially acceptable orientations is not requested,
(using NVL) then we require to retain only those orientations which are
compatible with all the phase pairs so far processed. To achieve this, all
elements of the array are assigned a code which represents "acceptable" before
processing of the data block commences, and the element corresponding to any
orientation which is found to be unacceptable to a phase pair is reset to a code
corresponding to "unacceptable" if this has not already been done during the
processing of a previous phase pair. Thus, acceptable and unacceptable
orientations can be identified, and by accessing the array after each phase pair
or input-result card, we can obtain a listing or vectorplot of those orientations
which are compatible with all phase pairs so far processed. These are the
"cumulative acceptable orientations" described in section 2.8, and similar
accessing of the array after processing the last card yields the "orientations
compatible with all phase pairs". The cumulative fraction of compatible
orientations and the significance (see section 2.10) are always output after the
processing of each card, in the same way that these quantities are output for
each individual phase pair or input-result card.

When the variable NVL is used to facilitate printouts or vectorplots
of partially acceptable orientations, this information must be stored in the
orientation array. In order to save the extra computer storage that would be
needed for an integer orientation array, the logical (one byte per element) array
is retained, and different one-byte binary codes are used to identify the different
degrees of compatibility. Up to 35 different codes (given in the program listing)
are available, and we shall assume that these correspond to the integers | to 35.
In addition, the null code (equivalent to the logical .FALSE.) is used as explained
below. The maximum of 35 codes can be increased if additional codes are
required, by following the instructions of section D3 of appendix D.

Before processing begins, all elements of the orientation array are set
to the code corresponding to the integer NVL (which corresponds to the number
of vector lengths on vectorplots). Whenever an orientation is reached which is
incompatible with the phase pair being processed, the corresponding array
element value is decreased by 1. If it is already I, it is set to .FALSE. This
represents the "threshold of compatibility” below which the number of phase
pairs that are incompatible with this orientation is no longer stored (or printed
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out or plotted). When an input-result is being processed, its orientation array also
contains the partially compatible orientations corresponding to the data block
from which it was derived. Each element in the current data block is compared
with the corresponding element in the input-result. This latter value is
subtracted from its original value of NVL, and the array element in the current
data block is reduced by this difference (setting the element to .FALSE., if its
value falls below 1). Elements which do not appear in the input-result are
reduced in the current data block by NVL. Thus, the array elements acquire the
same values as they would have acquired if the input-result card were replaced
by its constituent phase pair cards.

Referring back to the simple case where no partially acceptable
orientations are requested, we see that all array elements are then initially set
to 1, and reset to .FALSE. when an incompatible phase pair is reached.

The above method of storing partially acceptable orientations means
that a given code in an array element has a different meaning in data blocks with
different values of NVL, and this explains why any manipulations with input-
results must involve data blocks with the same value of NVL.

When a printout or vectorplot of cumulative acceptable orientations
is requested, only those elements whose value is NVL are listed or plotted, and
when a printout or vectorplot of cumulative partially acceptable orientations is
requested, all elements whose value is not .FALSE. are retrieved. Those elements
with value NVL are compatible with all phase pairs and have a full length vector.
Those elements with a lower value - say, n - correspond to (NVL - n) phase pairs
being unacceptable, and are plotted with correspondingly shorter length vectors -
the shortest vector being reserved for any array elements whose value is 1. When
listing partially acceptable orientations, a separate search is conducted for each
value, so that separate listings are obtained of those orientations which are
incompatible with each number of phase pairs.

It may happen that the number of phase pairs in a data block is less
than NVL, in which case no orientation array elements will be set to .FALSE. In
this case the orientations incompatible with all the phase pairs are not listed, or
plotted, or included in the output, and allowance is made for this when re-reading
an input-result.
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APPENDIX H
LISTING OF RELATIVE AMPLITUDE PROGRAM (FALT)

FOCAL MECKHANISMS FRCM P, LITTLEP=P & LITTLES-P RELATIVF APPLITLODES

THE ECLLCWING 1S A SUMPARY OF THE PRCGRAN CESCRIPTICA ANC INPUTY
= FOR FULL CFTAILS SES PEARCE, AWRE REPCRTYT NN, O 41/79 , HMSC
(1679). FCR EXAMPLES NF ITS AFPLICATICA SEE PEARCE, GECPHYS.
Jo Ry ASTR, SOCe V7L, 20 PP 381 - 384 (1€77) OR PZARCE, PMD
ThTSISy UNIV CF NFWCASTLE~UPCN-TYNE (1S77) OR PEARCE, GEOPMYS,
Jeo Fo 43TK, SOT. VCL. (1] - (17190,

L2 BN 3 N N 3

DESCRIPTICAN CF PRCGRAW

cemonm—-

THIS PATGRAN SYSTEMATICALLY SEARCHES FGR THOSE FAULY PLANE
ORIFHUTATIINS whiCr ARF COMPATIBLE WITh A SERIES OF PHASE PALRS,
WHERSE CNE *PrASF PAIR® COMPRISHS TrE ACCEPTABLE RANGES ¢
SeIVHEES P A4 LITTLEP-P #QRe P & LITTLES-P sORe LITTLEP-P ¢
LITTL"S=P RELATIVE APFLITUDES AT AN CBSEPVING STATICON, T
RACTATICN PATYCRN RESULLTING FhOM A CCUBLE CCUPLE FCRCE SYSTEW
ACTING 4T & POINY IS ASSUMED (SEE E.Go. HUNDA, OCM, CBSERVATIRY
PUAS., 15°7). GIVEN TrE AZIMUTH, TAKECFF ANGLE OF P, AND RANGES
OF ACCFPTABLE P & LITYLEP-P (OR P & LITTLES-P) AMPLITUCES IN
ARBITRARY UNITS, WITH THEIR POLARITIES IF IDENTIFIABLE, THF
PROGRAM SFARCKHES THE THAEE DIMENSICAAL PARAMFTER SPACE DEFINED BY
SLIP ANGLS 1t THE FALLY PLANE (PSI), CIP CF FALLT PLANE {DtLTA}
ANE A21»UTe CF THE STATIUN FROM THE STRIKE (ETA) ATV TrE DESIFEC
ANGLE INCPENCNT (CINC), ANC STORES ACCEPTABLE ORIENTATITNS N TWE
ARRAY F, ACCEPYARLE (RIFNVATICAS ARE CCNVENIENTLY DISPLAYEC &S
CVECTUPPLITS® CN GPAPKIC OUTPUT USING SUBRCUTINE PLCTV ANC, IF
REQUIRFL, axF PRINTEC CuT, AFTER REPEATING THIS PPCCECURF FC®
EACH PHASE PALE, THE FAULY PLANE CRIENTAYICAS COMPATIBLE niTer aLL
PHASE PALPS ART PLTTIIL AND PRPINTED. THERE ARE ALSC "PTIIN> TO
PLCT CRISNTATINNS WeJCH ARE COMPATIBLE wlVk SOME AUT NCY ALL OF
Thi PHASE FAIRS,

ALTHOUGH ThE ST ARCH ACRMALLY COVERS ALL YME CRIENTATICN SPACE, A
RESTRICTI™ REGION DF ThE SPACE MAY BF SPECTIFIED, ENABLING A
RESOLUTICN (1.F. CINC) CF 1.0 CEG. TC BE ATTAINED wiTH ACCEPTARLF
SPACL ANC TlMc RIGUIPENENTS, (THIS IS INTENOED FUOR USE AFTER A
PRELIMINARY (FaBSE SELECH = SAY wlTh OINC = 5,0 OR 17,0 CEG. - WAS
TOENTIFIFD A CONPATIELE REGION CF CRIENTATICNS.)

ACCSPTAELT SLURCE ORIENTATIONS AND CTHRER INFORMATION MAY BE CUTFLT
IN A STANNARN WACHINE-RFADARLE FCRM, AND [F QEQUIRFD RF-QCAD N A
SUBSFQUENT ( MPUTATICN IN PLACE CF & PHASE PAIR, THIS IS REFERIEC
T AS A% *INPLT-RESLLI®.

A SEPARATE PEC,RAM, PLAV, ]S AVAILABLE wHICH GENERATES FuLLY
ANNNTATIC vECTFPLOTS IN A FLEXIBLE FCRAYAT, E.G. FCR PUBLICATICN,

INPUT

caec 1 TITLE CARC

cm—w=——

ECRMAT 104AP

iTLE TITL: OF E2RTRQUAKE.
FOLUMNS 65 T2 o0 SHOULC BE LSEC TC JDENTUIFY TNLS (ata
ALCOX IF MCag THAN ONE CATA BLCCK IS TN dE PRCCESSET IN
AESPECT NF THE SAME EARTHCUAKE.

caRr 2 TARD wmITh PARBMETERS RELATING TC THE EARTHCUAKE, ANC
—————— PECLENTING CFYINNS,

FURMAT 16, F8 a0 ,FSalg2Fha2elZol0T1s120134123,12,5F5.2,
2€6.2411441

NCP TCTAL NUMRLK CF PHASE PALIR CARLS AND INPUT-RESULT .4ARCS
IN THIS FATA BLJUCK (IS NUMBER rF PHASE PAIRS PLLS NUMBEP
CF INFUT=RESLLTS) .

DINCIN ANGLE INCREMENT FOR SEARCH (DEGRFES). THIS IS SET In THE
PENURAM Tr CINC, WHICH 1S ADJUSTEC TO THE NFAFEST IANTFGER
SLA-MULTIPLF CF 90, PROVICEC THERE 1S SUFFICIFNT STCRAGF
IN The CRIFNTATICN APRAY, F, whICH IS NCRMALLY <FT 10
PECVIIE FCA A MINIMUY SEARCH INCREMENT OF & OFG. wrHEN ALL
WIEATATICN SPACE 1S INCLUDED. (A FINER SEARCH INCREMENT
1S FTCSIALE FCR QLSTRICTYEC QEGICN SEARCHFS.) 1F DINCIA
LESS THAN CR EQUAL TO O CR GREATER THAN 90 CINC IS SFY YO
0 (TrtS 1S INTENDED FCR TEST FLOPCSES INLY AN™ 1S TO7
CdPSE FOFR MEANINGFLL RESULTS).

IN PRACTICE CINCIN = S ORQOVICES ACEQUATE TPEATMENT (F
TYPI. AL NATA, ANG DINCIN = 1Q 1S APPROPRIATE FrR A COARSF
SEASCH, *C #¢ CNLOWED BY A +IGHER PESCLUTICN SEARCH CVER
PESTLICTEC REGUINS 3¢ INTEREST, CINCIN = 1 CR 2 1S SULT-
ABLE £08 RFSTRICTFD RFGICN SEARCHES,

DEPTH fEPTH IF EARTEQUAKE (KM}, LEAVE BLANK FOR AN [NTRA-
CALSTAL FARTHQUAKE. ONLY ULSED TF INDANG IS ACNZERO,

AMGPF SEQTUFRATICN FACTCR FOR SYSTEMBTICALLY ADJLSTING ALL THE
P TARENFF ANGLTS CALCULATED OR REAC IN FOR FA(M PMASE
OALF, FACH ¢ TAKEQFF ANGLE 1S RESEYT TC ARCSIN(AN,PFe
SINCALPHAD D, ¢ THAT THE ADJLSTPENTY OF ANGLES (S
CWUIVALENT YD MULTIOLYING THE SCLECE LAYER vEL"LTY By A
FATT Y ANGPE (FUF THIS PURPCSE TALY). [F LEFY -~ anc [S

FT 7T 1.0.
e
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ANGPPF

INDANG

IPRNT1,

1PLCvl,

1reEvs

NVL

NDEV)

PERTU=BATICN FACTOR FOR SYSTEMATICALLY ADJUSTING ALL THE
LITTLEP-P TAKEQFF ANGLES, AS FOR ANGPF ABOVE, 1F LEFY
BLANK [S SET TQ 1.0,

INCICATOR TC SPECLFY nOw P AND LITVLEP-P TAKEOFF ANGLES
ARE CALCULATEC, IF LEFT BLAMNK THF P WAVE TAKECFF ANGLE IS
REAC CIPECTLY FOR EACH PHASE PAIR (SEE ALPHA CN CARC(S)
3)e IF INCANG NON-2ERQO, THE P TAKECFF ANGLE IS OETERMINED
FCR EACH PrASE PAIR FRCM QISTANCE/DEPTH TABLES CONTAINED
WITHIN THE FECGhAM, USING CEPTH FROM THIS CARD, AND DISTY
FRCM CARCIS) 2. IN THIS CASE [F DEPTH IS LEFT BLANK, THE
EARTHCUAKE IS ASSUMED TC BE INTRACRUSTAL, AND THE ANGLE
IS FURTHER CCRRECTED ACCORCING TO SNELL®S LAW USING
VPSPCE, ANC ASSUMING A SUB-MONO P wAVE VELOCITY OF 8.1
K¥/S. FOR ANY PHASE PAIR wITH CIST LESS THAN 20 OR
GREATER YHAN 100 (OR LEFT BLANK) THE P WAVE TAKECFF ANGLE
1S PEAD IN LSING ALPHA EVEN IF INDANG IS NON-ZERQ. TNHE
TAKFOFF ANGLE OF LITTLEP~P |S REAL IN USING GANWA ON
CARCUS) 3, CR IF THIS IS ZERC, IT 1S SEV TO THE VALUE CF
ALPHA, AFTER ALPHA AND GamMMa HAVE BOTH BEEN SET, EACH CAN
BE ACJUSTED LSING ANGPF ANC ANGPPF RESPECTIVELY. THE
TAKECFF ANCLE OF LITTLES-P IS ALMAYS CALCULATED FRON THE
FINAL VALUE CF GAMMA, USING VPSRCE ANDO VSSRCF.

IOANT 2, IPRANT2, IPRNTA, IPRNTE. SWITCHES FOR PRINTING THE
ORIFNTATICAS COMPATIALE WITh EACH CARD (WHEFTHER PHASE
PAIR OR INPLT=RESULT), AND FOR PRINTING CUMULATIVE ACCEPY
-ABLF OFIENTATIONS ETCs IF SwITCH IS NON=2ERQ THE CCRRES
~PCNDING LISTIS) OF ORIENTATICNS ARE PRINTED. SUMMARIES
CF RESULTS #RE ALWAYS PRINIED,

NCTC THAT LISTS OF ORIENTATIONS, ESPECIALLY AS REQUESTED
BY [PRNT1, 1PRNT2 ANO IPRANTI, ARE LIKELY TO BE VERY LONG.

IFENT] A LIST AFTER EACK CARD CF CRIENTATICNS CCMPATIBLE
WITH THAT PLASE PAIR OR INPLT-RESULT. FOR AN INPUT=RESULT
SEPARATE LISTS OF THOSE ORIENTATICNS INCOMPATIBLE WITh
CNE Ok MORE FhASE PAIRS ARE PRINTEOD.

TFRNT2 A LIST AFTER EACH CARD (CTHER THAN THE FIRST ANC
LAST) OF *CUMLLATIVE ACCEPTABLE CRIENTATIGNS®.

IFANT3  SEPARATE LISTS AFTER EACH CARD (QVHER THAN Tht
CIOST AND LAST) OF *CUMULATIVE FARTIALLY ACCEPTABLE
CRIENTATICNS®,

[FRNT4 A LIST AFTER THE LAST CARD AS FOR [PRNTZ2,
CCATAINING *CRIENTATICNS CCMPATIBLE WITH ALL PHASE
PAIRSe,

IFENTS  SEPARATE LISTS AFTER THE LAST CARD AS FOR [PRNT3,
CCNTAINING *ORIENTATIONS PARTIALLY COMPATIBLE WITH ALL
PHASE PALRS*,

IPLCT2, 1PLLT2, [PLCT4, [PLCTS, SWITCHES, ECLIVALENT TC
[FRATY TO IPENTS, T CONTRCL PLLTS OF COMPATIBLS ANC
PARTIALLY CCMNPATIBLE NRIENTATICAS, 1F SWITCH 1S NON=ZERQ
THE CRRESFUNCING VECTORPLLCT(SH QF CRIENTATIONS AKE
CENERATEC.

IFLCTL  CNE VECTORPLCT AFTER EACH PHASE PAIR CR INPUT-
ACSULT, SHCWING THF ORTENTATICNS CCMPATIBLE WwITH THAT
CARD. FCF 8 PHASE PAIR, A FIXECL LENGTH VECTOPPLOT IS
GENEFATEC, 8LT FOR AN INPLT-RESLLY A VARIABLE LENGTFH
VECTCRPLGT 1S GENERATED TO SHGOM THE CCMPATIELE AND
PARTIALLY CCMPATIBLE ORIENTATIONS OF THIS INPUT-RESULLT.

IFLOT2 ©ONE FIXED LENGTH VECTCRELCT AFTER EACr CARD
(CTHER THAN THE FIRST ANC LAST) SHOWING °*CUMULATIVE
ACCEPTABLE CRIENTATIONS®,

[FLCT3 CNE VARIABLT LENGTH VECTORPLOT AFTER EACH CARC
(CTHER THAN THE FIRST ANO LAST) SHOWING *CUMULATIVE
PARTIALLY 2CCEPTABLE ORIENTATIONS®,

IFLCT4 OCNE FIXED LENGTH VECTCRFLCT AFTER THE LAST CARD,
SHOWING *ORIENTATIONS CCMPATIBLE WITH ALL PHASE PALRS®,

TFLCT® CNE VARIABLE LFENGTH VECTORPLOT AFTER THE LAST
CARC, SHOWING °ORIENTATIONS PARTIALLY COMPATIBLE wiTH
ALt PMASE POLRSe,

INDICATCR FCR CONTROLLING QULTPUT ONYO THIRD CUTPUT DEVICE
(WHICH IS CEFINED BY NDEV3). LEAVE BLANK FCR NO CuTeuT,
TF SET TQ 1, AN ANNOTATED SUMMARY OF [NPUT AND RESULTYS
F3k EACH PrASE (INCLUDING ThOSE IN &NY INPUT-RESULTS)

1S PRNVICEC. IF SFT TN 2, THIS IS FCLLOWED BY THE STATUS
CF Tht QORIENTATION ARRAY AFTER (CWPLETICN OF THE LAST
CARN, AS RFQLIRED FOR USF AS AN INPUT-RESULT.

NUNBFR OF VECTOR LENGTHS FCR VARTABLE LENGTH VECTNRPLOTS,.
THIS CORPZSFCADS TN THE MAXIMUM NUMBER NF PMASE PAIRS
WHICH MUST BE INCOMPATIBLE mIThH AN QRIENTATION BEFNRE THF
DEGREE CF INCCMPATIBILITY 1S NC LCNGER STCRED IN THE
APIENTATICAN ARRAY OR DISPLAYED CN THE PLNT, TF LEFT BLANK
QF NEGATIVE 1T IS SET 7O J. THE WAXIPUM POSSIBLE VALUE
0F AVL IS GTVERNED BY THE OIMENSICN 3F VVLR AND IS SFT

TC 35, [F GPEATER ThAN 3% 1T 1S SET TC 235,

NUMBER OF TRIRD QUTPUT OEvICE IATC WHMICH witl BF wWRITTEN
RESULTS ACr.CRCING TO IDEv3, UF LEFT BLANK IS SET Tn 7
WFJCH IS NERMALLY EGUlVgLENY TO PUNCHED CARDS.
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1S€a

VPSURF

OSURF

. VPSRCE

VSSURF

VSSRCE

PPFRCTF

SPFCTE

1=c73

REGIN

CARC 2a

PSIL

PSIN

DELTAL

DELTAN

$THIXKL

STO KN

I1F LEFY BLANN, EARTHQUAKE 1S BENEATH LAND. ANY NON-ZERC
PUNCH INDICATES THAT THE EARTHQUAKF 1S BENEATH SEA.

P WAVE VELOCITY CF THE SURFACE LAVER (DISCCUNTING ANY SEA
LAYFR) (KM/S). IF LESS THAN OR EQUAL TQ 0.0 1S SET T0 4.0

OENSITY OF ThE SURFACE LAYEM (DISCOUNTING ANY SEA LAVYER)
(GM/CC)s IF LESS THAN OR EQUAL TO 0.0 IS SET TO 2.3,

P waVE VFLCCITY OF TME SOURCE LAYER (KN/SH. IF LESS Tran
OR EQUAL TC O IS SET TO 8.1,

S wAVE VELCCITY OF THE SURFACE LAYER (XM/S), IF LESS ThAN
CR EQUAL TO 0.0 IS SET TO VPSURF/SQRT(3),

S wAVE VELCCITY CF THE SCURCE LAVER (XM/S). IF LESS TraN
Ok TQUAL TC 0.0 IS SET YO VPSRCE/SQRT(3).

AULTIPLICATICN FACTOR FCR ALL PPFCTL VALUES (SEE UNDER
FPFCTL IN CARCUS) 3). IF LEFT BLANK OR ZERC IS SET TO 1.0

PULTIPLICAYICA FACTOR FCR ALL SPFCT1 VALUES. (SEE UNDER
SPFCTY !N CARCIS) 3). IF LEFY BLANK OR LERD 1S SET TC 1.0

1F NON-{ERC, ALL SURFACE REFLECTICN COEFFICIENTS (lE
FEFCT3 AND SPECTI) NILL BE SET 70 +1.0 INSYFAD CF BEING
CALCULAYED IN THE PROGRAM,

16 LEFY ELARE, SEAPCH WILL IACLLDE ALL ORIENTATICN SPACE.
ANY NON-RLANK PUNCH INDICATES THAT A RESTRICTFD REGION

IF SEARCH IN CRIENTATION SPACE 1S REQUESTEC - DETAILS ARE
GIVEN ON CARD 2A

ZARC LeFINING LIMITS OF RESTRICTED REGION OF SEARCH IAN
JRIENTATIIN SPACE. (THIS CARD OALY TO BE INCLUDED IF
AEGION IN CARC 2 NOT LEFT BLANK),

FCAMAT 3(FE.4,8XyFB.4)

SPALLEST VALLE OF SLIP ANGLE TC BF INCLUDET IN SEARCHES
(CEGRFES).

LARGESY vALLE OF SLIP ANGLE TC BE INCLUDEC IN SEARCHES
(CEGREES) .

SMALLES™ VALUF OF DIP TG BE INCLUCEC IN SEARCHES
(CFIREFS),

LARCEST VALLUE CF DIP TQ BE INCLLOEC N SEARCHES
(CEGREFS).

SWMALLEST VALULE OF STRIKE TO BE INCLUDED IN SEARCHLES
(CEGREFS) W

LAFGCEST VALUE CF STRIKE 7O GE INCLUDEC IN SEAPCHES
(CIGRTES) .

PSIl, C:ATAL AMO STRIK1 ARE COPRECVED DOWNWARDS, ANC
PSINg OELTAN AND STRIKN ARE CORRECTED UPWARDS, TC THE
NLAREST SEARCH INCAREMENT IN CRIENTATICN SPACE. IF PSIL,
JELTAL 7R STAIK] 1S LESS THAN DINC IT IS SFY YO DINC. IF
SSIN CR DELYAN IS GREATER THAN 180.0 IT 1S SEY TQ 160, IF
STRIKN [S GREATER THAN 260.0 1T 1S SEY TO 3%0.0. A
REQUIFFC SEMRCH REGION WHOSE STRIKE SPANS NCRTH MUST BE
JIVIDFD INTC Twl SEARCHES, CNE WITH STRIKE yP TQ ANC
INCLUDING 3€0.0 AND THE CTHER WlTH STRIKE BEGINNING AY
DINC, FC5 4 RESTRICTED REGION SEARCH THME CHCICE CF CINC,
AND COF THE SESRCH BOUNDS, MLST BF SUCH THAT THE NUMBER CF
SEARCH INCRAEMENTS ®eIN EACH ANGLE SEPARATELY®s COES NCT
EXCEEC THE NUPMBER CORRESPGNCING TC DINC=35.0 FCR A SEARCH
CvER ALL SPACE, WHICH HAS SLIP ANGLE BETWEFN DINC AND
180.0, NIP BEYWEEN DINC AND 180.0 AND STRIXKE RETWHEEN

CINC AND 360.C. THIS GIVES A4 MAXIMUM NUMBER OF SEARCH
INCREMENTS COF 26 IN SLI® ANGLE AND DIP, ANC 72 IN STRIKE,
{F THESE CCACITIONS ARF NCT MET THE REGION FF SEARCH wiLL
AF RECUCEC 4S5 REJUIRED.

CARCHS) 2 NCP CARDS - ONE FOR EACH PHASE PAIR QR INPUT-RESULT.
cvcema=aeCARDS CAN BE PLACED IN ANY CRDER, IF THE CARD RELATES TC

STANAM

orsy

AN INPUT-RESULT, [T MuST BE LEFT BLANK EXCEPT FOR NCEv,
THE NUMBFR OF THf DEVICE FRCM WhICH THE INPUT-RESULT IS
T. 3E READ, WHICH 1S RIGHT=JUSTIFIED IN COLUNNS 79 ANC
80. 15 OEVICE S (NORMALLY THE CARD READER) [$ USED YO
REAC THE INPLY-RESULT, THEN THE CTRRESPONDING CARD CECK
#L ST BE PLACEC IMMEDIATELY AFTER TwHIS INPUT-RESULT CaARC.
{€ THF CARC RELATES YO A NEw PHASF PAIR, IV CCNTAINS TS
DETAILS AS FLLLOWS.

FCRYAT A3,F5,003F5.1,2041.2F20.5)2F4,2,A2

STATICN NAME CODE AND SELSMCGRAFF TYPE 1F REQUIRED, (EG
*ESK 3PZ ° CR *wWOL LPQ2 *), THIS IS USFD ONLY AS A TITLE,
BLY MUST NCT BF LEFT BLAAK,

A21WUTH CF STATION FROM EARTMQUAKE IN OEGREES (MEASLRED
PCSITIVE CLCCKWISE FROM NORTH). THIS 1S CCNVEATED TG TS
PRINCIPAL VALUT (BETWEEN 0.0 ANC 1¢0.00 AND APPRCXIMATEL
TC THE NEARES] VALUE OF STRIKE [N THE SEARCH WESh.

SEICCATRAL CUISTANCE FROM FARTHCLAKE TC STATICN (OFGREES).
INLY USEC [F INDANG IS NON=2ERC, YC CALCULATF P AND
LITTLEN=P TEKECFF ANGLES #PC™ TABLES STOREC wlTHIN THE

A

D e TS,
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PEOGRAM,

ALPHA TAKECFF ANGLE OF P FROM CCOMNWARC VERTICAL AT THE SOURCE
(CEGPEFS). THIS IS ONLY RFAC IN IF INDANG=0. (THIS VALUE
(UNLIRE AZ1) IS NOT APPRCXIMATEL TO A& SEARCH MESH PCIANT.)
THrE P WAVE TAKFEOFF ANGLES FCR ALL PHASE PAIRS CAN THEN BF
SYSTEMATICALLY ADJUSTED LSING AMNGPF ON CARD 2.

GAMMA TAKECFF ANGLF OF LITTLEP~=P FACM UPWARC VERTICAL AT THE
SOURCF (CEGREESI. IF LEFT BLANK IS SET TO TuE VALUE OF
ALPHA (BEFORE ANY ADJUSTMENT USING ANGPF). THIS 1S NORMAL
FCR SHALLOW EARTHQUAKES. THE LITYYLEP-P TAKECFF ANGLES
FCR ALL PHASE PAIRS CAN THEN BE SYSTEMATICALLY ADJUSTED
USING ANGPPF (N CARD 2. NOTE THAT GAMMA REFERS YO ThE
TAKEQOFF ANGLE JF LITTLEP~P S¢IRRESPECTIVE OF wHICH PHASE
PAIR THIS CARC RLLATES TCe®, THE LITTLES-P TAKEQFF ANGLE
(BETA) 1S CFRIVED FROM THE FINAL VALUE OF GAMMA WhEN
REQUIKEL, LSING THE RATIO OF THE P AND S WAVE VELOCITIES
IN THE SQURCE LAYER (VPSRCE/VSSPCE).

SIGNP, PA2IN, PALIN, SIGNPP, PPAZ2IN, PPALIN. IN THE FOLLCWING
PHASE | REPRESENTS P FO® A P & LITTLEP-P OR A P §
LITTLES-P PHASE PAIR, AND LITTLEP-P FOR A LITTLEP-P &
LITYLIS-P PHASE PAIR, PHASE 2 REPRESENTS LITTLEP-P FOR A
P & LITTILEP~P PHASE PAIR AMNC LIYYLES-P FOR A P &
LITTLES-P CR A LITTLEP-P & LITTLES-P PHASE PAIR,
(LITTLEP~P INCLUDES 17S SEA BEC AND SEA SURFACE ANALOGUES
AND LITTLES-F INCLUDES [TS SEA EEC ANALOGUE).

SIGNP POLARITY OF PHASE 1 AS *(BSERVED® GN SEISMCGRANM.
¢ = PCSITIVE (IE UP) AND = = NEGATIVE (IE DCWN). ANY
CTRER PUNCH TR BLANK COFRESECNDS TO UNCERTAIN OR UNKNCWN
PCLARITY ANC SO BCTH POLARITIES ARE INCLUDEO.

PA2IN, PALIN. LCWER AND UPPER BCUNDS RESPECTIVELY CN
THE POSSIBLE AMPLITUDE OF PHASE ) AS OBSERVED ON THE
SEISMCGRAM, WMEASURED IN ARBITRARY UNITS. AFPLITUOES ARE
SPECIFIED BY FNSITIVF VALUES, THE POLARITY REING
CONTRCLLEL BY SIGNP.

SIGNFP, PPAZIN, PPALIN. SAME FCR PHASE 2.

NCTE THAT IF THE AMPLITUDE RANGE CF EITHER PHASE HAS
LERD WILTh, CF IF THE AMPLITUDE RAANGES OF ®POTHS PHASES
INCLUCE ZERC, THE PHASE PAIR IS OELETED BY THE PROGRAM,
(THF INCLLSICAN OF JZRO IN BCThH AMPLITUDE RANGES PERFITS
ALL PCSSIBLF RELATIVE AMFLITUDES, SO THAT ALL SCURCE
JRIENTATICNS »OULD 3E COMPATIBLF),

PPFCT] “ULTIFLICATICM FACTOR APPLIED TC CALCULATEC LITTLEP-P
AMPLITUCES (IF THIS PHASE PAIR INCLUDES A LITTLEP-P
TYPE PHASE) TC REPRESENT ANY LCSS OF LITTLEP-P AMPLITUCE
DURING PRCPACATION wITH RESPECT TC THAY OF P, CTHFR THAN
AT Tuc S€EA BFC, SEA SURFACE CR FREF SURFACE (WHCSE
REFRACTICN ANC REFLECTICN CCEFFICIENTS ARE NOAMALLY
ALLCWED FIR A THE PROGRAM). IF LEFT BLANK IS SET TC 1.0.

SPFCT1 WULTIPLICATICN FACTIR AFPLIED TC CALCULATED LITTLES-P
avPLITUCE (1F THIS PHASE PAI® [ANCLUDES A LITTLES-P TYPE
PHASEY TC RFPRESENT ANY LOSS OF AMPLITUDE RELATIVF TO
TRAT CF Py, FCR THME SAME PURPOSE AS OPFCTL ABNVE. IF LEFT
RLANK IS SET TJ 1.C.
NCTE THAT PFFLTL CR SPFCT1 FGCR ALL PHASF PAIRS mMaAY BE
SCALET SYSTFEMATICALLY BY THE USE CF PPFCTF ANT SPFCTIF OR
C2RE 2,

PHAS:S CTDE YO ILFNTIFY Te2 TYPE CF PHASE PAILR TO wHICH THIS
CAFD FELATES., PUNCH *PP® FCR A P 8 LIVTLEP=-P PHASE FAIR,
*SP* FOR A P 8 LITTLES~P PHASE PAIR, *es® FCR A LITTLFP-P
& LITTLES-P PRASE PAIR, IF THE EARTHQUAKE 1S BENEATH THE
SEA (ISEA NCN-LZEFC) YHEN REFLECTION AY THE SEA BED (S
ASSUMLD “C& THE ABOVE CASES., WHERE LIVTLEP-P REFLECTEC
FaC¥ THE SFA SURFACZ IS LSEC, PLNCH 'PE' FOR A P & LITT-
LEP-PISSF) PHASE PATR NV *sE® FCR A LITTLEP-P(SSF) 4
LITTLES-P PHASE PAIR. ANY CTHER PUNCH CR BLANK 1S ASSUMED
TO BE A P & LITTLEP~P PHASE PAIR,

FURTHER CIPELFTE DATA ELOCKS MAY FCLLCW.

FOP MNPMAL TERMINATICN CF “h: PROGRAM THE LAST CATA BLOCK MUST RE
FOLLOWFL 8Y (NF BLANK CARD.

ODOULPLE FRECISION SINTAB(360),COSTABI360) TITLE(LO)TITLEI(S),
1790 4" PI1eDINCoPPFCTFGCPINCoAZT ALPHAPALPA2,PPALPPAZ,

2AL (PAQRATHMXL ¢RATMAL, SINAL,CISALRATL,RAT2,RATI,RAT4,QSMALL,
ASMALL,,SPSDySPCDCPSCCPCOGSESALCESA,PSIN,DELTAN,DINC IN,

& PLly P12y P2Lls P22213, P31y P32334PL4P24F3,PPLPP2,PP3,APAPP,
SARAT,STARS(12)ULINECLO) oFTRUE,SoFNCCMB o ENTRUF ySTATCN,STANAM,
SHOLLI HCL 23 PGLA s HCOLE s ANC IS, POSTIVINEGT IV BLANKS ,HOLA,HOLB,
TPALINGPAZIN,PPALIN,PPAZIN RATMX2 JRATINY FPFCTY (SPFCTF ULINESILC)

REAL®4 FCLZoFCLSCRIBLANKA,PLUS,MINLS

0DOUBLL PRECISION BETA,SINBECOSBELFLITPP (PLITSP,SPFCTLSPFCT2,
LSPFLCTI,SPRCT,ROITI,SPAL,SPA2,BETAL,
2SINPST4COSPSTIoSASPySALP,CASP,CACP,SBSP,SECPCOSP,CBCP,

ISINOFL ¢COSOEL «CACDSASC s SASPCO,SACPCL ,CASPSC,LACPSD,SBSD,SBCC,
4CRSC,CACD,SBSPCD, SRCPSL,SBCPCO,LBSPSD,CBLPST,CBCPCE,
SSINFTAZCTSETA,SPPI SEP2,SPYI THETA P+ 1,SINPHICOSPHT JASPTNE,
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SASPPHL s SEST SECT,CEST L CECToSPANGLoSPANG2 AP, SBSPSD,COSPCD,SEST,
TCESTHSINTHELLPPLSP,PFCY

QDOUBLE PRFCISION PPFCT2,GAMMA,GAPNAL, SINCA,COSGAPPLL,PP2L.PFSL,
APPL2,PP2223,PP3233,SESCICESG)VSEA VP SURF (VPSRCE,VRAT] ,VRAT2,LSEA,
20SURF o UPAT L PLPPE JLPPELSPPFCT,PSI L CELTAL,STRIKL,STRIKN,

IPNDONy SN VESURF s WSSACE JRSURF yRSRCE yPSURF JPSRCE JASRS,FFACT] (FEACT,
GFRTAL,SREAL,DEPTH,DISY

OREAL®S TCAAD{3), TCARCOI10),TITLED(10) ,DINCD,PSILD,PSINDDELYLO,
JDELTND ¢STRRID s STRKND yPPFCFD o SPFCFD,VPSRFDOSURFDVPSRCD, VSSRFD,
2VSSRCD 4 DEPTHC 4 hSURFC,PSURFD RSRCED ¢ PSRCED DUMMY  TITLEI(S) JANGPF L,
JANPPFD

REAL®S CIEF("¢14) CCEFOR(T)CNEFD247),CCFFO3(T),COEFOLLT),
1CILFOSL 70, COCFO6LT),CCEFQTCT) COEFQO(T) ,CCEFO9(T),COFFLIO(T),
2COEFLLCT1,COEFL2(T7)4CCEFL3(7),COEFL&(T),CEPILS),VPO,OISTHN,DISTHX,
3ANGPE,ANGFPF ,DISTR AL ,A2

REAL®8 VCATE,PCATE,RTINE

REAL®4 PRASES . PPySPoSTRSTR,PESTRE,FLR,VVLR(36) REGICN,TITLEF(6)

DIMENSICN 111410)seuull0)oxRK(10}

CAQUIVALENCE (TITLETCL) oSTATON) ((TITLELL2),S5TANAN)
EQUIVALENCF (TITLEJCL) TITLEF (LD

OEQUIVALENCE (SSGNPP ISGNSP I (SIGNPP,SIGNSP ),
14PPAL,SPAL)IPPA2,SPA2), (NGOEPP,NCOESP)

LOGICAL®L FU26426472)FLl,vVLI4,26)
EQUIVALINCE (FL,FLR)oEVVLUL 1) VVLRILY)
OIMENSICN ATRUESLIS)

REAL® TFNS,UNITS.ENC,ENDDJREGND
QEAL=L CICITCL10),TITLEH(S,S)

LOGICAL®Y ADEVLUA), TERSL,UNITSL,BLANK]
DIMENSICN 1110450 40udCi5),KKKD(ShoIVLNCLS) JIVLNIB)
EQUIVALENCE (PFASES  NCEVLIL)) oA TENS, TENSL) o LUNITS UNITSL)

OEQUIVALENCE (COEFUILl, 1)+CCEFOLILID (CCEFLL.e 2)4CCEFQ2LLDE,
(CCEFtl, 3),COEFO301)),ECCEFILy 4)4COEFO&(L)),
{COEF(1l, ©),COEFOS5(1)),(CCEF(L,y 6) COEFOELL) ),
{COEFULls 7)+COEFOTLL))UCCEFLY, 8).COEFOBI(L)D,
(CCEFUL, S}oCOEFO9(1)),(COEF(1,10),COLFIOL1)),
(CIEFLL BB hoCCEFLILLIDGICCEFLLI12),COBFL211)),
CCOEFL1,12),COEF13(1)),(CCEF(L,14),COEFL4LLI)

O AWy

DI®ENSICN S-CUIREVENTS

T L T T T

SINTABL360) JCCSTAB(360F FIACINCZ NDIM2,NDIPo4),
WHERE NCIM = MAX{CSG/OINC)  ToE. NOIF IS THE MAXIMUM PrSSISLE
NUMBER QF INCREMENTS [N 90.0 OEGREE EAND EXCLUSIVE GF (NwEX LIMIT,
wHEN A RESTRICTEL SEARCH REGION 1§ REQUESTFC, THE GIMENSICWS CF F
FIX THE PAXTNUM NUMBES OF SEARCH INCREWENTS [N CACH CIWMEASICA
(SL1P ANGLF, CIP ANC STRIKE RESPECTIVELY).

VVLINDIMV 4 ) s VLR INDIWV) ,NTRUES INOINV=-1}, whEFE AUIMV S
MAX [MUY VALUF CF NVL, FLUS ONE

DATA NDIW/18/,SMALL/LoCD-14/,QSWALL/~1.0C-14/¢NDIPV/ 26/

DATA STATIN/BKSTATICN ¢/
ODATA STARS/j20gHeeneeees/, UL INE/10¢Bhe—mmm==/,
WLINLS/iCoErmnvnnaney
ODATA ANDIS/Ar AND 1S 7,00ST1v/8HPCSETIVE/ NEGTIV/IRNEGATIVE/,
10F /74K GR 7, 4LANKEB/ 4H 7/ +BLANKA 74N /+BLANKL/LH /

DATA PLLSZ4he 7o YIM S/6H- /

DATA PP/AHFP  /,SP/4nSE 7 ,STRSTR/4R®® [, PE/GHPL  /,STRE/eHef /
QDATA PLITHES 14040CTLEITIDT4040/,PLITSP/ L4040DT6BA2DTADAD/,
LLPPLSP/  Z80409TCT6RA2UTA0/ PLPPE/ ILTGRITDTA2A29640/,
2LPPELS/ IS TCTIA2A20462A207/

SUYMAE Y TF PrASE (OCES

[ L T

PHASE PAL®R [ ] L ) LITP-p L ) LiTP=p
tite-p LITS-F (SEM BED LIVP-P {SES SUR-
(S€a 8FD 1 UNDER (SEA SuUR- FACE LF
16 UNDEPR SEA) & FACE IF UNDERSEA)
SEA) LITS=P UNDERSYA) & LITS=P
INPUT FCLLFRITH 44 sP STRSTR PE STaE
PLCYTING HCLLERITH  FLITPP PLEITSP LPPLSP PLPPE LPPELS
VALJF CF INCO ] 2 ] 4 5

DATA Fla/aw /
QOATA VVLA/ 700004040,4r] Vo2 L Lk L LT XL} L
1en? 'AHY 14H9 114} XLl 'O0C +&NH0 o+ GHE VONE
264MG X1, LY M L] 2 ANK W1OML P AHN 1 OHA »4HC
JOHP 1 4MQ  JAHR  JAFS  JAHT  JAHU  o6HV  c&HE S &KK
SONY vetl /

«c o e

ODATA NiC(T/4N0 L1} PLIT 1402 L] '4HS 16HE .
1en47 sem8 Y. «~0

e B s
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[a NS N o BN oY

1111
1

v
1

2
3
s

13
1
1
1
1
1
1
i
1
i
1
1
1
1
9
1

OATA YITLEF/4n P
4K P

& LIT 4NP=P ,4n

on P

14F L veH LIT AHP-P
e Ty &K LIT 4HS=P

b LIToanS=-P
var sANLITP s eH=6 (S, 4HSF)
&k LIV 4HP=P{ eNSSF) 4K LT ,4HS=P

e o @ -

DATA TCARD/BHFALY = S,EHTANCARD ,8HCLYPYT /

OAYA ENC/4PEND /

DATA TITLFF/4NINPU&FT=RE)«MSULT 44k CEVoANICE (oM

PATA COEFOL/
=-3039,372279017,
NATA COFFO2/
= 22083,242554442,
DATA COEFO3/
=1570.70c413385,
DATA COEFO4/
~1680,886C57561,
CATA CCSFOS/
-13364.5735¢]178¢,
DATA COEFO&/
-1391.7531€25¢67,
0ATA CCEFOT/
~14%6,6%5401284,
DATA COEFOB/
-1677.¢55224801,
DATA COEFO9/
=2170.235¢511877,
NATA COEFIV/
~22%5.866£25015,
DATA ICEFL1/
-176%8.572¢686%552,
CATA COFFL2/
~1549,517268613,
OATA CCEF13/
-1€35,7¢4571418,
PATA CCEFL&/
=1140.€23%92552,

DATE 97P/ GCoU &

114.33340074)},
2248,892553647,
€2.175456198,
1791.680028642,
£1.769408806,
122¢.899795496,
524159066744,
1174,694055367,
4€.717137895,
10£E.T8246664093,
£1.9929334803,
106C.959392218,
€. 175055138,
11¢%.733348088,
€71.5754223940,
1255.565275810,
B8E,343649709,
161£.465700657,
$t.26792M1177,
1£417.2086350018,
1€.980981102,
1286,346007695,
€E.415328883,
111€.742122191,
€1.639510983,
1€(7,981348099,
4S. 005040666,
404107829531,

~7114.634050709,
=947.045765704,
-%67.867113917,
~736.81484848,
~400.210320049,
-5¢5.1807C68808,
=3¢2.057462708,
~458.471828878,
~321.147746728,
-4€60,081157557,
-3%0.062225721,
~4€61.552579773,
~278.159412387,
~466.958315627,
~447,552257854,
=-505.8600940%3,
~5€5.054639974,
-€28.08%0341983,
~229.541669240,
-¢%2.5295132717,
-454.5¢5576279,
=£13.14641145¢,
~441,960135453,
-448,770012873,
-429.0€8555158,
-4C0.7211173%4,
-3108.0£2460720,
-3€0.6724782%2,

/

2133.2556159%2,
194,185654022/
1581.067607821,
165.,723515779/
1134,812180954,
139,0768304124/
1016.,478230158,
129,8967833C4/
907.1569353¢4,
126.,097047911/
967.2858J3113,
127.,220158635/
1021.07912082173,
128.874707678/
1206.151603194,
134,4080C7722/
1570.9718741095,
158.886260926/
1662.62811¢€1¢5,
164 .65451°0825/
1304.301030570,
148.051405402/
1155,.795847621,
143,235173081/
1098.133623800,
138.8455578¢3/
839,868132317,
138,6198928%1/

12,000 $6.38,156.7€9223.14428€.524349.90,

412,20047606€954040445034429006%5480,730.18,793,56/
DATA VPO/8.1CN/,0ISTMA/20.00/,NDISTMA/100.00/,NDEG/S/

COUMMUN /LTBCAY/ VLATE

CCMMAN/P/PIT]

PIi=AT4N(1,0)/45.0

OPILaNATAN(].00)/74%,.CO

| S RELT
090=190

TITLET(2)=ULINT(L)
TITLET(S)=LLINE(])

SPFCT2:2,2C0
RLCT2=DSCPT(3.00)
VSs A=l ,.5CO
OSta=1.C0
KFCION=PLAMKS
[€12=0

[EN2=3

FFaCTl=16.,C00CSQsCSC/CPIY

PHAST Sz UL ANKA
TELS=BLANKS
TEV“SLaPLANKL
UNTTSsBLARNKG
UNITSL=LAI K]
NCEVL (1) 3BLANK]
REGNM=ALANKS

CALL DATIM(RCAT ,RTINME)

REAC(S.1) TITLE
FUGRMAT(10AE)
N 9 I=1,8

IFATITLOMT)NFBLANKE) GO 77 1000

CONT INUF
GC TC 5588

CC FOR EACH EARTHQLAKE CATA BLCCK

c
1000 WEITFQco2) STARS,VOATE JRDATY (STARS RTINME,TITLE,ULINE
2 OFCI-MAT(LHL,12A8,9%,14HFROGRAM UPCATEC .AQ871X,

(SN 2l o)

35

196m* FCCAL MICHANISMS CTVEN
2LITUDES AT A SERIES (F STATIONS *,5X¢12FrCATFE
3LXe12AB,5X, 12HTIME CF RUN

Py LITTLEP=P & LITTLES~P RFLATIVE AFP
OF RUN A8/
1AB//9%, LOAS/9R,1CAB)

ORFAD(S,2) NCP,LEINCIN,CEPTH, ANGPF ANGFPF , INDANG, IPRNTL, [PRNT?,
LEPRNT 2, IPRNTA IPPNTS, [FLCTL1PLAT2,1PLOT 2, 1PL0T4,1PLCTS, IDEV2,
2NVL o WPTV3 ISEA ) VPSURF ZCSURF ,WPSRCE,vSSURF (VSSRCEPPFCTF,SPFLTF,
JIFCTILREGION
FOPMAT U IS, F5a00F5e112F402912010000020T12¢13012e5F5.2+2F4,24114A1)
TFINCEVILLEL0) NDFV2e]
IFUIDEV3ILGTAC) WRITOUNCEV3,2S) TCARC,VCATEFTATELRTIMF,TITLS

OFOFMATI IAB,16HPROCRAM LPCATED

1

1048)
PRITFCTION FIC.,

ls?

DIANC=DSO/CFLOATIT)

NINC=]

TFACINC INGLE.ONOLTRLCINCINGGT.90.00) GC TC 10

DINC=D%0
0C 8 1=1,150

6

A8, 12 ANC RUN CN (AR, 0H AT ,A8/

- A B TPk B -, s TV FONAAVORIATS N i rie e T3, T30 i



1FIMODL190,1).NE.O) GC TO @

DINCaDSO/DFLOATLT)
NINCal
[ ] CONTINUE

10 NP=N[NCe2
NPsNINCe2
NS=NINC 04
NYABLESNINC®4
NCCPB=NPONC ONS
FNCCHMBaNCIvE

PM=CFLIAT{NP)SCINC
ON=TFLOAT(NC)*CINC
SN=DFLOMTINS)®CINC

PS11=DINC
DELTALaDINC
STRIKL=CINC
PS IN=PN
DELTANSCN
STRIKN=SN

IF{PPFLTF,£Q.0.DN0)
1FISPFCTF.EC.U.D0)
IF LVPSURF .LF.0.D0)
IFIVPSFCELLE.C.DO)

IF(CABS{CINCIN-OSO/CFLCAT(T1)).GT.CABSICINCIA-CINCI) GC TC @

FFACTaCINCOCINCSOINC/FFALT)

FPFCTF=} .00
SPFCYFa1,90
VPSLRF=4 .00
VPSRCE=8,.100

A s e AT A = . i P e it Al A ey .

31
32

VRATIsV3EA/VPSURF

VEAT2aVPSLEE/VPSRCF

1F(OSURF .LE.0.00) TSLRF=2,300

CRAT]1=CSFA/CSUFF

IFIVISUFF LE.0.CO) VSSLRFaYPSLRF/RCCTI

IFEVSSRICLLELO0.D0) VSSRCE=VPSRCE/RCCT)

RSURC=VPSURF/YSSYUES

RSPS=RS| OEGREURF

RSRCE=VPSPCE/VSSRCE
OPSURT = (YPSLRFSVPSUEF~; ,D0OVSSURFOVSSLAE) /{2.00¢ (VPSUPRFeVPSURE-
LVSSUFFeySSURF))
OPSRCF={yPSErEoyYPSRCE~CCUPVYSSRCESVSSRCE ) /(2.C00(VPSRCESVFSRCE~
LVSSRCE®YSSRCED)

IFANVL ST AT IMV=1) AVLaNDIMV-1

IFINVL.LELQ) NVL=)

NVLPL=NvLe]

IF(ANGPFL.EC.ULLC) ANGPF=1.DO

[FLANGPPF . EC.0.00) &NCPPFe] DO

LF(DEPTR.LT.CEP(L)) CFFTHaDEPLL)
IF(DEPTE LT CEPILG)) TEPTHSDEP(14)
D3 231 ICEP=2,1é
IFLCFPIDFFILCT.CEPTH) GO YO 22
CONTINUE

10EP=14

[CEPML={LcP-]

OIFEPEGICALANE JBLANKS )
IPEACISs4) PSIToPSIN,PILTAL OFLTAN,STRIK],STRIKN
FOLMAT{2(FE,4,3XFE b))

1FIPSTLLLF.PSINY ¢~ TC S
PAC=PST]

PSIL=P5IN

PSIN=PAC
[FUCELTAL.LE.OFLTAN) €C T0O @&
PAC=OELTAL

OtLTAL=DELTAN

DELTANSPAG
IF(STRIKILLE.STRIKND CC YC 7
Pag=STR K]

STEIKL=CSTRIKA

STO jKN2PA

TFIPSTLLLT.NINC) P3TESTINC
IF(DELTAL.LT.CINC) CELTAL=DINC
[TFUSTRIKILLTLCINC) STAIKLaDINC
TFIPSTL.GTLFEN) PSTL=FM
IF(CFLTA1.GToON) DELTRLEDN
TF(STRIK].GToSN) STRIRLaSN
TE(PSINGLTDINC) PEINCINC
TE(DELTAN.LTL.OINC) JelLTANCDINC
[FESTRIKALLTLCINC) STRIRKNeDINC
TFIPSINLCTLEND PSINEN
IF(PELTANLGT,.N) DFLTANCDN
TFISTRINALGTSN) STEIRNeSN

IPLePSTL/T INC

INL="FLYAL/CINC

1S1eSTaIx /70 INC

tPimi=tpl-1

[C1misicl-1

1Simi=is)-}

IPA=(PN=-CSINS/TINC

[PNONP- [FN

INNS (D= LTENI/CING

TONSND=T( N

TSN SN=STRTRN) /L ING

FSNeNS- [N

THEIPN- IR P, CT MO Mg ) [PNslPIRlenCIve?
(6 CIPM= (NN, " T I%07) [ONLDLMLeNC Do
FECISH=[51M) (" NDIPoe ) (SNl SLIMLoNDTNES
HOR e [Py~ 1P| ¥]

.2




e e B

(2 Xl

11
12

13

[

ie

17

18

29

21

NC3m[ON=TC1¥1
MSFeESN=T1S1M] i
NCIPBR=NPE ALK ONSe

PS1L1=DFLCAT(IPLIrIAC

OFLTAL=DFLCATCICLIOTING !

SYRIKLCRLCATLLISIIONING

OSINSDFLCAT(IPNI®CIAC

NELTANSOFLCATUICN)» " INC

SYSIKNSCFLCAT(ISN) oL INC
1
!
§
i
<
¥

IFIREGICN.MELBLANKG) CC TO L1

1t1s181

{"= 1SN
OWF ITE(6912) NOP,L INCINGBINC ¢NINC, FSI1 PSIN,DINC,DELTAL,CELTAN,
10INCSTRIKL,STRIKN, CINC t
OFIEMAT(/
120X, 4BHNUMBER NF PHASE PAIR/INPLT=RESLLY CARCS Y2 i
220K, 48HANGLE [NCREMENT FQP STARCE (AS INPUT) WFLOLS, ;
384 DEG.
420¢,68HANGLE INCAEMENT FOR SZARCH (CCRRECTEC) +£10.5, :
S8+ DEG. /
620X ,43HNUMBEF CF ANCLT INCREMENTS IN 90.0 CEGREES N LY;

T2UX, 20HSLIP aNGLe CTE5 FROMyFoal g3k TCoFbelodTH IN INCREWENTS CF,
9F4.148H DFG. /

920x 4 JOHDIP GZES FROMFOalodh TCoFEolel7H IN TNCRENMENTS CF,
AFG.1,84 DEC. /
820X, 20HSTRIKE CrTS FROMyFhalg2h TCoFealolTH IN INCREWENTS (F,

CF6,1,84 DEG. I}

IFIREGICNSEG.BLANKL) wRITE(L,12)
OF " IMAT(
L20X,39H{THESE LIMITS INCLUDE ALL GFIFATATICNS))
IF(RTGICNLNE LBLANKS ) wR ITELAyLS)
OF~CMAT(
120K, 69He®ea FESTRICTEL AEGIIN UF SEARCH IN QRIENTATICN SPACE IS RE
20U~ ¢TECeeny
I2IX4IHITHE LIVITS 7 Thl SEARCK RECICN ARE SHCWN ABCVF))

OWRTTECO915) FPFCTE ,SPFCTF BLANKY JEFFNTLoIPRNT2,IPRAT I, IPONT, !
LIPYNTS IPLCTL 10LTTZ, IFLITIIPLCT4,IPLCTSNVL,NDEV3,I0EV] *
OFJumA~(/

120K 44BHPPFCTE ., SCALING FACTCR FCR PPFCTY] TO BE AFPLIEC/

C20X 4 48HTC ALL LITTL F-P PHASZS FT.2//7

320X 46 GHEPFITF Lo o SCALINC SACTOR FCR SFFLZTY1 TC 8E APPLIEC/

4200, 48HTO ALL LITTLS --P PHASES vFT.2.AL7/ A ¥
S20X o LTHIPRATL 4242 4%0% = 411,40 (1He 11},

55, LTHIPLIT142434944F = s11e8{1H, 120/

20X s IIHAUMBI R TF VECTIK LENGTHS (NvL) = ,13/

B82CX PTHTHIND ~UTPUT TEVICE (I1F USED) IS NCe 212,5X,8FIDEVI = ,12)

WRITELOo16) VPSURF, v  SLBF,ISURF,PSURF ,WPERCE,VSSRCE,RSECE,PSRCE

OFDRMAT(/ 4
LL9K,50H® $ nBVT VELZCITY CF (SCLIC) SURFACE LAYER VFle2s

280 KM/SEC/

318X, 50H® S mAVE VELICITY OF (SCLIC) SURFACE LAYER <122,

w3 KM/SEC/

5204 ,4BHCOFEESPONTING F TC ¢ VELCCITY RATIO W£7.27

€201, 48HCCRRF SPCNCING ECTSSONTS RATIC oFr.247 i
718%,50m® P WAVE VELCCITY CF SCURCE LAYER WF2.2,

83m  KM/SET/

918X,50H* S WAVE VELITITY CF SCURCE LAYER vETa2, :

ABH  KM/SE%/ .

820X ,48HCOPAESPINCITG P TG S VELCCITY RATIO T2/ 4

C20X,49HC2F RE SPCNCING PCISSCNYS RATIC 167,20 . }
TF UINDANG.FG.0) #R1TS(&317) INDANG .

OFOPMAT(/ )
120X, 8HINDANG =,12,38F ~ P AND LITTLEP-P TAKECFF ANGLES WILL/ e

220%,68HBF =EAC IN CIRFCTLY FOR EACH PHASF PAIR (DEPTH /

320X,48HANC CISTANCE WILL NOT BE LSEC) ) . .

.

1FCINDANG.AE.O) wRITE(&,18) INDANG,CEPTH o

OFCRPATL/

120X ¢BHINCANG =,12,28k « P TAKEOFF ANGLES witL 8E CALCULATEC/ .
22UX 4 4BHFADH INTEANBL TABLES USING CEPTH ANC CISTANCE / 3

320X,48HUNLTCS STSTANCE 15 OUT OF RANGE ’ ;
420X+ 48R0EPTH TF [ARTHCLAKE /7Fbal 5
58H KM 1)
IFLINCANGoNE QO ANC . TFPTHL,EQL0.00) WRITE(E19)
OFNRMAT(
120X,6BHDEPTH IS 2SR~ = UNLESS DISTANCE IS CUT OF RANGE /
220X 4BHP TAKCSOFF ANGLES AT DEPTH = 33 XM ARE READ FRCH /
320X ,48HTAPLFES ANC wiLL BE CORRECTEC FOR SCURCE LAYER /
L20K,6BHVELCCITY (VPSEZE) ASSUPING A SUB~MOWQ VELOCITY 7/
520X ¢H8HCF E. L RM/5EC )

IFUISEA.EQ.0) WRITE(&,20) . 4
OFNRMAT(/ .
120X 6BMSOURCE TS N"T BENEATH THF CEA )

IFCISEALNE <00 whITECE,21) VSEA,OSEALCSURF }
OFORMAT(/ . b
120X, 48HSCOURCE 1S BENEATH THE SEA ’
218X,50H® ASSUMTD P wiWE VELOCTTY CF SEA LAYER +Fl10.%,

380 XM/SEC/
©LE8X,50H® ASSUMID CENSTITY NF SEA LAYER Fl0.%
SaM  GM/CC /
S1BX,50M® DENSITY C° (SCLIC) SURFACE LAYER 01045,

794 G®/CC )
63




- comne o

.

N —r— . L

IFUANGPF .FCo1oCO.ANC.ANGPPF.EQeLDO) WRITE(G,22)
22 OFORMAT(/
L20X,54HTAKECFF ANGLES ARE NQT PERTURDBEL LSING ANGPF CR ANGPOS)

TFCANGPF oNE 1 oCOLCR.ANCPPFLNELLCC) WRITE(E,23) ANGPF,ANGPPF
23  OFORwWAT(/

120X,48HALL F TAKECFF ANGLES ANC/CR ALL LITYLEP=# /
220X ,48HTAKSCFF ANGLES hILL BFE PERTURBED LSING ANGPF AND/
320X, 29HANGPPF FESPECTIVELY (ANGPF & ,

AF4 .2, 16H ANC ANGPPF = F4,2¢2H) o/

520X, 48HTHE PRINTEC TAKEOFF ANGLE VALUES INCLUGE THE /
G20K4BHEFFFCT CF THIS FERTURBATICA )

(X )

IFCIFCTINFLO) WRITE(E,y24)
26 OFORMAT(/
L20X,48HO s ARNINGS S ALL SURFACE REFLECYION /
220X 448HCTCEFFICIENTS (PPFITI AND SPFC13) SET 10 e¢i.0. /
320X, 43HTHFY MAY INSTEAC B8E INCCRPCRATED INYO PPFCT1 ANC/
©20X,48HSPFCT] (OR PPFITF AND SPFCTF) IF REQUIRED ]
WRITF{E,4295)
25 OFORMATL//
L118X,5Che UScC CNLY FCQ CALCULATING EPERGENT ANGLES AND /
220K, &AHREFLECTICN & PRFRACTION CCEFFICIENYS AT SEA BED /
320X ,L3HAND/CR FPEE SLRFACF AS RECUIRED )

IFUIDEVILLELQ) GO 17 2¢

WRITEINCEV3,06) NVLCINC,PSTLsPSINJCELTAL,CELTANSSTRIKL,STRIKN
26  JFCRMAT{32nAUMBEE OF VECTOR LENGTHS (NVWL) = ,13,35H, SEARCH ANGLE
LINCREMINT (DINC) = oF4.1¢5H DEG./LEHSLIF ANGLE FROM (F&.0,4r TC
2F8 04120y CIP FRUFM Fé,004H YO 4F4,04Ll6k, STRIKE FRCM 4Fe 0
34K TO ,F&,0)
OWF L YE(HCEV242) NGPyCINCoDEPTH ANGPF ¢ANGPPF o INDANG,IPFNTL 4 IPANTZ,
LIPRN" 34 [PRAT4 o IPRNTS o IPLOTL1PLOT2,1PLOT3,1PLCY4, IPLLYS,ICEVY,
2ZNVL o NDF V3, ISEA VPSURF sCSURF ¢ VPSRCE gV SSURF ,VSSRCEPPFCTF,SPFCTF,
IIFCT34# EGICA
OTF(RFGICANELBLANKA) wRITFINDEV3 4) PSI1,PSIN,CELTAL,DELTAN,
ISTRIKLSTRIKA
WRITEINCEV2,27) NCCMBR NCONME
21 OFDJRWAT(ZIMAC, CF CRIENTATIONS IN SEARCH =,16,35H4, TCTAL NC. CF CRT
INS. (ALl SPaCt) =,13)

28 00 30 I=1,NPR
DO 20 J=1,ANER
00 30 K=zl,NSR
FllyJon)=VVLUL4NVLPIL)
30 CoMTINUT

ASSIGN SINGLF PRECISICN VARIABLES FCR PLCTV

oon

SPINC=CINC
SCINC=CINC
SSINC=DINC
SPS11=PS11
SDOELTI=DELTAL
SSToK1l=STalK]
SPSIN=PSIN
SCELTN=CELTAN
SSTRKN=3TRIKN

GENERATF SINZ ANC CCSIME TABLES

aoo

DPINCaDINCOCP]L

SINTAB(1)=CSINIDPING)

COSTAB(1)=2COS(DPING)

0C 40 T=2,NTABLE

SINTAR([)=SINTABCI=-1)0COSTAL(L)*CCSTABII-L)eSINTAB(L)

COSTABL 1) =CNSTAB(I-1)8COSTABLLI-SINTABLI-1)SINTAB(L)
40 CONTINUC

1085=0
emmem———n— "C FCR FACH PHASE PAIR CARC/INPUT=RFSULT C20C

[aXaNal [a)

0N 800 17P=1,NCP
OREAD(SyS1) SYTONAMGAZT JCIST o ALPHAJGAFNMASTIGNP,PA2IN,PALIN,SIGNPF,
LPPAZINIPPALIN,PPFCTL,SFFCT],PHASES

51 FORMAT(AB,F5.0+12F 519 (AL92F10e5)02F402,42)

IF(STANAM NF.HLANKE) CC TC SO

[RRRERRENE! FRCCRSS INPLT-RESLLY tnunn

s Xa X BN o}

WRITELo,101) ULINELL) 10P NCP ULIAE ULINE(])}
101 FORMAT (1ML AB,9HCART NCe o13,8H OF ,13,1CAR 14HIINPLT-RESULT}, 48)

SET NDEV ERCM PHASES

[aXa ¥ ol

TErSL=NDEVI{])
UNTTSLasNCEVLI2)
15.2)
IF(TENS .+ C.ELANKS) CC TD )12
D0 111 1=1,10
IFITENS LEQ.DIGITETD) €C TO 112
111 CONTINUE
G0 TC Lie
112 0N 113 NDEvel,l0
IFIUNTTS.5C.NIGITUINCEY)) GC TO 116

clll CONTINUF "
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ile
%]

125
126

127
128

129

130

13

-

C
4
C

132

1s1

wRITE(O4L1S) PHASES
UFNAMATL /720K SORINPLTI-RESULY OELETEC - SPECIFIED OQEVICE MUMBER (S
LoA2,20H MKICKH 1S NCT AN INTEGE®)

GO Tn %9s

{0EVs(1-1)010eNDEV-]
TITLEF( L bopHASES

REAM DATA 1IN

OREADINDEV, 121} TCAR(C TITLEDNVLD«OINCOFSILIOPSINC,CELTLINL,DELTNC,
1STPK10, STAXND
OFCORMAT{L10AE/10AB/335 4124350 Fho1/1EXN JFA.004XFO,UL12XFA.004X,FAL0
Lel6X Fa.0,4x,F4.0)

PROTFRCTION ETC,

D> 122 I=1,10
[ECYCARCCUIY NFL.TCARCITI) GJ TO 129
CONTINUE

IFINVLDNELNYL) GC TC 129
IF(CINCC.NELOINC) CC TC 129
LE(PSTLICWNE.PSIN) GC YC 12%
IF(PSINDJKE.PSIN) GC TC 125

1+ (OELTIC.NELDELTALY (C TC 125
TF(DEL ND.NELOELTAN) GC TO 129
[F(SYRIIC.AF.STRIKL) GC TO 12%
IFLSTRRACNELSTPIKNY (C YC 129
G’} T 132

WRITE(o,128)
OFIRMAT( /720X

LINPUT-RESULT “ELETEC = EJTHER INPUT-RESLLY BEGINS wiTk INCORRECT
2HEADER CARC, 0f SEACCEr ANGLE INCAREMENT®/20K,°0@ SEARCH REGICON CR N
2UMBER CF VECTCR LENCTHS IS CUIFEERENT FRCP YHAT OF THF CURRENT CATA
38LCCK /)

REBCINCEV,128) ENCC

FIRMAT( AG)

{FLENDUSNELFND) GC TC 227

WRITE(£,129) ACEV

OF IRNMAT(/20R,*CFVICE *,12," HAS BEEN wCUNC CN TC END CF THIS INFUT-
trResuL T

Gn T 565

TITLEJ(&)=T "L Z(S)

TITLEJ(S)eTITL T (1C)

OR! ANINDE VY, ) 10UMMY, TUPMY ,DEPTHN JANGPFO , ANPPFD , INONGD, TDUMNMY
LIQUMMY ( [OUFMY , JDUSMY ( JTUMMY (TOUMMY (TCLMMY, JOUMNY , [QUPNY, [DUMFY ,
210 UMMY , IDUP MY, 1OUMVY , [SEAC,VPSRFC,CSLRFC VP SRCO, VSSRFO,VSSACC,
IPPECEQD,SPFCFC, 1FCTZC,REGNC

OIF (REGNC JNE .BY ANK &)

LRFACINCEV,4 )

“FBC(NCEV,.7)

W lTELG L31) CULINTS(T) o Iwl g2 o YCARCC,TITLED MULINECT) 1=1,10)
OFORMAT (7204, 3HSUMMARY OF [NPUT=RESULT/20X,248,TH=sasaue//20K 1048
L/7720X 4 1OAB/ZCN, 1080/ /2CXoBINSEARCH INCREWENT, SEARCH REGICA ANC NC
2. LF VFCTOR LENGTHS AS FOR PRFSENT CATA BLCCK)

WP ITEL6,15) FPCFL,SFFCFO

RYURFD=VPASEFI, VSSFFC

PSRCFN=VYPSRCL/VSSECT
OPSUREDa {yPSRFCOVPSHE (=2 ,000VSSRFOOVYSSRFC)/(2.COO(VPSAFCeYPSRFC-
LVSSRFOSVSSAFEN))
OPSRCEN=(VPSRCLOVPSR((~Z.D0®VSSRCO®VSSRCCI/L(2.008(VPSRCOOVPSR(D~
LVSSRCOSVSSRIT))

OWRITELO,16) VPSRFD,\VSSRFC,NSURFL PSURFD,VPSRCD,VSSRCC ,RSRCEC,
1PSQCFD

1F(INONGC.EC.U) wF [TE(E,LT) [NONGD

IFUINDNGE o NEL0) WRTITE(L,18) INDNGD,CEPTHL

16 INONCOJNE O ANDLCEPTHLEQ.0.00) WRITE(S,19)

{6 (JSEACLFLLC) wrITF(EL20)

IF CISEADSNESC) whITE (65421} VSEA,OSEA,OSURFO

(FCANGPFD.FC.1.00ANC JANPPFLLEQ 1.CO0) wRITE(S,cl)

1S (ANGIED  NE o1 oCO(C o EAPPF{ JNEol1.D3C) WRITECS,23) ANGPFD,ANFPFD

IFCIFCTIDLNFLC) WRITE(E,24)

weITEL ,2¢)

REAC IN ANC PRINT SUPMARY OF CONSTITUENT PHASE PAIRS

WRITE(O, 13 ) (JLINTSETRoTmlodl

OFNFMAT( LML 14X, 3an5 FPARY OF CONSTITUENT PMASE PAIRS/

LISY ,4A8,2H0=//

2* SN 4 o TAC TAL PP §P (L] PP pn [3
N PF  SF  PHASF ] PHASE 2 SL MM ARY CF v/
4 TA ' H ANF  ANT WC “l L) L1 .l L]
SA PA PA RESULTS */
60 Am 1 ] ®C XGY AL (1% Ax (1% an A
149 FC F7 - - v/
8* T& 4 A ELP ELP SA s H SA H s
9 (4 N A 1 NC. OF ERACT(ON SIGNIFL-/
At 1 Y A (4 0€~ €ER (1) €a E® EA E
(1} ¢ 13 CCMPAT~ CF ORTNS CANCE v/
¢c* 0 T N F FP L4 L] 1 [

om I e tete INCONP- (IN REALY/
€' N ~ C [ 0t i ir 2y 2p 2
(X4 CRYNS, ATIBLE SPACE) v/
¢ . £y v ")

OREACINDEV,51) S aNaAw  A21,DIST ALPEALGAPPASICNP,PA2TN,PALILN,
1STGNPP ,PPA2IN,OPALIN,PPECT](SPFCTL,PrHASES
[FESTANAM EQ.OLANKS®) GC TO 1%0
INASeICASe|
(3]




READ(NDEV,142) NTRUE,S,SREAL
FORMAT (26X 4 1643TX,F11.6786X%,F11.6)

l kel
IF(PHAS(S.EC.5P) K=2
IF(PHASES.EQ.STRSTR) ka2
IF(PHASES . FC.PT) Ko
[F(PHASESFLULSTRE]) Kt
OMRITE(C yle2) IIBSy(ULINES(I) )Iol o220 STANAY (AZT,DIST,ALPHA,GAPNA,
LSIUNPPAINPALIN,SIGNFPoPPA2INJPPALIN,PFFCTL,SPFCTL,
2UVITLENCI ) o J=105) yNTRUE, Sy SREAL
163 OFJIRMAT(/15%,16HPRASE PATR N7 ,12/15K,208,3Nam=//1XsA8,F5%5.,0,
E3F 510 2CA L 2FLU5092Fka245A4,1T02¢1XFL2.90)
OIF(IDEV2.GT.0) WRAITE(NCEV3,51) STANAP JAZ1 ODISY ALPHA GANNASIGNP,
1PA2TIMyPALINGSIGNPP yFPACINGPPALINGPPFCTL,SPFCT],PHASES
IFCIDEVieGTo0) WRITEINLEVI,5086) NTAUE,S,SREAL
GO T 1)

R S

— i o e e e i

REAC It CRIEATATICA ARRAY FRTM INPLT-RESLLT AND INTFCRATE WlTH
JRIENTATICN ARCAY OF THIS DATA BLOCK

laXaXaXs)

’ ; 150 REACINTTv,151) NOBSC
{ LSL  FORMAT(20X,[2}
: REACINDEV, 142) NTRUE .S ,SREAL
REACINDEV, 17 €) ENCC,NTCTO
t : 155 FORMAT(Ae,12%,177/)
- i LFCENCULAELENC) GO T2 157
WRITE (6, 1560 NCBSC
156 OFORMAT(/20%,% NO GRIEATATION ARRAY - INPLT RESULT OELETEC?/
1<0X* (1., PREVIDUS *,12,° PHASE PAIRS DELETED)®} _
10851 "3S-ACBS"
GO TG <S§

157 MRITECG,163) (ULINISUL),121,5)
161 OFNRMAT{ IHL, 14X, 42HFSLLTS CORRESFCNCING TC ThIS INPUT=RESULY/
115X :583,2rsz2) N
IFUIPRAT L S0 0) GC 7T 165
WPIT {oelo2) (ULINSELD),I=2,7)
163 JFNAMAT{/20X,60nPEINTCLT OF CCMPATIBLE ANC FPARTIALLY COMPATALE ORI
LENTATIONS /00X, TAB ybob====)
WELTElD,bek)

-~ .

} 166 OFIRMAT(/1X,20nSA = SULF ANGLF IN FAULT PLANE,4X,24rDIP = CIP CF FA .
i TULT PLANE 4Xo2THSTK = STRIKE OF FAULT PLANE,4X,35HN = NO. OF INCOM
| 2PATIAL" SHASE PA[RS//E(15F SA CIP STK N/1/) B
6N TI 187
‘ 165 WO ITF(o.lee) (ULINELT) D1, 7) .
, 166 OFURMAT(/20X, TEMPRINTCLT OF CGMPATIBLE ANC FARTIALLY COMPATIALE CRI :
LTENTATIOAL = NOT REQULESYED/20X 4 TAB ( 4H====)
167 IFLIPLCT1.ze.0) GC 17 leA
OCALL 5. TUPVITITLE,TITLEJLSHSLIP &NG,EF O1P,8H STRIKE,3PSI,

LSPINC ¢ SFSINSDILTL o SOINCSOFLTNSSSTRRK1,SCINC,SSTRKN, Y)
CALL SFTLOLIAVL)

168 DU 159 T=),NVL
169 NTRUFS(I)sC
1€1LL=1
FOFAL=0.CY
1CARD=D
NCAED={NTOTC4<) /5 *
11=0

00 197 [PSI=1PL,IPN ’
00 190 INKELTA=ILLION t,
OC 190 [<TRIna1S1,1SA k|
1=1PSI-1PLNL
J=ICFLTA~-ICIMY .
K=ISTRIK-{S1m1
SPSI=DFLCATLIPSI)®SING “
X SUELTA=CFLCAT(IDELTANOLINC

SSTRIN=DFL-ST(ISTRIKIOCING
ITLLelFIxeP3e0.5) .
JJILaTFiIX(SCFLTACO.®) ‘.
KKKY=IF IX{SSTRINGG.S) 3

s amhm e

IFET1.AT0) GC TC 22
IFCICARDLECLNCARD) CC 10 180
OREBCINDEV,170) (TTTICE12),J0D412 ) KKRC(E2),IVIND(L2), 120,50,
LICARDD
170 FORYAT(S(Laa 12,0k 1200%,02413)41%)
1CAAN=1CARCs]
R IFCICARCT oAELICART) wRITELG,WLTL) ICARCC, ICART
i L7 OFDRMAT(/20X,*wARNING = EPRJOR IN INPUT CF ORIENTATION ARRAY -~ CARC
1°,15:* 1S wrFERE CARLC ¢, 15, SHNOULC BE*/)
fil=lle]

TFIRRKL LN RKOUTL) ) (C YC 180
[FEJIIL N 0aJID0TILE) CC YO 190
TFEIITLeN L TIICETRD Y GC TC 1480

DFIENTATION 1S UN (8aC
TVLM=TVINTLTLL)
NTRUFSEAVL-IVLM)aNTSLESINVL=TVL®) e}
IFIIPRNT L EGL0) GC TC 177
ISR ERL TN RN R ;
JIJUIFTLLD=udd]
KK (IF{LL)=nmK]
IVLNCTFILL Y= VLM
TEEIFILL=-9) 177,174,174
METTECO RTe) CTRI0120eddtld) oRNKULIIQIVINGITNI 130),¢E)
IFiLL:=1
GO Ty 117
FFILL=1CTiLel
A& 1

LS N el o 2




i L76  FUamAT(BLLx.13,0X.1. 4 1X413,13,1U07))
l L2 (P LIPLOTELNF,0) CALL FLCTVLUSPSE ,SCELYALSSTRIR,NVL=TVL M)

I1e11e] 1
v TFE11e0TaS) 110 :
y GL YO 18

[a¥a

W LENTATICA 1S NOT (N CaRC
180  (VLMsNV{
I€INOBST L LT.NVL) IVL»eANCHSD
181 Flefilogexd
IS AFLR QoW VLRELD) L TC IS0
i O 182 tlsllAvL
fVLaNVL - 1]t
3 TELFLR . govviRtEVEe))) G TC 183
! 162 CUNTINUS
H 181 [vislvi-TvLw
TFEIVELTLC) [Vie0
! FLLoJeRlawvvl{l,tvLel)
190 CCONTINU-

e

i FLUSH TFILL BUFPES

TeTLeelfiLe-1
QUELIFILLLN L) wRITT IS, 07¢) (TT0ETDD I3 RRREEII EVLNLLY),
tIsl letLL)

’ REACINOEV 129} ENCD
FHEENDS AFGFAD) wRITE (€419°)
1SS QFORMATL/ 200, *mARNTIAC = ERROR IN INPUY CF CRIEATATICN ARRSY - ARRAY
1 DNES NCT TESMINATE wiTH YIIND'Y CARCY)

THOIPLOTLANE GO0 wFRITE(E,728) (ULINECTD),1m1,3)
IFLIPLTTNGAEL D) CALL TCTALS
IFCIPLOTNLGEC.0) WRITELL,729) (ULINECTD) o1=1,3)

C SUMMARY Yp RESULT® F(E ThlS INPLT-RESLLY o

WEITYELD,5915) € LIS t1)e1el,2
WE I Loy 1S1) ST SHNVLD  NCOMBNCBSC
i B9l OF WMATL /iux, 18, CTENTATIONS CLT CF THE *,18,° ARE COMFATIELF wl
1T ALL TweE 0,0 0 oy ASE PALRS IN TNIS [ANFUT-RESLLT?Y) :
190 OFORMATY tOv,1e,® CETENTATIONS CLY CF THE *,[9,° ARE INCCMPATIELE ) [
Lwl T4 03,0 OF Tg 0,00, % OHASE PAIRS [N THIS INPUT-RESLLT®)

FEANVLLT QLB 3 T 1v4

G193 [ vt

1F 1G0T NCES P G0 17 1Se

IVLeNVL-]e]

fvls(-1}

WEETECa I P mut ~ WL NCOMR, IN]ACAST
193 L ONTINUE
P TSURFCI N, L OLANNG) WETF (0, 50e)

TFIQEGICNAE BLANRA ) aRITEEG,S0SY NCLPAR NCUNA

e m— ——

bt Toorcee

[ Ttrreriite IR RARARE
- (AL SN FEICESS Ntw PHASE PALR trrrrrngae
! T90 1 Aseioasey
1 INDPs .
. [ {PHASESLEQLPF) INDPa} .
) G APHANFS EC S0} IANCPe=
T UIPIAS S FL  STRETY) INCe )
1P CISEALEC.O) o0 70 8
TFUPHASES 1 Q9 ) INCP s«
LFAPHASES .y STRED) IACPas
i (WL FRERI
V. IF(PHAST S, FU.PF) IACPe]
TELPHASTS . W STRED TADPe
.
RN WE T (5,93) GLINEUL)  TCP NCP UL INE
Qs OF R VATELIML A, SHCARC NCe 213,40 CF 413,588,220 --==-~ INEw PHASE PaAl
181 ,48/7)
T UEOL A0, 800,101, 000) . INDP .
C
¢ PPTIT Py LITTLEP=P SFCTION BEGIAS PP PP PP £P
O —————  eeressseo-. H
] TFUINDPRFLa) WU T b8
1
TITLttla)eFL I TPF
S CTSEALEQ.D) wRETe (A, 610) 10AS,STANAM (LLINES( ) Tw),8)
S10 0% 'RMAY(1Su, 1SNPRASE PRLF NL. o13,04x,8HSTATICN ,AS, .
1% Fla BRASES © & CITTLEP-R({SCLIC FREE SURFACF)/ :
SIS, AR, Jha e, JaN, TAL  Sheacen)
TECISEANE.) weTTT 1, Pol) 1IBS, STANA® L ILLINESEL) Tn],8)
A6l OF NAMAT (LS, 1T n0r AT CAIN Nua L [2,24REMSTATICN ,AS,
Lhere FOR PHASFS & ¢ L ITTREP-PISEA RECH/
SISH 288,000, Jen 04t ,  hun)
Lt ) dse
Tan: TITLEL(adebre
Wh1TECGa, 0670 70, - TaNAR [ULENESIL) I L0}
AB Y OFCRMAT{LSN, L frP=Ast AR Ny o1 3,24X,ENSTATION ,A8,
L¥ar Fiin Prdnt s © 4 L TTTLEP=PULSEA SUREACFY/
AR LY T RS IS ST R Y SN R AR R L] ]
"




854

802
803

804

80s

o

(N al

4
c

806

851

eer

883

8710

871

873

PRCTECTICN FETC.

Al=Al1
OIF (AL LNE 2O DO)E.=AZI~-CNCOCALL¢DINC/ECOVCINCISDSIGNICING/2,D0,48121¢
10InC/2.C0)

1IF(AZ}802,802,804
Al=Al+3¢2.00
GO YO 802

1FLAZ~-3¢0.0CHA0¢E+BCE,ECS
A2=AZ~32¢60.00
G0 TC 804

TAZ=AL/CINCe0.5N0

TF{REGICA.FJ.BLANKG) CC TC 852
1€1=1AZ-1SN

TEN=TAZ-IS

IFLIEN.GTLQ) €T TC €<
TEN=IFHNeNS

1S1=IF1enS

IFUIT1.G7.0) GT TC €S2
TE1C=]C1eNS

1El=1

TEN2=N3

[FICISTALT RIS MNLCR,CISTLGTLDISTMX) GC TC 388
DISTE=DISTeDPIY

Al=CNEF{l,ICEFML)

a2=C(NE"(1,41CTP)

D7 937 [=1,NCLG

AL=ALel ST eCEF(I 1, ICEPML)

A2=p25C (STHeCCFF(1e],10FP)

CCANTINUE

ALPHA=A L« ([ TPTH= TP ICEPKL) I o (A2-A1)/LCFFLINEP)-DEPLIDEPNFL 2}
IFIDEPTHLNT (L0 GC TC E8E
PAC=PSIN(ACSCPIL)*VPSRLE/VPO

IF(PAQ.CT.1.00) PAS=1,.C0
ALPHAXCARTIN(PAC)/CPIL

IFICAMML.SC.J.03) CAMPA=ALPHA
PAQ=CSINLALPHACCP 1) eANGPF
TF(PAGLGT1.0C) PAG=1.L0
ALPHA=IRSIN(PAQ)/CPIYL
PAY=DSI(GAMMASCP 1) ANGPPF
IF(PAQ.CT 100} PAQ=LLD
GAMMA=CARSIN(PAZI/TFT

BETA=CAFSINICSINIGAMMAODPTIL)/RSKCE)/CPE)
GAMMAL=CARCIN{I SIN(GANMMASDPI ] )oVRATZ)
RETAL=FARSIN(CIIN(RETYASCPTIL) &VRATR)

IF(PPFCT],eC.C.OC) FFF(TI=1.00
TF{SPFO TS0 00) SPFCTL=1.00

IFUIRCT2,50.C) GC TC €70
PPFCT3=1,00
sC TQ 372

IFOINDP.EN.4) 30 TT &172

IFCISFALNE,0) GT TC €31l

LITTLEP-P(SOLIT FREE SLRFACE)
OPPECT3=(7,C0?CSIN(Z2,C02GAMMAT)*OSIN(ZLCOPBETAL)
1-&SRSe([C C(& CO*EETAI}+1.00) )7

2 (2.,CO*CSING{c.COsGAMMAL j*CSIN(Z,CO*BFTAL)
3¢ESPSO(LCUS{4,D0BETAL)*1.00))

G TH A7}

LITTILEP-P (SRR P2D)

OPPFCT3={RSKS*DCNS{c CUoTETAL ) (VRATLOCRATI®OCCS(GAVMAL)=-CCCSE2.00
1SFTAL)#NCOS(TAFSINIVRATI®DSIN(GAMMAL) ) ) ) ¢DSIN(2.DORGAMMAL)®{DSINT2
2,00%BFTAL)*CCOSICARSINIVRATLSDSINIGAMMAT )} J#RSURFAVRATLIECRATLISTS N
SUBETALMY MY/
4 (RSES®TC2SI2.COAETAL ) (VRATLIOCRATLI®CCOS{GAMMAL)#CCOS(c.LO®
SBETAL)*CCOSIDAPSINIVAATLI®DSINCGAPMALY)) ) eUSIN(2,00*CAMPAL ) (CSINI2
6.00%RETAL)*LrOSIDLFSIN(VRATLODSTN(CAMNMAL) ) J¢RSURFAVRATLIOCRATS(SIN
T(BETAL)))

GN Y0 €13

LITTLFP~-P{SEA SURFACE)
OPPFIT3I=(2,00%07CSIGAVMMAL)SDCIS{2.CO®CETALIS(CSINI2.CO®GAPMAL)SCSIN
L02.CO®BI TAYT)+FSRSODCCS(2.00*3ETALYI*CCOS(2.COSBETAL) ) ¢2,D0*DSING2.™
200GAMMAL)*L NS .COPLETAL IO (RSURFOCSINIBETALVeNC3S(2.00°LETAL)-CCC
3SIGAMMAL)®CSINI2.0C*8ETAL) )Y/
GUIVRATI®TRATLIeDCOS{CAPMAL)COCOS(2.00%RETALI®DCOS(NARSINIVAATLeCSIN
S(GAMMAL ) ) ) )S{CSINGZ.COOGAMMAL)I®DSINGZ.COPRETAL)*RSRSODCOS(2.COPRFT
OAL}*OCOS(COIBETAL) JovRATLI®DRATISCSIN(2.0COGAPMAL)®(KSURFEDSTINLAE
TTALI®OC " S(2aCreBETAL)-CCOSIGAMMAL)SCSINIZ.CO®AETALY))

PPFCTI==PPECT
OPPFCTI=POF(T2
LRSKESHDCOSILAF STNIVRATIODSINCGAMNAL) ) )ODCCSt2.00¢8ETAL)®2,00/
2(DSINI2.D0¢GAMME L) S (RSLOFOCSINIBETAL)oLSIN(2.008AETAL}*DCCSICARSIN
I(VRATLOCSIN(CAMMAL) ) )/ (VRATLSDRATL) ) *RSASODCOS(2.,00%LETALI*(OCCS(G
GAMMAR)#CCOSIZCOSPETALI®OCOSICARSINIVAATI ST SINIGANMAL) ))/(VRATLISCR
54T11))

PPFCT=PPFLILSPOFCTFOPPFCT)

1SGNPsO
TFUSIGNPLFC.PLUS) TSGNF=1

[

IR ARl LR SR TL L YT S T RRTN

i - -7




ey ’ - - " . T,

IF(SIGAP.ECLMINYS) [SCAPa=])

.-
o

! LSGNPPeg
1F (SIGNPP EC.PLUS) 1SGRPPe)
LF {SIGNPPLEC.HINUS) 1SCNPPun]

Y C
PAL=DABSIPAJIN)
PAZ=DABSIPA2IN)
! PPAL=DARS{FPALIN) b
' PPA2wDABS(FPAZIN) i
C

! IF(Pal~PAZIELL,808,61¢

' 408  WRITF(6,806)

809 OFORMAY(//20X,*PHASE PAIR DELETED = P CR LITTLEP-P AMFLITUDE RANGE
1HAS ZERC WIDTH')
GO 10 559

811 PAQ=PAL
PAL=PA2
PA2#PAQ
: 812 IF(PPAL-PPA2)BLI3, 0B, E)N
{ 813 PAQ=PPA]
PPALSPPA2
u PPA22PAG K

: 814 NOOEP=Q
' NOCEPP=Q
‘ [F{PA2.GT.SMALL) GC TC 8153

NOCEP=1

TFLISGNPLEC.O) PA2w=PAL
8lS 1F(PPA2,GTL.SMALL) GC IC 619

LFUNODEP.EC.O) GO TG E18

MRITE(6,817)
817 UFORMAT(//72GX,*PHASE PAIR DELETVED - P ANC LITVLEP-P APPLITUDE RANGE

IS BOTH SPAN CP BOUND 2ERQO*)

G0 1N 5%

~

818 NNDEPPa]
(FUISGNPPLEC.O) PFA2=-FPA)L

——

CALCULAYE FATIN RANCES
819 1F(NOCEP.EC.1) GC YC €20
P IS NOT NCCAL ~ LITILEP-P/P 1S LSEC %

OO Ao

RATLI=PPAL/FAL
RAY2«PPBL/PA2
RATI=PPA2/PAL
RATL=PPA2/PA2
GG TO 821

e o ——— o

P 1S NOCAL = SHALL LSE P/LITTLEP-P

[aX =X el

f 820 RATL=PAL/PPAL
RAT2=PAL/PFAR
RAT3=PAZ/FPAL
RATG=PA2/+FA2

SFY RAT10S

falsXaXsel

821 RATMXLACMAX1(RATL,RAT2,RAT3,RAT4)
RATMNI=OMINL(RAT1,RAT2,RAT3,RATA)
RATHXZ 5= RATHNL
RATMNZn=RATMX] 3

QUTPUT OF PARAMETERS

[a X3N]

HOLASANC!IS
HOL1sNEGT LY

i
HOL2#BLANK4
3 HCL2sBLANKE 5
4

IFC{ISGNP) 834,831,083

831 IF(NODEP.EC.0) GO TC €232 4
HOLA=BLANKSE
HOL 1 =BL ANKS
GO YO 834

812 HOL2=0R
HOL I=NEGT IV

4
833 MOL1=POSTLV

834 HOLB=ANDIS
HOL&=NEGT IV J
HOLS5=BLANK 4
HOLO=BLANKE

F 1FUISGNPP) €40,835,827
833 1F(NODEPP.EQ.0) GO TC €36
HOLB=BLANKE
HOL &= BL ANKE
GO T 840

: 836 HOLS=OR
: MOL6*NZGT Y

837 HOLA=POSTIYV

(3]




—es - . e R e T

e "

v ma——

4

(2N alal

[aNaXal

[a N aNal =

(e NaNal o (a3 [a)

c

90

de)

805

d66

84

243

Hee

[ L3

[ LY.}

ge7
ded

849

850

851
s

8%}

454

90 s
856

8s?
839

899

350

LLR4

OMRITF (e 01 ) APL AL oAl ALPRACGAPHAGCIST oPA2,PAL (HCLAGNOLL (L2,
LHOL 2 PRA PP AL OB P UL HUL S onL L S

OFCEwAT (/
L20%e3a IPu r U STATLON $RTM EAATRGUARE (PCSIVIVE /
J20X, 83 K LGCKRT C FRC® Ao TH) S INPLT NITIEN

L1 L I S
CQOR e tndl 1w iTee Ay AR VE PRINCIPAL VALUFT AND ¢ OUNDER  oFLOL%,
LY. 10} r.o.. ’

62O gw AMATIPUTH [ALEE® (AT Aywala LYY
TRON 4™ TARECE WUNGLE T P FRUM CONNRSRL VEARTICAL AT /
EAL Y W TR AT sFlUY,

4N Mo, s
AJCS o3 T A E v b ANGLE UF LITTYLEP-® FACP UFRBRD vcRTICAL 7/

Blukyeprad’ v 7 15105,
CaM M ov. 7

CJON e M ICENT AL LINTANGL FLlO.%
L L B o SV

F200 ;0 1Al P TA Le ¢ 8%FLITUDE BANCE IS FRCW 2 Fl10.5,
Ghte TV LF 1020 UNTYS, B AG AR/

HIOR @3 d LT PTA L LITYTLTR=-P NP iTult RANGL IS +RAW F10.5,

T T P 10,8, UNTYS,JAR A4 ,A8)

MREIT (et ) v LT PO L, PP(T

OFIRMAT {/

LUK bmP b LT -, LT LiF-0 Myl TIPLICAVICN FACTCR /
Q20R L SERRF - RTING AMPLITODD LCTS AY REFLFCTING /
SCON &3 yR b 4L (SULIC Fhet SURFACE, SEA BFT 6 SEA /
QIUNGLOANSONFAT Y)Y ANCy IN THFE (ASY CASE. INCLUDING /
S20R,&HHAMPL T F LSS ¢ AT LPnART ANC COnNwAST 7
G20K hAHREFRARLTINON AT TRE STA b D [
TEON L MPPF T, LI LER=P MULTIPLICATICA FACTCR

BOX g dnt® POl SENTING aPFLITUDE LCSS RELATIVE TC P DUF T(¢/
Q2UX4BUANY 1 TH & CALYT (BUT ACT INCLUDING PPECTSF) WFlo. Sy
ALON e duPPr (T (0O PCYLOPPFCTEOPPF(T?) FlLO.%)

THEALYHA LN o0 A ) e (Tulo,n06)
OFURMAT(/

ROUX & a0 AND L TTLRP -2 TARECCF ANGLES A1 SCURCE ARE NI'T/
CAORywBHEQUAL - <unCY IS DIEP }

FFENCT eyt e 10 4]

WRITE {Gata)

FORMAT (/20 n b AMFLTITUDD RANGY SPANS CR RCUNLY 2FRC ]
Gy TD des

TEANE "0, 70000 oL 10 €45

LES R YL R
FORMAT (/2% 0dnl 1TTLt F=P AMPLITUCE RANGE SPANS CN BUULNTS 2ZU0KC )

DETERMINE ARG (S ) OF ACCTPTABLE ARFLITLLE RATLOS
IHINOPEF OQ. 1) G0 70 91
PSS NTT N - RATLD 0P LITTLEP=-P/F IS USPT

WRITElOeBat)
FOFMAT (/20K 48nRATIC OF LLITYLEP=-P/P IS USED )

IELISONDY) tel 048,60 C

TFUISGNPP) ¢, 048,807
TFINOPSPPLYGal) GU TE ESY
GO Y0 A3¢

TELISGHPP  TwaC) ol YU B4
GO YT vy

TFUISUNPR) €7, 0hp, "¢
P IS NCTAL - wATIQO CF F/LTTTLFP=-¢ 1S LSET

MRIT {0,
FORMATL/20%, «PHRATIC (F P/LITTLER-P 1S USEC )

[FCISGHP) RS, 188,004
IFCISONPR) ESS, PNt "
TFCISGNPP) t* 1, p%¢e, 87"
JUTPUT

WRITE (¢ 4B 2) RLITMNL,RATNY]

AR (ol T

MRITE{e E50) nATENL, v TMY]

WRITL (O FNE) HWATMND JRATHMY)
OF "RMAY |/

120X haHALCEPTANLE ~AN(E OF OUScRVED APPLITLDE KATICS [§ Fwuv
QF10.5 0k T 41 10,%/

J2OXeHEMAY BF P/ZULITTLER=P (R LITTLES-P/F - SEL ABCVE) )

SINAL®DSIN(AL PHACT PIT)
COSAL=ICCSLALPHARCPT )

SINCA=DPSINGCANVACPIY)
CNSGAC O SILAMYARCPIL)

WRITEE. At ) LULINES (D) lml, )

FOICMAT (M) qlan, 2 PnRESLLTS FCR THIS PrASE PAIR/LSX, A8, YHana)
TFOIPE " fatue0) WRELITELE,N97) (ULINE(LD vT0) o)
OFORMATE 70, S Ler INTOLT OF ( Mo aTTALE CRIENTATIONS = NCT RECLESTFD

Al

L




: L20X 4 4A84 30m=~)

) TECIPANTIAAF.O) wilTEL€,898) CTULINEIR) 41m],4)

; 8648 UFOFMAT(/20K, 2SHPRINY LY CF COMPATIBLE ORIENTATICNS/20X,448,3p=~=)

TFCIPRNTL.NF.O) wh]lYF(€,893)

893 OFOQRMAT{/

L2UXIOMSA = SLIP ANGLE IN FAULT PLANE,10X,24HDIP = CIP OF FALLY PL

RANE « 10K 2THSTK = STRIKE OF FAULY FLARE/Z/ZL0C13H SA DIP STK )/)
[FCIPLITLILEC.O) GO TC €99

OCALL SETUPVITITLE,TITLEL,B8KHSLIP ANGoEH D1P,OH  SYRIKE,
ASPSILeSPINC,SP INISCELTLoSCINC o SOELTASSTRKL SSINC,SSTRIN, )

i
j
i
g 8$9
}
|

401

—
[aXa Kol BN ¥ s ¥

©

[

(R aNal

[al

——_—
e 7 e .. o SAPNES s s s’ - Sy
o

c
PPL2=SINTABLICELTA)SESE
PP2223=CPCCSEST+SINTARLIPSTINCESE
PP3233=SPCCOSESG-CCSTABIIPST)SCESG
.
P1=P11-P12
P2~p2l-P2222
$3:-p31-P31;3 2
c
PPLls=PPli-fP12
PP2ePP21-FP2223
PP1aPPAL=FFP2222
4
&P=CSINI2,COSCARCCS{O: JI#CCOSIDATANZLP2,F10)
aPPaNSINE2,COPCARCCSIFF3))90COSICATAN2(PF2,PPL) ) *PPFCT
¢
ISTPIK=1AZ-1ETA
IFCISTRIKGLELO) [STF Ka[STRIKONS
¢
IFINNDEPLEC.1) GG TC 44AS
¢
¢ uSt LITTLEP=P/P
) IELISGNP) éluoéllsl2
¢
4l0  (FIAPL.GTLCEMALL) GC TC 490
iELISGNPP) 420,412,420
(4
411 (F(AP.ST.SMALLY GF *C 412
TFLAPLLT.ISMOLLY GC TC #12
GG *J 450
412 [FINOCEP®,EC.1) GO TC 420
GO T0 440
(4
413 [F(AP.LT . SMALL) GU TC ASQ
] LECISGNPP) 420,412,420
’ 4
X ¢ TEST |\
i 420 ARAT=APP/AF
; IFLARAT.GT.RATHXL) GC TO 490
) FFIARAT LT, RATHNL) CC 1O 490
; G YO 480
. c
c TEST 2
430 ARACSAPP/AF
' IFUARA™ 4GT.38THK2) GC T7 450
; JECARAT (LY, =ATRAN2) (C TG 490
G7 10 480 "

NYRUE=Q

IFlLLe]

FREAL=0,00

suzasazsem CC FOR EACH SLIP ANGLE
00 SO0 1PS1=1PL,IPKN
SPSInDFLOATIIPSI)OCING

sssveseases CI FQR EACH CIP
0L SCO IDELTA=ICE.ICN
SOELTASCFLCAT(IDELTA)SCINC
SPSCaSINTARLIPSTI)®SINTABLIDELTA)
SPCO=SINTAR(IPSTI=CCSTABLIDELTA)
CPSD=COSTABLIPSII®SINTABLIDELTA)
CPCO=LOSTAR(IPSI}®CCSTAB(IDELTAY
PLISCASTAR(ICELTA)SCCSAL
P21=CPSrercsSaL

P3IlasPSCeC SaL
PPLL=COSTARUIDELTA)SCISGA
PP21=CPSC*CCSGA

PP31=SPSCOCOSGA

AR AAAL T FOR EACH AZIMLTFr FRCP STRIKE
00 50U 1ETAslEL.IEN

SESAsSINTAPCIFTA)eSInAL
CESAsCOSTAPIIETA)®SiNAL

5S¢ SGuSINTAZULIETANOSINCS
CESGuCOSTARITETAYSSINCA

P12aSTNTARIICELTA)OSFSA
P2223sCPCOOSESASSINTARIIASTISCESA
P3233=SPCDOSESA-COSTAO{IPST)OCESA

b A, SR




o e LY W« s~ . <

RUDRIL

o ———— .

s satn . At i 08 T Nt S - arng

440

LYY

©465

o [aXalal

LX)

a6

448

449

a0

«50

[aX 2}

%60

[aN e}

479

471

[aXaXs]

480

481
482

489

«9¢

oSl
492

500

[a X aNaNaNala¥al (o]

IaNaXaNalsNa

TEST A0 TH

ARAT=APP /AP

IE(ARAT GTRATHXLY GO TJ 44}
TFLARAT LT.RATMAL) (C TO 441
6T TN 420

TELARAY ((T,RATYX2) CC 1C 4S50
TIE(ARAT (LT LATMN2) GO YO 490
GU Y 4cd0

UsSe P/LITTLEP=-T

TFLISONPP ) 446,047,448
IFLAPP . CY . (SMALLY GC TC «SO
IFCISGNPLTCLL) GO 1T 4¢0

6J T -850

IFLAPP (T SMBLL) GC TC 448
TF(APPLTLCSMALL) GO IC 448
GO T 4S¢

TFCISGNPL2G.0) GO TC 4%C
Gy T &g

IF(APP LT S¥ALL) GT T 490
1FCISG 4.7 Ce=1) GO 1T 460

TEST 1

ARAT=AP/ALD
IF(ARAT.CT.RATMX])
16 (ACAT LT, RATHUNL)
GC T 42C

Test 2

ARAT3AP /AP
IF{ARAT .G .FATMX2)
1FLARAT (LT.RATMNZ)
G T 482

TFST 8T
ARATzAP/AFF
IFLARAT ST ,RATMX])
IF(ASAT LT RATMAL)
oC TC €6

1F(ARAT ,CTLRATN¥X2)
IFLAFRRAT (LT RATHN?)

cC
GC

cc

GC

cC

GC
6C

1c

TC
16

10
1M

e
n

490
450

430
LAY

471
471

450
«9¢C

ACTFPT™

SSTRIN=DFLCATUISTRIK)OCINC

IFCIPLITELAELD) CALL FLCTVISPSToSCELTA,SSTRIK)
NYFULaNTFRLE*]

FREAL=FOEALOSINTARCICELTA)

1EUIPRNT LEC.U) GC TC <D0

PITCIFTLL)=EFIXICPCI0C.5)
JIJUTFTLL)=IFIX(SCELYA0.LS)
KKKUIFILL)=TFIX(SSTRING0,.5)
1€ (1FTLL-10)4EG,4€],4€1

WRUTELL e8I YUTTT(TdodJJIDekKRITD,sI=1,10)
FORMATCAO(LIXs 170 1Xs 12, 1X013,1X))

TFILL=1

Gn 1T °no

TFILL=TFILL ]
GQ 17 =re

REJETT

[=1PS1-]P1V]

Julr LT a-1CIM

K2 ISTRIK-181M)
TFENOT (T kD) GC TC 500
Fl=F(ledoK)

DO «31 Ivlsi,NVLPL

TFUFLE FoabVLRLIVLY) €C TO 4G2
CONTINUE

G0 T Tov
FOlaJeKd=vVLElIVL=-1}

CONT TN

[ LRI LR N )

FClellofee0) GO TT 8CCC
[el=1F 12

TEN=TEN

1E12=0

TEN2-0

67 T 40l

nE PP B PP

PP PO Py PP Py LITTLEP=P SECYICA ENCS

72




$O SP SP P Pe LTITTLES-P (ANC LITTLEP-P, SP SP SF SP
et LITTLES-P) SECTICN BGEGINS B ——

600 GO TO (8JC,06Gle6EQ1EC04004) e INOP

o [aXaXaRal

601 TITLEI(&)=PLITSP
WRITELE,010) ICHBS (STANAMG(ULINIS(TEdslnl )
610 OFOSMATILISX,15HPRASE PAIR N, 12,240 ,8NSTATION ,AB8,
1250 FOR FHASES P & LITTLES-P/
215K 4 2Ads 2k s, 26X, 5A¢ 1 u)
GO YO &6¢6

660 TITLZI(4)=LPPLSP
IFLISEALNE.O) GO TC ¢tz
MELTECG,660) T2B3,STAMAM CULINESIT) 4 1m1,10)
€al OFCPMAT(A5X,15HFHASE PAIR NCe +13,20X,8HSTATICN ,A8,
153H FOR PHASES LITTLEP=PLSOLID FREE SURFACE) 4 LITYLES~P/
215X ¢2A842F 22, 26X, 0A€,tFuncss)
GO T2 wéé

€52 MRITEU6,642) ICBS STANAMy(ULINEStID 4 121,5)

€63 QFURMAT(LSX, 1SHPHASFE FAJR NO. o12,24X,ENSTATION A8,
1421 FIR PHASES LITTLEP-PIS=a BED) & LITTLES-P/
215X 2Ad42r%a, 24%, TAk2Fm0)
GN 7Y 6és

6b% TITLEI(4)sLPPELS
WRITELo)6€%) 1235, STANAMGLULINES(LI)y12),5)

€65 VFCAMATULISN I LEHPHASE PATR NQs o13424X,EHSTATICN ,48,
1a6H FOF PHASES LITTLEP-PISEA SURFACE) &4 LITTLES-P/
215X%,2A8,2H2z 4N TAE ybpmnunasn)

PECTECTICN FYL.

[a X Nal

656 Al=AZl
OIFLAZLHZ.0.CONAZ=AZI~CPODLAZICDINC/oCOeCINCISDSIGNICING/2.9C, 811
1DINC/2.70)

602 1F{AZ1603,¢02,504
6Nn3 AZ=AleZ:0,.CO
GO Y2 oC2

)

604 I1FUAZ~340.C0)ENE, e, ECS
635 Al=Al-~3¢C.00
GO TO 404

6)6 1AZaAZ/CINC«0.5T0

)

TFIRFGIChGECL2LANRG) CT TO #62
1E1sIAZ-1SA
TEN=IAZ-1S]
IFLIENLGT.C) ©F 7™ £6)
TENZTEN NS
LE1=]EL eNS

491 IFLIEY.GTLO) G° T2 €S2
TEL2=Jc10NS
[El=l
TEN2#NS

692  IFIDISTLTLOISTUNL(F.CIST.GT.OISTMX) GO TC 683
JISTR=DISTepPL |
AL=COFF(L,1CEPMY)

A2=COFE(1,1CEF)

OC €397 1=1,NCEC
Al=ALSCISTReCCEF(l+l,]CEPML)
A2=A20C STE @ CEF(1+],1CEP)

687 CCNTINUE
ALOPHARALS(TEPTH-CEP(ICEPHL) DO (A2-AL)/(CEF(IDEP)-DEPLIDEP 1))
IF(CEPTH,NELD.CY) GC TC 688
PAC=DSINIA.OLPIL)OVFSRCE/VPD
1F(PAQ.GT.1.C0) PAQ=].(0
ALPHASCARSINIPLO)/LPLI

688 [F(GAMMA.CC.0.Cu) CapPpAsALPHA
PAQsDSIN(ALFP LeCPTL)®ANGPF
LF(PAG.5T.1.LC) PAY=].EO
ALPHASDARSIA(PAC)/CFI
PAQ=DSINIGCAMMASCP[] )0 ANGPOF
LFIPAQ.GT.1.C0) PAG=1.LO
GAMMA=CARSIN(PAQ)/CPL]

BETA=DARSIA(DSINIGAMPASDPI L )/RSRCE)/LPIL
GELMMALeCARSINITSINICAVPASNPTILIOVRATZ)
BETALSDARSIA(PCIN(BFTASDPI] }*VRAT2)

TE(PPFLT].£C.CaCO) PPF(TI=1.D0
IFUSPFCT14Ce00 0) €CFCTL=1,00

IFUIFCTILEG.C) G T7 €¢S
$PFCTs1.0C
GC T ¢80
<
607 OIF(ISEALEC.O)
4 LITTLES-PUSOLIC Fict SLRFACE)
LSPECT3n=2,COPRSURFONSIN(4,D0®BETAL)/(2.0000SINC2.000CAPNALYe
205 IN(2.COBr"AL) +RSESO({CLOSIA.0008ETAL)C1,00))
30COC(GAMMBOTPIII/C5 KTIRSRCECRSPLCE~CSINICANNASDPI] ) 0e2)

CLFUISESANT M)

[+ LITTLES=-P(SEA =ECT

LSPFCT3a=2 fO ek €NEFOCE[N(2,0093F TALIOLCCS 12, D00BETAL)ODCOSIDARSINIY
"

I T

w3
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Tt 8 e Al et . 8 U P
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+93

06?7

(2}

063

(134

6170

<
6Tl

o

607

638

609

612
673

6ll

ol2

611

ol

[2%)

2RATI®DSIN(GAMMALYY)/

BIOSINGE2.00eGAPVAL)S (CSIN(2,00BETALIOCCOSICARSINIVRATIODSINIGAPMAL
@) e SUBFaYRATIOLRATLOLSIN(BETAL))¢ASRSOCCCSIZ.000BFTAL)®(CLCS(2,.0
SO*BLTAL)ICTCOSINARSIN(VRATLSOS INIGAMMAL) ) JovRATLIODRATLIODCOSIRANPAL)
S} POCINS I amMaTPIL)/NSCRT(RSRCESRSRCE-DSIN(GANPASNPLL)0e2)

SPFCY-CPFCTosCFCTFOSPECT28SPF(CT2
TFUILUP Ty ed) UL TC et

TFLIFr™2,8C.C) GU TC ¢¢3
PPECT =100
G0 " el

GO T~ (300,8004€08,6L8,670), INCP

DIfeCyY
PFCY=1.C0
GO Y0 607

LFUISTANC I} 62 TC #€8

LITTLFP=F(SCLID FRFE SULRFACE)
OPPFCT (2, L0 iSINIZ.CCoRAMMALIPDSINIZ.COPRETAL)
1=PSRSe{(C 'S4 COSBETAL YL, CCH Y/

2 (2.7000SINC.O0%GAMMALEODSENG: JO0SPETAL)
3eRSECO( IO S (4 POSRETAY )L, DO))

GO 1 oll

LITTL: P=P(SEA NFC)
OPPFCT22(RSAS*ILOSUZL(COBETAL IS (VRATISCRATISCCCSIGANPAL-CCCS(2.00e
1BETAL ¢ IS L SINIVRATLONSINCGAMRALY ) )Y eDSINI 2.D00GAMMAL)*(ESIN(2
2,00BETAL)*r JIS(OARSINIVRATI¢DSINIGAMMAL) ) ) eRSLRFOVRAT]®CRAT @GS IN
3(BETAL) Y}/
4 (RSASeRIISIILOPBETAL)®(VAATIOLRATIOCCOSIGANMAL)eLCPSEZLO®
SHETAL)OCCOSILARSINIVRATLODS INCGAMMAL )} ) ) oDSIN(2.000GCAMMAL)*(CSIN(2
6. 00%BLTAL)eCCOSIDARSIMNIVRATISOSINIGAFMAL)} I eRSURFOVRATISCRAT |oCSIN
T(BETALI )

GO 71 ol

LITYLEP-P(SFA SURFA(F)
OPPFCT 32t 2.C0%C0 0 "SICANMPAL)OCCCS(2,CC0LETALI*(CSIN(Z.CO®GAMNFALI®LSIN
102.0000: TAL)ehSFSOr I TC(2 DOSBFYALI®DCCS(2.N0*BETAL) ) 02,00°051IN(2.0
CUSLUAMMAL JoCC S(2 U sBETAL )@ {RSURFOLSINIBETALISCCOS(2.00*PETALI-CC0
ISECAMMAL ) ¢FSIN(2.D0*B8TTAL) )Y/
GUCVRATLOCRAT eCLIS(CAPPAL)eCCCS(2.CO0RETALI®LCOSIDARSIN(VIATI®CSIN
SCGAMMAL) 1) 1o (U IN( . CO®GAMMALI®DSIN(Z.CCPBETAL ) +RSRS#DCOS(2. LOSBET
CAL)ISDCUSH2.N0CBEYAL) VoVRATIOORATISLSIA(2.00*GAMMAL)® (RASURFOOSINLRE
TTALIODC S CO*BeTAL)I=CCOSCGAMMAL)SCSIN(Z.COBFETALY))
PPFCT3I=-PPFCTY]
OPPFLT2=¥PF [T e

LRSKRSONCTIS(CAF SINIVRATICLSINIGAMMAL) ) heTCCSI2.DJ*BETAL) #2,00/
2UNST U CCOCAVYMAYL o (ASLRFEDSINIRETALJCDSIN(2,00BETALI*CCCS(CARSIN
JUVRATIATSIM(GAMMAL) ) ) /AVRATL#CRATL) D ¢RSRSODCCSL 2. DOSRFTAL)»(CCCSHG
LAMMAL) ¢ P TONBITALICCCOSICARSINCVRATISCSIN(GAMMAL) ) )/ I VRATYOCR
SATLE)))

PPECT-PPrF(TLIePPFCTFeFPFCT]

1SGNP=2y
TFLSIGNF . caFLUS) TSCGNFa]
TE(STUNPLEC,MINUS) TSGAP==-}

{SGNSP=(C
IFESTANSPLECLFLUS) ISCNGP=)
TFISIONSPLEQ.MINUS) TEGNSPa=]

PaAL=NALS(PALIN)
PA2=NARS(PAITNY
SPAL=PABSIIPALIN)
SPA2=DALS(IPAINY

[F(PAL-FB2)~11,208,¢12
[EUINDPLNEL/) GO 70 taa

WRITZI5,565)

OF Y MAT{//20K*PHASF PAIR DELETREC - P CR LITTLES-P AMFLITYUDE SANGE
[HAS ZERC WIOTHY )

VN I

WRITFl6,077)
OFNRMATE//20%,*PHAST FBIR DELTTFD = LITYLEP-P OR LITTLES=-P AMFLITUD
LE FANGT FAS JERO wICTH®)

GO T™ 869

PAC=PAL

PAL=PAZ

PA2=PAy

16 (SPAL=-SPA 6L, eCE0 €S
PAQeSPAL

SPAL=SPAC

SPL2=PAL

NOCEPSQ

NOCESP20

IFEPADL T SPALL) Gr TC 15
NOCEPs]

IFEISO4FatCoC) PAS=FA]
TFLSPALGT.SMALLY GC TC 61LS
[HINCPEVeFL YD) GC 70 e

TEQINDPLAE L) GC 77 #04d
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6L?

C
614
als

618

[a XS N al

ols

[a¥a Na N e

YO A

620

(3 Xaks¥a)

[ X XN o

(3]

6358

636

637

640

o4l

WRITELG6,€17)
OFOAMATL/ /720K, PrASt PALR CELETCD = P ANC LIVYLES-P AMPLITUDE RANGE
1S 60TH SPAN UR BCUNC 26RJ*)

G TC 3S8s

WRITELG 578
OF JPMAT(//720X,*PHAS, FAIR CELETED = LITTLEP-P ANO LITYLES=F AMPLITU
10F BAMNGES aCYr SPAN (R BOUND 2EKC*)

G0 TG 56S

NOCESPal
TCCISGNSP,.SC.C) SPA2a<SPAL

CALCULATC &a™17 RAN(FS
TF(NNDEP,Ev L) CGC T2 €2¢

P (CR LITTLFP=P} 17 ACY NCODAL =~
LITTLES=P/F (Or LITYLES-P/LITTLEP-P) IS LSED

RAT1=SPAL/PAL
RAT2=SPAL/FAQ
RAT3IsSPA2/FAL
RAT4aSPA2/CA2
6N T €21

P ICR LITYLER=¢) IS AJCLAL -
SHALL U3F F/LITTLE =P (CR LITYLEP-F/LITTLES=-P)

RAT1=PAL/SFAL
KAT22PAL/SF A2
RATI=PA2/SPA)
RAT4uPA /5082

SFT PATICS

RATMX1=CwAX ] (RATL,PAT, ,RATI ,RAYS)
RATMHL =CHINL(RATE,RATZ ,RAT3,RATS)
RATMX2s=RATMN]
RATNN2s-RATMX]

UUTPUT 'IF PARANMITERS

HOLASANC IS
HOL1sNe(CT v
HCL2=BLANKS
HOLIwBLANKE

TFUISGNP) ¢l4ee3le622

15 (NODEP.ECLO) GC T €22
HOLA=BLANKE

WAL eBLANKE

57 TO £24

HOL2=QF
HOLISNSGT Ly

HOL1=PCST LY

HOLEsANC TS

HOL4SNICTTY
HCLS=BLANKA
HOL&=BLANKE

IEFLISONSP) ¢€4D,€22,217

IFINNDESP.EC.O) GF TC ¢3¢
HILB=BLANKE

HOL4=BLANKE

G Ta 4é0

HOL 5=0R
HOL&=NEGT IV

HOL&=PCSTIY
IFLINDPNEwc) GT TC €177

OWRITF(O4241) A1 4AZ LA ALPHALBETA,CIST FA2,PAL,HOLA,MCLL,HOL2,
IHNL3,SPA2,SPAL s RCLE  FLL&YHCLS,,HOLS

OFORMAT(/

120X, 48HAZIPLTH OF STATION SROM EARTHCUAKE (PCSITIVE /

220X ,48HCLNCKWISE FRCW NCRTH) AS INPLT +F10.9,

384 DEG. /

A20%,48HALINUTH AS APCVE, PIINCIPAL VALLEC ANC RAOUNDEL +F13.%,
Sy DEG. /

620X 4AHAZIPLTH [NCREERT NUMBER Y7
T20X,4AHTAKECFE ANGLE CF P ERCM CCWNWARD VERTICAL AY l

820X, 4BHSCURCE 1F10.5,

984 DEG. /

A20X 6BHTAKEDSF ANGLE CF LITTLES-P FRC™ UPWARD VERTICAL /

B20X48MAT SOLRC: F10.%
Can  DEG. /

D20X,48HEPICENTEAL CISTANCE 1F10.%,
E8N DPEG. //

F2O0X,48HACCFFTARLE F APELITUOE PANGE 1S Fagw NICIN
G T +FLO.5:6+ UNITS,iAB,A4,A8/

H20X 88HACCEPTABLE LITTLES=P AMPLITUDE RANGE (S FROM WFl0.5,

fare TO oFl0.5,6r UNTTS,2A0,04,A08)
73
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WRITE(n,6Tc) SPFCT2,SPFCTL SPFCTY2,S5P6CT

674 OFOSMAT L/
B20K,4BF PFCT o oLIYTLES=P MLLTIPLICATICN FaCTOR
CROXABHREPRESENTING AMFLITUDE LCSS AT REFLFCYING
320X 448~SUFFAZE (SCLIC FREE SURFACE CR SEa BEC)
A20X o 68r1SPFCTL, . LITTLIS=P MULTIPLICATICA FACTOR

/
/
WF10.5//

520K ,48H- TPRECINTING A»PLITUDE LCSS RELATIVE YO P DUE YO/

620X, 4dHANY (T R CALSE (ALY NCT INCLLDING SPFCTF)
T20R 448HSPFLT2,  JNURMALISATION RATIO PETWEEN MAXIMUM S
820X ,4BHANC P AMPLITLCES AT SOURCE

920X ,43HSPFCT (=SPFCTLOSPFCTERSPFCT20SPFCTI)

TF(ALPHANE.CAMMA) nFITELL,868)

IFINONE+ . ECa0 )} GC TC €43
WRITElayEbc)

042 FORMAT(/20%,48r1P AMFLITUDE RANRE SPANS CP QCUNCS ZERC
G0 TN 4ss

eFLO.S//
/
+FLO.S5/7
oF10.5)

67T OMRITILos67€) AZT )AL IAZsGAMMA JBETAL,0IST 1F82,PALIHOLALHOLLoHIL2,

LHOL3,SP A2, SPAL,HCLB I L L4,HOLSHCLS

618 OFGRMAT(/
120X 04B8HAZTIMUTH UF STATICN FRCM SARTMCUAKE (POSITIVF
220X ¢&AHCLLCKN]I ST FRCM NORTH) AS INPLY
3gH OFG. 7/
20X 4 IHALINMUTH AS ABCVE, PPINCIPAL VALUEL ANC ROUNDEC
S84 D&C. 7/
G20X s 43HAZIVMLTH INCKEMENT NUMBER
T20X,~8HTAKFNFF ANGLE ZF LITTLEP-P FR(F UFWARC VERTICAL
820Xy 4dHAT SQUF LS
IgH  OLG. /
A20X 6 B8riTAKFOFF ANGLE CF LITTLFS=F FRCM UFwARC VERTICAL
B20X,48HAT SCULFCTF
C8H OFG. /
020X,48+=PICENTAAL CISTENCE
fan DFG. 7/
FOX4HATCEFT IS LITTLEP-P AMPLITUDE RANGE IS FRQOM
GhH TG 4FlUe5¢611 UNITS,2AB,A4,A8/
H20X ,48HACCFETABLE: LITTLES=P AMPLITUCE RANGE [S FRJM
Ton 7O L,FlO .54k UNITS,7A8.A4,A8)

/
oFlO.5,

WFl10.5,
v16//7

/
+sF10.5,

4
Fl0.5,

+Fl0.5,
»FLOL S,

WFLC.S,

WRITE{os4T76) PFOCT3FFFCTLIvPPRCTSPFCTASPFCTL,SPFRCT2,SPFCY

679 OFURMAT(/
120X, 48HPPFCT oo JLITTLEP-P MULYTIPLICATICAN FACTCR
220X 44BHKFPAESEITING AMPLITUDL LCSS AY REFLECTING
320X, BHSUCFACFE (5TLIC FRcF SURFACE, SEA PEC OR SEA
©20X,48HSLFFACE) ANCy IN THE LAST CASE, INCLUTNINC
C2CK4BHAMPLITULE LOCSSES AT UPWARC ANC CCwNWARD
S20K y48rnbFRACTI "N AT 1+F SEA BEC
T20X ¢4BHPPECT L 0o LITTLEF=P MULTIPLICATION FACT2R

/
/
/
/
/
v

FL0.5877
/

B20X 4AHRCPRESINTING AMFLITUDT LCSS RELATIVE TC P DUE TC/

920X ¢4RHANY TTH € CALSE (BUT NCT INCLUNINC PPFCTF)
A2NP X ohBHPPELT (=PPFCTLISFP CTFOPPFCT2)
B2OX,4BrSPFCTI,  LITTLES-P MULTIPLICATICN FACTOR
C20X & 8HR=PRFSINTING AMFLITUDE LCSS AY REFLECTING
D20X,48MSURFATE (STLIC FREF SURFACE CR SE 3EC)
E20X,4BHSPFCTL 0oL ITTLES=P MULTIPLICATION FACTOR

WF10.5/77
WF10.57/
/
/
F10.577

/
F2OX,&BHF"PIAESENTING AMFLITUDE LCES RELATIVE YO P DUE TC/

G20X 4 &4BHANY JTHZF CALSS (BUY NQT INCLUCING SPFCTF)
H20X 343V SPF(T:00 e NORMAL ISATION RAYIO BETWEEN MAXIMUN §
120X, 4RHAND F AMPLITLCES AT SCyRCE

H20X & 51153PFCT {=SPFCTLIOSPRCTFeSPFCT20SPFCTI)

PECT=PPECT
LF(ALOHA AT .GAYNA) WRITE(6,866)

IFINGCCPICaG) CI TC €43
WPITEL6,64Y)

+FLO.S//
/
eFl0.5//
+F10.5)

680 FCOMAT{/204,4AHLITTLEF-P AMPLITUCE RANGE SPANS TR BCUNCS ZERC

GO TO ¢45

643 [FINODESP.SQ.0) GN TU €45
WRITE(G,L44)

66h  FOPMAT( /20 X,4BrLITTLES-P ANMPLITUCE RANGE SPANS CR BCUNCS ZERC

DETSEMINE RANCF(S) CF OCCEPTABLF APFLITUCF RATICS
645 1F(NOPTF.ECL]) GC TC €1

P (N LITTLEP=P) S A(1 NCDAL -~
RATIO F LITTLCS~P/P (CR LITTLES-P/LITTILEP=-P) S USEL

IFLINCP  TCal) wRITF(E,€408)
666 FORMAT(/20X,48HRATIC ZF LITTLES~-P/P IS USED

IFLINDP JNrod) wRITE(E,€8L)
6681 FORMAT{/20X%,48Hr ATIC C¥ LITTLES-P/LITYLES-P IS USED

IFLISGNP) £41,:45,£65¢C

667 IFLISGNGPY “TC,648,€57
648 [F(NIDFSP.5C.1) GO T ¢°5

GO T] nté
4
669 [F{ISGNSP.ic.0) GL TD ted
GC T ¢5¢
[4
650 (F(ISGNSP) €57,,48,4%%
[4
[ B (NR LITTLEP=P) S NICAL ~
6
— i S——




RATIO UF P/LITTLES=F (CR LITTLFP=-P/LITTLES=P) IS USEC
€51 IFUINCPL.EQ.E) WRPITE(EL,£652)

-
FaXal

) 652 FORMATI/20K448nRATIC ZF P/LITTLES-P IS USED }
[4
: IFUINDP NE 21 WRITO(€,£4822
i 682 FORMAT(/200,48rHATIC CF LITTLEP=P/LITTLES-P S USED )
) c
! IFCISGNP) €52,c5%,4%54
H [
! 853 IFCISGNSP) €%65,6%6,4%)
C
z €56 [FOISGNSP) €5T,¢5¢,¢7¢
c
g [4 oyreyrt
[4
: 655 IF(INPP.EC.2) WFITE(1e,458) RATMAL,RATIX]L
; IFUINDP NE.2) WRITE(4,483) RATMNL,RATIX]
' GO TN o5¢%
[

656 IFUINDP.EVL2) wRITT(1£,658) RATMNR,MATPXL
TFUINPPLONE . 2) WRITE(S,£83) RATUN] ,AATEX]

657 TFUINDPLEQez) nPITELC,£58) RATANZ JRATHR2
TFCINOPGNE.2) wWEITE(e,€683) RATUNZ,RATIPX2

’al

658 OFORMAT(/
120X, 54HACCEPTARLE RANCE OF CBSEFVELC APPLITLDE RATIOS 1S FROM ,
2F10.5,4H TC 4F1C.5/
20X, 6BHIMAY 7 P/LITILES=P OR LIVTLES-P/F - SEE ABOVE) }

© -

693 OFAMAT(/
L20X, SeHACCFPTAELE RANGE OF NBSERVEC ArPPLITUDE RATICS IS FRCM ,

2F1CS4M T LFLO.5/ 3
320X 1 48HIMAY oF LITILSE=-P/LITTLES=-P (R LITTLES~P/ /
420X 4BHLIT TLFP=-P ~ <CE ABOVE) ) 3
C
655 GN TO (80006c4,£85,2(0468%), INNP
C

684 SIAAL=DSIN(ALPHASCP]L)
COSAL=DCCSEALPHARCPTL)
GC TC o€¢

7Y -
dak

48% SINAL=DSIN({LB80.00~CarPA)ODPL))
CNSALDCCSUL8C.DC-CAPMA)SDPT)

s+ -

6496  SIv8E=TSIN(AFTASCPI]) '
CISBE=DCCS(BiTAeCPIL)

<

WR[TE(6485¢) LULINES(T),I=1,3)

TECIPRATLFQ.U) WRITS(E48FT) CULINELL) 120 ,4) b

{FUIPANT LI NE.C) WRITE(£L,398) (ULINE(L} 01,4} E

LFOIPRNTLAEL,O) nRITE(€,963)

[FCIPLOTEFua0) CC T €99 :
OCALL STTUPVITITLY ,TITLEI,BHSLIP ARG, 8M 0IP,8H STRIKE,
1SPSIloSPINCoSPSIN,SCELTL,SCINC,SOELTA,SSTRKL,SSTINC,SSTRKA,3)

699 NTRUF=Q |
1€1LL=1
FRrAL=N,CO

XYY CC FOR tACH SLIP ANGLE ?
-

laNalal

100 9N 300 1PSIsIFL.IPN B

IPSI=PFELCATIIPST) O INC _;

SINPSTI=SINTAGLIPST)
C2SPS1=CCSTABLIPST) .

SLSPaSINALSSINS]
SACP=SINALSCNSPST
CASPaCrSALOSINPS]
CACP=CISALSCTSPSI

SBSPeSINBECS INPST
SECPaSINARe(CSPS]
Ce.PaC SRESSINPST
CRACPaC ISBELCCSPSIE

secsessens CC FOR EACH CIP

00 300 IDELTA=IDL,ICA

SDFLTA=OFLOAT(IDELTAIOCING

(o (o) [aNaXal

SINDEL=SINTARCICELTA)
COSCrL=CCSTARIIOELTA) 1

CACCmCOSALOCCSNEL
SASC=SINALOSINDFL '

SASPCOaSASFeCOSCIL
SACP DaSACPe(CSOEL
CASPSNsCASPeSINDEL
CACPSPsCACESSINOHL

SASOaSINBESSINCEL
SHCO=SINBECCCSNEL
CBSCaC 3SB8FeSINNEL

CPrCeCUSBEACCSOIL ”

Co o asoae - i
R A it et S e e,




SBSPSDO=SPSFeSINCEL
SBSPrLaSBSPECOSDEL
SBCPSP=SBCPeS INCEL
P SBCPCNaSHCPOCUSDEL
CBSPSNa(ASPeSINDCL
’ CBSPC - "33P8(CSOFL
' CBCPSre JBCPeSINDEL
CACOCN=CRIPeCNSNEL

84384448144 CC FOR EACH AZINLTH FRCM STRIKE

07 300 1FTas]F1,1EN

(2] [aNaXal

SINFTAxSINTAP{1ETA)
COSETA=CCSTAECIFTA)

o
o

PL=CATL-SAS[*SINETA
P22=CACPSC-SACPCC®SINCTA-SASPOCOSETS
PIx=CASPSC-5A5PCTOSINTTACSACPOCCSETA

APsOSIN(2.C00CARCOS(P:))SDCOSIDATANZ(P2,FL))OPFLTY

SPML=-CElC-SASTeSINETS
5Pu2eCBIPSO-S0 PCOOSINETA-SBSPSCOSETA
SPM3I=(bSPSI=3dSPCLPSINETASSBCPOCCSETA

e e« * pon——

THETA=STARTOS{SPNM2)
PHIADATANL(SFM,5PM])

SINTHE=CSIN(TR:TA)
SINPHI=(CSINLANT)
CrsPui=rimotent)

ASPTH . =CI2S(cDCoTHETA)OCOSPHI
H ASPPHI==CCCSITRETA)OSINPHI

e At e e

SESTaSINETACSIATHF
CFSTa( TSETASSINTLF

SFSI=SINETASSINPKI
SECI=SIntTaSC TSP
CEST=CISETasSINPHI
CRCI=CiSETeeC 50k

OSPANGL==SECCeC _SPH]¢<BCPSO®SINPHI-SBSPSCOSINTHE

L¢CBSD®3r CT1oZBCPCCOSEST-CBSPCOOSEST
2¢CASPeC-STeCRCPOCEST
OSPANG2=~SINCELOCFCI-CISPSTCCCSOELOCESTeSINPSIOCCSOEL®CESTY
LeSINPSIO*SESLelOSPSIOSEST

VASP=DLURTULASPTHE®®Z )¢ (ASPPHI*22) )oCCOSICATANZISPANG2,SPANGL )
LDATANZ(ASFFET 48P THE ) JoSPFCY

ISTRIN=122-1(TA
TFUICTRIKLLESC) ISTRIK:ISTRIKONS

TFINQCEPLEL 1) GC TC 245

USE LITTLE=P/P (CR LITTLES=P/LITTLEF-P)

IFCISGNF) 210,711,212

o a0 o

310 IF{AP.CT,.QEMALL) oC YO 3SC
[FCISGRSP) 220,312,22C

311 IFUAP.LT.SMALLY) GC TC :)2
TF(APLT.QSMALL) 6C T2 312
GO T 3¢y

312 IFINND " SPLENG]) GC TC 220
G TO 340

313 IF(AP.LT.S¥ALL) GC T1C 290
TFLISONSP) 210,312,:22C

c TEST 1
320 ARRT=ALP/AP
TFIAFAT ,GT.RATMX]L) GC TC 190
IFLARAT LLT.RAT¥NL) (C TC 2SO
0 T™ 180

c
(4 vesrt 2
230 ARAT=ASP/AP
[F(ARAT . GT,R4TVX2) GC IC 190
TFIARATLTLRLTHNZ) GO TC 390
GC Y7 240

* C TEST olTw
340 ARAT=ASD/AP
IF(ARAT,GT.RAT¥X]L) CC T1C 241
TFLARAT LT ,FATMNL) GC 13 34l
G TC 3eo
341 [FUARAT.GT.FATMX.) (C T0 260
IF(AGAT LT hATMN2) ¢° 10 190
G T 18N

USE P/LITTLLS=P (02 LITTLEP=P/LITILES-P)

[2EaXal

365  IF(ISUNSP) 34h, 347,248

(o

3146 [FIASPLCT.ASMALL) GC TC 'S0
IS EISONPLTCal) GO "0 1e0

‘andad




347

i

T

o

350

[a¥a]

3to

it

e

[aNaNal

389

——

sl
382

e — s s
(o}

389

oOr.

390

vl

392

(o]

300

[aXaXaXakaXakal

[a¥aNaKaYalal

5000

4
sio0

512

Sie

G” Y0 290

TFLASP.GT SMALLY CuL T 348
IFCASPLLY (SMALL) CC TC 348
G 1Y 390

IFUISGNF.EC.I) G TC %0
o Ta 27¢

IF(ASP LT oMalL) GO TC 350
TELISONPFQa-1) T 10 260

TEST L

ARAT=AP/ASP

[FCAPAT ,GTRATHMXL} C 10 390
1+ LARAT LT .RATMNL) CC TQ 3s0
G1 T2 3é0

TFST 2

ARAT=AP/ASP

IF{ARAT .GT.RaTHMX2) (C 10 390
TFCARATLT.RATMNZ) (C TC 390
ud 0 380

TESY B8NTH

ARAT=AP/ASF
LFCARATGT,PATYRL) (L TC 271
{FLARAT,LT.AATHMNL) (C T1C 37)
GC TN 36

IF(ARAT.CT.RATYX2) (U TC 290
[FULARAT LY EATHMN2) (O TO 390

acceeT

SSTRIKaCFLCATUISTRIREOLINC

IFCIPLOTIWANELO) CALL FLOTVISPST,SDELTA,SSTRIK)
NTRUYSaNTRUF o]

FRYAL=FRESL +SINCEL

IFLIPRNTL. D60} GO Y0 200

TTTCTFILL)=IFIR(SASTeC,.5)
JOJUTFILL) = FIXUSCTLTA0.S)
KARELFILL)®TFTINESST-1ne0,5)
IF (1FTLL=-10) 3w, 28T, 28t

WRITE4S, 28 0011100 3d ) oRkKKIT D 128,100
FORMATELOM I, i2o X, L 1N, T3,1X)0

[FitL=1

(AR LA To]

TFILLsIFILL]
6C TC 340

REJECT

[=1PS1=-1PLn]

JslDELTA-ICIMI

Ao ISTRIR=1S14]

TR ELMOTLFEL,00M)) (T TC 300
FlaFl{lyJ.K)

¢ 391 Ivi=g,\vLPl
[FAFIFoEQevVLELIVLD ) (O TC 2392
CONTINUVE

o T3 300
FiloJdendmvvi (1l lvi=1)

CINTINUE
18884848488
sececessns
tet000c000

IFCIEL2.EC.0) GC TC “CCO
TEl=1F12

T-N=1EN?D

1€12=9

1EN220

GO 10 301

SP SP SP SP

SP SP 5P 52 fr LITTLES=P {(ANC LITTLEP-P,
cerececcces- LITILES=-P) SECTYICN ENCS
FLUSH [FILL BUFFER

IECIPRNTI.EC.C) o7 TC %10

[LRITT LS ISR )

TFCIFILL A O mRITELE (AB2I0TTTETDeJIINT ) ohRRUL ) Il TFTILL)

I[FUIPLCTLLEC,O) GC 17 210
WRITELO,511) TULINELTDW1e1,2)

511 OFORMAT{/20X,42HCIxFC LENGTH VECTORPLLY - wAS BEEN PLCTYTEO/20K,
12Af8 THrw = o=x)

NYRU=NTRLF

CALL TCTALINTRLY)

GO T %14

MR TTEL6,%02) (ULINUT)olel,2)

513 OFORMAT(/20X,39+FINF~ LENGTH VECTCRPLCT - ACY RECUESTEN/20X,240,

P T —— )

FNTRUFaNTFRLF




e —

s1s

01

50w

538

e

ni
ne

"M

¢
1o

FYIRUEaFNTRLE/FNCUME
S=UENG M- ¢tATRUEDI/FNT( P
FhfaleF RFALOFFALY
SECALE] O~ AL

JUTHUT SurraRY T RESLLTY FOR THES PRASE PALR

ML AANTTL LN B IV YRR B IS FY S

FRIMATE/IIN LANS MYARY ¢ RESLLTISZ20X,248,20=-)

WRLTE ey %01) ANTSUF G NCOR A, CTRUS § SoFREAL ,SEEAL
OFORMATL/ 7100, 18, (CCPBINATICONS CF THF TeEFE RCTATICA AAGLES ACCEPY
Tasee 3T 00 S IR/Z1SV, P FRACTION OF FALLY PLANF ORJTENTATICONS ACCEPY
JABLE - PPl .9/ LR FRACTION OF FALLT FULANE CORIENTATIOANS INCONMPAY
BIELE CUNC TVE-RTRUFI/ACCHMBY o 2 F L9715, FRACTYION CF FAULLT PLANE
& CSIFRTATIONS ACUrPYABLF IN RFAL SPACF = *,F12.9/7 LIS%,*FRACTION CF
S FAULT FLiAr CRICATATIONS INCONPATIALE TN SREAL SPACF (STUNIr ICANCE
&) s i 10.8)

PFAURFGIONL S0 PLANNG) nR]TF(8,%04)
OFUE“A'(/I\I.:(Nful(N CF SEAFRCH INCLUCES 8tL CF IRIFATATICA SPACE)*
1

PRERFOIINAELBLANAC) REITELL,S0%) NCCHBR ACCPS
QFCFMAT 171 v, teeelf GICN CF SFARCH IS RESTRICTED -*,18," CRICNTATION
IS CaY Y ThE S, 18, ¢ FAND BEFN TESTECweery
QPN TeT 20 ve STATISTICS ASSUNME YrAT THERE ARE NO SCCITI NAL CCH
IPATIALL CR1ONTATIONS CUTSINE TRk RECICN Tf SEARCH) )
OFF 110N 0 TL0) wR [ TEANTEVISL) STANAP 471 ,01ST ,ALPHA GANPA,SIGNP,
TPADING LIPS STORPF S PPAJINGPPRLINGPPECT]L , SPELT) PHASES

TP e v v eV a0} aR TTECNCEVI,SCa) NTRLE S CREAL
OFUCRMAT{Janh >, (€ (CPPATIBLE TKINS, o, L&, SIACTICN CF JATANS, |
INCOWPAT (5L F o G FRL L7 8CMFRACTION (7 CRIEANTATICAS INCCMPAYIBLE JN R
SEAL SPATE USIGATY LOANCE) = LEQL.N)

ISR RN SR daluly
TSI N ND) 0 10 8C0
TREIOP S TadN. ACPNILLY G TO 8C0

PEINT AN JUMULATIVE ACCEPYABLE CRIFANTATIC(AS/

IFENTN [0 wnT ]
(O a JoNTF ) IPSATAL I PANTA
S U TN B
TS EICY et o A7) TPLLIN IR ST

POINY U T, MECTUSPLCT AR CCOMPUTATICN CF SLPMARY CF RESLLTS

TFOLOR N (A ) we (TR, TULT (CLIAESEI) 101 ,4)

FUORMAT L/, LN, YaMCURUL ATIVE AZCEPTARLE CRIENTATIUONS/ 10, 0A8, Hes})

PP OLM CuNP) mRTTELD, "4l) (LLINESIT),101,5)
OFURMAT ULl o LANGOANURTSANTATI INS COMFPATIOLE mI T ALL FNASE FalRsy
118, NG, e man)

LN B L N WGPl I FU

WhITE (a9 Lo INELT )yl )0

WNITEL 28 )

vt

ot Ty

WETTE (S 8o 1) UL INY U ) ylml )
HUT O AR DN N O 2 B
[ AN L N

FUALL ST P ET R  oAd CUMOLATIVE ACCESTAGLE JORIENTATIONY .
SRESU DY SN e THUF R STRIKELSFSTL e SFING oSPSINGSTRLT L, NN ING,

TSP UTNGSST AR LN IND G SSTRRN, D)

CI vty Qe v

TCALL S "oy (T ITUE o wChU S TENTATIONS CPPTTIBLE wiTh ALL FNSE Fas o,
JANSL IR AN e TIF e STRIRFGSPSLLoSFINCoSPSINSTELTL, SN INC,
INDE LTINS R ] SSINC S CTRAN, 1)

NT Ul D

ERFALS LY

MDY 700 1PST-IP LW PN

O TOO ITHLTASICL, 10N

D700 8Tt ke TS, TSN

Flok (10t -1RLMY TR Ta-TUINL, ISTRIN=-1SEML)
(FEFLRLNEVWVLAENWVLFRLDY 0 T 100
HON 3 0 GNRG NS UL SO U )
SoC e v AR rel NG

COAELTA TR AT LIS UTARSING
SETIIN . Sy AYEISTaIN)eUINT

CALL D VA PRST L STELTASNTR IR
NYRUF -5 "~y f el

FRLAL rb AL eSS TARCICELTAY
LI B AU PR SY o BRI S T 1V

LEfEis tnn ) T Intseslel &)

NI LU RS R A Y RN RN F KIAPR |

AR (I e Dol IntanTR a0, )

[N U TR T N I TR PR VIR VN

LA TR F RS AN IO RS AT Y LS R R N LY PR T\ ]
1rit

[CR I SN

[ £ TS S I W )
CONT N
FroSe -y tubkscw

TELIPRN N Ce) 0 T 100

e e e T




l LElLL=15TLL=-)

_ I

C
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s Xaka)

IsXalakalakakakal

Tio

Teb

[la¥aXa)

o

Tis

137
138

fa¥al

139

laXa¥a)

123
12>

124

TECIFTLUNFOIWRITECE o AB2DIUTTTAT) 0 JJICT) oRKK(LD o Tm], IFTLL)

LECIPLOTNGNELO) WhITELESSIL) (ULINECTR 0w],21
TFCTIPLOTNLEC.O) whITE(E,513) (JLINE(T) 1=1,2)
NTEUaNTRUE

TFLTPLOTNGNE. O “alL TCTALINTRUD

FNTRUF aNTRLE

FYRUESFNTRLF FNCLUMR

S« (FNCUNB=FNTRJUZ)I/ZFNCCPB

FREAL=CRESLOFFACY

SeraLs=1,.r0-FRT AL

JUTPUT SupwaPy (F RESLLTS

MrlTECOo s B19) (ULINC(L D D=1,2)

WRITELE,501) NTAULENCOMB,FTRUE S,FREAL ,SREAL
IE(REGICN.Su.dLANKS) RRITELS,504)
[FIRFGICNIASLANKA) whITE(6,%509%) NCOMBR,NCCME

PRINT AND FLIY TUMULATIVE PARTIALLY ACCEFTABLE ORIENTATICNS/

B T -———— -

PRINY ANC FL-T CRIENTATIONS PARTIALLY CCPPATIBLE WITH ALL

e rccmasne e et ————— -—— —_——

PHASE PAIRS

IPRANTNSIFRAT)
TFLIOP.EQLNCP) LIPRNYACIPRATS
[PLCTYN=[PLCTY?
TELIOPEQ.ACP) TPLLINRIPLYTS

TECTIPAENCP) wRITHIO,TIO) CULINESC(I)  1=1,5)
OF UFMAT (/715K 4nCUMULATIVE PARTIALLY ACCEPTABLE CRIENTATIONS/1Sn,
15A8,4Max03)

ISUIOPGEQ.NOF) wRITELE,708) LULINES(TI)41m1,8)
OF SRMATELHL o1 64x,54r"FIEATATIONS PARTIALLY CCMPATIBLE wITH ALL PHASE
1 PAIRS/15x,8A8,0Km= . xxn}

IFCIPRNTALEC.O) GO TC 12

PEINTUT

WRLTELE, 7763 (ULIN(T1),121,5)
OFURMAT (/20X o~ SHPRINTILYT OF PARTIALLY CCMFATIBLE ORJENTATICONS /201,
1548, SH=~==-)
IFLIOP.AF.NOP) WRITI(E,731) 1CBS
OFJOMATL //720%,* "RIENYATIONS COMPATIBLE wWITH ALL THE *,13,
1* PHAST PAIRS 57 F2a® PROCESSED!)
IFLIOPLECLACP) wRIT (£,722) 1088
OFORMATL //208, " IRIFATATIONS COMPATIBLE wITH ALL THE *,13,
1 OMHASF Palky*)

0N 39 e}, hvL

I8 0I1e0T0C0N) bu TO 124

IvieNVL=~11e]

TiMl=Tl-{

TFLIOPONELNGP o uNC IVLLNEGNVL) WRITE{E&,722) 1IM1,1089
OFNRMAT( //]0%,* RIEATATIONS INCOMFATIBLE WITH *,13,° OF TNF *,713,
1¢ PHASE PALFRS SC FAR PROACFSSEDY)

TF LT PLEC. A LANC.IVL.NELNVL) WRITE(E,734) TIM1,I[J8S
OFURMATL 7/ 00 *ORTENTATIONS INCCHNPATIBLE wiTH *,13,° OF ALL THE °*,
1id,* PHASF PALRSY)

WHIT{ (0,85 7)

IvruLel

PEERS LA LA LS WS D

£ 738 ICELYA=IPL, 0N

DI 738 1STRIN=1ST, 1SN
{=1PSI-1FLr]

JeICELTA-ICIM]

K= {STRIK-{Sim]1

FleCllodoenr)
[FEFLRONELW VLS LIVLOL)) GO TG T8
SPSTaDFLATLIPST)er INC
SDELTASCFLrAT(ICEL"A) 0N
SSTRIK=CFLISTIISTRIN)OCING
TLHOIFILL 1S ISP T1eCa5)
JUICIFILL) =P I (SO0LTA00.5)
KERATFILLD=[FINESSTCImen,S)
PFCLFILL~L0 227,704,028
WEITE(0,48) LI, a0t kxxtl) 11,200
tElie=1

s T 138

[FIiLL=]FlLLeL

CINTINUE

FLUSH TFRILL RutECR
TEILLeTFTLL-1
TFCIFTLLONT LU0} wRETF (L, 6820 C1ITUE)suJdlT)eRRRETD) Dol IFILL)

COANTINUE
' T 124

VECTORPLUT AN CUMPLTATION 3F SUMMARY CF RESLLTS

MOTYELO,121) (LLINECLD,L0l,9)
CENPMAT /200, e 1=PRINTILY OF PAGTIALLY CCMFATTRLE CRIENTATIONS = NCY
U REQUESTEC/CUN, TAN, rmemm)

FELTPLCPNLEQLY) 7 70 128
OIELIOP NS NCP)

LCALL SETUPVITILE, 4 r (LM TIVE PARYIALLY ACCEPTABLE CALENTONS
QHHSL TP AN, 8 FIP,OM  STRIKESPETL.SEINCSPSIN,STELTILSIINC,

¥

o




e S

IR e

128

17

718

T19

720

728

729

OO

™

[aXaNal

o«

130

7«0

751

158

159

ISDFLTH,SSTRR Ly SSINC,SSTRKN, )
OIFCLITPEC.ATP)

1CALL SETUPVITITLE ,«OFCFTNS PRTIALY CMPTBLE wiTw ALL PWSF ris
28HSLLP ANG, 8Pk CIPyEH  STRIKESPSILoSFINC,SP! \, uCELTL4SOINC,
3SOFLTN,SSTRrF L SSINC L CSTRKN, 3)

CALL St TuPLINvVL)

IvLi=NvL=1.dS¢}

oC 717 -l

NT7_ stld=0

00 720 I¥SI=1PL,IPN

00 720 INELTA=IDY,ICN

00 720 IS7SIK=[S1,ISN
[a1PC1-1P1NM]

J=lDELTA-ICIML
KaJSTRIK-1G1M]
TFELNITFETdan)) SO 1C T20
FL=F(T1,J,x)

00 718 IwLl=lyhvi
TFC(FIP FCLVVLAE(TIVLL)) G TO T1S
CONTINUT

TeCIvL.LT.ivLLl) GO YC T2¢
NYRUESTIVLI=NTRUES(IVL)+1
IF(IPLNTN.FLLO) G IC 120
SPSI=DFLIATLIPSTI®LINC
SOFLTA=DFLCAT(IC.LTA)SL INC
SSTRAIK=CFLCAT(ISTRIK)CCINC

CALL PLOTVLISPST,SDEL™A,S5STRIK, EwL)
CONTINUS

IFCIPLTTALNE D) WhITELE,723) (ULINELT),I=1,3)
OF URMAT{ /20X 4SHVAP JABLE LENGTH VECTORPLCT - HAS BEEMN PLOTTZ)/
120% 348, 2n- -}
[FOIPLCTNGAT L) CALL TCTALS
IFCIPLTTNGECO) whITE(E,729) (ULINECTI) o I%1,3)
OF UF¥AT( /20K, 42HVAL TAPLE LENGTH VECTCFFLOT -~ NOT REQUESTEC/cJX,3A8,
12H-=}

OUTPUT CF SLMMARY QF RFSULTS

WRIT {0,511 (ULINELTD I21,2)
OLFLTOP AR LNGP)

LMRITSLA,T2i) TR SIAVL) JNCOMB, 1CES
OFCEMAT(/10%418,% CRIFNTATICNS OUT CF THF *,18,¢ ARE COMPATIALE wlT
I &Ll TH= *,13,* PHASE PAIRS SC FAR FRCCESSED®)
OIFLINT  ZC.NIP)

IMRITELEL, 70%) NYILFSINVL) JNCONB,ICBS
OFO&MAT(/10%,18,% CRIEATATICNS QUY OF e *,1R,* ARL CNWPATIHLE wiIT
Lt 20U “re *,13," PHASE PAIRSY)
OFODFMAT(10X%,18,¢ “Z[ENTATICNS CUT CF THE '",18,% ARE [NCCMPAT  RLE Wl
LTH *,13,* OF TRE ¢,12,% PHASE PAIRS SC FAR PROCESSED®)
OFCFR™MAT(1UX,12,% CRIFATATIONS CUT CF THF 9,]8," ARE INCCMFATIELE MWI
1TH *,1_s* CF ALL Thi *,03,' PMASE PAIRS'Y)

IFINVLLECLT) GO T 4C

00 179 <ytuvl

IF(LL.GT17BS) {3 TC 4C

IVL="Vi- 1o}

I#1=1-1
OIF (IR INE  NOP )

LMRLTECL,722) NTRULSTIVL) JNCCMB,IVL,.ICBS
OIFLINP.EC.NCP)
IMRITE (o 70E) NYRUES(IvL ) oNCOMB, ML, 1(BS
CINTIHUT

[F(R.GITN.FQ.ELANKRA) RMRITE(6,504)
TFECCGITNUNS BLANKG] WRITE(6,505) NCC(¥BR,NCCWMB

QUTPUT T2 THIRL (LTFLT TovICE

IFCIP ANz JRTF.CRUICEYILLELO) GO TC €GO

WO ITFUINGFV2, 7510 [ 8BS

FOFMAT(/10FTCTAL AUMIER JF PHASE PAIRS = L,I3)

WEITE(NCEVE,S504) NYRLC,S,SREAL

IFUINFVI.EQLl) GO TR Gt

NTLT=0

07 752 Ivi=l.AVL

NTCT=NT TenTayUIS(IvL)

MRITE(UCEV2,7C7) NTCY
OFOEMAT(I~HLISYT OF ALL THe (17,57H CCMFATTBLE ANC PARTIALLY T(MFATI
18LF NEIENTATIONS FOLLIWS/BONSCRMAT - (SA=SLIP ANGLF, DIP=CI®, STK=
2STYC RS, NsNOo OF (NCTWMEATIBLE PHASE PATRS)I/8Nn  SA GIP STk N/ SA
301P STh N/ SA CIP STk ¢/ SA DIP STx N7 SA DIP STk N Cax?)

1ceep=0

tFiLL=1

DG 740 17°S[=iPL1,IPN

Or re0 1T (TA=(Ti. 00N

D Tow I1STEIwa]S1, SN
TelPSI-IP1LV]

JeIDELTA-TC1IM]
K=[STRIx-TCLIM]
TFCaNT R LoD CN TC 760
Flef(l,4dor)

00 752 [virleNVL
TFCFLE L QL VVLRITVL®DD) GO 1D 759
CONTISLT

TECIvL LT IvEL) o7 TC 760

'S

P SERT T IRy X




™7
T60

[aR et

res

Tol
1ol

300

O

S699

SP<1anFLOATLIPSLIOT INC

SOFLYADFLCATLIDELTAROCINC

SSTRIK=CFLOAT(ISTRIK)IOCINC

TETCLFIRL D= LFINLSPSLeC.S)

JIJUTFILL DI e I X (SCELTACD.S)

KRALTFILLI=IFIR(SSTRINCO.5)

IVINUIFILLIsNVL=1VL

FORMAT (IXol 3, bns 13000, 03,0 3,00 N 00300 Kel30lRel3 130415
THOLFTLL=%) 287,758,104

1CARNa [CARC 1

WEITUANCEVIo?95) CTIT0T3 40000 ) okRRETDoENLALT) Il ,%),1CARD
tFliLal

G T Te60

TFtLLeTFILLe]

CGATINUE

FLLSH [FILL BUFFFR

THOIFILL " Cal) T 77 Teld

DO Tos l=lFlie .S

1ttt1)e0

JAdtlr=0

INYNBBED]

IViNiT)e0

CINTINUE

JCERDw [CAKT «]

WOTTFANCEV 7940 (T1IUT)edJdUlDomnitl)olvintL) im) %), 1CART

WETTEENCEVIeTel ) EN
POIMAT (AG)

CNTINUE
Gu TN 111l

CALL INCJCH
sreoe
PNT




1 APPENDIN |
‘ LISTING OF PLOTIING SURROUTINE (PLOTY)
V PLCTY

ceeee J
MOCIFIFD 6/12/78 TC SEFOVE CUMULATIVE RECCAN (5 VECTCRS PLCTTEC

SUBRCUTINE FLCOTVIA(E,() L
f H ENTRY SETUSPVATETLD o TUTLEF (ANAME JONANECRAME AL oAL (ANJBL 8L 0NC)y
(LS S PR
i ENTRY TUTAL(N)
1 ENTRY SETLFLINVL)
i ENTRY PLCTVLLALD,CoL)
ENTRY TOTALS

THEIS SURKCLTING PLCTS SELECTED CCMAINATICNS CF THFE ANGLES A,8,C
! wITH A A4S THE A8SCISSa, 6 AS THT CCWNRARC CROINATE AND C AS 4
UNLY wb TUC OF RUTATICN ABCUT THE PCUINT A,8 CLCCKKESE FRCM The
: UCWARD VIOV ICAL, FCR LACH FRAME TO 8€ PLGTTED, THE VECTCRS CaN
i AF O 0 TUED LENGTHy CR IF OUISCRFTE VARTABLE LENGTH L LTD REPRESENY
A FOURTH VARTARLE Wk ICH CAN ASSUME SEVERAL VALUES), wHEN USING
THIS UPTION L JAN TAKE VALUES FRCM | TC 8 MAX[RUM, hVL. THE
EJUIVALINTY vid"um LENGYNS ARD SCALED TC L1IE BLTWEEN JERD (FOR L=0)
ANT THE MAXIMUN UENGTR (FOR LeNVL)

HETHON F (SE

H FOR FACKH PRAMD T B FLOTYED, ELTHER ThE FINED VECTCR LENGTH
! OPTLIN YR Tuf VARTABLF VECTCR LENGTH OPYIDN MAY 8F USEO

(¥ 1) TINFES VECTCR LEAQTH QPTICN

FIRST
CALL  SUTUFVITITUFR o TITLEF QANANE (ENANE JCNOME 8] o8] AN, B1,81,80M,(1,
LCTeCNGiFE TU SO ™ UP 1T PLOYTING FRANE

- -

TITLE TUTLE UF CATA BEING PROCESSEL (REALsA TITLELION)
TL"LFF  TITLE F THE FIAME (REAL®] TULTLEFLS))

ANA ML NAM{ OF THE A VARIABLE (REAL®R)

BNANME NAM. € THF ¢ vARTABLE (RFaLe0}

(e L1s NAME TF THE € VARLABLE (RE4LOE)

- —— e

Al LOWwEST A VALLE TO 8€ INCLUDED OM PLOTY (DFGREES)
Al INCAFMENY CF A VALUE TO BF LSEC CN PLOY {(DEGREES)
AN FIGH ST A vALLL TO BE INCLLOEC ©N FLCY (UFGREES)
' a1 VCeiST 4 vALUE 1) BF INCLUDEC CON PLOT (DEGRELS)
¢ ul INCREMENT € F @ vALUE TO 8F LSED (N PLCY (OEGLREES)
N H1GE.NT B VALLE T BE INCLUDEC CA PLCT (NEGREES)
(Y LOWEST ( VALLE YU 4E INCLUCEC "N PLCT (DEGRFESH
ct INCRENENT CF 0 VALUF T) 8€ LSEC CN PLOCY (IEGPEES)
N FICHEST C VALLE T &F INCLUDED €M PICY ICFGREES)
1+ AT i ™ ARGUNENTY
SELUNDLY

CALL PalTvilAen,L) FCP LACH SEY OF VALLES TC 80 PLITTED

ETC SAVE T imt Yels (ALt OCES NOT INCLUCE PROTECTION AGALINST
ARCUMESTS SO {FIEC CLTSTUE ThT RANCE INITIATEC By CALL SETUPY,
R LYING Bc”afeN INCRIMENTS)

FINALLY U PTionaL)

. CALL T TALIN) FLLSPES "UTPLT BUFFER ANC STGNIRTES CCMPLETION OF

; THE FRAME AY L ISPLAYING N (THE NUMBER OF POINTS PLOTTEC) AN TnE
TOP KlunT-rAND CCRNFR (P THT PLOT, N OBS SUPPLILNY 8Y T CALLING
PRIGH AM

: ) VAR LAALE VECTYCR LINGTH CRTICN

[(RTI

CALL $" TuPVi,.. (AT 4ABOVF) )

SELONDLY
CALL SETUPLENVL) WhERE NVL LS THF NUMBER CF DISCRETE VECTAR
LENG™H REGUIRED (MAYIWUM VALUE CF NVL 1S GCVERNED BY THE

DIMENT TON CF Yuf ARRAY NTL RTLOM), NCTt - IN PRACTICE, WNEN FINF
[NCRFMENTS OF A (R € BOE USt 3y, CNLY SEVERAL TISCRETE LENGTHS NaY
BORES LVARL® VISUALLY UN THE PLCT

THEROL Y

CALL PLETVLEALR,C L) FCR EACH SET OF wALLES YO BE PLCTYYRC

(YC SAVE T tmb THIS CALL DUFS NOT IACLLCE PROTECTION AGAINSY
ARGUMENTS SPFCIFITT LLYSIOF THF RANGE INTYIATEC By Call SETuPv,
WOLYING (FTmEN INCREPINTSY

FINALLY (o TlONALY

CALL T Taer FLUSPES OJUTPLT AUFFER ARC STGNEFIFS (CHNPLETTON CF
THE PRAME vy CISPLAYING NVL LTHF NUMBER CF VECTOR LENGTHS) CN THE
TOP PLUMT-» AN( (CRAFR (F THE oL CY

ST T R T T T T R O

NOTE - Co2RUR/P/FLL, WHERT PILatPI®/180.0, #UST BF SEY LP OUTSICT
THES S.ed LTINS

SURRIITINT PLI v A B,()
OUUNTE Pos TSt N TTTLERLO T LTLRFC ) JANAPE , BENANE ,CNANME
[SRL LT TNAS )
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35
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PLCT VECTNER

X=XCeASXF

YsYCeBaYF

Ixax

1y=y

IxvaxevieSIn(CoPIL)
1YVay-viLec(§(leP]l)

CALL VFCTIRLIX 1Y Trv,1YV)
hETURN

ENTRY TCTALIN)

HaN

CALL T5P(S¢e4,48,8)
CALL HORAM(ZHN=,2)
CALL [FCOM({y,5)
CALL ENCFNMF

GO 1) 39S

ENTRY PLCTVLIA,P,Cot)
X=XCeAOXF

YaVCe3eYF

Ix=x

IYsy

FL =L

VLL=VLL®FL
IxvaxeVLLeSIA(CwP )
[Yvay-vLLeCrS{CesP11,
CALL VECTOR(IXsIYolnav,1YV)
RETURPN

enTey TCTALS

CALL T3P(9¢4,48,8)
CALL HORAMI&4KRNVL=14)
CALL IFORMINVLL,Z)
CALL ENCFME

G0 TO SSS

ENTRY SETURVITITLF W VI TLEF ANAME (ENAFELCANAME AL ¢AL o AN BL+8TBN.CL,

1CLsCNy iF)
PAUTECTICN

TFCAL)Y 104110012

Al==At

GG TQ 12

Al=1,
[FCAN=-ALILE R T027

DETS!

al=aN

AN=Q
ANSANSANMCD({AN-AL ), A1)

IFIBI)RYs21,422

81=~81

S3 10 22

sl=1.

1Flei-81) 25,271,217
J=R1

ol=BN

BNag
BNa2BN+AMCTU(ON-81),81)

[F(CI) 20421,32

Cl==Cl

GC 17 32

Clay,

IF(CN=CL) 25,137,37
92Cl

Cl=CH

CN=g
CN=CNeANMCCUICN-CLD,C 1Y)

SFYT P FRAWE

CALL ADVFLMUIF)

CALL TSP(~4,48,8)
CALL MORAM{TITLE,BU)
CALL HORAMULF 1)
CALL HORAMITITLEF.40)

CALL TSP(~4,48,24)
JALL MORAM{ANAME,8)

CALL HORAM{3+=-ACRCSS (,S)
CALL FEORM{AL,Go1}

CALL HORAM{1W,,1)

CALL FECAM{ALl,6,2)

CALL HOGAM{1F,sl)

CALL FFCRM(AN, £, 1)

TALL HORAM(4F) vb)

CALL HORAM(ENAWE &}

CALL HOFAMEIH=Cral Loi)
CALL FFCARM({d1,641)

CALL HORAV(1hy,1)

CaLL FRFCRM(BI,642)

CALt MNEAM{Lr,, 1}

CALL FFCRM(BA,5.1)

CALL HORAM(4K) Y]

CALL MORAMICNAME,P)

CALL HMNRAM(]9M=-CL7Cxn1¢E TUP=0) (,1%)
CALL FFTamiCl, e,

Lb]




T T — " o o .
CALL HORAM(1k,41) I

CALL FFCRM(CI,%,2)
CALL HIRAM(1Fqe,1)
CALL FFCRMICNo&,41) 1
] CALL HORAM(1KH),1)

ae -

SET UP SCALE FACTCRS

OO0

f . X1l=16, :
! Xt=1007.

! XF=(XN-X1)/7(AN-AL+A]}
1 XVL=XF*Al/Z.

; XC=X1leXVL-AL*XE
‘ { C
i

Y1232,

YN=1023.

YFx(YN-Y1)/{EN-B1+B])

YVL=YF*BI/2

Vi=XVL

f JFUXVL.GT.YVL) VLisYVL
YC=YLleYVL-BLAVF

1P=4

PLCT GRIC

-
[3X2¥2)

! NI=(AN-811/A1¢1.5
: NJ=(BN-21)/B1+1.5
{ 00 40 I=1,N!
) IXP=XC+(ALSFLCATII=1)#AL)OXF
H DN &0 J=1,NJ
IYP=YC+{BL4FLCAT(J=1)0ET)®YF
CALL VECTOR(IXP=[P,IVP,I1XP+[P,1YP}
CALL VECTOR(IXP,IYP-1F IXP,IYP+IP) A
40 CONTINUE
G0 TO 395

ENTRY SFTUPL(NVL]

NVL1=NVL

FNVL=NVL] 1
VL1=VL/FNVL
63 T0 669
ENC ,

e P e s s Wy e o,

26

— Ly AR D NGRS o -

b




R VNP

SNPU

e i

ST

1.

3.

10.

1.

12.

13.

4.

15.

REFERENCES

R G Pearce: "Fault Plane Solutions Using Relative Amplitudes of P
and pP". Geophys J R Astr Soc, 50, 381-394 (1977)

R G Pearce: "A Study of Earthquake Modelling with Applications to
the East African Rift System". PhD Thesis, University of Newcastle-
upon-Tyne (1977)

B J Barley and R G Pearce: "A Fault Plane Solution Using Theoretical
P Wave Seismograms". Geophys J R Astr Soc, 51, 653-668 (1977)

R G Pearce: "Fault Plane Solutions Using Relative Amplitudes of P
and Surface Reflections: Further Studies". Geophys J R Astr Soc, in
press (1979)

R C Lilwall: "Fault Mechanism and Sub-Crustal Seismic Velocities on
the Mid-Atlantic Ridge". Geophys J R Astr Soc, in press (1979)

A Douglas, P D Marshall, J B Young and J A Hudson: "Sesmic Source
in East Kazakhstan". Nature, 248, 743-745 (1974)

M J Randall and L Knopoff: "The Mechanism at the Focus of Deep
Earthquakes". J Geophys Res, 75, 4965-4977 (1970)

R G Pearce and B J Barley: "The Effect of Noise on Seismograms".
Geophys J R Astr Soc, 48, 543-547 (1977)

N H Dillinger, S T Harding and A J Pope: "Determining Maximum
Likelihood Body Wave Focal Plane Solutions". Geophys J R Astr Soc,
30, 315-329 (1972)

S Guinn and L T Long: "A Computer Method of Determining Valid
Focal Mechanisms Using P-Wave First Motions". Earthquake Notes,
48, 21-27 (1977)

A Douglas, J A Hudson and P D Marshall: "Earthquake Seismograms
that Show Doppler Effects due to Crack Propagation". Geophys J R
Astr Soc, in press

L Knopoff: "Analytical Calculation of the Fault Plane Problem". In
"Symposium on Earthquake Mechanism". Publ Dom Obs, Ottawa, 24,
309-315 (1961)

K Kasahara: "Computer Program for a Fault Plane Solution". Bull
Seism Soc Am, 53, 1-13 (1963

A ] Wickens and J H Hodgson: "Computer Re-Evaluation of
Earthquake Focal Mechanism Solutions 1922-1962". Publ Dom Obs,
Ottawa, 33, No. 1 (1967)

A Udias and D Baumann: "A Computer Program for Focal Mechanism

Determination Using P and S Wave Data". Bull Seism Soc Am, 59,
503-519 (1969)

87

iy




T aaan A st ot A vom N o ggen

[—

e Ame s

le.

17.

18.

19‘

20.

21.

22.

23.

24.

25.

26.

BSOT0 LS

U Chandra: "Combination of P and S Wave Data for the Determina-
tion of Earthquake Focal Mechanism". Bull Seism Soc Am, 61, 1655-
1673 (1971)

V 1 Keilis-Borok, V F Pisarenko, 1 I Piatetski-Shapiro and
T S Zhelankina: "Computer Determination for Earthquake Mecha-
nism". In "Computational Seismology". Ed V I Keilis-Borok, Plenum
Publishing Corporation, New York, pp 32-45 (1972)

S J Ingram: "Statistics and the Fault Plane, A Conjecture". In "The
Mechanics of Faulting with Special Reference to the Fault Plane
Work". Ed J H Hodgson, Publ Dom Obs, Ottawa, 20, 263-265 (1959)

J A Hudson: "A Quantitative Evaluation of Seismic Signals at
Teleseismic Distances: 1. Radiation from Point Sources". Geophys J R
Astr Soc, 18, 233-249 (1969)

J A Hudson: "A Quantitative Evaluation of Seismic Signals at
Teleseismic Distances: 1. Body Waves and Surface Waves from an
Extended Source". Geophys J R Astr Soc, 18, 353-370 (1969)

A Douglas, J A Hudson and C Blamey: "A Quantitative Evaluation of
Seismic Signals at Teleseismic Distances: 1ll. Computed P and
Rayleigh-Wave Seismograms". Geophys J R Astr Soc, 28, 385-410
(1972) T

H Honda: "The Mechanism of the Earthquakes". In "The Mechanism of
Faulting with Special Reference to the Fault Plane Work". Ed
J H Hodgson, Publ Dom Obs, Ottawa, 20, 295-340 (1957)

C F Richter: "Elementary Seismology". Freeman and Co (1958)

K McCamy, R P Meyer and T J Smith: "Generally Applicable
Solutions of Zoppritz' Amplitude Equations". Bull Seism Soc Am, 32,
923-955 (1962)

J S Singh, A Ben Menahem and M Shimshoni: "Comments on Papers by
Costain etal. and McCamy etal. on the Solution of Zoppritz'
Amplitude Equations". Bull Seism Soc Am, 60, 277-280 (1970)

K Ergin: "Energy Ratio of the Seismic Waves Reflected and

Refracted at a Rock-Water Boundary". Bull Seism Soc Am, 42, 349-
372 (1952)

38

EL AN

“e




P:6.0 to 8.0;+ve P P
pP:40 to 11.0;-ve P‘
sP:00 to 80; sve/-ve
(o) observed

at YKA  ew=n “r— \[\/\f A
€=6.0°
A=73.3°

P:80to 14.0;+ve
pP:40 to 9.0;-ve
sP:00 to 50; wel-ve

(b) observed

at WRA Nania M
£=1276° W e M
A=816°
P:15 to 60;+ve/-ve
pP:00to 15;+ve/l-ve SP
sP:80 to 12.0; we/-ve %

{c) observed , . ‘
at GBA WA M S b A f\,wwwww AW ]
¢-1808° .
A=30.3° .

FIGURE 1. THREE TELESEISMIC SHORT PERIOD ARRAY OBSERVATIONS OF THE 1 MAY 1969
EAST KAZAKHSTAN EA®THQUAKE, ORIGIN TIME 04.00.08.7, LOCATION 43.98°N,
77.86 E AND BODY WAVE MAGNITUDE m_ = 4.9 (NEIS PARAMETERS). £ AND A
CORRESPOND TO AZIMUTH OF THE STATION FROM THE EARTHQUAKE AND EPICENTRAL
DISTANCE RESPECTIVELY. PRESUMED PHASE IDENTIFICATIONS AND THEIR POSSIBLE
AMPLITUDES (IN ARBITRARY UNITS) ARE SHOWN
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free surface

earthquake

Sus

sea surface j'

(b)

sea bed

earthquake

seq
“reverberation

 Sea surface
% reflection

FIGURE 3. SURFACE REFLECTED PHASES FOR EARTHQUAKES (a) BENEATH LAND AND (b) BENEATH

THE SEA. THE SEPARATE SEA BED AND SEA SURFACE P WAVE REFLECTIONS WOULD NOT
NORMALLY BE RESOLVED ON A LONG PERIOD SEISMOGRAM
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FIGURE 4. THE DOUBLE COUPLE SOURCE MECHANISM: (a) CO-ORDINATE SYSTEM USED;

{b) DOUBLE COUPLE,_FORCE SYSTFM WITH THE PLANE X,X, AS THE FAULT
PLANE; (c) THE P WAVE AMPLITUDE RADIATION PATTERN IN THE FAR FIELD
SHOWN As A THREE-DIMENSTONAI, POLAR DIAGRAM. ALI. PARTICLE MOTION 1S
RADIAL, ie, TN THE DIRECTION OF PROPAGATION
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(b) |
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! X,

(c)

X

FIGURE 5. THE DOUBLE COUPLE SOURCE MECHANISM: (c) SHOWS THE FAR FIELD S WAVE
RADTATION PATTERN. SINCE PARTICLE MOTION 1S PERPENDICULAR TO THE
PROPAGATION DIRECTION, THE AMPLITUDF AND POLARISATION DIRECTION
IN ANY PROPAGATION DIRECTION CAN Ry PLOTTED ON THE SURFACE OF A SPHERF
CONCENTRIC WITH THE SOURCE. CORRESPONDING AMPLITUDE VECTORS FOR A
RANGE OF DIRECTIONS ARE SHOWN ON A THREE-DIMENSTONAL PLOT (ORTHOGONAL
PROJECTION) ’
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Figure 7. Method of representing acceptable fault plane
orientations In terms of slp direction «, dp & and strike o, as
defined in Figure 6(q). Acceptable orientations are plotted as
vectors from the Cartesian pomnt defimng o and o, in the
direction of the strike «. Lower hemisphere stereographic
projections indicate the type of fault plane orientation represented
by various combinations of .« and &, and are shown oriented for
strike = 360° (northerly) In each case the fault plane 1s shown
by a thick line ==, the auxihary plane by a thin ine ——  Shaded
quadrants are negative Different parts of the plot character-
1ze various fault types, and some of these are shown  Where the
interchange of fault and auxiiary planes yelds a different fault type,

this 1s shown In square brackets | '
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FIGURE 12. DIAGRAM TO ILLUSTRATE THE DEFINITION OF €, AND € WHICH ARE REQUIRED TO
CALCULATE THE TICAL COMPONENT OF S mhﬁb'i iﬁi THE PRASE :g

E VERTICAL
(EQUATIONS (E13) 10 (EI6))
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FIGURE 14. DIAGRAM TO ILLUSTRATE THE CORRESPONDENCE BETWEEN VALUES OF SLIP ANGLE

W AND DIP O WITHIN THE "PRINCIPAL VALUES" USED IN THE SEARCH, AND
VALUES OF " AND 8 OUTSIDE THIS RANGE. (VALUES OF STRIKE OUTSIDE ITS

RANGE OF SEARCH CAN ALWAYS BE CONVERTED SIMPLY BY ADDITION OR

SUBTRACTION OF 360° OR A MULTIPLE OF 360°)
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Some Metric and S1 Unit Conversion Factors

(Based on DEF STAK 00-11/2 "Metric Units for Use by the Minfstry of Defence”,
DS Met S501 “AWRE Metric Guide™ and other British Standards)

Quantity

Basic Units
Length

Mass

Derived Units
Force

Work, Energy, Ouantity of Heat

Powver

Electric Charge
Electric Potential
Flectrical Capacitance
Flectric Resistance
Conductance

Magnetfc Flux

Magneric Flux Density
Inductance

Complex Derived Unite
Angular Velocity
Acceleration

Angular Acceleration
Pressure

Torque

Surface Tension
Dynamic Viscosity
Kinematic Viscosity
Thermal Conductivity
Odd Units*
Radioactivity
Ahsorbed Dose

Dose Equivalent
Exposure

Rate of Leak (Vacuum Systems)

metre

kilogram

nevton

joule

wvatt
coulomd
volt
farad
ohm
siemen
veber

tesls
henry

redian per second
metre per squars second

radian per square second
nevton per square metre

bar

nevton metre

nevton per metre

nevwton second per square metre
square metre per second

watt per merre kelvin

hecquerel

gray

sievert

coulomb per kilogrem

willibar litre per second

N = kg w/s?

J/s

As

/A = J/C
A s/V=C/NV
V/A

107t
Vg
T = W/w?

5mb'ﬂ<0

He=Veo/A=uh/A

vad/s
n/s?

rad/s?
N/m? = Pa

bar = 105 N/m?
Na

N/m

N s/n?

n?/a

W/a K

Gy

Sv

- Ing
wd 1/s

[ T T O T A I I o

B b g Dt Pt b s ud it | Pt et et b P s

Pt Pt s gt Pb b Pt Pt bt Pt

ft = 0.3048 m

kg = 2.2046 1b

1b = 0.45359237 kg
ton = 1016.05 kg

N = 0,2248 1bf

1bf = 4.44822 N

J @ 0.737562 ft 1bf

J = 9,47817 x 10~" Btu
J = 2,38B46 x 107" kcsl
ft 1bf = 1.35582 J

Btu = 1055.06 J

keal = 4186.8 J

W = 0.238846 cal/s
cal/s = 4,1868 W

rad/s = 0.159155 rev/s
rev/s = 6.28319 rad/s
w/e2 = 3,28084 ft/e?
ft/e2 = 0.3048 m/a?

N/n? = 145.038 x 10~¢ 1bf/1n?
1bf/1n? = 6.89476 = 10® N/m?

in. Hg = 3386.39 N/a?

Nme= 0.737562 1bf ft

1bf fr = 1.35582 N m

N/m = 0.0685 1bf/fe

1bE/fe = 14,5939 N/m

N o/n? = 0,0208854 1bf s/ft?
Ibf a/fe2 = 47,8803 X o/a?
nl/s = 10,7639 fri/fs

te2/s = 0.0929 u2/s

Bq = 2.7027 = 10-'! ¢4
Ci = 3,700 » 1010 Bq
Gy = 100 rad

red = 0.0 Gy

Sv = 100 rem

rem = 0,01 Sv

C/kg = 3876 R

R = 2,5 = 10™ C/xg
sh = 0.750062 torr
torr = 1,33322 b

*These terms are recognised terms vithin the metric svetem.
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Some Metric snd SI Unit Conversion Factors

(Based on DEF STAK 00-11/2 "Metric Units for Use by the Ministry of Defence”,
DS Met 5501 “AWRE Metric Guide” and other British Scandarde)

Quantity Unit Symbol Conversion
Basic Units
Length netre [ ] 1le= 32808 f¢
1 ft =« 0.3048 n
Mass kilograw kg 1 kg = 2,2046 1b
1 1b = 0.45359237 kg
1 ton * 1016.05 kg
Derived Units
Force nevton N = kg w/e? 1N e 0.2248 1bf
1 1bf « & 44822 N
Work. Energy, Nuantity of Heat joule JeNm 1J = 0.737562 ft 1bf
1J e 9.47817 x 10~* Btu
1J = 2,38846 x 10™ keal
1 £t 1bf = 1,35582 J
1 Btu = 1055.06 J
1 kecal = 4186.8 J
Power vatt Wells 1V = 0,238846 cal/s
1 cal/s = 64,1868 W
Electric Charge coulomd CeAs -
Electric Potential volt V= WA J/C -
Electrical Capacitance farad FwAg/VecC/v -
Flectric Resistance ohm Q= V/A -
Lonductance siemen s=1q”! -
Magnetic Flux weber WeVe -
Magnetic Flux Density tesla T = Wb/m? -
Inductance henry HeVeg/A=Wh/A -
Complex Derived Units
Angular Velocity radian per second rad/s 1 rad/s = 0,159155 rev/s
1 rev/e = 6.28319 rad/s
Acceleration metre per square second n/e? 1 u/s?2 = 3,28084 ft/e?
1 ft/e? = 0.3048 u/s?
Angular Acceleration radian per square second rad/s? -
Pressure newton per square metre N/u? = Pa 1 N/m2 = 145.038 x 10~ 1bf/1in?
1 1b£/1n? = 6.89476 = 103 N/w?
bar bar = 105 N/m? -
1 in, Hg = 1386.39 N/a?
Torque newton metre Neo 1 Nm= 0,737562 1bf f¢t
1 1bf ft = 1,35582 N a
Surface Tension newton per metre N/m 1 N/m = 0.0685 1bf/fe
1 1bf/fe = 14,5939 N/m
Dynamic Viscosity newton second per square metre N s/m? 1 N a/u? = 0.0208854 1bf s/ft?
1 1bf s/ft2 = 47.8803 N o/m?
Kinematic Viscosity square metre per second n?/s 1 m2/8 = 10,7639 ftl/s
1 fe2/s = 0,0929 a?/s
Thermal Conductivity watt per werre kelvin W/m K -
04d_Untes*
Radioactivity becquerel Bq 1 Bq = 2.7027 = 10~ ¢4
1C1 e 3,700 x 1010 pq
Absorbed Dose gray Gy 1 Gy = 100 rad
1 rad = 0,01 Gy
Dose Equivalent sievert Sv 1 Sv = 100 rem
1 rem = 0,01 Sv
Exposure coulomb per kilogram - Ixg 1 C/kg = 3876 R
1 R= 2.5 x 107" C/g
Rate of Leak (Vacuum Systems) milltber litre per second ®b 1/s 1 sb = 0.750062 torr
1

torr = 1.33322 &b

*These terms are recognised terms within the metric system,

e







